Tables of Planetary Latitude in the Huihui i (I)'

YANO Michio &Fg#"™

Professor Kiyosi Yabuuti was the first historian of astronomy who
undertook scholarly surveys on the Huikui Ii [BI[Ef&, a Chinese text
with astronomical tables compiled at the Islamic Bureau of Astronomy
in the Yuan-Ming period. It was because he was well aware of the
crucial role of the Ptolemaic planetary system in the Huihui Ii that he
read Halma's French translation of Ptolemy’s Almagest and eventually
translated it into Japanese. Without his ploneering workl our study
would have been far more difficult.

Although Yabuuti has clarified almost all the topics in the Huihui Ui
by comparing them with those in the Almagest, he left some room for
more detailed analyses such as these attempted in our present
research. An especially interesting and important problem is the search
for a possible source of the Huihui I and a reconstruction of the
original form of the Chinese translation which must have been made
during the Yuan Dynasty. For this purpose we should be informed of
Arabic and Persian texts on astronomy, especially those belonging to

" This report is a part of our joint research project, “Islamic Influence in
Astronomical Tables from the Yuan and Ming Dynasties,” supported by the
Japan Society for the Promotion of Science.

International Institute for Linguistic Sciences, Kyoto Sangyo University.
Originally published as “Kaikaireki kai” [ElEIE#R, Tohogakuho FFE4R 36
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the category called Zj (astronomical handbook with tables). No one
before us, however, has taken the trouble of reading such sources and
comparing them with the Huihui li. One of the reasons is that very
few printed editions of Zjes are available, so that almost all the
information we can expect is still in the form of manuscripts. The
present study on the latitude tables offers an example of our new
approach to the Huihui [i which uses information from Zjes.

There are three different recensions of the Huihui i, namely, (1)
that recorded in the official Ming Dynastic History (Mingshi BB5) 2
which was compiled during the Qing Dynasty, (2) the Qizheng tuibu
LEHENS compiled by Bei Lin B¥f in 1477, and (3) the Korean
recension Chilchdng san HEt#E which forms a part of the Sejong
sillok #5=E#k compiled during the reign of King Sejong (r. 1419-50) .4
These recensions are considerably different, especially in the
arrangement and order of the explanatory texts and tables.

The Latitude of the Five Planets

Determining the latitude of the planets was one of the most difficult
problems in ancient astronomy. The difficulty was inevitable in the
geocentric cosmology where the plane of a planet’s orbit cannot have
a fixed inclination to the plane of the ecliptic. This is why Ptolemy
put the theory of planetary latitude in the last Book of the Almagest.
In ancient Chinese astronomy, where no geometrical model was
conceived, the problem should have been still more difficult, as is
witnessed by the absence of a systematic discussion of this problem
before the Yuan Dynasty.

In the introduction to the Huihui li, we read:

In the autumn of the year 15 (A.D. 1382) emperor Taizu said: “The Western
investigations of the heavenly phenomena are most refined. Moreover, their
(theory of the) latitudes of the five planets is not available in China.”s

Similar words are found® in the Mingyi tiamwen shu B2, which

? We have used Mingshi B35 “Lizhi” J&£ contained in Lidai tiarwen liili dengzhi
huipian BRRXXEBESEER 10.

? We have used the edition of the Qizheng tuibu contained in Jinding siku quanshu
SENEEE, zibu T 6.

* We have used the reprint edition of the Sejong sillok published by the Oriental

Institute of Gakushtin &%z University.

THEK, KBESHENRSERE, KABBE Y FETE.
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is a Chinese translation of Kudyar ibn Labban's book on astrology?
completed in the same year by the same group of scholars.

The Chinese text on planetary latitude, in all three recensions, is
very brief, just explaining how to use the tables. The tables, however,
are extensive. It seems that the translators were less interested in the

theoretical exposition of the problem than in the practical use of the
tables.

Translation and Commentary

In what follows we shall give a translation of the Chinese text on
planetary latitudes recorded in the Ming Dynastic History, vol. 37.
The sentences in smaller point are commentaries in the original text,
and the words within brackets are our additions. We have attached the
Chinese text as Appendix 1. The tables of planetary latitude occupy a
large part of vol. 39 of the Ming Dynastic History. We have shown an
example of Saturn’s table of latitude in Appendix 2. The original
format is shown in Appendix 3.

The Latitude of the Five Planets.

We require the total apogee motion and the apogee position, the mean position, the
anomaly and the centrum. We find them all according to the method of the
longitude of the five planets.

Commentary

The latitudes will be determined as a function of the mean anomaly
and mean centrum, computed in the preceding sections according to
Ptolemy’s longitude model. Unlike most Greek and Islamic planetary
latitude tables, in the Huihui [i the latitude can be taken directly from
a table with double arguments (see the following paper by van Dalen).

The definite anomaly. We put down the signs, degrees and minutes of
the anomaly. We multiply the signs by 10 and make degrees. For example,
when we multiply 1 sign by 10 we obtain 10 degrees. This uses a simplifying
method to reduce the calculation by which we construct the latitude table. We
multiply the degrees by 20 and make minutes. In case sixties are filled we
reduce them by division and make degrees. We also multiply the minutes
by 20 and make seconds. In case sixties are filled we reduce them by
division and make minutes. We add them, and thus we obtain it.

" I have prepared an edition of the Arabic text of this book with an English

translation and submitted it to Kyoto University as my D.Litt. dissertation. My
study is to be published soon.
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Commentary
The epicyclic (mean) anomaly (zi xing gongdu fen BT HE5), given
by e=yiysy'y, is scaled down to one third:

y=—é @=-g" 3~ —5 =10y1°20y2'20y3".

Of course sexa}gesimal place value should be observed and therefore
20y, and 20 y; should be reduced to suitable numbers if they exceed

60. The result (y) of this operation is called ‘definite anomaly’ (=i xing
dingdu HATZEEE). The terminology is confusing because the same
term (HATZEEE) was already used (page 3762 line 11) to designate the
‘true anomaly’ and because no special marker was given to the
‘degrees’ etc. after this operation of scaling down.

The definite centrum. We put down the signs, degrees and minutes of
the centrum. We multiply the signs by 5 and make degrees. For example,
when we multiply 1 sign by 5 we obtain 5 degrees. We multiply the degrees by
10 and make minutes. In case sixties are filled we reduce them by
division and make degrees. We also multiply the minutes by 10 and make
seconds. In case sixties are filled we reduce them by division and make
minutes. We add them, and thus we obtain it.

Commentary
The centrum Gdaolun xin gongdu fen /NELEES), given by
y=x1x3x3, is scaled down to one sixth:

x= 6 7=TT_6— =5x1°10xz'10x3”.

After taking care of sexagesimal place value as above, the result is
called “definite centrum’ (xiaolun xin dingdu /N OTEE). This is again
misleading since the same term was already used (page 3762 line 11)
to designate the ‘true centrum.

The latitude. With the definite centrum (x) and the definite anomaly (y) we
enter the latitude table for the present planet and we take (a value, indicated
by 8. in Figure 1) (according to) both. One vertically, one horizontally.
We subtract the obtained number ( 4,,,) and (the number in) the following
row (A (m+1)n) from each other. If we happen to cross the ecliptic, we add
(the obtained number) to (the number in) the following row.

Then we subtract the definite centrum (x) and the definite centrum at the
top of the table (c¢,) from each other. The horizontal row at the top. We
multiply the remainders of the two subtractions and divide it by the increment

(4dc) of the centrum at the top of the table. For instance, for Saturn each
partition of the centrum in the horizontal row at the top is 3 degrees, for Mars each
partition is 2 dsgrees.
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Figure 1. The layout of the two dimensional latitude table of
the Huihui /i and its interpolation scheme.

In case sixties are filled we take them together and make minutes. We add
it to or subtract it from the number taken with both (arguments, ie. £,.,).
If it is more than (the number in) the following row we subtract, if less we add.
In case we happen to cross the ecliptic, then if the number in the followmg TOW
is more, we also subtract. We place it on the left.

Furthermore, we subtract the definite anomaly (y) and the definite anomaly
at the top of the table ( @, ) from each other. The first vertical row. Then we
subtract the number taken with both (arguments, i.e. B.,) and (the number
in) the row below it ( 8, ,+1) from each other. If we happen to cross the
ecliptic, we add it and the row below it. Then we multiply the remainders of the
two subtractions. We divide it by the increment of the anomaly ( da) at
the top (i.e. the right) of the table. For instance, for Saturn each partition of
the anomaly in the vertical row is 10 degrees, for Mars each partition is 4 degrees.
We take it together and make minutes. These and the number previously
placed on the left we add to or subtract from each other. If the number
taken with both (arguments) is more than (the number in) the row below it we
subtract, if less we add. If we happen to cross the ecliptic and the obtained
minutes are more than the number placed on the left, we put down the- obtained
minutes and subtract the number placed on the left. The remainder is the minutes
north or south that the ecliptic has been passed. Thus we obtain the definite
ecliptical latitude.
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Commentary
First we carry out a linear interpolation in the horizontal direction:

6h= 'an_B(mA-i-Cl‘)nl(x—Cm)

Bl=aniBh-

Then another interpolation has to be made in the vertical direction:

g,= (y—a n)len*B m(n+1)[
v da

52*B1iﬁu-

This is approximate because the correct vertical interpolation should
be made between 8, and B; (See Figure 1), instead of between 8B
and B+, and B; is to be computed by

ﬁ3=Bm(n+1)iBh

where

e |£m(n+l) _B (m+1)(n+1)l(75'—C m)
Bh_ Ac

Now 4, would be found by linear interpolation between By and B; from:

(y_a n)l/31~83|
Ada

B,=
and finally we would get the correct value:

Ba=PB1%8,

From an inspection of the tabular values it can be seen that for
Saturn, Jupiter and Mercury the maximum error which can be
produced in the interpolation described in the Huifui [ is smaller than
10" and hence could hardly be observed. For Mars and Venus, however
the error would reach half a degree in exceptional cases.

Detailed positions in latitude. We put down the latitude of the given
planet in the section preceding (the desired latitude) and subtract it and
the latitude at the following section from each other. We divide the
remainder by the distance in days and make the day difference. We put
down the latitude at the preceding section and we increase it by the day
difference in the normal order or decrease it by it in the reverse order.
The result is the latitude on successive days. We examine the latitude: if (the
value at) the preceding section is less than (that at) the following section, we
increase by the day difference in the normal order and decrease by it in the reverse
order. If (the value at) the preceding section is more than (that at) the following
section, we should decrease by the day difference in the normal order and increase
by it in the reverse order. We cannot have one rule. In case (the values at) the



Tables of Planetary Latitude in the Huihui [ (D 313

preceding and following sections are not the same as far as north and
south are concerned, we put down the latitude of the given planet at the
preceding and the following section and add them. We divide it by the
distance in days and make the day difference. We put down the latitude
at the preceding section and repeatedly decrease it by the day difference
until we cannot decrease it (any more) We subtract it from the day
difference and repeatedly increase the remainder by the day difference.
Thus we obtain the latitudes on successive days.

Commentary

The term ‘detailed position’ (xf xing fen #f747) was already used in
the section of the planetary longitude. In general, this is a simple,
one-dimensional, linear interpolation. In this particular case, when the
latitude £, of a planet on one day and that on another day 8,44
after an interval of d days are given (called “sections” in our text), we
first compute the ‘day difference’ (richg HZ) by

AB= {Bn—dﬁni-dl

and, according to our main text, the result is successively added to or
subtracted from £, as the case may be, i.e, depending on whether
Br<Buta O B,0B,1a. A special rule is also given for the cases
when the directions of the two latitudes are different.

Appendix 1. Chinese Text8

AERE RESRITE, SOTE, BATEE, MaLE, WIkE BREdR>

KRETEE BHITEES, HEURZBE. m—m U=+ 88, it
FRROEEITR, Ly, HELI -2 B0, WATHZBE. £HIRE—
TRZRBD, WATHWZBs. Hzee

RN OEE BN OEES, HEDAFRZBE. n—suaks sug.
HEL—tRZB5, WA+z8E. HOBRU—+ -2 B8, WA+1>
Ror. HZenE,

RIGEE LU NROEEFR BTEE, AR ERBETRIFAEL, —#t—i

BRERITIN, sBcsmn®, s,

XLl N TE R, SRNT B /NG OSEEEART, s

PALERIETE, LINZEL /N DA B BAnEe W+ B BTN ORISR Kk
EER_EZSE

WANTHCZ RSy, PR FER s, SREITH, D EBREEE, RTHEN
W T

BEUBTEERIR g 1TTEEMRE, g5

LIRS, BRTITARR, Zmswas g, FRBERTETR, LIaTE &
TERNESRS, ntems, BITESRE, KESRNEE

Wz B4y, ERHUET 2 B0RE Y, IS IS TITER, Lin. EBXEkEE e
ENFLY, BFEDR, WY, BEBEEAAh

¥ Lidai tiamwen luii dengzhi huipian BRI EBESE R 10, pp. 2764-65,
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EEEER IR E S
RREMITY EHEFTRASEE, S EEEER, LR, BAx

EREAEE, LA ZIEEE, EEEEES. SeEaa s Rz, 6L
PSEEL ERIRSIREE, B E NG N, JEAT— i,

HRREEICRRE, BEENSBRRENH, LUMEEIRY, SAX
ERBARE, LI AERRS, ERRBE, R AENEZ, $SLUAERNY,
ENfSE HAREL.

Appendix 2. Saturn’s Latitude Table"

definite
an((ir/nsa)lly 0 | 102 |{30|40 |5 [60]70 |8 | 9 |100] 110 120
deg. ° ° ° ° ° ° ° T o ° ° ° 8
north 50(204{207|212(222232|242|247|245|236|2 ]2 15 2092 04 | north

53(200(203|1208(217(228|238|241|240]230%219/210(205/2 00
56|145(148(152|200{210({219]|222(221{212|202|154]150|1 45

. 99|123|125]|129|135|143|149]|151|149(143|135/129/125/1 23
efinite 510 541055|058(102|107{111(112]111|107|102]058]0855]05
nonhff}“g{“mos 021102110221024[026{027/1028(027[025[024|022]021{0 21 |porth

. 0141015/016{017][018]019{0 200 19]0 18[0 17{0 16]0 15[0 14] eq|
south 111049°051%054/058|102{106(108{105/101]05|052|050]0 49]south
14{119{123{127|134|141|148(150(146/139]13%125(121(119
17)1144|148|154|1203(213(221(224(219|209|159|151 (146|144
201200|1205|212|223|234|244(247]241|230|218]209]203|2 00
23/1204|1209|214|224|235|245(247]243(231228212|207|2 04
2%6|150(153/158{207({217|225(228|224(215(205(157(153|150
29|125(127|131(138|145|152(154|152(145]138|131]127(1%5
32/1048{049/051|055[059(103|104]/103{059(0855[051|049]|0 48

south 310061006{007]007/007{008{008]008/008{007|007|006|0 06|south
n?)crléh 331033/035{038/043/049{055{058[057[051[045[039(036(033] ecl

411109)11111114|119|126|132{136|134|128|122]116/112|1 09 |north
4138 140[14(152]202(210(2159213|205(156(147]142|1 38
471196(159|204(213{224|23|241(238[28|218([207|201|1 56
50[202(/205(211(220(232(243|249|246(236/225|214(207|2 02

" pp. 3819-22. The horizontal and vertical directions of the original table in the Chinese
text (as seen in Fig.l and Appendix 3) have been interchanged in this table. The
abbreviations used in the following footnotes: C: 5 E#-tEE H: S EEE Q:
tBdtES. ' CQ2L,PHO03,°C 94 HI5°0Q3L°C21 TH% ®C .
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