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I. Introduction

In this article, we provide a translation with commentary and an edition of a Chinese
calendar described in a zij (astronomical handbook with tables), the Zij-i Ilkhant compiled
in 1272. Nasir al-Din Tast (1201-1274), a polymath in his age, incorporated a chapter on
a Chinese calendar—entitled the Qitai calendar (Ta@rikh-i Qitd)'—into his zij, having
obtained the information from “a sage of the Qitai.”*As a result, as far as surviving
sources are concerned, this zij became the first astronomical handbook in which the Qitai
calendar was described. Later, the Qitai calendar continued to appear in zijes that were
mainly written in Persian (although a few are in Arabic), as can be seen in the following
table.’ The parameters of the Qitai calendar, however, were little modified in the later
zijes, almost all of which fundamentally followed the Qitai calendar in the Zij-i Ilkhani,
despite the presence of small differences among the zijes in the wording and epoch year
(van Dalen et al. 1997, 112).

! Hereafter, the Chinese calendar in zijes is cited as the “Qitai calendar.” The word Qitai (Qita/Khata in
Persian) originally referred to a nomadic people who, by the tenth century, dominated a vast area in northern
China and established the Liao dynasty (916-1125). By the Mongol period, the Turko-Mongols and the
people from the west of Turkistan used this word to refer to northern China and its inhabitants. Moreover, the
Russian word for China, Kuraii, is derived from Qitai (as is the earlier English word “Cathay”) (cf. Pelliot
1959-73, 1: 216-229).

% For the sage and situation about the compilation of the calendar, see Isahaya (2009)

3 Benno van Dalen sent me this list, which I have slightly revised, in an e-mail dated October 1, 2009.



150 Yoichi ISAHAYA SCIAMVS 14

N. | Author Title Year

1. Nastr al-Din TasT Zij-i llkhani 1272

2. Muhyt al-Din Maghribi Adwar al-Anwar 1276

3. Jamal al-Din b. Mahfiz Unknown 1286
al-Baghdadi

4. ‘Ala al-Munajjim al-Bukhart ‘Umdat al-Ilkhaniya 1287/88

5. Sayf al-Munajjim al-Bayzdiwi Zij-i Ashrafi ca. 1303

6. Nasir b. Haydar al-Shirazi Zij-i Nasirt ca. 1310

7. Shams al-Munajjim al-Wabiknawi | Zij al-Muhaqgqag al-Sulzani | ca. 1320

8. Giyath al-Din Jamshid al-Kash1 Zij-i Khagant 1413

9. Ulugh Beg Zij-i Sultant 1440

10. | Rukn al-Din b. Sharaf al-Din Zij-i Jami -1 Sa ‘idi 1457
al-Amult

11. | ‘Abd al-Qadir b. Hasan al-Rayani | Zij-i Mulakhkhas-i Mirza'’t 1490

12. | Mahumid Shah Kalji Zij-i Jami* 16 c.

13. | Farid Ibrahim Dihlawi Zij-i Shah-Jahani ca. 1630

Given the above circumstances, we can appreciate the high value of the Qitai calendar
in the Zij-i Ilkhani, especially from two standpoints: it is the first Chinese calendar
described in zijes, and it is a primary source produced as a result of cross-cultural contact
during the period of the Mongol empire in Iran.* In the commentary, we analyze the
contents of the Qitai calendar in comparison with Chinese astronomical tradition. To
confirm the importance of this approach, we trace the course of studies on the Qitai
calendar.

The Qitai calendar in zijes has received attention from academics over the last few
centuries. We could consider Ideler to be the forerunner of studies on the Qitai calendar in
zijes (Ideler 1832). In his study, Ideler dealt with Ulugh Beg’s Zij-i Sulgani—one of the
most influential zijes—that was keenly investigated by early modern scholars in Europe.
Then, Sédillot edited, translated the Persian text of the calendar into French, and wrote a
commentary on it on the basis of the Zij-i Sulzani as part of his work to edit and translate
that zzj (Sédillot 1847-1853). In the course of the nineteenth century, therefore, the Qitai
calendar was studied along with an interest in the Zij-i Sultani, which was regarded as a

! Regarding astronomical interrelation between China and Iran in this period, while the situation of the
eastern side was relatively well documented, the number of these kinds of sources is apparently small in the
west (Allsen 2001, 161-175; van Dalen 2002).
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zij representative of “Islamic astronomy.” Although these studies were useful enough to
comprehend the general structure of the Qitai calendar, we should point out the inevitable
problem of the text in the Zij-i Sultani, in which many Chinese technical terms
transcribed in Persian are ignored. They would have found much of interest in these
technical terms not only from a historical standpoint, but also from a linguistic one.

From the beginning of the twentieth century, when the history of science established
itself as a discipline in the academic world, more detailed studies on this subject began to
appear; first, we should refer to Kennedy’s study (Kennedy 1964). Kennedy
mathematically scrutinized the contents of the Qitai calendar, mainly by referring to
Kash1’s Zij-i Khagani, and provided later scholars with a reliable foundation to study this
material. He explained the leading characteristics of the calendar consisting of the
following three astronomical periods: (1) the solar year divided into twenty-four equal
divisions, (2) the mean lunation, and (3) the anomalistic month. He also clarified some
interesting facts in it; for example, he stated that a method in the lunar equation of the
Qitai calendar was of Babylonian origin, as we shall discuss in the commentary.

Although we have pioneering works by Imai (1962) in which the Qitai calendar was
contextualized in the Chinese astronomical tradition, the Qitai calendar attracted more
attention in Japan after Kennedy’s article. This interest is connected to the discovery of a
fragment manuscript of the solar table of a Chinese astronomical system—the Fu-tian li
FFR & —in Japan in 1963. As we shall see in the discussion of this astronomical system,
it was never adopted as an official system by any Chinese dynasty, but it continued in use
and even influenced several official astronomical systems. In China, there are few known
sources that shed light on its contents. Nakayama, who carried out a close investigation
into the fragment, noted that the specific method concerning the solar equation in the
astronomical system can be identified as the same as that in the Qitai calendar (Nakayama
1966, 451-452).

Afterwards there appeared studies that dealt with the original source, the Zij-i Ilkhani.
In an article focusing on the Zij-i Ilkhani, Mercier mentioned the Qitai calendar and tried
to reconstruct several Chinese technical terms appearing in Persian transcriptions
(Mercier 1984, 49-51). As a source for the Qitai calendar, he referred to the Revised

! For the notion of the Chinese term li /&, which is better translated as an “astronomical system,” see
Martzloff (2009, 367-372) and Sivin (2009, 38-40).
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Da-ming li EEKIE, which was officially adopted at the end of the Jin Dynasty
(1182-1234) and initially used by the Mongols (Mercier 1984, 51-52).

From mathematical and astronomical viewpoints, this course of studies on the Qitai
calendar resulted in a collaborative work by van Dalen, Kennedy, and Sayid (van Dalen et
al. 1997). The study, which focused on the Qitai calendar, covers almost all the contents
of the calendar. In addition, the authors reconstructed an extensive table for conversion
between the Qitai and Hijri calendars. This table is attached at the end of the chapter on
the Qitai calendar in the Zij-i Ilkhani. The study regards the Revised Da-ming li and
Fu-tian li as main sources for the calendar. Therefore, it is clear that the Qitai calendar, in
fact, does not completely accord with any known Chinese astronomical system but is an
amalgam of various elements from several astronomical systems.

After elucidating its mathematical structure, studies followed attempting to embed the
calendar into a historical context. Van Dalen assigned one section to the description of the
calendar in his article concerning the astronomical interaction between Iran and China
under Mongol domination (van Dalen 2002, 333-336). Although this calendar has been
termed the “Chinese-Uighur” calendar, | have published an article in which | argued that
the involvement of contemporary Uighurs in compiling the calendar is hard to validate
(Isahaya 2009). This is why we call this calendar the “Qitai calendar” different from the
conventional nomenclature.

In this way, the calendar has been investigated thoroughly from both mathematical and
historical perspectives; however, we should acknowledge that some issues worth treating
have been left unsolved. Among them, priority should be given to contextualizing the
results achieved by previous studies concerning this calendar in the Chinese astronomical
tradition. Although we have Imai’s pioneering work, which is probably the only work
undertaking this kind of approach, it is based on Sédillot’s edition of Ulugh Beg’s Zij-i
Sulzani. Now we need to scrutinize the contents of the Qitai calendar on the basis of the
text of the Zij-i Ilkhani, critically edited on the basis of various manuscripts, to reassess
all of the contents of the calendar in a comparison with the series of studies on Chinese
astronomy accumulated over the last fifty years. Through continued analysis of this kind,
we can gradually deepen our understanding of astronomical interrelation in Eurasia. For
these purposes, a translation with commentary and an edition of the Qitai calendar shall
be prepared.
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I1. Editorial Procedures

For textual criticism, we have Maas’s comprehensive description of the stemmatic
approach to philology (Maas 1958). Then, West’s Textual Criticism and Editorial
Technique (West 1973) can be regarded as a replacement for Maas’s work. Whereas
Maas’s work treated contamination—which also has to be considered in this case—as a
regrettable deviation, West reframed it into the “general” textual analysis. In addition, this
work also deals with editorial method, which is not amply covered by Maas’s work.
Although West’s focus is on Greek and Latin texts, the researchers of Arabic script-based
text are also greatly benefited by his work. As a critical edition of a source written in
Arabic script, Mano’s edition of the Babur-nama can be considered to be a modeling
work made by collating various manuscripts and reassessing the previous studies (Mano
1995). In addition, the draft of an edition and the English translation of the Sheng-wu
gin-zheng lu B2ECBIMESL by Atwood has instructed me in the standard of a critical
edition (Atwood forthcoming).

Among the many extant manuscripts of the Zij-i llkhant, the following nine, copied in
relatively early periods, are collated to edit the text. As shall be explained after the short
introduction of each manuscript, we can broadly classify these manuscripts into three
versions: original, annotated, and embedded.

BoL (Oxford, Bodleian Library, 1513 [Hunt. 143]), was set as the base text for this
edition, because this is the unique manuscript categorized into the embedded version
which incorporates the marginal annotations—probably due to Tasi himself—into the
main text. This manuscript, in which author’s revisions are reflected on the main text, can
be considered the “final” version of this work. It was copied by Muhammad b. Mahmid.
b. ‘Abd al-Rahman in 679 AH./1280-81. However, the first eleven leaves, including the
description of the Qitai calendar (2v-10r), “are supplied later by other hands on white
paper in a very bad and awkward hand writing” (Sachau & Ethé 1889, 926). So, the exact
date when the part of the Qitai calendar was copied is unknown. In addition, BoL is a rare
manuscript, in which the Qitai-Uighur calendar (7arikh-i Khata wa Uyghir) is explained
in the sixth chapter (14v-19r), which is assigned to the explanation of the Jewish calendar
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in all other manuscripts we used.! Regarding the tables, unfortunately, almost all of these
were illegible or not filled in. The leaf number appearing in the edited text is based on
this manuscript.

BL (London, British Library, Or. 7464) was made at Maragha in 676 AH./1277-78,
only three years after the death of Tast. This is a rare manuscript including the “longer”
introduction (Boyle 1963). In this manuscript, supplemental annotations appear in the
margin. Because of many differences of expression from other manuscripts, this
manuscript seems to be categorized into a different group in terms of the wording.

KM (Tehran, Kitabkhana, Muza wa Markaz-i Asnad-i Majlis-i Shara-yi Islami, 181)
was copied in the thirteenth century according to the introduction of the facsimile version
recently published in Iran (Tusi 2012, 29). With regard to references to the Qitai calendar,
unfortunately, the parts from the second section to the fifth section are missing. The main
text is supplemented by marginal annotations as in BL.

SB (Berlin, Staatsbibliothek zu Berlin, Sprenger 1853)? was made in 689 AH./1290.
The main text is similar to that of KM, but almost all the marginal notes appearing in BL
and KM are little found in this manuscript.

DK (Cairo, Dar al-Kutub al-Misriya, Dar al-Kutub Miqgat Farsi 1) was made at
Maragha in 692 AH./1293 (King 1981, 203). The main text is close to that of SB, and this
manuscript also lacks the marginal annotations appearing in some manuscripts like BL
and KM.

BN (Paris, Bibliothéque nationale de France, Ms. Ancien fonds persan 163)° was
copied by a son of the author, Asil al-Din b. Nasir al-Din (d. 715 AH./1315), according to
the first pages on the manuscript (Richard 1989, 179). He and his brother were in charge
of the Maragha after the death of their father (Sayili 1960, 217-218). With regard to the
description on the Qitai calendar, the main text is well explained in contrast to the simple
sentences appearing in SB and DK. But we do not find explanatory notes similar to the
marginal annotations in BL and KM or those in the main text of BoL; therefore, this

! The contents of the Qitai-Uighur calendar, consisting of ten sections in this manuscript, are by and large

parallel with those of the Qitai calendar, but we find quite a few differences in the wording and values. In

addition, many Persian transcriptions of the Chinese technical terms are cut off there.

2 We can read the Berlin manuscript on the website of the Staatshibliothek zu Berlin:
(http://digital.staatsbibliothek-berlin.de/dms/werkansicht/?PPN=PPN635599538).

% This manuscript is available through Gallica, the digital library of the Bibliothéque nationale de France:
(http://gallica.bnf.fr/ark:/12148/btv1b8410891x.r=Persan+163.1angEN).
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manuscript seems to be classified into an entirely independent group. The copyist was
undoubtedly familiar with astronomical computation—we could conjecture that this is the
aforementioned Asil al-Din, though this is conjecture, because the end of the manuscript,
from which we can usually take information about the copyist and date of copying, is
missing. The copyist did not only revise the text but also the values in the tables.

NK: (Istanbul, Nuruosmaniye kitiiphanesi, No. 2933) is a contaminated manuscript
made by a cross-reference both to an embedded version, such as BoL, and the family of
SB. In the manuscript, the marginal notes of the annotated versions like BL and KM
appear in the main text as well as BoL. In addition, the specific values in the table of the
seventh section only appear in this manuscript except for SB.

KDT (Tehran, Kitabkhana-yi Danishgah-i Tihran, Hikmat 165) is also noteworthy,
because it is the only manuscript, besides the BL, which includes a longer introduction
(Sawadi & Nik-Fahm 2012, 367). However, the wordings of the main text are a little bit
different from that of BL; it is rather closer to the manuscripts of the other original and
annotated versions. According to the catalogue, the manuscript was copied during the 14"
and 15" centuries (Danish-Pazhuh, 1960-63, 1: 23). As far as the description of the Qitai
calendar is concerned, the parts from the middle of the seventh section are omitted. This
manuscript is also a contaminated one like NK, but the textual structure is closer to the
original and annotated versions, unlike NK, which is closer to the embedded version.

BML (Florence, Biblioteca Medicea Laurenziana, Or. 24) has similar components
with BL, KM and KDT, in which the contents of the main text are supplemented with
marginal annotations. This manuscript is also made around 15" century as a result of
contamination and the wording is close to the annotated versions. In regard to the values
in the tables and Persian transcriptions of the Chinese technical terms, the copyist of the
manuscript improved the values, probably through recomputation, and revised some
foreign terms, perhaps through consultation with someone from China. Therefore, in
terms of the tables and transcriptions, it is the most reliable manuscript among those
which are used for this edition.
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KDT (17v): we can see marginal annotations surrounding the main text.

As mentioned above, the aforementioned manuscripts can be classified into three
versions: original, annotated, and embedded. The original versions include SB and DK.
The main text of these manuscripts is sometimes too simple to explain the contents of the
Qitai calendar. For this reason, further explanation would need to be added to the margins,
as we shall discuss concerning the second versions. The second, annotated version
consists of BL and KM, in which the main text of the original versions is supplemented
by marginal annotations. There is little difference between the marginal annotations of the
two manuscripts, so we can assume the close relationship of the manuscripts in this
version. The annotations in the margins of the manuscripts appear in the main text of BoL
which is classified into the third, embedded, version.

To consider the relationship among these three versions, we can refer to the case of the
Tadhkira fi ‘llm al-Hay’a also compiled by Tasi. Through an investigation into
manuscripts of the work, Ragep identified two versions: the “original” Maragh and “final”
Baghdad versions (Ragep 1993, 1: 70-75). The original version was revised at various
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times by Tast himself between 1261 and 1274, and the revision process can be seen in the
margins of several manuscripts. “Tusi would approve an original version and then have
the copyist place the revisions he had made up to that point in the margins” (Ragep 1993,
1: 74). The final version refers to the one that incorporates all of the previous revisions
into a new fair copy of the text, although it cannot be ascertained whether this version
occurred before or after Tas1’s death (Ragep 1993, 1: 75).

The process of revision can be applied to the case of the Zij-i Ilkhani—at least in the
part of the Qitai calendar—which was compiled around the same time as the Tadhkira.
The original versions were probably revised by Tiist himself. At first, revisions took the
form of marginal annotations, and later, these annotations were incorporated into the main
text. As Ragep did when editing the text of the Tadhkira (Ragep 1993, 1: 86), | have also
designated the embedded version (BoL), which provides a consistent explanation of the
contents, as the basic text for this edition.

Among the manuscripts to which we have referred, BN’s position is relatively isolated.
There is little marginal annotation in this manuscript. To clarify the meaning of the
sentences, explanation was added in the main text of this manuscript; however, this
explanation is original and it is not found in other manuscripts.

The other three manuscripts—NK, KDT, and BML—were made as a result of
contamination; however, the characteristics of NK are quite different from the those of
the other two. The text of NK was apparently based on an embedded version, like BoL, so
that marginal notes appearing in the annotated versions are embedded into the main text;
but, NK sometimes takes the description in the text and values in the tables from the other
versions. Regarding the table of the seventh section, the values of a column are
completely identical to those of SB and are not found in any other manuscript. On the
other side, KDT and BML are essentially categorized into the annotated versions, like BL
and KM; however, some passages are apparently also taken from embedded versions. We
interpret this to mean that contamination occurred in these three manuscripts.

Since the first sentences about the lunar argument in the seventh section are quite a
good example to show the abovementioned relationship among these nine manuscripts,
we shall list the variations of this part in each version.

First, the text of SB, categorized into an original version, is taken:

For the lunar argument, “the initial value of the lunar argument” at the beginning of a year must be

known, which is called jinjin ka in the Qitai language.
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As we can see, the specific value of the “the initial value of the lunar argument” is not
mentioned in the original version. In the manuscripts of the annotated versions, the value
is supplemented in the form of the marginal annotations as we can see the sentences in
BL:

For the lunar argument, “the initial value of the lunar argument” at the beginning of a year must be
known.
(Marginal annotation) The value is 78 days and 3,948 funks—78° 1, 5, 48" —in the year of the rat
corresponding to the year 633 of the Yazdigird era, and then the value annually increases 7° 0, 5,
38",

The value is called janjin ka in the Qitai language.
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The marginal annotation is incorporated into the main text of the BoL, the embedded

version:

For the lunar argument, “the initial value of the lunar argument” at the beginning of a year must be
known, which is 78 days and 3,948 funks—78¢ 1, 5, 48"—in the first year of the Superior Epoch
corresponding to the year 633 (of the Yazdigird era), and which is called janjun ka in the Qitai

language.
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The marginal passage “and then the value annually increases 7° 0, 5, 38™ in BL is not
found in BoL. But the same explanation follows after the passage “the value is called
junjiun ka in the Qitai language,” so that the sentence of BL is repetitive.

Then we see the sentences of BN as below:

For the lunar argument, “the initial value of the lunar argument” at the beginning of a year must be
known. The value is 23 days and 2,836 funks—23" 0, 47, 16™—in the first year of the Superior Epoch.

The value is called janjin ka in the Qitai language.
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The difference of the “initial value” between 78.3948 and 23.2836 days is caused by
the fact that the latter subtracted the period of an anomalistic month as many times as
possible from the value of the first. Although this difference does not affect the final
result, the following marginal annotation related to this passage is worth noticing for
consideration of the relationship of the manuscript with others:

In the poor exemplar, the junjin(s) (i.e., anomalistic months) have been added to the “initial value of

the lunar argument.” It has been set as 78° 1, 5, 48 in the first year of the Superior Epoch.
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From this, we know that the copyist of the manuscript revised the original sentence of
the “poor exemplar,” probably an original version.

Now, we refer to the contaminated manuscripts, and, first of all, the sentences of NK
are addressed:

For the lunar argument, “the initial value of the lunar argument” called the “first value to be kept” at the
beginning of a year must be known.
(Marginal annotation 1) The value is 23 days and 2,836 funks—23" 0, 47, 16—in the first year of
the Superior Epoch corresponding to the year 633 (of the Yazdigird era).
(Marginal annotation 2) The value is 78 days and 3,948 funks—78" 1, 5, 48™—in the first year from
the cycle of the Superior Epoch.

The value is called janjin ka in the Qitai language.
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There are two marginal annotations in NK; the first denotes the same value as that of
BN, and the second is taken either from the text of an embedded version or from a
marginal note of the annotated versions. The manuscript contains two values taken from
different sources.

Next are the sentences of KDT in the same part:
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For the lunar argument, “the initial value of the lunar argument”—(marginal annotation) we will call
(it) the “first value to be kept”—at the beginning of a year must be known. The value is 23 days and
2,836 funks—23" 0, 47, 16™—in the first year of the Superior Epoch.
(Marginal annotation) The value is 78 days and 3,948 funks—78% 1, 5, 48"—in the first year of the
cycle of the Superior Epoch.

The value is called jinjin ka in the Qitai language.
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The main text of KDT is quite similar to that of BN, but the marginal annotation in
NK are also taken.
Finally, we refer to the sentences of BML, which is also a contaminated manuscript:

For the lunar argument, “the initial value of the lunar argument”—(marginal annotation 1) we will call
(it) the “first value to be kept”—at the beginning of a year must be known.
(Marginal annotation 2) The value is 78 days and 3,948 funks—78" 1, 5, 48"—in the first year of the
Superior Epoch.

The value is called janjin ka in the Qitai language.

— il gl Jol by |y T8 (atl)— ole e Jol Sl |y ole A Lol
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The text is almost identical to that of the annotated versions, but the first marginal
annotation is the same as that of NK.

We can hardly determine a single archetype, considering the constant revisions made
to the text. This fact makes it clear that no stemma can be decisively constructed. Under
these circumstances, we should be reconciled to see what groupings are apparent among
these nine manuscripts (cf. West 1973, 42). Considering the variations between the
manuscripts, therefore, we can make a table as below. While we have edited the text of
the Qitai calendar on the basis of BoL, all variations between the manuscripts have been
embedded in the footnotes of the edition.

Versions Manuscripts (the Date of Coying)
Original Versions SB (1290) and DK (1293)

Annotated Versions BL (1277/78) and KM (13 c¢.)

Embedded Version BoL (after 1280/81)

Revised Version BN (by 1315)

Contaminated Versions NK, KDT (14-15 c.) and BML (ca. 14 c.)

The values of all entries in the table have been recomputed through the computer
program SCTR (Sexagesimal Calculator prepared by Benno van Dalen) on the basis of
the constants taken from the text. These “exact” values have been filled in the tables of
the edited text and translation. However, in some cases, every manuscript put a value
different from the recomputed one in an entry. The variants different from the recomputed
values are recorded in the footnote.

In editing this text, we adopted the modern Persian orthography according to a
procedure followed by Nik-Fahm and Shahidi (Nik-Fahm & Shahidi 2009, 59-60). The
edited text is punctuated to facilitate reading, though no markings appear in the original
sentences. The letters “_,” “o” and “s” are represented as “..,” “z and “s;” in most
manuscripts, and we basically revise the forms of the original text to suit modern
orthography.

In addition, we have to mention our principle for transliterating Chinese characters
into the Latin script. In the text, we encounter many Chinese words transcribed into



SCIAMVS 14 The Tarikh-i Qita in the Z1j-i Tlkhani 163

Persian, which undoubtedly have significant value from a linguistic standpoint. As is well
known, Chinese pronunciation in the thirteenth century differed from that in the present;
hence, we have to consider the then pronunciation—i.e. Yuan-era early Mandarin—in
order to reconstruct the original Chinese characters from the phonetic transcriptions in the
text. We refer to Li and Zhou’s tabular work and Pulleyblank’s lexicon concerning
Yuan-era early Mandarin to deal with the Persian transcription forms in this text
(Pulleyblank 1991; Li & Zhou 1993). On the other hand, in some cases, we find it more
convenient to provide the present pronunciation; therefore, we parallelize two
transliteration forms along with the Chinese characters. For example, let us take the case
of ke %/ (khiai). The italicized ke is the present pronunciation according to the Pinyin
system, which is followed by the Chinese character %|. Then, the historical
pronunciation “khiai” using the International Phonetic Alphabet is shown within
parentheses.

In any case, the Persian transcriptions seem somewhat inconsistent, when not
obviously incorrect, as in the case of the “History of China” in Jami‘ al-Tawarikh
compiled in Iran under Mongol rule (cf. Wang 2006). In some cases, copyists transcribed
the same Chinese character in different ways in a manuscript. For example, in the table of
the twenty-four solar divisions (the third section), the term xiao /> (siau) appears four
times: the eighth, eleventh, twentieth, and twenty-third divisions. In the table, there are
two distinctly different transcriptions as siyi and siyau. We are interested in the obvious
mistakes in the transcriptions. For example, pi foryi & (i), the second of the cycle of the
ten “heavenly stems.” One would have to assume in the beginning pi was yi. But very
early on, it seems they got corrupted, as can be seen in BoL, SB, and NK. But some
manuscripts seem to have the correct form such as BL and BML. Since we can hardly
find the direct relationship between BL and BML, it is possible that the BML copyist
relied on some informant—probably Chinese—for the Persian transcriptions. | am not
familiar with linguistics, but hopefully, this material will also have some value for
specialists in that field.

Before moving to the translation, we review the characteristics of the Zij-i llkhani
itself, and then consider the significance of the Qitai calendar from the standpoint of its
contents. Although the Zij-i Ilkhant is considered to be the major production by the

! For the discussion of this paragraph, | am definitely indebted to comments upon the draft by Christopher
Atwood.
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scholars of the Maragha observatory, who achieved a series of astronomical innovations
leading to the Copernican heliocentric celestial model, this zzj follows the Ptolemaic
tradition, and the parameters underlying the solar, lunar, and planetary tables were taken
from the previous zijes, such as ones compiled by Ibn A‘lam, Ibn Yinus, and BirGni. As
King and Samsd point out, what is new in the Zij-i Ilkhani is the calendrical material; that
is, the introduction of the Qitai calendar which covers more than the half of the first book
(magala)—concerning chronology and calendar conversion—of the zzj (King & Samso
2001, 46; 2002, 499). We list the table of contents of the chapter on the Qitai calendar in
the Zij-i Ilkhani as follows (cf. Mercier 1984, 41-42).

Chapter 1
Description of the Qitai Calendar, on Knowing Its Years and Months.
Section 1
On the explanation of the divisions of a night-day among the people of the Qitai.
Section 2
On the consideration of the cycle of days.
Section 3
On knowing the years of the Qitai and their divisions in each year.
Section 4
On the consideration of the cycles of years among the Qitai and their era.
Section 5
On knowing the beginning of the divisions of the solar years which occur in each year.
Section 6
On knowing the beginning of the first month on mean motion.
Section 7
On knowing the arguments of the sun and the moon in the beginning of each year.
Section 8
On finding the equation of the sun.
Section 9
On finding the equation of the moon.
Section 10
On knowing the beginnings of each required year and determining an intercalary
month in a year in which it occurs.
Section 11
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On knowing the fourth cycle.
Section 12
On knowing the Qitai calendar from the Arabic calendar.

Symbols

(): In the case of the Persian text, folio numbers from the BoL manuscript are given
inside parentheses () in the main text. In the case of the English translation, in addition to
the former usage, parentheses () are reserved for adding clarifying information to the
original text or words.

[ ]: In the Persian text, passages or words which are missing from the base manuscript
and were restored on the basis of evidence from other manuscripts are enclosed in square
brackets [ ]. Square brackets are also used in cases in which the form found in the base
manuscript was corrected on the basis of forms found in other manuscripts. In both cases,
the source of evidence with other variants is given in footnotes.

«»: In the Persian edition, the Chinese technical terms transcribed into Persian are
given inside double angular brackets «» in the main text. These terms are marked in
italics in the English translation.

__: The abjad numerals are underlined in the Persian text.
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I11. Translation

(2v) Chapter 1
Exposition of the Qitai Calendar, on Knowing Its Years and Months
Consisting of the Twelve Sections

Section 1
On the explanation of the divisions of a night-day among the people of the

Qitai

Scholars in the Qitai and Turkistan establish a cycle of twelve for the divisions of a
night-day, days and years, and apply a name to each twelve. The names of the twelve in
two languages (i.e., Chinese and Turkish) are as follows.

Numbers 1 2 3 4 5 6
Names in Chinese | zhih | chiu yim mau chin siz
Names in Turkish | kuski | it bars taushgan | li yilan
Numbers 7 8 9 10 11 12
Names in Chinese | wi wi shin yit'u st kha’t
Names in Turkish | yand | qay bijin daqiiq it tunghiiz

They also divide each night-day, in the same manner as our arithmeticians divide it
into twenty-four, into twelve chaghs (i.e., double-hours).! (3r) They subdivide each
double-hour into eight kih? and also divide the whole night-day into 10,000 funks.! Thus,

! This is a Turkish word ¢ag, which means “time” (Dihkhuda et al. 1998, 5: 7998). According to Clauson,
this word is not found in Turkish before the Mongol period, when it replaced 6d (Clauson 1972, 404). For &d,
see Bazin (1991, 43, 259-260). Here, the ¢ag is equivalent to the Chinese shi K, which is a double-hour; that
is to say, a unit dividing a day into twelve equal intervals (Sivin 2009, 82-83). It is most likely that the word
¢ag became synonymous with the Chinese shi through cultural contact during the Mongol period, and then,
holding the meaning of a double-hour, was transmitted further west.

2 Chinese ke %I (khiai). In Chinese astronomy, a ke was usually taken as a hundredth of a day, slightly less
than the value of one ninety-sixth used in this calendar. The reason for adopting this value in this calendar
might be ascribed to making one double-hour (chagh) equal to an integral number of kes. In fact, sometimes
efforts were made to modify the traditional value of ke in China, in order to make the system commensurate

with the double-hours; in one of these reforms, Emperor Wu of the Liang dynasty in 507 reduced the number
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each double-hour is 833 funks and one-third, and each kih is 104 funks and one sixth.
They regard the starting point of a night-day as midnight, that is the point when the first
half of the double-hour of zhih or rat passes, and the second half remains.” After that, the
double-hours continually pass one by one until the midday that falls on the middle of the
double-hour of wi or horse. At the time when the length of a day and night are equal, the
beginning of the day is the middle of the double-hour of mau or hare, and the beginning
of the night is the middle of the double-hour of yii'u or cock. Because the length of day
and night increases and decreases, the beginning of a day or night sometimes falls earlier
and at other times later; however, the times of midnight and midday do not move at all.
We have determined parts of double-hours and kihs with funks, and put the results in a
table in order to easily determine what time has passed in each double-hour and kih.
According to the custom of our astronomers/astrologers, we have marked funks in the
sexagesimal form, and put (those on the table), and also marked fractional parts in the
sexagesimal form. The whole funks of a night-day are marked in the sexagesimal form, 2,
46, 40". Then, whenever the number of funks exceeds 10,000 funks, it ought to be
subtracted from that number. In place of the subtracted 10,000 funks, a night-day is added.
If a night-day is required to be represented in funks, one is subtracted from the numbers of
night-days and this number (i.e., 10,000 funks) is put in place of it (i.e., a night-day) for
the required calculation. The table is as follows.

of ke in a day-night to ninety-six, the same as in this calendar. But this improvement, which made them
exactly equivalent to the Chinese modern ke system, lasted only a very short time (Needham et al. 1960,
199).

! Chinese fen 4y (fuan). In Chinese astronomical systems li /&, generally, the fractions of a day are denoted
by means of specific denominators (called, for example rifa H %; there are several nomenclatures for the
fractions in Chinese astronomical systems, which might cause some confusion); with rifa 5230, for instance,
the lengths of a year and month were represented as 365 1274/5230 and 29 2775/5230, respectively, in the
Revised Da-ming li E&XHIE, which was adopted as an official astronomical system at the end of the Jin
dynasty (1182-1234) and was also initially used by the Mongols. Instead of a specific denominator, however,
the Qitai calendar divided one day into 10,000 funks, which is practically equivalent to adopting a decimal
notation system up to the fourth decimal fraction; for example, as shall be mentioned later, the length of the
solar year in this calendar is represented as 365 days and 2,436 funks = 365.2436¢ (for fractions in the Chinese
astronomy, see e.g., Sivin 2009, 63).

2 The Chinese double-hours are called 12 shi-chen H%J5 and are represented by the twelve branches
mentioned before. The first unit, the double-hour of zi -, begins at 11:00 p.m. of the previous day and ends

at 1:00 a.m, so that a day starts in the middle of the double-hour of zi.
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Table on knowing the beginning of the double-hours and kih s in terms of the funk s of the night-day in sexagesimal form

In Chiense zhih chiu yim mau chin iz wil wi shin Vit 'u st kha't

In Turkish kuskit at bars taushgan |l yilan yind qity bijin daqiiq it tinghiiz

Number of finks 2nd Power, 1st Power, Funk s, Fractions
1] 2,39,43,20 0,6,56,40 (0,2050,0 |0,344320 (0483640 |1,230,0 (1162320 |1301640 |14410,0 (158,320 |2115640 |22550,0
2( 2412730 0,84050 |0,22,34,10 | 0,36,27,30 [050,2050 | 1,414,210 (118,730 |132050 |1455410 (1594730 2134050 |22734,10
3[ 2431140 0,10,25,0 |0,24,1820 | 0,38,11,40 (052,50 |1,55820 |1195140 |133450 |1473820 (2 13140 |215250 |2291820
4| 2,44,5550 0,12,9,10 (026,230 |0,395550 |[0534910 |1,74230 (1213550 |1352910 |149,2230 |2 31550 |217,910 |231,230
5(0,0,00 0,1353,20 | 0,27,4640 | 0,41,40,0 (0553320 |1,92640 (123200 |1371320 |151,640 (2500 |[2185320 |2324640
6(0,144,10 0,15,37,30 | 0,29,30,50 | 0,43,24,10 [057,17,30 |1,11,1050 |1,25,4,10 |12385730 |1525050 |2, 644,10 |2203730 | 2343050
7(0,32820 0,17,21,40 | 0,31,15,0 | 045,820 (059,140 |1,12550 |1264820 |1404140 |154350 (282820 |222,2140 |23615,0
8(0,512,30 019,550 |0,3259,10 | 0465230 |1,04550 |1,14,3910 (1283230 |1422550 |156,19,10 (2101230 | 224,550 |2375910

Section 2

On the consideration of the cycles of days

The Qitai have another cycle by which they take days and years into consideration. That
is a cycle of ten, names of which are as follows: 1. ka, 2. y1, 3. pin, 4. tin, 5. wii, 6. ki, 7.

kin, 8. sin, 9. zhim, 10. kiy. By combining this cycle with the cycle of twelve, a cycle of

sixty is obtained. They count years and days with this cycle. This cycle is their substitute

for our week. We call this cycle the “sixty-cycle.” The compound of these two cycles is in

the way that was put in the following table.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
ka-zhih | yi-chiu | pin-yim | tin-mau wi-chin | ki-siz kin-wi sin-wr zhim-shin | kiy-yii'u
11. 12. 13. 14. 15. 16. 17. 18. 19. 20.
ka-si yi-kha’t | pin-zhih | tin-chiu wi-yim | ki-mau | kin-chin | sin-siz zhim-wi | kay-wr
21 22. 23. 24. 25. 26. 27. 28. 29. 30.
ka-shin | yr-yi'u | pin-si tin-kha’t | wa-zhih | ki-chiv | Kin-yim | sin-mau | zhim-chin | kay-siz
31 32. 33 34. 35. 36. 3r. 38. 39. 40.
ka-wi | yi-wi pim-shin | tin-yi'u Wii-Sil ki-kha'’t | kin-zhih | sin-chiu | zhim-yim | kiy-mau
41, 42 43. 44, 45, 46. 47. 48. 49, 50.
ka-chin | yi-siz pin-wii tin-wi wi-shin | ki-yi'u | Kin-si sin-kha’t | zhim-zhih | kiy-chiu
51. 52. 53. 54. 55. 56. 57. 58. 59. 60.
ka-yim | yi-mau | pin-chin | tin-siz WH-Wil kr-wi kin-shin | sin-yiz’u | zhim-si kity-kha't
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(3v) Section 3
On knowing the years of the Qitai and their divisions in each year

The years of the Qitai are solar, that is, they are measured from the time when the sun
reaches a certain point on the celestial sphere until the time when the sun returns to the
same place. According to them, this amounts to 365 days and 2,436 funks which in the
sexagesimal form is 365° 0, 40, 36" and which is called suiji in their language. As our
astronomers/astrologers divide a year into twelve, they divide the length of a year into
twenty-four equal parts, each of which comprises 15 days and 2,184 5/6 funks—which in
the sexagesimal form is 15° 0, 36, 24" 50. Each part is called one 4ja in their language.?
Moreover, each season consists of six kzja and the beginnings of our seasons fall in the
middles of their seasons. Thus, the beginning of spring among them approximately falls
in the middle of the sign Aquarius. The four points of the solstices and equinoxes are in
the middles of their seasons. The names of the divisions of a year in their language and
the numbers of days and funks in the sexagesimal form from the beginning of the year
through to the end are presented in the following table.

! The term suijiz might well be the phonetic transcription of the Chinese sui-zhou 7%J& (sui-tsiau), the length
of a solar year, taken as 365.2436 in this case. Although there are various values taken as the length of a solar
year in the Chinese astronomical systems, the value in the Zij-i Ilkhani is almost equal to that of the Revised
Da-ming li (365.243594...%) adopted in the later Jin and early Yuan periods (1182—1234 and 1215-1280) (Jin
shi, 21: Bu gi-shuo 1; Yabuuti 1990, 388-393). This is one reason why we can regard this astronomical system
as one of sources of the Qitai calendar (other reasons shall be discussed below). This term has also been
ascribed to sui-shi #HE (sui-si) (van Dalen et al. 1997, 149), but this term denotes the Year Numerator
(3,652,436 funks in this case), not exactly the days of the solar year (Sivin 2009, 615). From the viewpoint of
the Persian transcription, furthermore, it is somewhat difficult to read the term in such a way.

2 The term kija is probably the Chinese gi-ce 43% (khi-tshai), the length of the twenty-four equal divisions
of a solar year, each 15.21848333... days long in this case (cf. Sivin 2009, 79-81). This term appears in the
Revised Da-ming li and Shou-shi li /&, the official astronomical systems of the Jin and Yuan dynasties
respectively (Jin shi, 21: Bu gi-shuo 1; Yuan shi, 54: Bu gi-shuo 1; Sivin 2009, 79-81, 604). Although this
term has been interpreted in other ways such as jie-qi Hi% (tsie-khi) or zhong-gi H4& (tsiun-khi), both of
these are far from the Persian transcription form and the latter does not denote each of the twenty-four
divisions of a solar year but only the even-numbered ones (Mercier 1984, 50; van Dalen et al. 1997, 149).
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Table of the beginnings of each solar division, calculated in days and funks
in sexagesimal form
The Spring Season The Summer Season
pd N bl N
< 5 m = < g T s
3 3 c O 3 3 c U
g : 2 £ | g : 2 g
=] =3 ) n = =] =} 9 T =
w] = B g s B~
g s | % & o | 2 3 E & 3
) g S g 2. z g g
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7] P 7] « -
1 I5jun 0 0,0,00, 7 likha 91 0,51,49,0
2 wizshi 15 0,36,24,50 8 siyi-man 106 1,28,13,50
3 kin-jih 30 1,12,49,40 9 manjun 121 2,4,38,40
4 shin-find 45 1,49,14,30 10 shajir 136 2,41,3,30
5 shink-mink 60 2,25,39,20 11 siyau-shii 152 0,30,48,20
6 kiawii 76 0,15,24,10 12 day-shit 167 17,13,10
The Autumn Season The Winter Season
=z = r\é =z = '\é
5 3 d o E 3 d o
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13 lja’u 182 | 1,43,38,0 19 Iitiin 273 2,35,27,0
14 chiu-shii 197 2,20,2,50 20 siyau-shih 289 0,25,11,50
15 bayli 213 | 0,9,47,40 21 day-shih 304 1,1,36,40
16 siya-fan 228 | 0,46,12,30 22 diinjin 319 1,38,1,30
17 Khanlii 243 | 1,22,37,20 23 siyii-khan 334 2,14,26,20
18 shitn-kiin 258 | 1,59,2,10 24 day-khan 350 0,4,11,10
Igjun 365 0,40,36,0
Section 4

On the consideration of the cycles of years among the Qitai and their era

The Qitai count years in the sixty-cycle (4r) and unite the cycles to the (following) three
names; the first is called the cycle of the “Superior Epoch,” the middle is the cycle of the
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“Middle Epoch,” and the final is the cycle of the “Inferior Epoch.” The period of the three
cycles is 180 years, and years are united to these cycles. If they want to consider a period
exceeding this amount, they derive it from the creation of the world. According to their
computation, 8,863 wans had completely elapsed from the beginning up to the first year
of Genghis Khan’s reign. Each wan is 10,000 years. 9,679 years had passed in the current
wans, and the (9,6)80™ year is that of the accession of Genghis Khan that corresponds to
the 60" year of the sixty-cycle—the final year of the cycle of the Middle Epoch.
According to the computation of the Persians, the year 633 of the Yazdigird era is the first
year of the cycle of the Superior Epoch. But Turks only use a cycle of twelve and count it
in their language. The regulation of their calendar is unknown to us.

Section 5
On knowing the beginnings of the divisions of the solar years which occur in
each year

In order to know the beginning of one of the twenty-four solar divisions in a given year,
we must know which day and double-hour within the sixty-cycle falls on the beginning of
the lzjun (i.e., first solar division) before or after the year. We call it the “initial value of
the divisions of a year,” and it is called 47ji in the language of the Qitai.* The initial value
is 11 days and 7,660 funks—11% 2, 7, 40—in the first year of the cycle of the Superior
Epoch after the accession of Genghis Khan. In order to know the beginning of another
year, we ascertain whether the year is before the “epoch year” or after; and how many
years are between the two. We multiply the balance by the excess of a solar year over 360,
i.e. 5 days and 2,436 funks—5° 0, 40, 36—, which is called suiyiz in their language.’
Regarding funks that exceed 10,000—i.e., 2, 46, 40—, we consider each 10,000 to be one
day and add (it) to the number of days, and then subtract 10,000 (from the funks) in order
to obtain the interval between the epoch year and the required year.

! Qi-shou % & (khi-siau) denotes the beginning of the first division of any solar year (van Dalen et al. 1997,

149).

2 Sui-yu &A% (sui-iu) indicates the excess of a solar year over 360, namely 5.2436 days (van Dalen et al.
1997, 149). This constant is called tong-yu i##k (thup-iu) in the Shou-shi li; the former is used for denoting
the surplus of the days of a solar year in this system, that is, 2,436 funks in this case (Yuan shi, 54: Bu
gi-shuo 1; Sivin 2009, 271-273, 390-391).
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Then, if a required year is after the epoch year, we add that interval to the
aforementioned initial value. (4v) If the funks exceed 10,000—i.e., 2, 46, 40—, we
subtract this amount (i.e., 10,000 funks) and add one day to the days. If the number of
days exceeds 60, we subtract 60 from it. If the required year is before the epoch year, we
subtract the interval from the epoch. If the days cannot be subtracted, we add 60 to the
epoch and subtract (the days from it). If the funks cannot be subtracted, we subtract one
day and add 10,000—i.e., 2, 46, 40—to the funks.

What results after the addition or subtraction is the beginning of the /jjun in the
required year in the sixty-cycle. We consider the funks to be one day, and each place that
is reached marks the beginning of the required year, and the whole years are attached to
the names (of the sixty-cycle).

For example, if we want to know the beginning of the 10" year of the cycle of the
Superior Epoch that corresponds to the year 642 of the Yazdigird era and is the kiy-yii'u
in the Qitai language—the year of the cock in Turkish—we multiply the interval between
the epoch year and the required year—the value is 9—by the sui-yi (i.e., 5°2,436"); 45
days and 21,924 funks—45° 6, 5, 24"—is obtained. For 20,000 funks—i.e., 5, 33, 20—,
we get two days; it becomes 47 days, and 1,924 funks remain—47° 0, 32, 4. Then, we
add this amount to the initial value, i.e., 11 days and 7,660 funks—11" 2, 7, 40—,
because the required year is after the epoch year. The result is 58 days and 9,584
funks—58° 2, 39, 44— which is the beginning of the required year. We consider the
funks to be one day and add it to the days, so that the total becomes 59 days. The 59" day
of the sixty-cycle is zhim-sa, that is the day of the dog (it kiin) in Turkish.! Since the
beginning of the day, 9,584 funks have elapsed—2, 39, 44™—. If we seek that (value) in
the table for the beginnings of double-hours and kihs, we find (it) between the first and
second (double-hours). The excess over the beginning of the first double-hour—2, 39, 43"
20—is two-thirds of a funk. Thus, we know that the beginning of the 10" year of the
sixty-cycle corresponding to the year of the cock is (5r) in the first kih among the
double-hour of zhih corresponding to the double-hour of rat in the 59" day of the
sixty-cycle corresponding to the day of the dog; (the others can be known) also by
analogy with this.

When the beginning of a year has been determined, we add the divisions of the year to
the beginning, in order to know the beginning of each required division. For example, if

! Turkish kiin, which means “a day.”
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we want to know the beginning of the seventh division in this year, in the table of the
beginnings of the divisions of the years, we see that (it is) 91 days and 51, 49" after (the
beginning of the year). We add this to the days and funks of the head of the year; it
becomes 149 days and 3, 31, 33". Then, we subtract a day—i.e., 2, 46, 40— from the
funks, which results in 1500, 44, 53". We subtract 60 from the days as many times as
possible, and 30 remain. We know that, in the 31" day of the sixty-cycle—i.e., the day of
ka-wu corresponding to the day of the horse in Turkish—the beginning of the seventh
division is in the sixth kih from the double-hour of mau—~hare in Turkish—and 89 funks
have elapsed since the beginning of the kih; (the others can be known) by analogy with
this.

We have made a table consisting of the beginnings of years during 24 years from the
cycle of the Superior Epoch, and another table on the beginnings of the divisions of the
year of the cock as an example; these tables are as follows.
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633 ka-zhih kuskii 11 2,7,40 yi-kha't tinghiiz
634 yi-chiu it 17 0,1,36 sin-siz lan
635 pin-yim bars 22 0,42,12 pin-si it
636 tin-mau taushqgan 27 1,22,48 sin-mau taushqan
637 wii-chin lii 32 2,3,24 pin-shin bijin
638 ki-siz yilan 37 2,44,0 sin-chiu at
639 Kin-wi yind 43 0,37,56 tin-wi qiy
640 sin-wi qity 48 1,18,32 zhim-zhih kuskii
641 zhim-shin | bijin 53 1,59,8 tin-siz ilan
642 kity-yii'u dagiqg 58 2,39,44 zhim-siz it
643 ka-sii it 4 0,33,40 wii-chin li
644 yi-kha't tunghiiz 9 1,14,56 kit y-yii'u dagqig
645 pin-zhih Kuskit 14 1,54,52 wii-yim bars
646 tin-chiu ut 19 2,35,28 kity-wi qiy
647 wig-yim bars 25 0,29,24 ki-chiu it
648 ki-mau taushgqan | 30 1,10,0 ka-wii yind
649 kin-chin lii 35 1,50,36 ki-kha't tiinghiiz
650 sin-sid yilan 40 2,31,12 ka-chin li
651 zhim-wi | yiand 46 0,258 kin-sii it
652 kity-wi qiy 51 1,544 yI-mau taushqan
653 ka-shin bijin 56 1,46,20 kin-shin bijin
654 yi-yit u dagig 1 2,26,56 yi-chiu at
655 | pin-si it 7 0,20,52 sin-wi qity
656 tin-kha’v tunghiiz 12 1,1,28 pin-zhih kuskii
657 wii-zhih Kuskii 17 1,42,4 sin-siz yilan
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Table of the beginnings of divisions of the year of the cock
corresponding to the year 642 of the Yazdigird era

pd
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ljjun 58 2,39,44 zhim-si (i) Mid. Aquarius
wiishi 14 0,29,29 wi-yim (bars) Begin. Pisces
kin-jih 29 1,554 kity-siz (tlan) Mid. Pisces
shin-fiind 44 1,42,19 wii-shin (bijin) Begin. Aries
shink-mink 59 2,18,43 kity-kha'’t (tiunghiiz) Mid. Aries
kawi 15 0,8,28 ki-mau (taushqan) Begin. Taurus
likha 30 0,44,53 ka-wii (yiind) Mid. Taurus
siyi-man 45 1,21,18 ki-yii 'u (dagiiq) Begin. Gemini
manjun 0 1,57,43 ka-zhih (kuski) Mid. Gemini
shajir 15 2,34,8 ki-mau (taushqan) Begin. Cancer
siyau-shii 31 0,23,52 yI-wi (qity) Mid. Cancer
day-shii 46 1,017 kin-si (it) Begin. Leo
lijit'u 1 1,36,42 yi-chiu (iif) Mid. Leo
chiu-shii 16 2,13,7 kin-chin (/i) Begin. Virgo
baylii 32 0,2,52 pin-shin (bijin) Mid. Virgo
siyi-fan 47 0,39,17 sin-kha 7 (tiinghiiz) Begin. Libra
khanli 2 1,15,42 pin-yim (bars) Mid. Libra
shiin-kiin 17 1,52,6 sin-siz (ilan) Begin. Scorpio
Iitiin 32 2,28,31 pin-shin (bijin) Mid. Scorpio
siyau-shih 48 0,18,16 zhim-zhih (kuskiz) Begin. Sagittarius
day-shih 3 0,54,41 tin-mau (taushqgan) Mid. Sagittarius
dianjin 18 1,31,6 zhim-wiz (viind) Begin. Capricon
siyi-khan 33 2,7,30 tin-yi'u (dagiq) Mid. Capricon
day-khan 48 2,43,55 zhim-zhih (kuskiz) Begin. Aquarius
Ijun 4 0,33,40 wii-chin (fiz) Mid. Aquarius
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(5v) Section 6
On knowing the beginning of the aram ay (i.e., the first month) in mean motion

First, the interval in a year between the beginnings of the first month—the head of a
year—and wizshi—the second division from the divisions of a solar year—must be known.
In the first year of the cycle of the Superior Epoch corresponding to the year 633 of the
Yazdigird era, the value is 14 days and 4,676 funks—14° 1, 17, 56—, as shall be
mentioned on a table. It is called shiinjan in the Qitai language,’ and we call it “the initial
value of the head of years.”

Then, we obtain the difference between that year and the required year. We multiply it
by the excess of a solar year over a lunar year, i.e., 10 days and 8,764 funks—10° 2, 26,
4" which is called suija in the Qitai language.? We add the result to “the initial value of
the head of years,” if the required year is after that year (i.e., the year 633 of the Yazdigird
era). The period of the mean lunar month is 29 days and 5,306 funks—29" 1, 28, 26—,
which is called shija in the Qitai language.® If (the period of the month) can be
subtracted from the addition of the result of the multiplication to shinjan, we subtract as
many times as (the remainder) becomes smaller than the period of a month. Each time,
when we subtract (the period of a month), an “intercalary month” (mah-i shiin)* falls in

! This term is likely the Chinese run-ying B (riuan-ian). It represents the interval from the mean first
month (aram ay) to the second solar division (wiishi) for any particular year (van Dalen et al. 1997, 150). In
the case of the Shou-shi li, this term is used for denoting the interval between the winter solstice of the epoch
year and the last new moon (Yuan shi, 54: Shou-shi li jing 1; Sivin 2009, 392, 396).

2 Probably, Chinese sui-chai #%7= (sui-tsha). This term denotes the difference between the solar year and
twelve mean lunar months, 10.8764%. This constant is called tong-run &R (thug-tiuan) in the Shou-shi li
and resembles sui-run 7%RE (sui-riuan) mentioned in the Song dynastic history (Song shi, 77: Guan-tian li;
Yuan shi, 54: Bu gi-shuo 1; van Dalen et al. 1997, 150; Sivin 2009, 390-391). Sui-chai %% (sui-tsha), on
the other hand, means “annual precession” in the official Chinese astronomical systems in the later period.

® Chinese shuo-ce % (sau-tshai), a mean synodic month, 29.5306°. This constant is slightly different
from that of the Revised Da-ming li. It would be appropriate to consider that the value was rounded off from
most Chinese values including that of the Revised Da-ming li (29.53059...%), by means of the ten-thousand
funks method (Jin shi, 21: Bu gi-ce bu gua-hou bu ri-chan bu gui-lou; cf. van Dalen et al. 1997, 123).
Although Mercier reconstructed the Persian phonetic form as shou-shi ## (sau-si) which van Dalen
followed (Mercier 1984, 51; van Dalen et al. 1997, 150), shou-ce #/15& (sau-tshai) is more appropriate than
shou-shi ¥ (sau-si) from the standpoint of the meaning and the Persian form as in the case of sui-zhou
J& (sui-tsiau) discussed before.

* This is a combination of the Persian term mah with Chinese run B (giuan), which means “intercalary.”
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the years between the epoch year and the required year, and the year (in which an
intercalary month falls) includes thirteen months.

If the required year is before the epoch year, we subtract the result of the
multiplication of the year interval by the excess of a solar year over a lunar year from “the
initial value of the head of years.” If it cannot be subtracted, we add several times the
length of a month (i.e., 29° 1, 28, 26" to “the initial value of the head of years”; then,
from that, we subtract the result of the multiplication (of the year interval by the excess of
a solar year over a lunar year) as the remainder becomes smaller than the period of a
month.

What remains smaller than the period of month is the interval between the beginning
of the first month and the wishz in the required year, and that is the initial value of the
head of the year. Then, we find the days of the wishi in that year, and subtract the interval
between the beginning of the first month and the beginning of the wishi from that. If it
cannot be subtracted, we add 60 to the day of the wishi (6r) and subtract from this
amount. What remains is the sixty-cycle of the beginning of the first month in mean
(lunar) motion. Then, we see the sixty-cycle of the beginning of the lijun (i.e., the first
division of a solar year) in that year, in order to know which beginning (of the first month
or the lijun) precedes the other and how much difference lies between them, an amount
that is inevitably smaller than the period of a division of a solar year.

Section 7
On knowing the arguments of the sun and the moon at the beginning of each
year

For the solar argument, we subtract the interval between the beginnings of the first month
and the wishi from one sixth of the period of a solar year, i.e., 60 days and 8,740
funks—60° 2, 25, 40"—called k7ja by them.! What remains is the solar argument at the
beginning of the year.

For the lunar argument, “the initial value of the lunar argument” at the beginning of a
year must be known, which is 78 days and 3,948 funks—78" 1, 5, 48—in the first year of

! The interval between the twenty-second solar division (the winter solstice) and the second solar division
(yu-sui F7K), namely one-sixth of a solar year, is 60.8740 days. The Persian transcription may be
reconstructed as gi-chai %875 (khi-tsha).
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the cycle of the Superior Epoch corresponding to the year 633 (of the Yazdigird era), and
which is called jinjin ka in the Qitai language.” Then, we obtain the difference between
that year and the required year. We multiply the difference by 7 days and 338 funks—7° 0,
5, 38—, which is called jimja in the Qitai language.” In my opinion, that is the excess of
a solar year over thirteen anomalistic cycles. If the required year follows the epoch year,
we add the result to the initial value of the lunar argument; otherwise, we subtract (the
result from the initial value of the lunar argument), in the manner described in the sixth
section. We call the result the “first number to be kept.” Thus, we subtract the interval
between the beginnings of the first month and the wiishi from that amount. If it cannot be
subtracted, we add 60 to the days, and then subtract. We call what remains the “second
number to be kept.” Thus, from the second number to be kept, we subtract the period of a
cycle for the lunar argument—the value of which is 27 days and 5,556 funks—27°1, 32,
36—, and called junjin (i.e., an anomalistic month) by them—as many times as (the
remainder) becomes smaller than the cycle.> What remains is a ninth of the initial value
of the lunar argument. We multiply that by 9 to obtain the lunar argument of the
beginning in the required year. If it exceeds 248 days, we subtract 248 days from those
days. What remains is the lunar argument of the beginning in the required year.

(6v) We multiply an anomalistic month (i.e., 27.5556 days) by several numbers and
put the resulting (values) in a table, so that the (required values) can easily be obtained
from there. In addition, we put all (values) mentioned in the sixth and seventh sections in
the case of two twelve-cycles from the beginning of the cycle of the Superior Epoch into
a table as an example. The table is as follows.

! Although the transcribed form jinjin ka is somewhat obscure, it could be read as the zhuan-zhong ying 1
#4JE (tsiuen-tsiun ian) from the standpoint of the meaning. The first part jinjin undoubtedly denotes
zhuan-zhong ##4& (tsiuen-tsiun), a (Lunar) Revolution Terminal Constant, that is to say, an anomalistic
month (cf. van Dalen et al. 1997, 149; Sivin 2009, 606). The corresponding term in the Shou-shi li is denoted
as zhuan-ying #4J& (tsiuen-ian), that is, a Revolution Interval Constant between the epochal winter solstice
and the preceding lunar perigee (Yuan shi, 54: Bu yue-li 4; Yabuuti & Nakayama 2006, 21; Sivin 2009, 455).

2 This Persian transcribed form can probably be reconstructed as the Chinese zhuan-chai 3£ (tsiuen-tsha)
which, in this case, means the excess of a solar year over thirteen anomalistic months.

® The Chinese form of junjiin is zhuan-zhong 54 (tsiuen-tsiun), i.e., an anomalistic month.
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633(ka-zhih  |kuski 14| 1,17,56| 26| 2,44, 5 12| 1,26, 9 46 1, 7,44 78| 1,548 63| 234,32 8 216 0 79| 05720
shiin 634|yi-chiu it 25 0,57,20( 32[ 0,38 1| 6| 2 27,21|mugaddam 35 1,28,20( 85 1,11,26 60 0,14, 6| 4| 2,42,14| 44 2, 6,46
635|pin-yim  |bars 6| 1,54,58 37 1,1837| 30| 2 10,19 54| 0,30,42[ 92 1,17, 4/ 85 2, 8,46 3| 0,17,38] 27| 2, 38 42
636|tin-mau  |taushgan 17| 1,34,22) 42| 1,59,13| 25| O0,24,51|mugaddam 43| 0,51,18| 99| 1,22,42 81 2,35, 0 26| 2, 16,28 241 1, 1,32
shin | 637|wi-chin |l 28| 1,13,46| 47| 2,39,49| 19| 1,26, 3|mugaddam | 32| 1,11,54/ 106 1,28,20| 78| 0,14,34 22| 2,42 42| 206 2,10, 58]
638|ki-siz \vilan 9| 2,11,24] 53 0,3345 43 1,91 51| 0,14,16| 113| 1,33,58| 83 2,914 1] 0,18, 6 9 2,42, 54
shiin 639|kin-wit \viind 20( 1,50,28| 58 1,14,21| 37| 2, 10,33|mugaddam 40| 10,3512 120[ 1,39,36| 99| 23548 17| 0,44,40| 155 1,8,40
640(sin-wi qity 2| 0, 1,46 3| 1,54,57 1/ 1,5311 58| 2,23,54| 127| 1,45,14| 125 1,43,28 15 1, 6,24| 138 1,37, 36
641(zhim-shin |bijin 12| 2,27,50| 8| 23533 56 0, 743 47| 2,44,30] 134 1,50,52| 121| 2, 9,42 11f 1,32 38| 104| O, 0,22
shiin 642|kiy-yii'u |daqiq 23| 2, 7,14 14| 0,29,29| 50 1, 8,55|mugaddam 37| 0,18,26| 141 1,56,30| 117| 2,3556( 7| 1,58,52| 69 1, 9,48
643|ka-si it 5 0,18,12| 19 1,10, 5 14| 0,51,53 55| 2, 7,28 148 2,2, 8 143 1,43,56| 5| 2,20,56| 52| 1,41,44
644(y-kha’t  |tinghiiz 15| 2,44,16| 24| 1,51,21 8| 1,53 45/muqaddam | 44| 2,28 4| 155 2, 7,46 139 210,10 2| 0, 0,30 18 0, 4,30
shin | 645|pin-zhih  |kuski 26| 2,23,40[ 29 2,31,17 3| 0, 7,37|mugaddam | 34 0,2 0 162| 213,24/ 135 2,36,24| 25 1,59,20| 231 1,14, 0
646|tin-chiu  |it 8 0,34,38 35 0,2513| 26| 2 37,15 52| 1,51,2| 169 2,19, 2| 161| 1,44,24| 23| 2,21,24| 214 1,45,56
shiin 647|wii-yim bars 19( 0,14, 2| 40 1, 5,49 21| 0,51, 47|mugaddam 41| 2,11,38| 176 2,24,40 157| 2,10,38( 20[ O, 0,58/ 180 O, 8,42
648|ki-mau taushgan 0 1,11,40( 45 1,46,25 45 0,34,45 60( 1,14, 0| 183| 2,30,18| 183 1,18,38| 18| 0,23, 2| 163| 0,40, 38
649(kin-chin |/ 11| 0,51, 4| 50[ 2,27, 1| 39| 1,37,57 49| 1,34,36| 190 2,3556| 189| 1,44,52| 24| 0,49, 16| 218 1,50, 4
shiin 650|sin-siz \vilan 22| 0,30,28/ 56| 0,20,57| 33 2,37, 9|mugaddam 38| 11,5512 197| 241,34 175 2,11, 6 10 1,15,30| 94 0,12, 50
651|zhim-wii  |yiind 3| 1,28, 6 1] 1, 1,33 57| 2,20, 7, 57| 0,57,34| 205 0,0,32| 201f 1,19. 6| 8| 1,37,34| 77| 0,44, 46
652|kiy-wi qity 14 1, 7,30 6 1,42, 9 52| 0,34,39 46| 1,18,10[ 212 0,6,10] 197 11,4520 4| 2, 3,48 42| 1,54 12
shiin | 653|ka-shin  |bijin 25| 0,46,54| 11| 2,22,45| 46| 1,35 51|mugaddam | 35| 1,38,46| 219 0,11,48| 193] 211,34 Of 230, 2| 8| O, 16,58
654|yi-yit 'u daqiiq 6| 1,44,32] 17| 0,16,41) 10| 1,18,49 54| 0,41, 8| 226/ 0,17,26| 219| 1,19,34 26 1,38, 2| 239 0,48, 58
655|pin-si it 17( 1,23,56| 22| 0,57,17| 4 2,20, 1jmugaddam 43] 1, 1,44) 233 0,23,4) 215 11,4548 22 2, 4,16| 204| 1,58, 24
shiin 656|1in-kha’i |tinghiiz 28] 1,320 27| 1,37,53] 59 0,34,33 32| 1,22,20[ 240[ 0,28,42 211 2,12,2| 18| 2,30,30( 170 0,21,10
657|wit-zhih  |kuskii 9| 20,58 32| 21829 23 017,31 51 0,24,42| 247| 0,34,20| 237 1,20,2| 17| 0,5,54| 153 0, 53, 6]
658|ki-chiu it 20( 1,40,22| 37| 2,59, 5| 17| 1,1843|mugaddam | 40| 0,45 18 214 0,39,58| 193| 1,46,16| 0| 24,44 6| 2, 2 36

Section 8
On finding the equation of the sun

We obtain the solar argument at the beginning of a year. To the argument, we add the
length of a lunar month (i.e., synodic month), which is 29 days and 5,305 funks—29° 1,
28, 26" —called shizja in the Qitai language; as a result, the arguments of (the beginnings
of the successive) months become known in order. Every time the argument exceeds the
length of a solar year, 365" 0, 40, 36", we subtract the length from the value. If we want to
know the (solar) argument at (the beginning of) a month in the middle of a year, we
multiply the number of months between the first and the required months by the shija.
We add the result to the (solar) argument at the beginning of the year to obtain the (solar)
argument at the head of that month. We multiply the result of the multiplication of the
shiija by various numbers, and put (the resulting values) in a table to obtain (the required
values) from there.
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When the solar argument is known, if the number of days without funks is smaller than
the half-circle—that is, 182, called bijitin by them'—we subtract the argument from 182
and also keep the original value. Then, we multiply the result of the subtraction by the
original value.> We double the result, and obtain a ninth of the amount. The result is the
solar equation, which is an additive value, they call the additive ni.

If the days of the argument exceed 182, we calculate the excess over 182. We subtract
the argument from the double of 182, which is the whole circle, and multiply the excess
by the remainder of the subtraction. We double the result, and obtain a ninth of the
amount. What is obtained is the solar equation, which is a subtractive value and they call
the subtractive fiyd ‘i, meaning “subtractive.”® They call the solar equation tayank zhikr.®

We have made a table of the solar equation. We have put the funks of the equation

corresponding to the arguments in the sexagesimal form in that table, (7r) so that (values)

! This term is the Chinese ban zhou-tian 38X (pusan tsiau-thien), or the Celestial Half-Circle. The term
appears in the fragment of the Fu-tian li on the solar equation (we shall address this fragment below) as well
as in the Shou-shi li (Momo 1969, 401; Sivin 2009, 410, 614).

2 For the obscure sentence “pas hissa ra dar tamam-i hissa darb kunim,” there is a marginal note in the
manuscript BN (9v) as follows: “Maqsid az hissa-yi awwal anche hama bagi manda az nima-yi daur-i aftab,
wa maqsid az tamam-i hissa hissa-yi aftab ast dar sar-i mah-i magliub.” (The meaning of the first “Aissa” is
what remains after subtracting from the half-cycle of the sun, and the meaning of the “tamam-i hissa” is the
solar argument at the head of the required month.)

% The Chinese nu fiiy is used for the slow phase of the luminaries. Here, it means “additive,” as applied to
the solar and lunar equations (van Dalen et al. 1997, 149).

* The Chinese tiao Bk is used for the fast phase of the luminaries. Here, it means “subtractive,” as applied to
the solar and lunar equations (van Dalen et al. 1997, 150).

% Regarding the term tayank zhiki, some obscurity remains. But at least we are able to affirm that the zhikz,
the latter half of this technical term, is ru-gqi A% (ri-khi). It is a temporal parameter used for the
computation of the solar equation (Martzloff 2009, 178, 181-189). With regard to the first half tayank, as van
Dalen has mentioned, it would be appropriate to consider the word to be tai-yang KB (thai-ian), “the sun”
(van Dalen et al. 1997, 150). So, we would like to suggest the compound tai-yang ru-qi A A%, (thai-ian
ti-khi) as a highly probable form from the standpoints of the Persian transliteration, meaning, and context.
Mercier has argued that this term is comparable to the Turkish tinkds (Mercier 1984, 50); however, it would
be difficult to make this argument as far as the manuscripts we used are concerned. If it were permissible to
read the tayank in this way, we would not interpret well the latter half words zhiki.

As | have discussed in a previous article, the contemporary Uighurs were scarcely involved in compiling
the Qitai calendar, but this calendar was directly brought from China into Iran by a Qitai sage—a Taoist
master—accompanying his Mongol ruler (Isahaya 2009). In consideration of the fact that almost all technical
terms are Chinese, there is little justification for regarding the term as Turkish one.
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corresponding to the (solar) arguments at the heads of months are obtained from that
table.

(7v) Section 9
On finding the equation of the moon

We establish the lunar argument at the beginning of a year, which is called jianjin ka in
the Qitai language. For the other months, we add 17 days and 7,754 funks—17° 2, 9,
14—, which is called junjiin sha by them,* to the argument at the beginning of the
year—when the argument exceeds 248, 248 is subtracted from it and the remainder is
kept—so that the argument at the head of each month is obtained. We set a table
consisting of the values of multiplying the junjiin sha by several numbers, so that we add
what corresponds with each different number to the argument of the beginning of a year;
as a result, the argument at the head of the required month is obtained.

If the days of the argument are smaller than 124, which is called banjisha,® we
subtract the number of days from 124 and keep the original value. We multiply the days
by the original value. What is obtained is the lunar equation; it is called ni, meaning
“additive.” If (the days) exceed 124, we multiply the excess by the original value after
subtracting (the original) from 248. What is obtained is the lunar equation. It is called

tiya’ii, meaning “subtractive.” They call the lunar equation t@yank zhichiin.®

1 As Mercier has assumed, we should read this term as zhuan-zhong chai 475 (tsiuen-tsiun tsha), which
means “nine times the excess of a lunar month over an anomalistic month” (27.5556 days, in this case), i.e.,
17.7754 days (Mercier 1984, 51). As mentioned before, the excess of a lunar month over an anomalistic
month is represented as zhuan-chai ##7 (tsiuen-tsha) in the Shou-shi i.

2 This term should be read as ban zhou-xian /&R (pusan tsiau-hian), the parts of the half-cycle, or 124.
The cycle of an anomalistic month is divided into 248 parts in this calendar, so that the half-cycle consists of
124 parts. The parts of the cycle zhou-xian JEIBE (tsiau-hian) are used in the Shou-shi li; in this case, the
cycle is approximately divided into 336 parts (Sivin 2009, 453).

% In this case, also, we could not offer the definite reconstruction form; however, the latter part, zhichiin,
could probably be interpreted as ru-zhuan A#E (gi-tsiuen) which is a temporal parameter to use for the
computation for the lunar equation as well as ru-li AJ& (ri-li) (Martzloff 2009, 189-196). Although we
could consider the first half to be the same form as tai-yang ru-gi KB A% (thai-ian ri-khi), we would like
to suggest that the first half is, rather, tai-yin X2 (thai-iam), “the moon.” Therefore, the compound form
could be reconstructed as tai-yin ru-zhuan AF2 A#E (thai-iam i-tsiuen).
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We have made a table illustrating the lunar equation, so that (the values)
corresponding with the arguments of the heads of months are obtained from that
table.The tables are as follows.

Table of the solar equation that is called " Tayank Zhiki"
Positive . Negative Positive . Negative Positive . Negative

Solar Argument Solar Equation Solar Argument || Solar Argument Solar Equation Solar Argument Solar Argument Solar Equation Solar Argument
0| 182 0,00 182 364 30 152| 0,16, 53 212 334 60 122| 0,27, 7 242|304
1] 181 0, 0,40 183 363] 31 151 0,17,20 213 333 61 121) 0,27,20 243] 303
2 180 0, 1,20 184 362] 32 150 0,17,47 214 332 62 120 0,27,33 244] 302
3 179 0, 1,59 185 361) 33 149] 0,18,13 215 331 63 119 0,27,46 245 301
4 178] 0, 2,38 186 360) 34 148| 0,18,38 216 330 64 118| 0,27,58 246] 300
5| 1771 0, 3,17 187 359 35 147 0,19, 3 217 329” 65 117) 0,28,10 247 299
6| 176] 0, 3,55 188 358 36 146 0,19,28 218 328” 66 116| 0,28 21 248| 298
7 175| 0, 4,32 189 357] 37 145 0,19,52 219 327” 67 115| 0,28,32 249 297
8 174 0,59 190 356( 38 144] 0,20, 16 220 326 68 114 0,28,43 250 296
9| 173] 0, 5,46 191 355 39 143 0,20,39 221 325 69 113| 0,28,53 251 295
10 172| 0, 6,22 192 354| 40 142| 0,21, 2 222 324 70 112| 0,29, 2 252| 294
11 171] 0, 6,58 193 353| 41 141 0,21,25 223 323 71 111) 0,29,11 253 293
12 170 0, 7,33 194 352| 42 140 0,21,47 224 322 72 110 0,29,20 254] 292
13 169 0,88 195 351| 43 139 0,22, 8 225 321 73 109 0,29,28 255 291
14 168| 0, 8,43 196 350| 44 138| 0,22,29 226 320 74 108 0,29, 36 256] 290
15 167 0, 9,17 197 349| 45 137]  0,22,50 227 319” 75 107) 0,29,43 257) 289
16 166 0, 9,50 198 348| 46 136| 0,23, 10 228 318” 76 106| 0,29, 50 258| 288
17 165/ 0,10,23 199 347\ 47 135| 0,23,30 229 || 77 105 0,29 57 259| 287
18 164 0, 10, 56 200 346| 48] 134| 0,23,49 230 316 78 104 0,30, 3 260 286
19 163] 0,11,28 201] 345|| 49 133 0,24, 8 231 315 79 103] 0,30, 8 261) 285
20 162 0,12, 0 202] 344 50 132| 0,24,27 232 314 80 102| 0,30,13 262| 284
21 161 0,12,31 203] 343 51 131 0,24,45 233 313 81 101 0,30,18 263 283
22 160 0,13 2 204 342] 52 130 0,25 2 234 312 82 100 0,30,22 264| 282
23] 159 0,13,33 205 341) 53 129] 0,2519 235 311 83 99| 0,30,26 265 281
24 158| 0,14, 3 206 340) 54 128| 0, 25. 36 236 310 84 98| 0,30,29 266] 280
25 157] 0,14,32 207| 339 55 127) 0,25,52 237 309” 85 97| 0,30,32 267 279
26 156] 0,15 1 208| 338 56 126| 0,26, 8 238 308” 86 9| 0,30,35 268| 278
27 155| 0,15, 30 209 337|| 57, 125| 0,26,23 239 307|| 87 95| 0,30,37 269 277
28] 154| 0,15,58 210 336| 58 124] 0,26,38 240 306 88 94| 0,30,38 270| 276
29 153| 0,16,26 211] 335) 59 123 0,26,53 241 305 89 93| 0,30,39 271 275
90 92| 0,30,40 272 274

91 91| 0,30,40 273 273
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Table of the lunar equation that is called "Tayank Zhichiin'

Multiples of "Shiija " i.e.,
The Period of the Lunar

Multiples of "Junjin ,"
i.e., the Anomalistic

Month Month

Positive Negative Positive Negative Funk's Funk's

c £ £ = £ c

g 3 5 g H = o | e o e

a c a a = & @ S S 2 ? P 3 =] 2

= 2 = = 2 < s z |3 = z |5

3 g 3 3 = 2 g | = g (=
0 124 0,00 124 28] 32 92| 0,49 4 156] 216] 1] 20| 1| 28] 26| 1| 27| 1] 32 36
1 123 0,23 125 27| 33 91 0,50, 3 157 215 2] 9] o 10 12][ 2| 55 o 18 32
2 122] 044 126) 206|| 34 9| 0,51, 0 158 214 3 88| 1| 38| 38| 3| s 1| 51 8
3 121 0,63 127 25|35 89 0,51,55 159) 213 4 18] o] 20| 24| 4] 110] of 37 4
4 1200 0,80 128 244][ 36 88] 052,48 160) 212| 5| 147] 1| 48] 0| 5| 137] 2] 9| 40
5 119 0, 9,55 129 23|37 87| 0,53,39 161] 211] 6| 177 o 30| 36| 6 165 0 55 36
6 118 0,11,48 130 222][ 38 86| 0,54,28 162) 210 7| 206] 1| 9| 2| 7] 192 2| 28] 12
7 117 0,13,39 131 241][ 39 85 0,5515 163 209 8] 236] 0| 40| 8[| 8 220 1| 14 8
8 116 0,15,28 132 240][ 40| 84 0,56, 0 164 208 o 265 2[ o 14|[ of 248 o of 4
9 115 0,17,15 133 239 41 83]_0,56,43 165) 207 10 25| o] 51 0
10 114 0,19, 0 134 28| 42 82 057,24 166 206] 11| 324] 2| 19| 26]| The Value of the Sum of
11 13| 0,20,43 135 27|43 81 0,58, 3 167 205| 12] 354] 1] 1| 12]|Half-Night and a Day in Each
12 112 022,24 136 26] 44| 80 0,58,40 168 204 ) . Month Approx.
13 11 0,2, 3 137] 23| 45| 79| 0.50.15 169) 203 MA“:tép'z? ;;g{:"éf”t"hfﬁo:ts
14] 110]  0,25,40 138 234 46 78] 0,59,48 170 202 i : Months Funks
15 109 027,15 139 =8 | 77| 1,019 171] P I I I 1] 12 156,40
16 108 0,28,48 140 23| 48 76 1,048 172) 0] & | & | g% 10 1 200
17 107 0,30,19 141 21| 49 75 1,115 173 199 g | 8 of 2 2320
18 106 0,31,48 142 230][ 50 74 1, 1,40 174) 18] 1| 17| 2] 9o 14 8| 3 2640
19 105 0,33,15 143 29| 51 73] 1,23 175 107 2] 35| 1] 31| 4§ 71 4 2100
20| 104 0,34,40 144 28] 52 72| 1,224 176) 196] 3| 53 0 54 29 6| 5 21320
21 103 0,36, 3 145 21|53 71 1,243 177 195 4 71 o] 16| 56||Z | Muliples of Funksof a
2 102] 037,24 146) 26| 54 70 1,30 178 194 5| s8] 2| 26| 10[|” Night-Day
23] 101 0,38,43 147 225]| 55 69 1,315 179) 193] 6| 106] 1| 48] 44| 1 2[ 6] 40
24 100 0,40, 0 148 24| 56 68 1,328 180) 192 7] 124 1] 11| 18]] 2 5[ 33 20
25| 9| 041,15 149 23|57 67 1 3,39 181, 101 8| 142] o 33| 52| 3 8[ 20 0
26| 98] 042,28 150 22| 58 66 1,348 182) 190 of 159 2| 43 6| 4 11 6] 40
2 97 0,43,39 151 21[[ 59 65 1,355 183 189 10 177[ 2] 5 40[| § 13[ 53] 20
28] 96| 0,44,48 152 220]|_60) 64 1,40 184 18] 11| 195] 1] 28] 14| § 16 40| 0
29| 95] 0,455 153 219][ 61 63 1,4 3 185 187] 12| 213] o] 50| 48] 7 19] 26 40
30) o[ 0,47, 0 154 218][ 62 62| 1,44 186 86 13| 231 o] 13 22| 8 2[ 13 20
31 930,48 3 155 217 1] e8] 2] 22 36| 9 [ o 0

Section 10

On knowing the beginnings of each required year,

and determining an intercalary month in a year in which it occurs

From the solar argument at the beginning of a month, we know the (solar) equation, and

know whether (the equation) is additive or subtractive. From the lunar argument at the

beginning of a month, we also know the (lunar) equation, and know whether (the

equation) is additive or subtractive. If both of the two equations are additive or

subtractive, we add them together; otherwise, we obtain the excess of one over the other,

and we call that the “compound equation.” Then, if both of the equations or the excess are

additive, the compound equation is additive. If both of the equations or the excess are

subtractive, the compound equation is subtractive. Then, we obtain the sixty-cycle of the

first day of the first month on the mean motion. We add the value of a month, which is 29
days and 5,306 funks—29" 1, 28, 26—, i.e., shija, to the first day. Whenever the days
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exceed 60, we reduce 60; so that, the sixty-cycle of the first day of each month on mean
motion is obtained. Then, if the compound equation is additive on the first day of each
month, we add (it) to the first day of that month. If (the equation) is subtractive, we
reduce (it); so that the sixty-cycle of the first day of each month becomes precisely known.
If the funks are smaller than the value of a half-night and one day, we count it as one day,
and add it to the days. If (the funks) exceed the value of a half-night and one day, we
count it as two days, and add them to the days. Then, we insert the result into the table of
the sixty-cycle, so that the cycle of the first day of each month in the cycle becomes
known. From the sixty-cycles of the first days of a month and the month that follows it, it
becomes known whether the former month has 30 days or 29 days. There must not be
more than two consecutive 29-day months, nor more than three consecutive 30-day
months. Then, they take into consideration the sixty-cycles of the first days of the
divisions of a solar year, which fall in each month. If (the year is) an intercalary one in
which there are 13 months, a month in which only the sixty-cycle of the first day of a
division of a solar year falls is the intercalary month and each month in which the
sixty-cycles of the first days of two divisions fall is not an intercalary month.

As an example, we have computed (the values of) months in the 10" year from the
cycle of the Superior Epoch, which is the year of kiy-ya—the year of the cock in
Turkish—and the year of 642 of the Yazdigird era according to the calculation of the
Persians. We have detailed the operations in a table, so that (the others can be known)
also by analogy with this. That table is as follows.

Table of the calendar for the 10th year that is "kizy-yi'u ** and the year of the cock corresponding to the 642nd year of the Yazdigird era, constructed as an example
Months Solar Argument  |Solar Equ. Lunar Argument |Lunar Equ. Compound Equ. BM?:::;‘:?:;IZ?: BeTgrizzi:%Z"(iL;he Datﬁ o Na'{[‘s ’ Tthe V;:;Llejr?; 2:50:\:;;;? That
Motion Months | Beginnings
Aram 37| 0,18,26) (+)0,19,52| 69| 1,948 (¥)1, 315 (¥)1,23 7| 50| 1,885 50| 2322 20|yi-mau 8|zhim-sii 23|din-chiu
Tkindi 66| 1,46,52| (+)0,28,21| 87| 0,32,22) (+)0,535| (+)1,2220[| 19| 237,21) 20 1,131 30(ka-shin 10|kdty-siz 25|wit-shin
Ujunj 9| 028,38 (+)0,30,35 104 241,36 (+)0,34,40| (1 515|| 49| 1,19, 7| 49| 22422 29\kd-yim 10|kday-kha'y | 26|ki-mau
Tirtiinj 125 1,57, 4] (+)0,26,23| 122 2 4,10 (¥)0, 4,4/ (+)0,30,27(| 19| 0 0,53 19| 0,320 29|kiiy-wi 12|ka-wit 27|kiyii'u
Bishinj 1550 0,38,50| (+)0,15,30| 140| 1,26,44| (-)0,28,48| (-)0,1318| 48  1,29,19 48  1,16,1] 30zhim-zhih 13|ka-zhih 28|k E-mau
Al 184 2,716 (01,20 158 0,49,18] (0,5, 0 ()0,5220| 18 0,11, 5 17| 2 5725 29|zhim-wii 14fyrwi 29|kin-sit
Shiin 214 0,49, 2| (-)0,17,47| 176| 0,11,52 ()1, 2,24 (-)1,20,11f| 47| 1,39,31 47| 019,20 29|sin-kha't 15|vi-chiu
Yitinj 243 2,17,28| (-)0,27,20| 193] 2,21, 6 ()1, 315 (1,30,35| 17| 021,17 16| 1,37,22 30|kin-chin 1{kin-chin 17|pin-shin
Sikistj 273|  0,59,14| (-)0,30,40 211 1,43,40| (-)0,53,39| (-)1,24,19| 46| 1,49,43 46| 0,25, 24 30|kin-sit 2|sin-khay 17|pin-yim
Tagsiinj 302( 227,40 (-)0,27,33| 229| 1,614/ (-)0,33 15 (1,048| 16 031,20 15 217,21 29|kin-chin 2sin-siz 17|pin-shin
Uniinj 332 1,926 (017,47 247 028,48 (0,2 3 (-)0,19,50|| 45| 1,59,55 45| 1,40, 5 30\kEyi'u 4|zhim-zhih | 19|din-mau
Biryikizminj 361 237,52 (0,1,59) 16| 2,38 2| (+)0,28,48 (+)0,26,49[| 15 041,41 15 1,8, 30| 30(kz-mau Azhim-wii 19|tin-yit'u
Jagshabat 26 0392 (90151 34 2036 (#05L,0 (N1 6 1| 44 2,10,7| 45| 0,29,28 30kE-yi'u 4|zhim-zhih | 20|wi-chin
Aram 55| 2,728 (+)0,255| 52| 12310 (¥)1 224[ (+)1,2816| 14 05.,53 14 2,20, 9 kT-mau




SCIAMVS 14 The Tarikh-i Qita in the Z1j-i Tlkhani 185

(8r) Section 11
On knowing the fourth cycle

The people of Qitai have another cycle on which they rely for the “choice of days.” This
is also a cycle of twelve, and the names of those twelve are as follows: 1. kin 2. chi 3.
man 4. pin 5. tin 6. chih 7. pa 8. wi 9. chin 10. shiu 11. kha'’t 12. pr. Among these, four
numbers are khz, meaning “black™ and incline toward corruption; those are kin, man, pin,
and shiu. Four are khiink, meaning “yellow,”* and incline toward beneficence; those are

993

chi, tin, chih, and wi. Two are pah, meaning “white,”™ and are extremely beneficent;

those are chin and kha 7. Two are hin® representing extremely corrupt; those are pi and
pi. They count the days of the solar divisions in the same order (of this cycle) as
mentioned at the beginning (of this section). When the turn comes to odd-numbered
divisions such as the first, third, and fifth divisions, they count the first day of that
division and the preceding day as one; that is to say, what comes about in the preceding
day is repeated at the first day of the division. The remaining days are in order.

We noted what turn comes about at the beginnings of years in the two (twelve-)cycles
from the first year of the cycle of the Superior Epoch, so that the order is counted from
there. We put what turn comes about on the first day of the /zjun in each year. Each year
after that, the turn comes to the sixth (from the order of the cycle on the lijun of the
preceding year). If that year is an intercalary year, the turn comes to the seventh. We have
placed a “k” next to the intercalary years. (The others) can (be known) by analogy with

this.

! The term khi, as mentioned here, means “black” hei 5 (hei).

2 The term khiink means “yellow” huang # (huan).

% The term pah means “white” bai 4 (pai).

* For this color, no manuscript has a translation into Persian except for DK, in which this color is expressed

as the aghbar, meaning “dusty (color)” (12 v). In the Zij-i Khaqani compiled later, this color is expressed as
the khak-i alid “polluted soil” (van Dalen et al. 1997, 123)
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633 | kuski shiu k 646 | ut chih k
634 | at pin 647 | bars pr
635 | bars chin 648 | taushqan | tin
636 | taushgan | chi 649 | lu shiu
637 |l pii 650 | yilan man k
638 | yilan pi k 651 | yund chin
639 | yiund chih 652 | quy chii
640 | guy kha't 653 | bijin pi
641 | bijin pin 654 | dagiiq pr k
642 | dagiqg chin k 655 | it chih
643 it man 656 | tunghiiz | kha't
644 | tinghiz | wi 657 | kuskii pin
645 | kuski kin

Section 12

On knowing the Qitai calendar from the Arabic calendar

SCIAMVS 14

Since the Hijri calendar is more familiar to our astronomers/astrologers, we have put the

Hijri years and months for a hundred years from the first year of Genghis Khan’s reign in

a table. The (Hijri) years are in the right side, the (Hijri) months are at the head of the

table, and the months of the Mongols are in the middle of the table with numerals. The

name of the Turkish year and an intercalary month are inserted. The table includes the

weekday of the first day of the Arabic month on the upper part (of an entry), and also the

sixty-cycle of the first day of the Qitai month, and the number of the days of the (Qitai)

month. The table is on the next page.
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IV. Commentary
Section 1

In the first section, the units of time in the Qitai calendar are explained. Among them, the
first is the cycle of the twelve “terrestrial branches” (tu-zhi #13<), which functioned as
basic unit of time in the Chinese chronology.

These were originally abstract notions; however, from early on in China, each branch
was attached to an animal name and this twelve-animal cycle was quite popular in the
civil sphere. The Turks in the northern and western steppes also adapted the Chinese
calendar, replacing this abstract and official cycle of twelve branches with its popular
equivalent, namely, the twelve-animal cycle, which was not used for date-reckoning in
the Chinese official chronology (Bazin 1991). The Turko-Mongols in the llkhanid period
also used this twelve-animal cycle to denote their years: for example, the “year of the rat”
(Melville 1994). The order of the cycle both in Chinese and Turkish is as below:

1 2 3 4 5 6

Chinese Zi F chou  f |yin #H | mao Opichen = |si B
(ts1) (tshiau) (ian) (mau) (tshian) (s)

Turkish kuski it bars taushqan liz yilan
Animals rat 0X tiger hare dragon snake

7 8 9 10 11 12
Chinese wu wei K [shen  Hl |you B |xu B | hai %

(u) (vui) (sian) (iau) (siu) (hai)
Turkish yind qiy bijin daqiig it tunghiiz
Animals horse sheep monkey cock dog pig

Then, three units for a night-day are explained: the chagh, kih, and funk. The chagh
(double-hour) is denoted with the twelve branches shown above, such as the double hour

of zi, or rat (chagh-i zi or kuskii). The ratio of each unit is shown in the following table:

1 day 12 chaghs

1 chagh | 8 kihs

1 day 10,000 funks

1 chagh | 833 and 1/3 funks
1 kih 104 and 1/6 funks
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The funks are also marked with the sexagesimal form in accordance with the usage of
astronomers/astrologers in Iran.

The method dividing a day into 10,000 funks called the “ten-thousand funks method”
(wan-fen fa J553y%) was rarely adopted by official Chinese astronomical systems.
Yabuuti has argued that this method was first introduced into China through the Fu-tian li
4 KJE compiled by Cao Shi-wei & 1-%5 during the late Tang period, the Jian-zhong
#h era (780-783). In regard to the Fu-tian li, the Xin wu-dai shi #7 FLA 5 offers the
following passage:

During the Jian-zhong era, an astrologer, Cao Shi-wei, first changed the old method. He set the fifth
year of the Xian-qging era (i.e., 661 AD) as the start of the epoch and yu-shui as the starting point of the
year. He entitled (the astronomical system) the Fu-tian li. It was used only among the people as an
unofficial astronomical system.
JEREIR, IREE B, DB RS Lo, RUKRBRE, WA RE. SRR Z/VE,
TRATH ECAT,

(Xin wu-dai shi, 58: Si-tian kao; Yabuuti 1982, 2)

In addition, regarding Cao Shi-wei % 175, we can find another source, Ma Duan-lin
FE il s Wen-xian tong-kao SCJERkiE# compiled in the Yuan period (1271-1368), in
which the author mentions the Ge-yuan wan-fun li &5tJ7%7/& compiled by this Cao
Shi-wei:

Chao said: Cao Shi-wei compiled (it) in the Tang period. His hame is unknown. The epoch was derived
from the fifth year of the Xian-ging era, and it was an unofficial astronomical system that was current
in the civil sphere. The method was based on Indian astronomical system. | heard it from Li Xian-chen.
SRECH, EHRE R4, BoolE s~ B EER, EREFT/NEN, RREE AL,
B =,

(Wen-xian tong-kao, 219: Jing-ji kao 46; Yabuuti 1982, 3)

Judging from the accordance of the epochs and the same designation as an “unofficial”
astronomical system, without doubt, the Ge-yuan wan-fun li is another name of the
Fu-tian li. Although the contents of this calendar are only partially known, it is most
likely that this system adopted the ten-thousand funks method judging from the name
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wan-fun li [Ten-Thousand Funks Astronomical System]. Yabuuti has conjectured that this
was one of new methods of Cao Shi-wei who “changed the old method” (Yabuuti 1982,
5). In fact, this method was unknown in the Chinese astronomical systems before the
Fu-tian li. It was also adopted by the Shou-shi li #Z/F¢/&: 1281-1384, the official
astronomical system of the Yuan dynasty, distributed from 1281 sometime after the
compilation of the Zij-i Ilkhani. The system has gained fame as the masterpiece of
traditional Chinese astronomical systems.

Section 2

This section explains what is called the cycle of the ten “heavenly stems” (tian-gan X
). The order is as below:

1 2 3 4 5 6 7 8 9 10
jia F yi & | bing )5 | ding T wu J% | ji 2 | geng BE | xin ¥ | ren T: gui %
(kia) () (pian) (tian) (vu) ) | (kian) Gian) | (giam) (kui)

In China, traditionally, the sexagenary cycle called gan-zhi 3% was used for
reckoning days and years. It is constituted by combining the ten-stem cycle with the
twelve-branch cycle mentioned in the previous section. The combination of each element
is as below (Sivin 2009, 69):

1. jia-zi 1 2.yi-chou . Fk 3. bing-yin PN 4. ding-mao 1 Y[ 5. wu-chen %=
6. ji-si C.EL 7. geng-wu B 8. xin-wei A 9. ren-shen T-Ff 10. gui-you %&74
11. jia-xu H B 12. yi-hai &% 13. bing-zi ¥ 14. ding-chou T # | 15.wu-yin JX
16. ji-mao .9 | 17.geng-chen HiJ= | 18.xin-si EE 19. ren-wu T4 20. gui-wei Z¢H
21. jia-shen FIH | 22.yi-you .74 23. bing-xu P 24, ding-hai T % 25. wu-zi KT
26. ji-chou C.F: | 27.geng-yin B 28. xin-mao =-J[1 29. ren-chen TJ= 30. gui-si ZXE
31 jia-wu B | 32.yi-wei &R 33. bing-shen PYFF | 34.ding-you 174 35. wu-xu JXE
36. ji-hai % 37.geng-zi 1 38. xin-chou ¢ F: 39. ren-yin T 40. gui-mao 7]
41, jia-chen H | 42.yi-si B 43. bing-wu P~ 44, ding-wei T A& 45, wu-shen X HI
46. ji-you C.P4 47. geng-xu B A 48. xin-hai % 49. ren-zi T 50. gui-chou %& Tt:
51. jia-yin I | 52.yi-mao 2.0 53. bing-chen #% | 54.ding-si T [ 55. wu-wu JKF
56. ji-wei C.R 57.geng-shen FEH | 58. xin-you *¢P§ 59. ren-xu £ 60. gui-hai %%
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Section 3

The third section is assigned for the explanation of the year of the Qitai and the
twenty-four divisions of a year. For the Qitai, the length of a year is the period when the
sun returns to the same position on the celestial sphere, which was counted as 365.2436"
and called suiji in their language. They also divide the length of a year into twenty-four
equal parts called 47ja; that is 15.21848333...%. The name of each division is as follows:

1. li-chun 2% 2. yu-sui /K 3.jing-zhe B 4. chun-fun &5
(li-tghiuan) (iu-gui) (Kin-tsi) (tshiuan-fuan)

5. ging-ming &8 6. gu-yu R[N 7. li-xia S E 8. xiao-man /[N
(tshian-mian) (ku-iu) (li-hia) (siau-muan)

9. mang-zhong t“F& 10. xia-zhi E = 11. xiao-shu /N2 12. da-shu K%

(muan-tsiun) (hia-tsr) (siau-giu) (tai-giu)

13. li-giu 328K 14. chu-shu J&2 15. bai-lu A5 16. giu-fun Fk53

(li-tshiau) (tghiu-giu) (pai-lu) (tshiau-fuan)

17. han-lu %% 18. shuang-jiang # P& | 19. li-dong 7.4 20. xiao-xue /N5
(han-lu) (san-kian) (li-tun) (siau-siue)

21. da-xue K=

(tai-siug)

22. dong-zhi 4%

(tun-tsn)

23. xiao-han /N9

(siau-han)

24. da-han K7€
(tai-han)

The end of the section addresses the difference between China’s and Iran’s notions of
seasons. Turkic people, composing the main body of the “Mongol” troop, had a seasonal
notion more similar to that of Iran than that of China, at least concerning spring. Since
ancient times, the Turko-Mongols had appreciated solar motion not directly by
astronomical observations or calculations, but indirectly, through its effect on vegetation,
in a way suitable to their pastoral economy (Bazin 1991, 119). In the official Chinese
history of the sixth-century dynasty, it is stated that “(Turks) do not know the succession
of years, and only count it based on the grass turning green” (Zhou shu, 50: Yi-yu chuan
2; Bazin 1991, 118). In steppes across northern and western China, this timing falls
around the spring equinox, which is considered the starting point of spring in Iran. On the
other hand, the starting point of the Chinese notional spring usually falls during the
severity of winter in the steppes. In the course of unifying Mongolia, the Turko-Mongols
seem to have adopted the Chinese calendar through contacts with the Jin dynasty (1115-
1234) around 1201 (Bazin 1991, 402). As a rule, the adoption of the Chinese calendar by
the neighboring steppe people was a measure of Chinese success in imposing its authority
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and the benefits of its civilization upon the so-called ‘“barbarians.” Despite the
disharmony between the astronomically determined beginning of the Chinese year and
the Turkic nomadic tradition, according to which the year starts at the beginning of spring,
the Turko-Mongols accepted the Chinese calendar. At about the same time, from the
beginning of their conquest of northern China in 1215, the Mongols acquired an official
Chinese calendar, in conformity with their status as a Chinese imperial power (Melville
1994, 84).

Outside China proper, where the root of living was based on its own time, the
Turko-Mongols used the Chinese calendar as well as in China proper. Xu Ting #R%E,
who was the Sung ambassador to the Mongol court in 1237, reported that he encountered
the Chinese calendar on the way to Mongolia. Upon his inquiry, the calendar was
identified as the one made by Yelii Chucai HS7E#E+FS, a sinicized Qitan 27} who
accompanied Genghis Khan on several campaigns, and was famous as the chief “Chinese”
adviser of the early Mongol rulers (Allsen 2001, 165-166).

We might be tempted to conjecture that the Qitai calendar is exactly the one compiled
by Yeli Chucai and used in the Mongol court in a period close to that of the compilation
of the Zij-i Ilkhani. But, according to the Yuan shi 52, the Xi zheng geng-wu yuan li 74
AIEBEFICE he compiled is identical to the Revised Da-ming li with the exception of a
small correction due to the difference in geographical longitude (Yuan shi, 56-57:
Geng-wu yuan li 1-2; Yabuuti 1997, 11-12). As shall be discussed in detail, we cannot
identify the Qitai calendar as the Revised Da-ming li, despite the fact that the latter can
undoubtedly be regarded as one of main sources of the former. Therefore, Yelii Chucai’s

astronomical system also differs from the Qitai calendar.

Section 4

The way of reckoning years is explained in this section. The sixty-cycle is attached to the
three epochs by the following order: first, the cycle of the Superior Epoch (shank wan),
then the cycle of the Middle Epoch (jink wan), and the final is the cycle of the Inferior
Epoch (kha wan):
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Persian English Translation Piyin Characters Yuan-Era Early Mandarin Length

shank wan Superior Epoch shang-yuan | EJc Ziag-iuen 60 years
Jjunk wan Middle Epoch zhong-yuan | HJt tsiug-iuen 60 years
kha wan Inferior Epoch xia-yuan Tt hia-iuen 60 years

These epochs, called san-yuan jia-zi —JcH -, appear from the Tang period onwards.
Furthermore, we can find them in annotated calendars among Uighurs and Tibetans from
the Tang period, in collaboration with nine-color palaces (jiu-fang se JuJ54). Bazin has
found Indian influence in this collaboration, in connection with nine luminaries (jiu-yao
JUME), including Mars, Mercury, Jupiter, Venus, and Saturn, the Sun, the Moon, as well as
positions in the sky: Rahu (ascending lunar node) and Ketu (descending lunar node).
Interestingly, this epoch starts from 784. Bazin ascribed this to the 1260 years grand cycle
consisting of the three epochs: sexagenary cycle, nine-color palaces, and 28 “nakshatra”
(Bazin 1991, 265-273). However, Arrault, who investigated several series of documents
and fragments excavated at Dunhuang, has connected the era with the beginning of the
cycle of tai-yi K— in the Sui period in 604 (784-180) (Arrault & Marzloff 2003, 109 n.
100).

To count years over this 180-year epoch, the accumulated years from the creation are
taken into consideration. According to the computation of the Qitai calendar, 8,863
wans—Chinese wan /5 (van) means 10,000 years—and 9,679 years had elapsed from
the creation to the year of the accession of Genghis Khan. As described in the longer
introduction in the Zij-i llkhani, the “year of the accession” is the year of the legendary
“Baljuna covenant” in 1203 (Boyle 1963, 250-251).

The Chinese astronomical systems set up a starting point for a great cosmic cycle,
from which all celestial phenomena start. Each system has a different origin, mainly in
the distant past (Sivin 2009, 73). The era of the Qitai calendar completely corresponds
with that of the Revised Da-ming li, which regards 88,639,656 years as the elapsed years
from the starting point to A.D. 1180 (Jin shi, 21: Bu gi-ce bu gua-hou bu ri-chan bu
gui-lou). This accordance is strong evidence that the astronomical system is one of the
sources of the Qitai calendar.

The beginning year of the Superior Epoch after the accession of Genghis Khan is in
accordance with the year 633 of the Yazdigird era (A.D. 1264)—which is named after the
last Sassanid king—commencing with A.D. 632. The era fixing the annual length as 365
days without a fractional remainder survived after the collapse of the dynasty and is often
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referred to in Islamic and Byzantine astronomical treatises because of its convenience in
calculation (Neugebauer 1957, 81; van Dalen 2000, 267).

The final sentences of this section are also of interest: “Turks only use a cycle of
twelve and count it in their language. The regulation of their calendar is unknown to us.”
As mentioned in the first section, the Turks in the northern and western steppes employed
only the twelve branches in the form of the twelve-animal cycle, not the ten stems. Even
after the Mongol court adopted the “proper” Chinese calendar, probably a large number
of the Turko-Mongols continued to recognize time passing from their pastoral
circumstances and not from observation or astronomical computation; this obscurity
might well be reflected in the above-quoted passage.

Section 5

This section is assigned for explaining the way to compute the beginning of the first
division of a solar year, the /ijun (li-chun 37%). All official astronomical systems in the
Chinese dynasties adopted the beginning of the twenty-second division dong-zhi &=
—the winter solstice—as the standard of astronomical computation. But, as one of the
gestures to signal a change of heavenly mandate, early dynasties shifted the first month of
the civil year. The final shift in 103 B.C. situated the civil new year at the beginning of
the second lunar month after the winter solstice. Therefore, the new year falls around at
the beginning of the /jun. Although the official Chinese astronomical systems used their
own “astronomical year,” which differed from the civil year in that its Astronomical First
Month (tian-zheng X1E) contained the winter solstice, the civil new year is taken into
consideration in the Qitai calendar (Sivin 2009, 75-76); therefore, the beginning of the
lijun is computed as “the initial value of the divisions of a year” in this calendar.

As found in the passage, the initial value is set as 11.7660 in the epoch era of the Qitali
calendar (A.D. 1264). 360 is multiples of 60. By a year, therefore, the initial value slides
by 5.2436 days, which is equal to the excess of a solar year over 360, also called suiyii.
Then, if the required year falls after the epoch year, the initial value (11.7660) is added to
the product of the suiyi and the interval between the epoch and required years. Finally,
the result is diminished by 60 as many times as possible. As a result, we can obtain a
formula to compute “the initial value of the divisions of a year” as follows:

11.7660 + 5.2436 T — [60], (I)
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T = the interval between the epoch and required years.

[X]r = subtracting x as many times as possible (i.e., taking the remainder of the division
by x) (cf. Imai 1962, 32).

We shall compare the above formula with the formula in the Revised Da-ming li. We
quote the following passage which computes the beginning of the twenty-second division
dong-zhi %4 Z=—the winter solstice—in the epoch year (A.D. 1180):

To compute the Winter Solstice in the Astronomical First Month
Set up the Accumulated Years from the First Year of the Superior Epoch, and multiply it by the Year
Numerator to yield the Accumulated Funks. Cast out the full Sexagenary-Days Cycles from that.
Simplify (i.e., divide) the remainder by the Day Divisor to yield the days. The remainder is expressed
as the fractions. Do not count the First Year. The result is the desired days and fractions on the Winter
Solstice (from the beginning of the month).
RREAE
B LT LUREEE, BT, #BRn, WmMAEEZ, AHRUAENZZR, REAR,
RS, BIFTR RIEA S H K/MER,

(Jin shi, 21: Bu gi-shuo 1)

That is to say, as mentioned in the commentary of the fourth section, 88,639,656 years
are accumulated years from the first days of the Superior Epoch to A.D. 1180 in
accordance with the computation of the Revised Da-ming li. It is multiplied by the Years
Numerator that is the funks of a year (1,910,224 funks), and the result is
169,321,598,242,944 funks. From the value, we subtract the Sexagenary-Days Cycle,
which is the value obtained by the multiplication of the Day Divisor (the funks of a day:
5,230 funks) by 60, as many times as possible. As a result, we obtain 5.6489... days as
falling on the winter solstice from the beginning of the eleventh month in the epoch year
(A.D. 1180). On the basis of this initial value in the epoch year, we devise the following
formula to compute the winter solstice in another year (Imai 32):

5.6489 + 5.2435946 T — [60];

If we convert it into a formula for A.D. 1264, the era of the Qitai calendar, by adding
84 (1264-1180) times 5.2435946 and canceling multiples of 60, the following is
obtained:

26.1108 + 5.2435946 T — [60],
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Furthermore, by adding the time between the winter solstice and the beginning of the
Iijun (the interval of the three solar divisions or one eighth of a solar year, 45.65545 days),
we convert it again into a formula on the basis of the Zzjun, as in the Zij-i llkhant:

11.7662 + 5.2435946 T — [60], (I1)

As we can see, the initial values in formulas (I): 11.7660 and (I1): 11.7662 are almost
identical. The small difference in the fourth decimal position may be ascribed to the fact
that the former calendar adopts the ten-thousand funks method explained in the
commentary of the first section, in which the fifth and further decimal places are
disregarded. From this fact, we can point out the great possibility that the Qitai calendar
borrowed constants from the Revised Da-ming li to compute the beginning of the /zjun.

In the latter half of this section, the beginning of the /jjun in the 10" year of the
Superior Epoch is computed as an example. To obtain the value, we substitute 9—the
interval from the epoch year—into the formula (I). So, first 9 is multiplied by 5 days and
2,436 funks and we obtain 45 days and 21,924 funks. As explained in the first section,
20,000 funks equal 2 days; therefore, the result is converted into 47 days and 1,924 funks.
Then, 11 days and 7,660 funks—*the initial value”—is added to the former result, and we
obtain 58 days and 9,584 funks. Since the remaining funks are counted as a day, we obtain
59, making the 59" day beginning of the zjun in the 10" year of the Superior Epoch. The
59" day is the zhim sit in the sixty-cycle. More precisely, the beginning of the Zijun in this
year is considered the point at which 9,584 funks have elapsed since the beginning of the
day. From the last table of the first section, we know that 9,584 funks—2, 39, 44— fall in
the first double-hour; specifically, it is the time at which the two-thirds of a funk elapsed
since the first double hour began.

Once we have determined the beginning of the Z;jun, we can obtain the beginning of
other solar divisions in the year. As an example, the beginning of the seventh division is
computed. From the table in the third section, we know that the seventh division starts 91
days and 3,109 funks—0, 51, 49—Ilater than the beginning of the /fjun. We add the value
to the beginning of the fijun (58 days and 9,584 funks). We obtain 149 days and 12,693
funks—3, 31, 33—, convert 10,000 funks into one day, and yield a total of 150 days and
2,693 funks—0, 44, 53. To obtain the beginning of the seventh division, we need to
subtract 60 from the days as many times as possible; as a result, 30 days and 2,693 funks
remain. Therefore, we know that the 31% day—the day of ka-wii—is the beginning day of
the seventh division in the year. Regarding the remaining 2,693 funks—O0, 44, 53—, we
know that the beginning falls in the fourth double-hour; more precisely, it is the time at
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which 89 funks have elapsed since the beginning of the sixth kih of the fourth
double-hour.

Section 6

This section demonstrates the computation of the beginning of the first month, the aram
ay. Since we discussed how to compute the beginning of the /ijun in the previous section,
we can also find the beginning of the washi (the second solar division). This section
explains how to compute the interval between the beginnings of the first month and
witshi.

The names of the months in the Chinese calendar as found in Persian sources of the
Mongol period are Turkish ordinal numbers followed by the Turkish term ay that means
“month,” except for the first and twelfth months. The first month appears in the form of
aram. According to Bazin, we can find the influence of Buddhism in the use of this term.
The term quite likely comes from the Persian ram, meaning “joyous.” The name of the
twelfth month, cagsapat, was borrowed from the Soghdian language, whose original is
the Sanskrit siksapada, which means “prescriptions” (Bazin 1991, 294; van Dalen et al.
1997, 124). The Soghdian language belongs to the Iranian language group. In the Mongol
period, these names were used by Turko-Mongols in Iran and Central Asia, and the
aforementioned names of the two months were probably borrowed from Soghdians who
were quite flourishing in these regions from the period before the Mongols. The names of
the months are as follows (van Dalen et al. 1997, 124):

1. aram ay 2. ikindi ay 3. iictinc ay
4. tortiin¢ ay | 5. besinc¢ ay 6. altin¢ ay
1. yetin¢ ay 8. sekizin¢ ay 9. toquzinc ay

10. onunc ay | 11. biryegirminc ay | 12. ¢agsapat ay

In Chinese astronomical systems in the later period, each lunar month must include the
beginning of an even-numbered division of a solar year—called zhong-gi ' 4
(tsiun-khi)—corresponding to odd-numbered divisions called jie-qi Hi% (tsie-khi). The
correspondence relation between even-numbered solar divisions and lunar months is as

follows:
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Month 1 2 3 4 5 6
Number

Solar yu-sui chun-fun | gu-yu xiao-man | xia-zhi da-shu
Division | Fi7K oy B /NI EES RE
Month 7 8 9 10 11 12
Number

Solar chu-shu | giu-fun | shuang-jiang | xiao-xue | dong-zhi | da-han
Division | &% (%) T /NE A% R

The interval between two even-numbered divisions (30.4375"% is a little bit longer than
the period of a lunar month (in this case, 29.5306°%). In several years, therefore, a month
that does not contain the beginning of an even-numbered division will occur. This month
is regarded as an intercalary month, which is named according to the ordinal number of
the preceding month prefixed by the word run B (riuan), meaning “intercalary,” for
example “the intercalary twelfth month -+ H” (Yabuuti 1990, 275-276). In Chinese
astronomical systems, the position of an intercalary month is not fixed, and can fall in any
month.

The winter solstice (the beginning of the twenty-second solar division), whose
position was determined through a series of observations, was the standard of
computation in Chinese official astronomical systems. As explained in the commentary of
the previous section, however, the civil year gets under way from the second new moon
after the winter solstice, in which the beginning of the second division wishi must be
included. Therefore, the interval between the beginnings of the first month (@ram ay) and
the wiishi is taken into consideration in this section.

According to the passage in this section, the interval between the beginnings of the
first month and the wishr is 14.4676 days in the epoch year. Since the month moves in
accordance with lunation and the wishi is based on the solar motion, the interval of both
annually increases 10.8764 days—which is the difference between the solar year and
twelve mean lunar months called suija. If the year is after the epoch year, we compute the
interval between the beginnings of the first month and the wishr in a year as follows:
after computing the interval between the epoch and the required years, the result is
multiplied by the suija and added to 14.4676 days which is the initial value of the epoch
year. However, the beginning of wishi should fall in the first month, so that the interval
should be shorter than the length of a mean lunar month (29.5306 days). That is the
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reason why the value of the length must be subtracted as many times as possible from the
result. The formula is set up as below:

14.4676 + 10.8764 T —[29.5306], (lII)

Here, as in the previous section, we shall compare the formula with that of the Revised
Da-ming li for A.D. 1180 on the basis of the winter solstice (dong-zhi Z-%). The passage
on how to compute it is as follows:

To compute the beginning of the Astronomical First Month
Cast out the full Lunation Numerators from the Accumulated Funks (from the First Year of the Superior
Epoch) to yield the Intercalary Surplus. Subtract it from the Accumulated Funks to yield the
Accumulated Funks until the Beginning (of the Astronomical First Month). Cast out the full
Sexagenary-Days Cycles from that. Simplify the remainder by the Day Divisor to yield the days. The
remainder is expressed as the fractions. The result is the desired days and fractions on the beginning of
the Astronomical First Month.
KRR IEREHA
LOAE LBy, RNiEaMEeR, LB A0S, WREELZ, AFEOREN —&8, K
B2, HNETSR R ERSIA I/ MR,

(Jin shi, 21: Bu gi-shuo 1)

That is to say, the Lunation Numerator (the funks of a mean lunar month, totaling
154,445 funks) is subtracted as many times as possible from the Accumulated Funks from
the first year of the Superior Epoch—that is, 169,321,598,242,944 funks, as computed in
the previous section. By this computation, we obtain the Intercalary Surplus 75,749 funks,
which represents the interval between the winter solstice and the beginning of the month
prior to the winter solstice. By division of the value by the Day Divisor (5,230 funks), we
obtain 14.48355... days as the interval between the winter solstice and the beginning of
the month prior to the winter solstice in the epoch year (A.D. 1180). Therefore, the
formula to compute the interval between the winter solstice and the beginning of the
month prior to the winter solstice can be devised as follows:

14.4836 + 10.8764818 T — [29.5305927],

By adding 84 times 10.8764818 and canceling multiples of 29.5305927, we can
convert the above formula into one for A.D. 1264, the epoch of the Qitai calendar, and the
following formula is obtained:

12.6597 + 10.8764818 T — [29.5305927],
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Furthermore, we convert it again into the formula on the wiishz as in the Zij-i Ilkhani,
by adding the time between the winter solstice (the twenty-second solar division) and the
beginning of the wiishi, one-sixth of a solar year, i.e., 60.8739 days, being 1.8127 days
more than two whole lunar months:

14.4724 +10.8764818 T — [29.5305927], (IV)

As with the formula to compute the beginning of the /zjun, we find a close similarity in
the constants of the both formulas (I11): 14.4676 and (IV): 14.4724 between the Qitai
calendar and the Revised Da-ming li; the slight difference is caused by the adoption of the
ten-thousand funks method in the former calendar. Therefore, it is clear that this
computation is also based on that of the Revised Da-ming li (cf. Imai 1962, 32-33).

Section 7

The explanation for the solar and lunar equations commences in this section. This section
explains the way to determine the arguments of the sun and moon at the beginning of a
year.

In a Babylonian tradition that has survived into modern astronomy, a celestial circle is
divided into 360 degrees. Chinese instead defined their basic unit du £ (or Chinese
“degree”) to record celestial positions as one day’s mean solar travel among the stars
(Sivin 2009, 89); so that, in the case of the Qitai calendar in which a solar year is defined
as 365.2436 days, the cycle of the annual solar motion is rendered 365.2436 Chinese
degrees.

Due to variation in the distance between the sun and the earth as the latter moves on
its elliptical orbit, the observed velocity of the sun undergoes a change. In the Chinese
astronomical system, it was established that the inequality of the sun was zero at the
solstices and symmetrical about them. Chinese astronomers considered the winter solstice
to be the standard of computation for the solar equation. The equation of center is positive
during the period when the sun moves from the winter to the summer solstices; during the
other half-year, on the other hand, the equation of center is negative (Sivin 2009,
408-412).

To obtain the solar argument at the beginning of a year, therefore, it is necessary to
know the time elapsed since the winter solstice (Imai 1962, 33). To compute the interval
from the winter solstice to the beginning of the first month, the interval between the
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beginnings of the first month and the wiishi in a year is subtracted from one-sixth of a
solar year (60.8740 days), corresponding with the interval between the twenty-second
solar division (the winter solstice) and the wiishr.

To compute the inequality of the lunar motion, in turn, the anomalistic month is taken
into consideration. That is the period of the moon’s travel from perigee back to perigee.
Since there was no explicit concept of perigee or apogee in their astronomical vocabulary,
Chinese saw the anomalistic month as the revolution for which the Revolution Terminal
Constant (zhuan-zhong ###4) is named and transcribed it as junjin in Persian. In the
Chinese astronomical system, the standard point is the perigee in the moon’s orbit when it
is closest to the earth, and its apparent speed is fastest (Sivin 2009, 101-102). In this
section, therefore, “the initial value of the lunar argument” that means the interval
between the beginnings of wiishi and the anomalistic month preceding the former in the
epoch year is obtained as 23.2836 days called junjinka (van Dalen et al. 1997, 149). The
value of the interval annually slides by 7.0338 days called jiinja, which means the excess
of a solar year over thirteen anomalistic months.

In consideration of this computation, we obtain the value of an anomalistic month by
the following formula:

(365.2436 — 7.0338)/13 = 27.5546 days

This value is almost the same as the values used in various Chinese astronomical
systems, including the Revised Da-ming li (van Dalen et al. 1997, 126).

To compute the value of the interval between the beginnings of the wiishi and the
anomalistic month preceding the former in another year, therefore, the initial value is
added to the value of the multiplication of the interval between the epoch and required
years by the jinja when the required year falls after the epoch year. The value of the
interval between the beginnings of the wishr and the anomalistic month preceding the
former is called the “first number to be kept.” Then, the interval between the beginnings
of the first month and wizshi computed in the previous section is subtracted from the first
number to yield the interval between the beginnings of the first month and the anomalistic
month preceding the former, which is called the “second number to be kept.” If the
subtraction is not possible, the value of the sixty-cycle is added prior to the subtraction.
From the second number, the length of an anomalistic month whose value is 27.5556 days,
is subtracted as many times as possible. That is because the interval between the
beginnings of the first month and the anomalistic month preceding the former must be
shorter than the length of an anomalistic month.
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However, it is somewhat odd to denote the value as 27.5556 days here, given its
difference from the value of 27.5546 days computed in terms of jinja, the excess of a
solar year over thirteen anomalistic months as shown below. In comparison with this
value, which is common in Chinese astronomical systems, the value 27.5556 is quite
inaccurate, and we never find this value in any Chinese historical record since description
on the Qian-xiang li (#25&: 206-237), in which an anomalistic month was first used
(Imai 1962, 33). But adopting this value here is not unreasonable, because it is only used
to calculate the age of an anomalistic month within a year, and nine of these anomalistic
months are equal to an integer value 248 (248/9 = 27.5555..., rounded to 27.5556), which
is convenient for the calculation of the lunar equation (Imai 1962, 33-34). By means of
this period relation, the “second number to be kept” is multiplied by 9 to yield the lunar
argument at the beginning of a year. If the value exceeds 248 days, 248 is subtracted from
the value.

Between the Qitai calendar and Revised Da-ming li, we can compare the computation
to obtain the interval between the beginnings of the certain solar division and the
anomalistic month preceding the former. In the case of the Qitai calendar, the following
formula is devised to compute the interval between the beginnings of the wishi and
anomalistic month preceding the former in a required year:

23.2836 + 7.0338 T — [27.5556], (V)

We compare this formula with that of the Revised Da-ming li; in this case, the formula
computes the interval of the beginnings of the winter solstice (the twenty-second solar
division) and the anomalistic month preceding the winter solstice. In this astronomical
system, an anomalistic month is defined as 144,110.6066 funks (Jin shi, 22: Bu yue-li 5).
From the Accumulated Funks from the first year of the Superior Epoch, the value of an
anomalistic month is subtracted as many times as possible. The result is divided by the
Day Divisor to yield the days of the interval between the beginnings of the winter solstice
and the preceding anomalistic month in the epoch year (A.D. 1180); the value is 19.0981
days. Since the value of the excess of a solar year over thirteen anomalistic months is
7.03367384... days and an anomalistic month is 27.55460929... days, we devise the
formula to compute the interval as follows:

19.0981 + 7.0336738 T — [27.5546093];

The converted formula for A.D. 1264, the epoch year of the Qitai calendar, is as
follows:

3.7253 + 7.0336738 T — [27.5546093],
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From this, we may derive a formula for the interval between the beginnings of the
wishi and the preceding anomalistic month, by adding the time between the winter
solstice and the wishi, one-sixth of a solar year, i.e., 60.8739 days. After canceling two
anomalistic months, 5.7647 days are left, and the value is added to 3.7253 to yield the
initial value:

9.4900 + 7.0336738 T — [27.5546093], (V1)

As we can see, there is a significant difference between the constants of the two
formulas (V): 23.2836 and (VI): 9.4900. However, recomputing the lunar mean anomaly
for the time of the beginning of the wiishi from the planetary tables in the Zij-i llkhani, we
find it to be 301; 22° at noon on the first day of the wishi (February 13, 1264),
corresponding to 83.7% of its cycle, i.e., 23.1 days. That is very close to the epoch value
of 23.2836; therefore, there is little problem as far as the computation in the Zij-i Ilkhani
is concerned, although we have had no way thus far to judge whether or not this value
was intentionally adjusted according to parameters in planetary tables in the Zij-i llkhani.!

Section 8

The computation of the solar equation is the subject of this section. Since the solar
argument at the beginning of a year was obtained in the previous section, we can compute
the arguments at the beginnings of months in the year in such a way that the argument at
the beginning of the year is added to the result of the multiplication of a synodic month
(29.5305 days) by the interval between the first and required months.

If the argument is smaller than 182 (called binjutin), the value is subtracted from 182
and the result is multiplied by the original value. Then, the result is doubled and a ninth of
the amount is obtained; what is obtained is the solar equation. The value, called #i, is
positive. If the argument is larger than 182, the excess over 182 is obtained. Then, the
argument is subtracted from 364 (182 doubled). The excess is multiplied by the result of
the subtraction; finally, the result is doubled and a ninth of the amount is obtained; what is
obtained is the solar equation. The value, called tiya i, is negative.

In this calendar, the celestial cycle (zhou-tian J&X), which accords with the length of
a solar year in Chinese official astronomical systems as explained in the commentary of

! Regarding the computation of this paragraph, | received great assistance from Benno van Dalen.
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the previous section, was shortened to 364 degrees, which is a crude approximation to the
solar year, but is the best approximation for making a quarter of the cycle an integer
(Kennedy 1964, 440); therefore, the half-cycle binjitin becomes 182 degrees. The sun’s
path has been halved symmetrically at the two solstices. As also explained in the previous
section, the equation of center is positive during the period when the sun moves from the
winter to the summer solstices; so that, the equation of center from 0 degree (the winter
solstice) to 182 degrees (the summer solstice) becomes positive. During the other
half-year, on the other hand, the equation of center is negative.

In consideration of the passage of this section, a quadratic interpolation scheme is used
for the computation of the solar equation. The formula can be devised as follows:

int[(2/9) -n(182 —n)] for 0 < n < 182

—int [(2/9) - (n — 182)(364 — n)] for 182 < n < 364 (VII)

n = the integral part of the solar argument (van Dalen et al. 1997, 129)

As Imai pointed out, the maximum of the solar equation in this formula is +1,840
funks, different from +1,797 funks in the case of the Revised Da-ming li; after all, the
latter’s equation is not computed by any quadric function (Jin shi, 21: Er-shi si gi zhong-ji
ji tiao-nu; Imai 1962, 34). Therefore, we do not find the similarity between the Qitai
calendar and the Revised Da-ming li that we have observed in previous cases.

From these formulas, however, we can detect a certain relation of the calendar with the
Fu-tian li, which we have regarded as one of the sources of the Qitai calendar due to
several similarities between them. The contents of the Fu-tian li had been unknown for a
long time until a small fragment entitled “Futenreki nitten sa rissei” £ K& H P77 A%,
[the table of the solar equation in the Fu-tian li] was found at Tenri Library, Japan, in
March 1963. From this, it has been proven that this astronomical system uses the
following formula for the solar equation (Nakayama 1966, 451; van Dalen et al. 1997,
129):

1/3300-n(182 —n) (XII)

The difference between the formulas (VI1) and (XI1I1) is derived mainly from the fact
that the former regards the equation in the funks of lunar elongation instead of solar
motion (van Dalen et al. 1997, 129). The maximum is 2.47 degrees in the Fu-tian li and
2.24 degrees in the Qitai calendar from the modern point of view, so we can find the
differences in terms of the values.

However, we identify these formulas in terms of the algebraic method. This kind of
method was not popular among the Chinese astronomical systems and was not used
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before the Fu-tian li, since traditionally Chinese astronomical systems relied on a
different, empirical method on the basis of the observations of the midday
gnomon-shadow lengths over a period of ten days (Nakayama 1992, 877). Afterward, the
algebraic method was succeeded by several official astronomical systems in the Song
dynasty such as Yi-tian li & X/& (1001-1023), Ming-tian li B XJ& (1065-1076), and
Guan-tian li #{KJ& (1094-1102). Finally, this tradition developed into the method of
the Shou-shi li, in which two third-order formulas are used (Chen 1986; Sivin 2009, 415).

In addition to the adoption of the ten-thousand funks method, therefore, we also find a
similarity between the Qitai calendar and the Fu-tian li in the method for the computation
of the solar equation. Especially, the way of dividing the celestial cycle into 364 parts is
different from any other astronomical system except for these two. From this fact, we can
trace a certain line between the two systems. We know that, although the Fu-tian li was
considered “unofficial” and was never adopted as an official astronomical system, it was
quite influential in the Tang and Five Dynasties’ periods in the civil sphere and even
officials in the Bureau of Astronomy used it for astrological purposes. Then, the Fu-tian li
is known to have kept its status as one of the important texts on astrology in the Song
period (Yabuuti 1982, 6-7). In addition, the Fu-tian li was adopted as a text for the
examinations of the Bureau of Astronomy in the Jin and Yuan dynasties (Yamada 1980,
119-125). Until the period when the Zij-i Ilkhani was compiled, therefore, the Fu-tian li
continued to be used in China, and its use was not confined to civil sphere, but
bureaucrats also made use of this text for matters of astrology.

Section 9

This section is for the computation of the lunar equation. As in the case of the solar
equation, the lunar argument at the beginning of a year has been obtained in the seventh
section; therefore, we can compute the arguments at the beginnings of months by the
following way where the argument at the beginning of the year is added to the result of
multiplication of the interval between the first and required months by the junjin sha
(17.7754 days). This term means nine times the excess of a synodic month over an
anomalistic month. Month by month, the starting-point of an anomalistic month shifts by
the excess of a synodic month over an anomalistic month. We should also consider the
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period relation equalizing 9 anomalistic months with 248 days to compute the lunar
argument at the beginning of a month.

If the argument is smaller than 124 (called banjiisha), the value is subtracted from 124
and the result is multiplied by the original value to yield the lunar equation. The value,
called ni, is positive. If the argument is larger than 124, the excess over 124 is obtained
on the one hand; on the other hand, the argument is subtracted from 248 (124 doubled).
Then, the excess is multiplied by the result of the subtraction to yield the lunar equation.
The value, called #iya’i, is negative. The 248 divisions of an anomalistic month are
yielded in consideration of the period relation equalizing nine anomalistic months with
248 days.

In consideration of the passage of this section, a quadratic interpolation scheme is also
used for the computation of the lunar equation. The formula can be devised as follows:

int[n (124 —n)] for0 <n < 124

—int [(n — 124)(248 — n)] for 124 < n < 248 (IX)

The maximum of these formulas is +3,844 funks, which is different from that of the
Revised Da-ming li, whose maximum is +4,144 funks (Jin shi, 22: Zhuan ding fen ji ji-du
tiao-nu shuai; Imai 1962, 34). As with the case of the solar equation, we find hardly any
similarity between the Qitai calendar and the Revised Da-ming li in terms of the lunar
equation.

There are several interesting points with regard to the period relation equalizing nine
anomalistic months with 248 days. This kind of period relation is of ancient Babylonian
origin and subsequently appears in Sanskrit treatises on mathematical astronomy, such as
the sixth century Paiicasiddhantika of Varahamihira, probably through the mediation of
the Greek tradition (Kennedy 1964, 441; Jones 1983/84, 11-). Some elements of those
Sanskrit texts are known to have appeared in a Chinese astronomical system based on
Indian methods, the Jiu-zhi li JL#UJ& compiled in 718, although this 248-day scheme is
not found in the system itself (Jones 1983/84, 34). In China, we know that this scheme
was at least used in the Qin-tian li #KJ& (956-963) of the late Zhou Dynasty (Xin
wu-dai shi, 58: Si-tian kao; Yabuuti 1963, 95; van Dalen et al. 1997, 128). The Qin-tian li
is derived from the eighth-century Fu-tian li (Yabuuti 1990, 105), whose “method was
based on Indian astronomical system,” as we have mentioned in the commentary of the
first section. Therefore, we can conjecture a connection between the Fu-tian li and Qitai
calendar here as well (Isahaya 2009, 33). In addition, we know that there is a tradition of

using “two” anomalistic months depending on the purpose in Babylonia; one of which is
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the value extracted by the aforementioned period relation 248/9 =~ 27.5556 days
(Neugebauer 1957, 161-162).

Section 10

This section is assigned to the explanation for determining the madkhal of a month on the
true motions of the two luminaries. In the zijes, the madkhal—which literally means
“entrance”—Is used as a term to denote the weekday of the first day of a year or month or
of a particular date (van Dalen 2000, 270). As in the following passage from the second
section, the sixty-cycle is considered a substitute for a weekly cycle in the Qitai calendar:

By combining this cycle with the cycle of twelve, a cycle of sixty is obtained. They count years and

days with this cycle. This cycle is their substitute for our week. We call this cycle the “sixty-cycle.”

Therefore, we can regard the madkhal as the sixty-cycle of the first day of a year or
month in this calendar.

Until the previous section, we can obtain the values of the solar and lunar equations at
the beginning of a month in a year. In addition, we can compute the beginning of the first
month in a year on mean motion. By adding the value to a synodic month as many times
as required, we can obtain the beginning of a required month on mean motion. If the
value of the equations is additive, it is added to the beginning; and if the value is
subtractive, it is subtracted from the beginning.

In terms of the funks, if the value is shorter than that of a day and the half of a night
(namely, shorter than 7,500 funks), it is considered to be a day; larger than that value, the
funks are considered to be two days. This method is called jin-shou ### in the Chinese
astronomical system. If the total days exceed 60, 60 is subtracted from the total to yield
the first day of a month.

By computing the first days of the successive two months, we can know the length of
the former month. In the Chinese astronomical system, there are two months: the long
month containing 30 days and short month containing 29 days. In regard to the pattern of
month lengths, there were various ways in each Chinese astronomical system, as
discussed by Martzloff (2009, 72-75). In the Qitai calendar, it is stipulated that more than
two consecutive 29-day months is not permissible, and more than three consecutive
months is not permissible in the case of the 30-day months.
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According to the text, the intercalary month is that which contains only the beginning
of one solar division; however, as explained in the commentary of the sixth section, the
following expression is more precise; that is to say, a month which does not contain the
beginning of an even-numbered division is regarded as an intercalary month.

Section 11

In this section, the “fourth cycle,” which functioned as the standard for the “choice of
days” (ikhtiyar-i riiz-ha) is explained. In the Islamicate world, the term ikhtiyarat (the
plural form of ikhtiyar) means the literature or method concerning astrological choices,
the discernment of auspicious and inauspicious days. Of course, the literature on
ikhtiyarat were well established in the world long before the introduction of the Chinese
system (Fahd 1995, 107-108); especially in Iran, this kind of astrology flourished in
connection with the worship of Imams (Ja‘fariyan 2011).

This cycle, called jian-chu #:[% or shi-er zhi + —JE—twelve-presage cycle—, is
written down on annotated calendars to determine auspicious and inauspicious days for
each specific action (e.g., war, moving, marriage, etc.). These names are as follows.

N. | Chinese Text In the Uighur text | Meaning

1 |jian & (kien) kin kin instauration
2 | chu B® (tshiu) | cha (chuu) eviction

3 | man % (musn) | man man plenitude
4 | ping *f- (phiag) | pin pii equilibrium
5 |ding & (tian) tin (ti) fixity

6 | zhi FH (tsi) chih chip maintenance
7 | po % (phus) pit pa destruction
8 | wei & (ui) wi kil danger

9 | cheng J% (tsian) | chin (chi) maturity
10 | shou M (siau) shiu shiu reception
11 | kai BA (khai) kha't | kay opening
12 | bi P (pi) pi (pi) closing

(Bazin 1991, 287; Arrault & Marzloff 2003, 103-104)
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This twelve-presage cycle frequently appears in Sino-Uighur calendars, but the
phonetic transcription forms in the Zij-i Ilkhani are somewhat different from the
transcription into Uighur script of the same cycle in a document from 1202, which we
have also incorporated into the above table (Bazin 1991, 286-288). Also, the dates of a
Uighur text written in Brahmi script from 1277 agree with those of the official Chinese
system (Bazin 1991, 306-308). In consideration of these facts, we conclude that the Qitai
calendar cannot be identified as the contemporary calendar used by Uighurs (Isahaya
2009, 34-35).

The cycle pertains to the twenty-four solar divisions. If the cycle is about to
recommence at the beginning of an odd numbered division, the element of the cycle for
the preceding day is repeated, whereupon the cycle begins one day later (van Dalen et al.
1997, 123).

Section 12

The final section explains the conversion table between the Qitai and Hijri calendars.
Since the extensive table for converting from Hijri dates to Chinese dates has been so
intensively investigated by van Dalen et al. (1997, 135-148), we have little to add to their
study here. The basic structure of the table is as follows:

Hiri month (Example 1) safar (Example 2) Shelhen
the initial
(the name of the Turkish year)"®®X 92 of 6 Horse 5
the Hijri

month (1-7)

the number of ||/'® MU © Hiri year 602 606
days inthe
Qitai month ™ © of the Qitai 29 shan 5 30 1 4
(@9orgo (OO, month (1=7)

days) ~ !

The location of intercalary months on this table is one of the interesting points that
their study made clear. According to their investigation, all positions of intercalary
months except two agree with the contemporary, official astronomical systems of the Jin
and Yuan dynasties. As they have stated, it seems possibly that intercalary months in the
calendar were adjusted to the computation of the official astronomical systems in China;
rather than by the method of calculation in the Zij-i Ilkhant (van Dalen et al. 1997, 138).
From this fact, we can assume that the Qitai calendar or the original Chinese source of
this calendar was, from the very beginning, not expected to provide exact computation.
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For example, determining the positions of intercalary months requires a more
complicated mathematical procedure; rather, this calendar might well have its role in
“following” the results of the contemporary official astronomical system concerning, for
example, determination of either the beginning of a year or a solar division during some
period, in order to make use of it for the purposes of astrological choices as we have seen
in the preceding section.
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Appendix: Chinese Technical Terms

Here, the Persian transcriptions of the Chinese terms are listed in arphabetical order,

along with the Chinese characters and meanings.

Banjiisha: ban zhou-xian -JEFR (pusan tsiau-hian), the parts of the half-cycle, or 124. The cycle of an
anomalistic month is divided into 248 parts in this calendar, so that the half-cycle consists of 124 parts
(section 9).

Bayli: bai-lu H# (pai-lu), the fifteenth solar division (section 3).

Bijitin: ban zhou-tian *{%J&2X (pusan tsiau-thien), or the Celestial Half-Circle. The approximate half-period
of the solar anomaly, 182 days (section 8).

Chih: zhi #f (tsi), the sixth of the twelve-presage cycle (section 11).

Chin: chen )% (tghian), the fifth terrestrial branch (section 1).

Chin: cheng J% (tsian), the ninth of the twelve-presage cycle (section 11).

Chiu: chou #: (tshiau), the second terrestrial branch (section 1).

Chiu-Sha: chu-shu &% (tshiu-siu), the fourteenth solar division (section 3).

Cha: chu F% (tshiu), the second of the twelve-presage cycle (section 11).

Day-Khan: da-han KZ€ (tai-han), the twenty-fourth solar division (section 3).

Day-Shih: da-xue K% (tai-siue), the twenty-first solar division (section 3).

Day-Shii: da-shu X% (tai-giu), the twelfth solar division (section 3).

Diinjin: dong-zhi %% (tun-tsr), the twenty-second solar division (section 3).

Funk: fen 43 (fuan), a ten-thousandth of a day (section 1).

Jinja: zhuan-chai ##7 (tsiuen-tsha) means the excess of a solar year over thirteen anomalistic months,
7.0338 days (section 7).

Junjin: zhuan-zhong ## % (tsiuen-tsiun) literally means the Revolution Terminal Constant, i.e., an
anomalistic month (section 7).

Junjanka: zhuan-zhong ying ¥4 (tsiuen-tsiup ian), the time from the beginning of the last anomalistic
month preceding the wiishi to the wiishi itself. The value is 78.3948 days in the epoch year (section 7).
Junjinsha: zhuan-zhong chai %7 (tsiuen-tsiung tsha) means nine times the excess of a lunar month over

an anomalistic month (27.5556 days, in this case), i.e., 17.7754 days (section 9).

Jink-Wan: zhong-yuan HHJt (tsiug-iuen), the Middle Epoch, the middle of the three sixty-year cycles
(section 4).

Ka: jia W' (kia), the first heavenly stem (section 2).

Kha'i: hai % (hai), the twelfth terrestrial branch (section 1).

Kha'T: kai Bfl (khai), the eleventh of the twelve-presage cycle (section 11).
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Khanli: han-lu Z&# (han-lu), the seventeenth solar division (section 3).

Kha-Wan: xia-yuan Tt (hia-iuen), the Inferior Epoch, the last of the three sixty-year cycles (section 4).

Ki: ji & (ki), the sixth heavenly stem (section 2).

Kih: ke %I (khiai), a unit of time equal to one eighth of a chagh, a double-hour (section 1).

Kija: gi-ce 3K (khi-tshai), the length of the twenty-four equal divisions of a solar year, each 15.21848333...
days long (section 3).

Kija: gi-chai %2 (khi-tsha) is the interval between the twenty-second solar division (the winter solstice)
and the wiishi, namely one-sixth of a solar year, is 60.8740 days (section 7).

Kiji: gi-shou %1 (khi-giau) denotes the beginning of the first division of any solar year (section 5).

Kin: geng 5% (kian), the seventh heavenly stem (section 2).

Kin: jian @ (kien), the first of the twelve-presage cycle (section 11).

Kin-Jih: jing-zhe #&#: (Kin-tsi), the third solar division (section 3).

Kawi: gu-yu 55 (ku-iu), the sixth solar division (section 3).

Kiy: gui %% (kui), the tenth heavenly stem (section 2).

Lijun: li-chun 323 (li-tshiuan), the first solar division (section 3).

Ly u: li-giu S2FK (li-tshiau), the thirteenth solar division (section 3).

Likha: li-xia S2 & (li-hia), the seventh solar division (section 3).

Litin: li-dong 374 (li-tun), the nineteenth solar division (section 3).

Mah-i Shan: a combination of the Persian term mah with Chinese run B (giuan), which means an
intercalary month (section 6).

Man: man {i# (musn), the third of the twelve-presage cycle (section 11).

Manjun: mang-zhong ®™## (muap-tsiun), the ninth solar division (section 3).

Mau: mao 9l (mau), the forth terrestrial branch (section 1).

Nia: nu i is used for the slow phase of the luminaries. Here, it means “additive,” as applied to the solar and
lunar equations (section 8).

Pi: bi FA (pi), the twelfth of the twelve-presage cycle (section 11).

Pin: bing P9 (piap), the third heavenly stem (section 2).

Pin: ping *F~ (phiap), the fourth of the twelve-presage cycle (section 11).

Pii: po T (phus), the seventh of the twelve-presage cycle (section 11).

Shajir: xia-zhi E % (hia-tsr), the tenth solar division (section 3).

Shank-Wan: shang-yuan |3t (zianp-iuen), the Superior Epoch, the first of the three sixty-year cycles
(section 4).

Shin: shen Fi (sian), the ninth terrestrial branch (section 1).

Shink-Mink: ging-ming 58 (tshian-mian), the fifth solar division (section 3).
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Shiu: shou Y (siau), the tenth of the twelve-presage cycle (section 11).

Shitja: shuo-ce ¥3% (sau-tshai), a mean synodic month, 29.5306 days (section 6).

Shan-Fiind: chun-fun #47 (tshiuan-fuan), the fourth solar division (section 3).

Shiinjan: run-ying EEJE (riuan-ian) represents the interval from the mean first month (@ram ay) to the wishi
for any particular year (section 6).

Shan-Kin: shuang-jiang 78 /% (san-kian), the eighteenth solar division (section 3).

Sin: xin ¥ (sian), the eighth heavenly stem (section 2).

Siyau-Shih: xiao-xue /N5 (siau-siug), the twentieth solar division (section 3).

Siyau-Shii: xiao-shu /|~% (siau-giu), the eleventh solar division (section 3).

Siyi-Fan: giu-fun FkZ7 (tshiau-fuan), the sixthteenth solar division (section 3).

Siyii-Khan: xiao-han /N# (siau-han), the twenty-third solar division (section 3).

Siyii-Man: xiao-man /)N (siau-muan), the eighth solar division (section 3).

Siz: si E. (s0), the sixth terrestrial branch (section 1).

Si- xu X (giu), the eleventh terrestrial branch (section 1).

Suija: sui-chai %75 (sui-tsha) denotes the difference between the solar year and twelve mean lunar months,
10.8764 days (section 6).

Suijii: sui-zhou 7%J& (sui-tsiau), the length of a solar year, taken as 365.2436 days (section 3).

Suiyi: sUi-yu JFéR (sui-iu) indicates the excess of a solar year over 360, specifically 5.2436 days (section 5).

Tayank-Zhichiin: tai-yin ru-zhuan XFEA#E (thai-iam ri-tsiuen) is the lunar equation (section 9).

Tayank-Zhiki: tai-yang ru-gi KBS (thai-ian i-khi) is the solar equation (section 8).

Tin: ding T (tiap), the fourth heavenly stem (section 2).

Tin: ding 7E (tian), the fifth of the twelve-presage cycle (section 11).

Tiya'i: tiao B is used for the fast phase of the luminaries. Here, it means “subtractive,” as applied to the
solar and lunar equations (section 8).

Wi: wei A% (vui), the eighth terrestrial branch (section 1).

Wi: wei f& (ui), the eighth of the twelve-presage cycle (section 11).

Wi: wu “F- (u), the seventh terrestrial branch (section 1).

Wii: wu J% (vu), the fifth heavenly stem (section 2).

Wiishi: yu-sui F7K (iu-gui), the second solar division (section 3).

Yi: yi & (i), the second heavenly stem (section 2).

Yim: yin ¥ (ian), the third terrestrial branch (section 1).

Yi'u:you P8 (iau), the tenth terrestrial branch (section 1).

Zhih: zi ¥ (tsi), the first terrestrial branch (section 1).

Zhim: ren =& (giam), the ninth heavenly stem (section 2).
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