The Theory of the Moon in the
Al-Zij al-Kamil fi-I-Ta‘alim of Ibn al-Ha’im
(ca. 1205)

Roser Puig

Introduction.The Zij and its Author'

At the beginning of the thirteenth century (601H / 1204-1205) Abi
Muhammad “Abd al-Haqq al-Ghafiqi al-Ishbili known as Ibn al-Ha’im
composed his work entitled al-Zij al-Kamil fi-I-Ta‘alim in honour of the
Caliph Abu “Abd Allah Muhammad al-Nasir (who reigned from 1199-
1213). All we know of Ibn al-Ha'im’s life is that he came from Seville and
that he appears to have worked in North Africa.

Ibn al-Ha’im’s Zij is included in the MS Oxford Bodleian 285 (Marsh
618). It is quite a long text, with an introduction and seven books
(magalat). Each book is divided into several chapters, of which there are
eighty altogether. The text can be considered as a zij on the basis of its
structure and its contents, although it does not include astronomical tables;

This paper is part of the complete study of the zij of Ibn al-Ha'im which we
started in Barcelona some years ago as part of a research program entitled
"Astronomical Theory and Tables in al-Andalus and the Maghrib between the 12th
and 14th Centuries”, sponsored by the Direccion General de Investigacién
Cientifica y Técnica of the Spanish Ministry of Education and Culture. Emilia
Calvo (1998) has recently published a paper on the astronomical theories related
to the Sun in the same zij and Mercé Comes is preparig a paper on Ibn al-Ha'im's
trepidation model.
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it may in fact have had some tables in its original version®. The text offers
calculating procedures and gives geometrical proofs for the rules proposed.

Ibn al-Ha’im describes the astronomy practised in al-Andalus and the
Maghrib at the beginning of the thirteenth century and informs us of the
activities of the Andalusian astronomer Ibn al-Zargalluh (died 1100) and
the Toledan astronomers (al-jama‘a al-tulaytiliyya) who worked under the
patronage of gadr Sa‘id in the eleventh century.

In this paper I shall deal with the theory of the Moon in the zij, which
is of considerable historical interest. The zij deals with two aspects of the
theory of the Moon: the computation of its longitude, and the computation
of its latitude. It does not contain specific chapters on eclipses, the visibility
of the new moon or the parallax, which are typical of similar zijes. The
Arabic text of the chapters that I will comment on appears as Appendix 1
at the end of the paper.

Determination of the Moon’s Longitude

This question is discussed in chapter 4 (fols. 36v-37r, pp. 72-73) and 9
(fols. 41v-43v, pp. 82-86) of the third book. In chapter 4, entitled On
Determining the Distance of the Lunar Position in the Ecliptic from the
"Beginning of Aries" and "the Vernal Equinox", the Moon’s sidereal and
tropical longitudes are computed by means of a set of tables; the difference
between them is the amount of precession calculated according to the
theory of trepidation. In chapter 9, entitled On Finding the Variations
(ikhtilafat) of the Lunar Epicycle Centre Due to the Displacement of the
Point of Alignment (markaz al-muhadat) from the Centre of the Ecliptic we
find Ibn al-Ha’im’s explanation of the theory set out in chapter 4.

Ibn al-Ha’im’s instructions for calculating the longitude of the Moon in
chapter four are as follows:
[1] Find the mean longitude of the Moon, its mean anomaly, and the mean
longitude of the Sun, all for the place and the time desired.
[2] Then correct the mean longitude of the Moon by multiplying the sine

? See M. Abdulrahman (1996a).
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of the distance between the Moon and the corrected solar apogee® by
0;0,24%.

[3] Then add this product to the mean longitude if the Moon is between the
solar apogee and the solar perigee, or subtract it from the mean longitude
if the Moon is between the solar perigee and the apogee.

[4] Subtract the mean longitude of the Sun from this corrected mean
longitude of the Moon in order to obtain the elongation () and hence the
double elongation (27n). Then, enter with the double elongation as
argument in the Lunar Equation Tables.

[5]-[8] The rest of the steps are standard and the only point of interest is
the terminology used by Ibn al-Ha’im: the equation of the centre is called
inhiraf al-qutr (Almagest® C,: Equation for Mean to True Apogee); the
interpolation function corresponds to the dagad’iq al-nisba (Alm. Cg:
Sixtieths); the ta‘dil al-bu‘d al-agrab is the difference between the epicyclic
equation at the perigee and at the apogee (Alm. Cs: Increment in Epicyclic
Equation); the equation of anomaly at the apogee is the ta‘dil al-hissa (Alm.
Cy: Epicyclic Equation). The final result (equation of anomaly for a
particular double elongation and true anomaly) is called al-ta‘dil al-
murakkab. We must add it to or subtract it from the mean lunar longitude
to obtain the sidereal longitude.

This "corrected solar apogee" (al-awj al-mu‘addal) is defined in the same
manuscript, Magala 11, Chapter 10, fol. 34v: "The mean motion of the apogee for
the moment and the era we wish plus the radix position for the beginning of the
era. The result will be the corrected position of the apogee on the ecliptic, that is
the distance from the point of the Head of Aries for that moment". This means
that the corrected solar apogee is a sidereal apogee corrected with the apogee’s
own motion. See G.J. Toomer (1969) and (1987). See also J. Samsé and E.
Millds (1994).

¢ He is using 0;24" * R sin (L,-A)
so, for (L,-A) = 90°
then, the correction will be 60 * 0;24" = 0;24"
as stated in [26]

See, for instance, G.J. Toomer (1984), p. 238. On the Ptolemaic model, see O.
Neugebauer (1969), Appendix I, pp. 191-207.
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[9] In order to obtain the tropical longitude, we must add or subtract the
amount of precession calculated with the trepidation tables.

The most interesting thing in this chapter is the correction of [2] and [3],
which will modify the Moon’s initial mean longitude obtained with the
tables and consequently the double elongation as argument. We find Ibn al-
Ha’im’s justification in chapter 9°:

Ibn al-Ha’im begins ([10]-[23]) by explaining the computation of the
lunar equation of the centre using Ptolemy’s model. For that purpose, he
begins by explaining the computation procedure ([10]-[17]) and then adds
a geometrical justification (%lla) of the formula employed ([18]-[23]).
There is nothing new in this part of the text, but one should note that Ibn
al-Ha'im is not copying the Almagest (V, 9). As in the rest of the book, he
is providing a clear explanation of the methods used to calculate tables of
equations: something which is implicit in Ptolemy’s work, and which our
author wishes to develop.

The computation of the equation of the centre appears as follows:
[10-11] He calculates Sin 2y (al-jayb al-awwal, the first sine) and Cos 29
(al-jayb al-thant, the second sine)

[12] He then determines:

d, = 10;19° X Sin 2y / 60 (al-dil° al-awwal, the first side)

f =2 % 10;19" X Cos 27 / 60 (al-fadla, difference)
[13-14]) d, =V/(49;41° - d}) + f (al-dil° al-thani, the second side)

b =V/(49;41% - d ) + fI2 (bu‘d al-markaz al-mar’i, the distance
between the centre of the lunar epicycle and the centre of the ecliptic)
[15] He next gives an alternative approximate procedure to calculate b. He
enters the table of the interpolation function (daqa’iq nisbat al-kharij al-
markaz) with the value for the double elongation, obtains a value m, and
establishes a proportion:

x /20;38 = m / 60 where x = 60 -b
-for2n = 0,thenm = 0,x =0and b = 60
- for 2n = 180, then m = 60, x = 20;38 and b = 39;22 = R -e, ¢

® A description and detailed analysis of this chapter is in R. Puig (1992), still
unpublished. See a first approximation to the subject in J.Samsé (1992), pp. 218-
219.
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being the eccentricity

Finally, he determines

[16] w =V/(d,> + d}) (al-watar, the hypotenuse) and

[17] ¢ = Sin'(60/w X d,), the equation of the centre, which he uses to
calculate the true anomaly.

The-geometrical justification for the computation procedure begins in
[18] which is described in fig. 1: ABG is the lunar deferent with centre E.
D is the centre of the ecliptic and T the prosneusis point, diametrically
opposite to E. Angle ADB is the double elongation (27). B is the centre of
the epicycle HM.

Figure 1

[19] He joins B and E, B and D, B and T. TB and DB will intersect the
epicycle at points H and M. The Moon will be at S, which he joins with B.
Point H will be the mean apogee of the epicycle (al-bu‘d al-ab‘ad al-
wasati), while M will be the true apogee (al-bu‘d al-ab‘ad al-mar’i).

[20] <TBD (= <HBM), the equation of the centre, is the difference
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between < HBS (mean anomaly) and <MBS (true anomaly).
[21] <HBM (equation of the centre) is known. From points E and T he
traces EZ and TL, perpendicular to DB, which they intersect at points Z
and L. Triangles DEZ and DTL are congruent (the text says shabih), for
TD = DE, TL = EZ, and LD = DZ. In the triangle DEZ, <D is known
(27) and <Z is a right angle. TD = 10;19" is the eccentricity.

This explains the two computations of [12]:

TL = EZ = 10;19° X Sin 2y / 60 = d,

LD = DZ = 10;19* X Cos 25 / 60

LZ=2%xXDZ=f
[22] EZB is a right angled triangle, <Z being the right angle. EZ and EB
(deferent radius = 49;41P) are known, as is side BZ. This implies that he
is using Pythagoras’ theorem, and we have:

BZ =V/(49;41%> -EZ?) (as in [13])

and BL is also known, for

BL = BZ + ZL (which should be identified with d,)

BD = BZ + ZL/2 (bu‘d al-markaz al-mar’i) (as in [14]).

The explanation is obvious although it is not given explicitly in [23],
where the text merely states that side TL and <LBT are known:

w = BT = V/(BL? + LT?) (as in [16])

<LBT = sin(LT/BT) = Sin" (60/BT X LT) (as in [17])
[24]-[26] Tbn al-Ha’im goes on to explain the aforementioned correction
(see [2]-[3]) as an addition which fills an empty space or corrects an error
of the Ancients (al-ziyada al-mustadraka ‘ala-l-qudama’)’. He ascribes it
to Ibn al-Zargalluh, as a result of some 37 years of lunar observations. This
is a new and extremely valuable reference to Ibn al-Zargalluh’s work on
the Moon, which has not been preserved. Ibn al-Ha’im says that he found
in Ibn al-Zarqalluh’s own hand that the results of his observations of the

7 G. Saliba has pointed out to me that there is a tradition for the terms

mustadraka, istidrak, etc. to mean "objections to Ptolemy" and his discovery of
a reference to the earliest Andalusian criticism of Ptolemaic astronomy
(eleventh century) in a lost anonymous work entitled al-Istidrak ‘ala
Batlamyus, gives valuable support to this theory. See G. Saliba (1994), p. 83,
and (1999).
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Moon’s motion in longitude, latitude, and variations (ikhtilafat) during the
eclipses were in absolute agreement with the Ancient astronomers except
for the mean motion in longitude. In his own observations of eclipses Ibn
al-Zarqalluh found the Moon in the middle of them, either delayed or
advanced with respect to its mean motion obtained from the tables. The
maximum amount of the variation was about 24 minutes at 90° from the
Sun’s apogee.
[27] The conclusion was that the Moon’s mean motion, as tabulated by the
Ancient astronomers, was not around the centre of the Earth, as they
thought, but around another centre displaced from it on the Sun’s apsidal
line in the direction of the apogee.

Ibn al-Ha’im gives us a figure (Fig. 2)* to show this:
[28] Let us consider circle ABD with centre L as the deferent circle and
diameter BD as the deferent’s apsidal line. E is the centre of the Ecliptic.
The figure corresponds to the situation in [mean] conjunctions and
oppositions in which E is placed between L and D (lunar perigee) so that
the geocentric distance of the centre of the lunar epicycle (B) is R+e. The
text adds a confusing remark according to which points L and D "are
placed on this side of the figure, I mean between the apogee and the
perigee of the Sun, in the direction of the signs. This is point E". The
sentence apparently describes the side of the figure corresponding to points
E and D.
[29] Diameter AG is the Sun’s apsidal line, A being on the direction of the
apogee.
[30] B is the centre of the epicycle of the Moon. Angle AEB corresponds
to the distance observed between the centre of the epicycle of the Moon
and the solar apogee. [B is the Moon’s ‘mean position at conjunction or
opposition and at 90° from the Sun’s apogee].
[31] According to observation, B is delayed with respect to its position
obtained from the tables. So we will look for another centre Z displaced
from E in the direction of the solar apogee. The new angle AZB will

% In order to make clearer the relationship between figure 1 and figure 2, I have

rotated figure 2 and put letters in brackets which correspond with letters in
fig.1.
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correspond to the mean distance between the centre of the epicycle of the
Moon and the solar apogee obtained from the tables.

Bw

®E| ~Z

D@
Figure 2

[32] Angle ZBE will be the maximum difference, which reaches about
0;24° for this position of B.

[From this maximum value we will find a partial value which will
correspond to any possible position of the centre of the epicycle]:

[33] T is now the centre of the epicycle. Ibn al-Ha’im joins T and Z, T and
E with lines ZT and ET. In this case, as before, angle AET corresponds
to the mean observed distance between the centre of the lunar epicycle and
the solar apogee, while angle AZT is the mean distance obtained from the
tables. The end of the paragraph (almost two lines) is difficult to
reconstruct due to the blanks in the manuscript.

[34]-[35] He drops perpendicular EQ from E to the prolongation of ZT.
Angles B and T, being small enough, are considered by Ibn al-Ha’im as
equivalent to segments EZ and EQ subtended by these two angles (al-
khutat al-mustagima al-muwattara biha).
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[36] He solves right angled triangle EQZ in which Q is the right angle, EZ
is approximately equivalent to the 24’ of the maximum variation and Z
equals angle AZT, the mean lunar longitude measured from the solar
apogee as obtained from the tables.

Then,

<T = QE = EZ/60 X Sin <Z = 0;24°60 X Sin <AZT

Therefore, the final formula (see above [2] and [3]) to correct the mean
longitude obtained with the tables is:

L’,= L, + 0;24° sin (L,-A)

where L’ is the corrected mean longitude,

L, is the mean longitude obtained with the tables, and

L.-A, is the distance between the mean position of the Moon obtained with
the tables and the corrected solar apogee.

We find the same correction in zijes of later Andalusian and Maghribi
astronomers such as:

Al-Zij al-Mugqtabas by Tbn al-Kammad (fl. Cordova 12th century)®. His
procedure for calculating the longitude of the Moon is Ptolemaic, and he
uses the correction in the case of the calculation of eclipses. In fact, the
canons of Ibn al-Kammad state the following rule: "Quod si volueris locum
Lune verum pro eclipsi minue augem Solis a centro et quod remanserit fac
illud cordam et multiplica eam in duobus quintis unius minuti et duo quinti
unius minuti sunt 24 secunda et divide quod inde colligetur per 60" . Ibn al-
Kammad’s words deserve some comments. First, the use of the term corda
for the sine, following al-Battani. This use is confirmed in chapter 17 of
the canons in which he explains how to use the table of cords, cords of the
complement (= cosine), and sagittae (versed sines). Second: there seems
to be an error in his formulation for, according to him, the correction is:

I have used the Latin manuscript 10023 of Biblioteca Nacional de Madrid, Chapter
(porta) 13. See a general commentary on the tables of this zij in J. Chabds and
B.R. Goldstein (1994).
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(0;0,24 x 60 sin (L-A,) / 60

The division by 60 does not seem to have much sense and it is probably the
result of a confusion with a formula like:

(0:24 X 60 sin (L,-A,) / 60

The zij of Ibn Ishaq al-Tanist (fl. Tunis and Marrakesh ca. 1193-1222),
as preserved in the Hyderabad manuscript Andra Pradesh State Library
298'°, and the Al-Minhaj al-talib fi ta‘dil al-kawakib, by Tbn al-Banna’ al-
Marrakushi (1256-1321)". They add to their procedure for calculating the
longitude of the Moon another correction which appeared in Eastern
Islamic astronomy in the ninth century: as they obtain the longitude of the
Moon on its orbital plane, they must "reduce” it to the ecliptic by means
of a table called Jadwal ta“dil al-falak al-ma’il by Ibn Ishaq and Jadwal
ta‘dil falak al-qamar al-ma’il by Ibn al-Banna’. The manuscript of Ibn
Ishaq contains two versions of the same table'* which we also find in the
zij of Ibn al-Banna’(MS Escorial 909, fol. 25v) beside the lunar latitude
table, with a maximum of 5°. In both authors, the arguments are comprised
between 0° and 180° with a maximum of 0:6,39° for argument 45°. We can
find the same table in the astronomical handbook known as Mumtahan Zij
(MS Escorial Arabic 927, fols. 20v-23r), in the C, of the lunar equation
table of Yahya ibn Abi Mansur (fl. ca. 830) calculated for a maximum

I owe this information to Angel Mestres who is preparing the edition of this zij.
To date, he has published a detailed survey of the contents of the manuscript in
Mestres (1996).

The canons of this zij were edited by J. Vernet (1952). Chapters on the Moon are
on pp. 31-32 (Arabic text) and 87-89 (Spanish translation). On the computation
of planetary longitudes in the z7j, including the Moon, see a recent paper by J.
Samsé and E. Millas (1998).

- See Mestres (1996), p. 415.
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inclination of the lunar orbit of 4;46°"*. The "reduction to the ecliptic" as
a correction to the Ptolemaic longitude is pointed out by Pedersen'* who
has calculated a maximum correction of about 0;7° for a longitude of 45;3°
and for a maximum latitude of 5°.

In addition to this adjustment, both Ibn Ishag and Ibn al-Banna’
recommend using the correction explained by Ibn al-Ha'im when a high
degree of accuracy is needed, i.e. for the calculation of eclipses and new
moon. Ibn al-Banna’ also includes the computed values of the second
correction in a table called Table of the sarf®.

Al-Zij al-Shamil ft tahdhib al-Kamil by Tbn al-Raqgam (1245-1315). He
follows Ibn al-Ha’im word for word but he does not include the
geometrical justifications; nor does he mention Ibn al-Zarqalluh'®.

Finally, the recent publication by Mancha'” of a Provengal version of
the tables for eclipses of Levi ben Gerson (1288-1344) shows a possible
introduction of the Zarqallian correction in the work of the Jewish
astronomer: Levi says that in lunar conjunctions and oppositions one finds
a correction (divercitat) in the lunar equation (the computation of lunar
longitude ?) which could reach an amount of up to 29 minutes. I wonder
whether these 29 minutes are the result of a copying error and they
correspond to the 24 minutes of Ibn al-Zarqalluh or whether Levi ben
Gerson made a new estimation of the maximum value of the Zarqallian
correction.

" See H. Salam and E.S. Kennedy (1967), reprinted in E.S. Kennedy (1983), pp.
109-113.

" See 0. Pedersen (1974), p. 200.

" The table of sarf (MS Escorial 909, fol. 25v) is only described, not edited, in a
footnote by J. Vernet (1952), p. 88, note 177.

T have used the MS Istanbul Kandilli 249, fol. 14r (Chapter 28) and fol. 15v
(Chapter 33), as well as the partial edition of this zij presented by Muhammad
“Abd al-Rahman as a doctoral dissertation (1996b).

" See Mancha (1998).
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Determination of the Moon’s Latitude

As in the case of longitude, this question is discussed in two chapters.
Chapter 2 of the fourth book (fols. 50r-50v, pp. 99-100) and chapter 6 of
the seventh book (fols. 84r-84v, pp.165-166). In chapter 2 of the fourth
book, entitled On Determining the Lunar Latitude to the South and North
of the Ecliptic, the Argument of Latitude (hissat al-‘ard) and its
Verification, we have Ibn al-Ha’im’s instructions for using a Table of the
Differences of the Arguments of Latitude (Jadwal tafadul hisas ‘ard
al-qamar) which does not appear in the standard layout of the Ptolemaic
lunar tables. In chapter 6 of the seventh book, entitled On Determining the
Inclinations of the Degrees of the Lunar Orbit (muyil ajza’ falak al-qamar)
from the Ecliptic and the Differences of the Arguments of Latitude, we find
the general formula for the computation of a table of latitude and another
one for the aforementioned differences.

In Chapter 2 of the fourth book, the instructions to calculate the latitude
are as follows:
[37] Take the distance between the Moon’s true position (mawdi® al-qamar
al-mugawwam) and the nearer of the two nodes. Call it the first argument
(al-hissa al-ala) or the difference (al-fadla).
[38] Enter with it in the Table of the Differences of the Arguments of
Latitude, tabulated in minutes and seconds, and always add them to the
first argument in order to obtain the true argument of latitude (hissar al-
‘ard al-haqiqiyya). [As the argument used is true argument of latitude,
these tables must be calculated from 0° to 90°].
[39] Enter with it in the Lunar Latitude Table to obtain the latitude.
[40] and [41] We must take into account four possible positions of the
Moon with respect to both the ascending and descending nodes according
to the distance obtained in [37], in order to determine if the latitude is
northern or southern and if the Moon is ascending or descending on its
orbit.
[42] Tbn al-Ha’im gives a figure (fig. 3) to justify all this: Circle AGD is
the lunar orbit (a/-falak al-ma’il) and circle ABD is the parecliptic (al-falak
al-muwafig). A is the ascending node and D the descending one. G and Z
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are, respectively, the northern and southern positions of the Moon on its
orbital plane.

Figure 3

[43] We drop perpendiculars ZL and GB on the plane of the ecliptic: B and
L will be the positions of the Moon in longitude.

[44] B and L being right angles, arcs AZ and AG, on the orbital plane, are
longer than the corresponding arcs AL and AB, on the ecliptic. This
produces a difference, which, according to Ibn al-Ha’im, will reach a
maximum of about 0;7°. He then explains that the value of the latitude in
the tables is given as a function of the argument of latitude measured on the
Moon’s orbit. Thus, latitude ZL corresponds to arc AZ. But, if we enter
the latitude table with the arc AL of the ecliptic as argument instead of arc
AZ, the latitude corresponding to AL will be approximate.

[45] At the limits of eclipses Ibn al-Ha’im gives a difference between both
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arcs of about 0;3°'®. The end of the paragraph is difficult to understand
due to the blanks in the manuscript, but there is a reference to Ibn al-
Ha’im’s treatment of eclipses in another part of his work, which I have
been unable to find in the extant manuscript.

[46] Finally, he repeats the four lunar positions detailed in [40] and [41].
Chapter 6 of the seventh book explains the problem in more detail:
[47] First, Ibn al-Ha'im says, following Ptolemy, that to calculate the
latitude we must proceed as in the case of declinations, but he has a
number of remarks to make. [48] Then, he explains how to calculate the
latitude. We obtain the lunar distance from the node, measured on the lunar
orbit (al-falak al-ma’il): this will be the true argument of latitude (hissar al-

‘ard al-hagigiyya, AG in fig. 3). The formula is standard:

B = Sin ' (Sin AG X Sin 5°) / 60

He is using the Ptolemaic parameter 5° for the maximum inclination of
the lunar orbit.
[49] He then gives us the formula to find the differences. He calculates AB
which he calls hissar al-til (argument of longitude):

AB = sin (sin AG cos 5° / cos 3)
and the difference (fadl) will be:
AG - AB
[50] Ibn al-Ha'im gives a figure (fig. 4) saying that AG is the true

argument of latitude, measured on the lunar orbit, and AB the argument of
longitude, measured on the ecliptic. BG is the latitude of point G.

" This figure is correct according to the Ptolemaic values of 5° for the maximum
inclination and 15;12° for a lunar eclipse limit (Almagest VI, 5, see G.J. Toomer
(1984), p. 287 and O. Pedersen (1974), p. 230).

Suhay! 1 (2000)



The Theory of the Moon in the Al-Zij al-Kamil fi-lI-Ta‘alim ... 85

Figure 4

[51] In the figure he justifies the formula explained in [48], applying the
sine law to spherical triangle ABG:

sin BG / sin <GAB = sin AG / sin 90°

[52] And the formula of the differences using the so-called theorem of Jabir
ibn Aflah (Geber)":

sin AG / sin AB = cos BG / cos <GAB

from which he obtains AB, and then, the difference = AG - AB

" Both the sine law and Jabir’s theorem appear in the Kitab Majhiilat qist al-kura
of Ibn Mu‘adh al-Jayyani (d. 1093) and in Jabir b. Aflah’s Isiah al-Majisti. 1
do not know which source is used by Ibn al-Ha'im. See J. Samsé (1980), p.
64, note 44, reprinted in J. Samsé (1994) item VIII. On Jabir’s trigonometry
see R. Lorch (1975), reprinted in R. Lorch (1995a), item VI, and R. Lorch
(1995a) item VIII.
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The conclusion we may draw from Ibn al-Ha’im’s treatment of lunar
latitude is that it contains important information about his determination of
the lunar longitude. It seems clear that he interprets his corrected lunar
position (mawdi® al-qamar al-mugawwam) as corresponding to a lunar
longitude measured on the ecliptic (AB in fig. 4) and not on its own orbit
(AG), in spite of the fact that the instructions given by the author to
calculate longitudes do not include any reference to the "reduction to the
ecliptic" and that the Zarqallian correction, which is a function of the mean
lunar longitude and of the longitude of the solar apogee, has nothing to do
with this. As the argument for lunar latitude is not AB but AG, Ibn al-
Ha’im uses his table of differences in order to obtain an amount ¢, and then
AB + d = AG, which he uses to obtain the lunar latitude. The procedure
is related to, although to some extent in conflict with, the tradition of the
Mumtahan Zij, preserved by Ibn Ishaq and Ibn al-Banna’: there, Yahya ibn
Abi Mansir considers that, when he calculates the lunar longitude using his
lunar equation tables derived from the Handy Tables, he obtains AG which
he uses directly in order to obtain the lunar latitude. On the other hand, to
compute the longitude correctly, he must obtain AB and, for that purpose,
he uses his own table of differences mentioned above. Since his table is
calculated for arguments between 1° and 180°, the correction can be
positive or negative.

Ibn al-Ha’im’s non-extant table uses the Ptolemaic 5° for @, and
calculates his entries for arguments between 1° and 90°: as he subtracts the
lunar position from the nearer node (and not from the ascending node as
Yahya does), his corrections are always positive. A table probably similar
to that used by Ibn al-Ha’im is preserved by Ibn al-Raqqam in his Shamil
Zij®, which is also computed for arguments between 1° and 90° and for
Baax = 5° (see Appendix 2).

Concluding Remarks

Ibn al-Ha’im proposes two corrections to the standard Ptolemaic theory of
the Moon. The first is an attempt to correct the theory of lunar longitude.

* E.S. Kennedy (1997).
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The correction is ascribed to a lost astronomical work of Ibn al-Zargalluh
which Ibn al-Ha’im had read in an autograph manuscript written by the
Toledan astronomer himself. The modification consists of correcting the
Moon’s mean longitude and, consequently, the double elongation, used as
initial arguments to enter the tables. Ibn al-Ha’im interprets this correction
as a result of the displacement of the centre of the lunar mean motion to a
point on the straight line joining the centre of the Universe and the solar
apogee, and at a distance of 0;24" from the centre of the Universe. This
seems to imply the existence of a lunar equant point which will rotate with
the motion of the solar apogee. We do not know to what extent this
generalization of the correction of the Ptolemaic lunar model is due to Ibn
al-Zargalluh himself or is the result of Ibn al-Ha’im’s interpretation of Ibn
al-Zarqalluh’s work. Whatever the case, this model met with some success,
for we find the same correction in later Andalusi and Maghribi zijes
although restricted to the calculation of eclipses and new moon.

The second is a peculiar correction to the computation of the lunar
latitude that has a direct relation with a standard practice of Muslim
astronomers since the Mumtahan Zij in the calculation of longitudes.
However, it implies a change of attitude in their respect: Ibn al-Ha’im
believes that his Iunar model gives ecliptic longitudes and that,
consequently, Yahya’s reduction to the ecliptic is unnecessary for the
computation of longitudes and that an inverse reduction to the lunar orbit
has to be operated for calculating latitudes. Ibn al-Ha’im’s final result,
however, in the calculation of latitudes is necessarily different from
Ptolemy’s, for he has introduced a double correction (in the "argument of
longitude" and in the reduction to the lunar orbit). It is also obviously
different from the result obtained by Yahya b. Abi Mansir and his
followers.
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APPENDIX I

The manuscript is badly damaged and the last lines of each page are very difficult to read. 1
have used square brackets to mark the holes and the words added or reconstructed. In most
of the cases, to reconstruct the text, the zij of Ibn al-Raqqam (d.1315) has been useful since
he follows Ibn al-Ha’im textually in some passages. I have also used brackets to indicate the
MS page number as well as sequential paragraph numbers which are not part of the original
text. This paragraph numbering is referred to in my English commentary. A few orthographic
and morphological corrections have been made without comment.
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APPENDIX II

Ibn al-Raqqam. Shamil Zij. MS. Kandilli 249, fol. 73r
Table of the difference between the two arguments
(Jadwal fadl ma bayn al-hissatayn)

[Entries are in minutes. The differences in seconds between Ibn al-Raggam’s
values and the recomputed values of the table appear in brackets]

1 0;14 31 5;49 (+2) 61 5:36 (+2)
2 0;28 (+1) 32 5:55 (+2) 62 5;28 (+2)
3 0:42 (+1) 33 6:00 (+1) 63 5:20 (+2)
4 0;56 (+1) 34 6:;05 (+1) 64 5:12 (+2)
5 1:10 (+2) 35 6:10 (+1) 65 5:03 (+1)
6 23 (+1) |36 6,15 (+1) |66 754 (F1)
7 1;36 (+1) 37 6:18 67 4:44 (+1)
8 1;49 (+1) 38 6;21 68 4:34

9 2:;00 (-1) 39 6;24 69 4:23

10 2:15(+1) 40 627 70 4:12 (-1)
11 2:28 (+1) 41 6;29 71 4:01 (-1)
12 241 (+1) |42 6,31 72 3:50 (-1)
13 2:53 (+1) 43 6:33 (+1) 73 3:39 (-1)
13 305 (+1) |43 634 (+1) |72 327 ()
15 3,16 75 635 (+2) |75 3:16 (-1)
16 3;27 (-1) 46 6;34 (+1) 76 3;05

17 3;39 (-1) 47 6;33 (+1) 77 2;53 (+1)
18 3:50 (-1) 48 6;31 78 2:41 (+1)
19 4:01 (-1) 49 6;29 79 2;28

20 4;12 50 6;27 80 2:15

21 4:23 51 6;24 (-1) 81 2;02

22 4:34 (+1) 52 6:21 (-1) 82 1:49

23 4:44 (+2) 53 6;18 83 1;36

24 4:54 (+2) 54 6;15 (+1) 84 1:23 (+1)
25 5;03 (+2) 55 6;10 85 1;10 (+1)
26 5;12 (+3) 56 6;05 86 0;56 (+1)
27 5;20 (+2) 57 6;00 87 0;42

28 528 (+2) |58 555 (+1) |88 0:28 (+1)
29 5:36 (+3) 59 5;49 (+2) 89 0;14 (-1)
30 5:43 (+3) 60 5:43 (+2) 90 0;00
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