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Abstract
The limits of solar and lunar eclipses were computed by Ptolemy in Almagest VI.5 to
establish the maximum interval in the argument of latitude in which it was possible for an
eclipse to occur when the moon’s mean position in the argument of latitude at each mean
syzygy falls within the limits of this interval. To determine these limits, Ptolemy first
obtained the true nodal distance of the Moon in the lunar inclined orbit at the apparent
syzygy for a minimum possible eclipse. He then added to this true position the maximum
difference in the argument of latitude between the mean and true syzygies. The interval
obtained, after taking into account the argument of latitude of the lunar nodes, was
slightly wider than the maximum interval in the argument of latitude of lunar mean
positions at mean syzygies for solar eclipses. This can be seen, either, as a suitable but
rough estimate of the correct value or as an inaccurate procedure for deducing the lunar
mean position in the argument of latitude at mean syzygies from apparent syzygies.
J×bir b. Afla¬, the twelfth-century Andalusian astronomer, understood Ptolemy’s
procedure in this second sense. He noticed this point and showed the accurate procedure
for obtaining lunar mean positions in the argument of latitude at the mean syzygy from
the apparent syzygy and thus provided more accurate estimations of the eclipse limits.

1. Introduction
In this paper I will discuss the first criticism of Ptolemy appearing in Book V of J×bir b.
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árabes (siglos X-XV)”, sponsored by the Spanish Ministry of Education and Science (FFI2008-00234/FILO)
and FEDER.

4

José Bellver

SCIAMVS 12

Afla¬’s I½l×¬ al-MajisÐ÷.2 J×bir b. Afla¬ was an Andalusian mathematician and
astronomer, probably from Seville, known in the Latin world as Geber.3 He was active
during the first part of the 12th century. His most notable work was the I½l×¬ al-MajisÐ÷ or
Correction of the Almagest, in which he rewrote the Almagest to simplify its
mathematics. He also introduced some criticisms of the original Almagest, although these
were mainly from a mathematical perspective. The I½l×¬ al-MajisÐ÷ was an astronomical
handbook in circulation until the 18th century, above all in the Latin world.4 It was

2

For a general introduction to J×bir b. Afla¬, see R.P. Lorch (1975), “The Astronomy of J×bir b. Afl×¬”,

Centaurus, Vol. 19, pp. 85-107 (reprint in R.P. Lorch (1995a), Arabic Mathematical Sciences: Instruments,
Text, Transmission, Aldershot,

VI)

an abridgement of his doctoral thesis read at Manchester University in

1971: J×bir ibn Afla¬ and his Influence in the West; José Bellver (2008), “On Jābir b. Afla¬’s Criticisms of
Ptolemy’s Almagest” in E. Calvo et al. (2008), A Shared Legacy: Islamic Science East and West. Homage to
professor J.M. Millás Vallicrosa, Barcelona, pp. 230-8; and J. Bellver (2009), “El lugar del I½l×¬ al-Ma¥isÐ÷
de ¤×bir b. Afla¬ en la llamada «rebelión andalusí contra la astronomía ptolemaica»”, al-QanÐara, Vol. 30,
fasc. 1 (2009), pp. 83-136. Lorch has written other papers on the work of J×bir b. Afla¬, such as R.P. Lorch
(1976), “The Astronomical Instruments of J×bir ibn Afla¬ and the Torquetum”, Centaurus, Vol. 20, pp. 11-34
(reprint in R.P. Lorch (1995a),

XVI);

R.P. Lorch (1995c), “J×bir ibn Afla¬ and the Establishment of

Trigonometry in the West” in Lorch (1995a), VIII; R.P. Lorch (1995b), “The Manuscripts of J×bir’s Treatise”
in Lorch (1995a),

VII;

R.P. Lorch (2001), Th×bit ibn Qurra, On the Sector-Figure and Related Texts. Edited

with Translation and Commentary, Frankfurt am Main, pp. 387-90. Other scholars have studied aspects of
J×bir b. Afla¬’s work, such as N.M. Swerdlow (1987), “J×bir ibn Afla¬’s interesting method for finding the
eccentricities and direction of the apsidal line of superior planets” in D.A. King and G. Saliba (eds.) (1987),
From Deferent to Equant. A Volume of Studies in the History of Science in the Ancient and Medieval Near
East in Honour of E.S. Kennedy, New York, pp. 501-12; H. H. Hugonnard-Roche (1987), “La théorie
astronomique selon J×bir ibn Afla¬”, in G. Swarup, A.K. Bag and K.S. Shukla (1987), History of Oriental
Astronomy. Proceedings of an International Astronomical Union Colloquium nº 91 (1985), Cambridge, pp.
207-8; J. Samsó (2001), “Ibn al-Haytham and J×bir b. Afla¬’s Criticism of Ptolemy’s Determination of the
Parameters of Mercury”, Suhayl, Vol. 2 (2001), pp. 199-225 (reprint in J. Samsó (2007), Astronomy and
Astrology in al-Andalus and the Maghrib, Aldershot - Burlington, VII); J. Bellver (2006), “J×bir b. Afla¬ on
the four-eclipse method for finding the lunar period in anomaly”, Suhayl, Vol. 6 (2006), pp. 159-248; J.
Bellver (2007a), “¤×bir b. Afla¬ en torno a la inclinación de los eclipses en el horizonte”, Archives
Internationales d’Histoire des Sciences, Vol. 57, Fasc. 158 (2007), pp. 3-25; and J. Bellver (2007b), “J×bir b.
Afla¬ on lunar eclipses”, Suhayl, Vol. 8 (2008), pp. 47-92.
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translated into Latin by Gerard of Cremona (1114-1187) and published in 1534 by Petrus
Apianus (1495-1552).5 The I½l×¬ al-MajisÐ÷ was also translated into Hebrew twice: in
1274 by Moshe ibn Tibbon (fl. 1240-1283), and by Jacob ben Ma¬ir ibn Tibbon (12361304). This second translation was corrected by Samuel ben Jehuda of Marseille (fl. 2nd
quarter XIV c.) in 1335.
The first criticism appearing in Book V of J×bir b. Afla¬’s I½l×¬ al-MajisÐ÷ deals with
the limits of the inclined lunar orbit in which an eclipse can take place. J×bir refers to this
error in his introduction to the I½l×¬ al-MajisÐ÷ stating that “there is another error in the
limits of solar eclipses”.6 Ptolemy treats this issue in Almagest VI.5.7
First we briefly describe Ptolemy’s approach to eclipse limits. Then we show J×bir b.
Afla¬’s description of the error committed by Ptolemy and his solution to it. The last two
sections are devoted to the edition and translation of this criticism in the I½l×¬ al-MajisÐ÷.

2. On the solar and lunar eclipse limits according to the Almagest
Ptolemy intends to predict whether an eclipse may occur given the nodal distance of the
mean syzygy. If the mean syzygy falls within the maximum nodal distances determined
by minimum eclipses, then an eclipse can occur. Knowing these limits, Ptolemy does not
need to compute the possibility of an eclipse occurring for all mean syzygies.8 By ‘limit’
he understands the greatest nodal distance along the inclined lunar orbit of a mean syzygy
which is related to an apparent syzygy in which an eclipse may occur.
Consequently, Ptolemy must consider those variables that maximize the eclipse limits.
This happens when the eclipses are the minimum possible; that is when the Sun and
Moon, for solar eclipses, or the Sun and the Earth’s shadow, for lunar eclipses, have a
minimum contact at the mid-eclipse. However, Ptolemy simplifies this minimum eclipse
in order to make the computations easier (see Figure 1). First, he considers the arcs of the
ecliptic and the inclined orbit as straight lines in order to apply plane trigonometry.
Secondly, he considers the apparent syzygy instead of the mid-eclipse.

5
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Figure 1. Minimum solar eclipse according to Ptolemy.

The maximum nodal distances of a minimum eclipse can be obtained when
considering the maximum apparent radii of the Sun and the Moon (for solar eclipses) or
of the Moon and the Earth’s shadow (for lunar eclipses). A first approximation to the
computation of nodal distances in the inclined orbit of the apparent Moon during a
minimum eclipse is, for solar eclipses:

ωa =

ra + rb
sin i

(1a)

and for lunar eclipses:

ωa =

rb + rs
sin i

(1b)

where ωa refers to the nodal distance of the Moon at a minimum eclipse at the apparent
syzygy, r , r and rs are the radius of the Sun, the Moon and the shadow cone, and i is the
angle of inclination between the inclined orbit and the ecliptic. Ptolemy wants to obtain
an estimation of lunar mean positions at mean syzygies in order to know whether it is
possible for an eclipse to occur. He follows two steps:
i. first, he obtains the true position of the Moon at the apparent syzygy and
ii. second, he estimates the maximum lunar mean position for the lunar true position
at the apparent syzygy.
In the first step, the parallax effect must be considered. For lunar eclipses, given that
there is no effect due to parallax,9 the apparent syzygy is equal to the true one. So for
lunar eclipses

ωt = ωa =

rb + rs
sin i

(2a)

where ωt refers to the nodal distance of a minimum eclipse at the apparent syzygy which,
in the case of lunar eclipses, is equivalent to the true syzygy. For solar eclipses, the
apparent syzygy depends mainly on the lunar parallax. So in order to maximize the
eclipse limits, Ptolemy considers those maximum parallaxes in latitude and longitude
depending on whether the eclipse occurs to the north of the node or to the south of it. So
the true position of the Moon at the apparent syzygy, for solar eclipses, is

9

Cf. Toomer, 174.
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ra + rb + pβ
sin i

+ pλ

7

(2b)

where now ωt refers to the true nodal distance of a minimum eclipse at the apparent
syzygy, pβ and pλ refer to the maximum parallax in latitude and longitude of the apparent
Moon, once the solar parallax is subtracted.10 The following table shows the Ptolemaic
nodal distances of the eclipse limits given the true lunar position at the apparent syzygy,
which for lunar eclipses is equivalent to the true syzygy:11
Eclipse limits given the true lunar position at the apparent syzygy in nodal
distance
To the south of the node
To the north of the node
Solar eclipse
8;22º
17;41º
Lunar eclipse
12;12º
12;12º
The next step is to estimate for the above true values lunar mean positions maximizing
the eclipse limits. Since we are looking for the maximum limits, the difference between
the mean and the true syzygies must be the greatest possible. The maximum difference
between true and mean syzygies is approximately 3º.12 That is
[ λt – λm ]max ≅ 3º
where λt is the longitude of the true syzygy and λm is the longitude of the mean syzygy. In
order to apply this maximum difference between true and mean syzygies, Ptolemy
approximates nodal distances by longitudes. Therefore, the maximum nodal distance (ωm)
of a minimum lunar eclipse given a mean syzygy, that is the nodal distance of the lunar
eclipse limits according to Ptolemy, is

ωm =

rb + rs
+ 3º
sin i

(3a)

while the maximum nodal distance (ωm) of a minimum solar eclipse given the maximum
lunar mean position for the apparent syzygy, that is the nodal distance of the solar eclipse
limits according to Ptolemy, is

ωm =

ra + rb + pβ
sin i

+ pλ + 3º .

(3b)

So we can tabulate the different values provided by Ptolemy of the eclipse limits.

10

See Pedersen, 229 and Toomer, 174 for the parallax values applied by Ptolemy depending on whether the

eclipse is to the north or to the south of a node.
11

See Toomer, 285-6 for the computation of these values.

12

See Toomer, 286 and HAMA, 125-126 for the computation of this difference.
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Maximum nodal distance of the limits
To the south of the node
Solar eclipse
11;22º
Lunar eclipse
15;12º
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To the north of the node
20;41º
15;12º

And assuming that the descending node is at 90º and the ascending one at 270º, the
arguments of latitude of the limits are:
Arguments of latitude of the limits
Descendant Node
North side
South side
Solar eclipse
69;19º
101;22º
Lunar eclipse
74;48º
105;12º

Ascendant Node
South side
North side
258;38
290;41º
254;48º
285;12º

This is Ptolemy’s procedure for obtaining the maximum limits in the inclined orbit in
which an eclipse can occur estimated from mean syzygies.

3. J×bir b. Afla¬’s criticism
Before considering the actual method for obtaining the limits, J×bir b. Afla¬ stresses the
need to know the value of the maximum apparent diameters of the Sun, the Moon and the
shadow cone, and points out several minor variations with respect to Ptolemy’s remarks:
So [Ptolemy] needed to determine the measure of the arc subtended by the lunar diameter when,
at the syzygies, it is at the perigee. As previously, he determined that [value] relying upon two
observed lunar eclipses. In both eclipses, the Moon was near the perigee of the epicycle. He
found that [its value] was 0;35

1
º. With this, he obtained the measure of the arc subtended by
3

the diameter of the shadow circle at this distance itself; and found that [its value] was 1;32º. He
did [it] on the condition that the measure of this circle, i.e. the circle of the shadow, does not
differ at the same distance of the Moon from the Earth, but in reality, it differs because of the
solar eccentricity relative to the centre of the world. However, this difference (ikhtil×f) is small,
since the value of this eccentricity is not big. And for this reason, he did not calculate this
difference (ikhtil×f). [In addition], he had previously determined the measure of the arc, which
the diameter of the Sun subtends, of the circle passing through it [i.e. the Sun], i.e. 0;31

1
º. But
3
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in like manner, in reality, it differs because of the solar eccentricity, although this difference is
imperceptible.13

So J×bir b. Afla¬ notes that Ptolemy did not take into account the solar eccentricity to
compute the apparent diameter of the shadow cone and of the Sun. He remarks that the
variations introduced by the solar eccentricity are negligible. These technical minutiae
bear witness to J×bir b. Afla¬’s extremely critical approach.
After these preliminary remarks, J×bir b. Afla¬ abridges Ptolemy’s method to obtain
the limits in which an eclipse can occur. Next, he continues by stating his criticism:
[Ptolemy] committed a mistake (wahm) when he added these three degrees, which correspond to
the maximum [difference] between the positions of the [mean and true] syzygies, to the [true]
nodal distance of the lunar body at the moment of the apparent syzygy. However, it is only
appropriate to add [these three degrees] to the position of the Moon at the moment of the true
syzygy, since these three degrees only correspond to the maximum [difference] between the
positions of the mean and true syzygies, and not to the [maximum difference] between the mean
and apparent syzygies.14

That is, the maximum difference in longitude between the mean and the true syzygy
can only be added to the true syzygy. Instead, Ptolemy only obtains the true position of
the Moon at the apparent syzygy and not the true syzygy.
J×bir b. Afla¬ corrects Ptolemy in two steps:
i.
ii.

First, given the true Moon at the apparent syzygy, he obtains the true syzygy.
Second, he chooses the parallax that maximizes the limits in which an eclipse can
occur.

Finally, because he is working with true syzygies, J×bir b. Afla¬ adds, as Ptolemy
does, the maximum difference between the mean and the true syzygy, i.e. 3º, to the result
obtained in the previous steps.

3.1 First correction
J×bir b. Afla¬ bases his first correction upon Figure 2 where point B is a node, the arc of
great circle AB is a section of the ecliptic, the arc of great circle BG a section of the
inclined lunar orbit, point A is the apparent position of the centre of the solar body, point
E is the apparent position of the centre of the lunar body and point D is the true position

13

Cf. infra p. 23.

14

Cf. infra p. 25.
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of the Moon. Circle AE is perpendicular to the ecliptic. Therefore, the arc of great circle
ED is the lunar parallax at the apparent syzygy and thus arc GD is approximately the
lunar parallax in longitude and arc EG is the lunar parallax in latitude. Arc GD can be
considered as the lunar parallax in longitude since the inclination of the inclined orbit
relative to the ecliptic is relatively small.
J×bir b. Afla¬, in the first step of his correction, wants to obtain the true syzygy from
the true position of the Moon at the apparent syzygy, i.e. point D. In order to obtain the
true syzygy he relies upon the mean motions of both luminaries in the ecliptic. These
are15

va = 0;59,8o d
vb = 13;10,34o d .
J×bir b. Afla¬ considers the following proportion between both mean motions

va 1
≅ .
vb 13

(4)

Figure 2. First approach to obtain the eclipse limits according to J×bir b. Afla¬.

We will now obtain the true syzygy from the apparent one, according to J×bir b.
Afla¬’s first correction.
Let us suppose that the apparent syzygy occurs before the true one and that, at the
apparent syzygy, the Sun is on point A and the Moon on point D, as illustrated in Figure 2
where BD > BA. Under these conditions, the Sun and the Moon must approach to the
node and the true syzygy must be in between the node, point B, and the nodal distance in

15

Cf. Pedersen, 188.
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the inclined orbit of the apparent syzygy, point G. Should the Moon and the Sun
withdraw from the node with the apparent syzygy taking place before the true one and
BD > BA, the Moon will move away from the Sun and the next syzygy will not take
place until a return of the Moon in its inclined orbit.
Whereas, in Figure 2 with BD > BA, if the true syzygy occurs before the apparent
syzygy and the true syzygy is in between the node, point B, and the nodal distance in the
inclined orbit of the apparent syzygy, point G, the Moon and the Sun must withdraw from
the node.
In order to obtain the true syzygy, J×bir b. Afla¬ presents his method without any
demonstration. He first divides the arc of great circle GD in twelve parts. Next, he
endeavours to obtain a point, Z, in the inclined orbit to the left of point G, whose distance
from point G is a twelfth part of arc GD.
Therefore,

DZ =

13
DG .
12

(5)

J×bir b. Afla¬ considers that point Z is the position of the Moon at the true syzygy, as
in Figure 3, where the true syzygy corresponds to the dashed line.

Figure 3. Resolution of the apparent syzygy from the true one.

At the apparent syzygy, the true Sun is at point A while the true Moon is at point D.
During the time interval, ∆t, the Sun traverses ∆λ☼ = v☼ ∆t and the Moon traverses

∆λb = vb∆t ≅

vb
∆λa ≅ 13∆λa
va

(6)

where true motions have been approximated by mean motions. The difference in
longitude traversed by the Moon and the Sun during the time elapsed between the

12
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apparent and the true syzygies amounts to the lunar parallax in longitude once the solar
parallax is subtracted. Hence,

pλ = ∆λb − ∆λa ≅

vb − va
∆λa ≅ 12∆λa
va

(7)

where pλ is the lunar parallax once the solar parallax is subtracted. From (6) and (7), the
longitude traversed by the Moon (∆λ ) during the time elapsed between the apparent
syzygy and the true one (∆t) is

∆λb = vb∆t ≅

vb
pλ .
vb − va

J×bir b. Afla¬ then approximates nodal distances by longitudes and hence considers
that the nodal distance traversed by the Moon (∆ω ) during the time elapsed between the
apparent syzygy and the true one (∆t) is approximately equal to the longitude traversed
by the Moon (∆λ ) during that time interval. Therefore he obtains

∆ωb ≅

vb
pλ ,
vb − va

which corresponds to the geometric relation expressed in (5).
So J×bir b. Afla¬’s procedure is based upon two approximations: first, he considers
longitudes as distances in the inclined orbit; and second, he considers mean motions
instead of true motions. As to this second approximation, since the maximum possible
values of the solar and lunar equations are considered, the true solar and lunar motions
are approximately equal to the mean ones.
In short, after this first correction, J×bir b. Afla¬’s solution to equation (3b) is

ωm =

ra + rb + pβ
sin i

−

pλ
+ 3º .
12

(8)

3.2. Second correction
After the first correction and his new procedure for computing the eclipse limits, J×bir b.
Afla¬ discusses a second correction (see Figure 4):
In consequence, there must be for the position in which he placed the Moon in this figure a
decrement in the [eclipse] limit in the measure of arc DZ.
However, in reality the [correct solution for this] matter is not like that, since [Ptolemy], in
addition to the error by which he added these three degrees to arc DB, committed another
mistake in the position of the Moon at the moment of the apparent syzygy, as he placed it further
away from the node than point G, but the position of the Moon must be nearer the node than
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point G, such as at point H of this figure; and thus arc HE would be the total [lunar] parallax, arc
GH the [lunar] parallax in longitude and arc GE the [lunar] parallax in latitude.16

Figure 4. Second approach to obtain the eclipse limits according to J×bir b. Afla¬.

In this second correction, J×bir b. Afla¬ considers that the true Moon, at the apparent
syzygy, must be nearer to the node, as in point H, than the true Sun in order to maximize
the eclipse limits. Hence the appropriate parallax in longitude, according to J×bir b. Afla¬,
must be subtracted from the apparent Moon, not added to it, as is done by Ptolemy. J×bir
b. Afla¬ can choose this new maximum parallax in longitude of the opposite sign to
Ptolemy’s, since an eclipse can occur in whatever ecliptic longitude and whatever
horizon, and hence its parallax in longitude can be either positive or negative. Under this
condition, if the Sun and the Moon withdraw from the node and the apparent syzygy
occurs before the true one, the true syzygy, point T, is farther away from the node, point
B, than the apparent syzygy, point G, as illustrated in Figure 5. A similar situation is
found if the Sun and the Moon approach to the node and the true syzygy occurs before
the apparent one.
Although J×bir b. Afla¬ considers that Ptolemy has committed a second mistake, it
does not seem fully justified to follow him on this point, since this is a logical
consequence of Ptolemy’s rough estimate pointed out in first place.

16

Cf. infra p. 26.
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Figure 5. Changes due to the second correction

Therefore, after this second correction, J×bir b. Afla¬’s final solution to the eclipse
limits is

ωm =

ra + rb + pβ
sin i

+

pλ
+ 3º .
12

(9)

Finally, J×bir b. Afla¬ provides the numerical corrections to the Ptolemaic magnitudes.
Hence, in reality there must be a decrement in the [eclipse] limit that he obtained in the measure
of arc DT which for the greater limit, in which the parallax in longitude is 0;15º, is 0;13

3
º; and
4

which for the smaller limit, in which the parallax in longitude is 0;30º, is twice this value [i.e.
twice 0;13

3
1
º], that is 0;27 º; and that is what we wanted to demonstrate.17
4
2

J×bir b. Afla¬’s corrections subtract

DT =

11
11
GD =
pλ
12
12

from Ptolemy’s values. These corrections amount to:
11
11
0;27,30° = 0;30° (to the south of the node) and 0;13,45° = 0;15° (to the
12
12
north of the node).
The new values, according to J×bir b. Afla¬, are:

17

Cf. infra p. 26.
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Solar eclipses
To the south of the node
Maximum parallax in
longitude
Limits according to
Ptolemy
Correction according to
J×bir b. Afla¬
Limits according to J×bir
b. Afla¬

To the north of the node

0;30º

0;15º

11;22º

20;41º

– 0;27,30º

– 0;13,45º

10;54,30º

20;27,15º

And the percentage correction of J×bir b. Afla¬’s values relative to Ptolemy’s is:
Solar eclipses
To the south of the node
Percentage correction
according to J×bir b.
Afla¬

– 4.032%

To the north of the node
– 1.108%

And assuming the descending node to be at 90º and the ascending one at 270º, the
arguments of latitude of the limits according to J×bir b. Afla¬ are:
Arguments of latitude of the limits according to J×bir b. Afla¬
Descendant Node
Ascendant Node
North side
South side
South side
North side
Solar eclipse
69;32,45º
100;54,30º
259;5,30º
290;27,15º
Lunar
74;48º
105;12º
254;48º
285;12º
eclipse
The limits of the lunar eclipses are the same as Ptolemy’s since J×bir b. Afla¬ has not
applied any correction to this kind of eclipse.

4. Conclusion
In this paper, we have considered J×bir b. Afla¬’s first criticism of Ptolemy appearing in
Book V of J×bir b. Afla¬’s I½l×¬ al-MajisÐ÷. His criticism is aimed at Ptolemy’s method
for obtaining the limits of the inclined orbit in which an eclipse can occur given mean
syzygies. Therefore, J×bir b. Afla¬’s criticism is of a mathematical character.
J×bir b. Afla¬’s criticism does not invalidate the Ptolemaic method for obtaining the
limits of the eclipses since the limits obtained by Ptolemy are slightly greater than the
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ones corrected by the author of the I½l×¬ al-MajisÐ÷, which amount to decreases of 4% and
1%. We stress that J×bir b. Afla¬’s concern, in addition to his pedagogical purpose, is
theoretical consistency, not a substantial improvement in the procedures applied.
We should also consider the possibility that Ptolemy was aware that these detailed
computations would not lead to any increase in accuracy. There are a number of places in
the Almagest where it can be shown that Ptolemy did more detailed, computationally
heavy, work before settling on the simplified presentation we find in the finished text.

5. Edition18
[Es1 f. 56v, Es2 f. 67v, B. f. 58v]
ﻓﻴﻤﺎ ﻳﻨﺒﻐﻲ أن ﻳﺘﻘﺪم اﻟﻌﻠﻢ ﺑﻪ ﻣﻦ أﺣﻮال اﻟﻜﺴﻮﻓﺎت
19

وﻟﻤﺎ ﺗﺒﻴﻦ ﻟﻪ ﺟﻤﻴﻊ ﻣﺎ ﺗﻘﺪم ﻣﻦ أﺣﻮال اﻟﻨﻴﺮﻳﻦ أﺧﺬ ﺑﻌﺪ ذﻟﻚ ﻓﻲ ﺗﺒﻴﻴﻦ أﻣﺮ آﺴﻮﻓﺎﺗﻬﻤﺎ ﻓﻨﻈﺮ ﻓﻲ ﺗﺒﻴﻴﻦ ﺣﺪود اﻟﻜﺴﻮﻓﺎت
[ ﻣﻦ اﻟﻔﻠﻚ اﻟﻤﺎﺋﻞ اﻟﺘﻲ إذا آﺎن ﻣﻮﺿﻊ اﻻﺗﺼﺎل اﻟﻮﺳﻄﻲ ﻓﻴﻤﺎEs2 f. 68r] اﻟﺸﻤﺴﻴﺔ واﻟﻘﻤﺮﻳﺔ أﻋﻨﻲ ﺗﺤﺪﻳﺪ اﻟﻤﻮاﺿﻊ
 ﺑﻴﻨﻬﻤﺎ وﺑﻴﻦ إﺣﺪى اﻟﻨﻬﺎﻳﺘﻴﻦ آﺎن ﻣﻤﺘﻨﻌﺎ ﻓﺒﻴﻦ ذﻟﻚ22 ﻣﻤﻜﻨﺎ وإذا آﺎن ﻓﻴﻤﺎ21 اﻟﻜﺴﻮف20ﺑﻴﻨﻬﻤﺎ وﺑﻴﻦ إﺣﺪى اﻟﻌﻘﺪﺗﻴﻦ آﺎن
 وذﻟﻚ أﻧﻪ ﻗﺪ آﺎن ﺗﺒﻴﻦ ﻟﻪ ﻓﻴﻤﺎ ﺗﻘﺪم ﻣﻘﺪار اﻟﻘﻮس اﻟﺘﻲ ﻳﻮﺗﺮهﺎ ﻗﻄﺮ اﻟﻘﻤﺮ ﻣﻦ اﻟﺪاﺋﺮة اﻟﻤﺎرة ﺑﻪ وهﻮ ﻓﻲ23ﻋﻠﻰ هﺬﻩ اﻟﺠﻬﺔ
أﺑﻌﺪ ﺑﻌﺪﻩ ﻣﻦ اﻷرض ﻓﻲ اﻻﺗﺼﺎﻻت وهﺬﻩ اﻟﺤﺪود إﻧﻤﺎ ﻳﻨﺒﻐﻲ أن ﺗﻄﻠﺐ واﻟﻘﻤﺮ ﻓﻲ أﻗﺮب ﻗﺮﺑﻪ ﻣﻦ }اﻷرض ﻓﻲ
 ﻳﻮﺗﺮهﺎ ﻗﻄﺮ اﻟﻘﻤﺮ إذا25 ﻓﻠﻚ اﻟﺘﺪوﻳﺮ ﻓﺎﺣﺘﺎج أن ﻳﺒﻴﻦ ﻣﻘﺪار اﻟﻘﻮس اﻟﺘﻲ24{اﻻﺗﺼﺎﻻت أﻋﻨﻲ إذا آﺎن ﻓﻲ أﻗﺮب ﻗﺮﺑﻪ ﻣﻦ
 ذﻟﻚ ﺑﻤﺜﻞ ﻣﺎ ﺗﻘﺪم ﺑﻜﺴﻮﻓﻴﻦ ﻗﻤﺮﻳﻴﻦ رﺻﺪهﻤﺎ واﻟﻘﻤﺮ ﻓﻲ آﻞ واﺣﺪ ﻣﻨﻬﻤﺎ26آﺎن ﻓﻲ اﻟﺒﻌﺪ اﻷﻗﺮب ﻓﻲ اﻻﺗﺼﺎﻻت ﻓﻴﺒﻴﻦ

18

What follows is not a critical edition but a working one, based only on the Arabic manuscripts extant in

Arabic script. We have not used the Arabic manuscripts in Hebrew script, or the Hebrew or Latin
manuscripts, although Apianus’ Latin edition published in 1534 was consulted during the preparation of this
study. The three extant Arabic manuscripts in Arabic script on which the edition is based are Mss. Escorial
910 henceforth referred to as Es1, Escorial 930 henceforth referred to as Es2 and Berlin 5653 henceforth
referred to as B. Whenever a variant appears in an annotation relating to a particular manuscript, the
published version considered correct is that of the manuscripts that do not appear in the annotation. Whenever
a variant affects more than one word, its extension has been indicated with braces. Whenever a variant is an
addition to the text, it has been indicated with a + sign. Lastly, whenever two pairs of braces are intertwined,
the correspondence is indicated with a number subscripted.
19

Ms. Es1 آﺴﻮﻓﺎن.

20

Ms. B. آﺎﻧﺖ.

21

Ms. Es2 آﺴﻮﻓﺎت.

22

Not in Ms. B.

23

Ms. B., Es2 ﺻﻔﺔ.

24

Not in Mss. B., Es2.

25

Ms. B., Es2 اﻟﺬي.

26

Ms. Es1 ﻳﺒﻴﻦ.
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ﻗﺮﻳﺐ ﻣﻦ ﺑﻌﺪﻩ 27اﻷﻗﺮب ﻣﻦ ﻓﻠﻚ اﻟﺘﺪوﻳﺮ ﻓﻮﺟﺪهﺎ 28ﺧﻤﺲ 29وﺛﻼﺛﻴﻦ دﻗﻴﻘﺔ وﺛﻠﺚ دﻗﻴﻘﺔ وﺑﺬﻟﻚ }ﻋﻠﻢ أﻳﻀﺎ{ 30ﻣﻘﺪار
اﻟﻘﻮس اﻟﺘﻲ }ﻳﻮﺗﺮهﺎ ﻗﻄﺮ{ 31داﺋﺮة اﻟﻈﻞ ﻓﻲ ذﻟﻚ اﻟﺒﻌﺪ ﺑﻌﻴﻨﻪ ﻓﻮﺟﺪهﺎ ﺟﺰءا واﺣﺪا 32واﺛﻨﺘﻴﻦ وﺛﻼﺛﻴﻦ دﻗﻴﻘﺔ وﻋﻤﻞ ﻋﻠﻰ
أن ﻣﻘﺪار هﺬﻩ اﻟﺪاﺋﺮة أﻋﻨﻲ داﺋﺮة اﻟﻈﻞ ﻻ ﺗﺨﺘﻠﻒ ﻓﻲ اﻟﺒﻌﺪ اﻟﻮاﺣﺪ ﻟﻠﻘﻤﺮ ﻣﻦ اﻷرض وهﻲ 33ﻓﻲ اﻟﺤﻘﻴﻘﺔ ﺗﺨﺘﻠﻒ ﻣﻦ أﺟﻞ
ﺧﺮوج ﻣﺮآﺰ داﺋﺮة اﻟﺸﻤﺲ ﻋﻦ ﻣﺮآﺰ ] [Es1 f. 57rاﻟﻌﺎﻟﻢ إﻻ أن اﻻﺧﺘﻼف ﻓﻴﻬﺎ ﻳﺴﻴﺮ ﻣﻦ أﺟﻞ أن 34ﺧﺮوج هﺬا
اﻟﻤﺮآﺰ ﻟﻴﺲ ﺑﺎﻟﻜﺜﻴﺮ وﻣﻦ أﺟﻞ ذﻟﻚ ﻟﻢ ﻳﻌﺘﺪ هﺬا 35اﻻﺧﺘﻼف وﻗﺪ آﺎن ﻳﺒﻴﻦ ﻟﻪ ﻓﻴﻤﺎ ﺗﻘﺪم ﻣﻘﺪار اﻟﻘﻮس اﻟﺘﻲ ﻳﻮﺗﺮهﺎ ﻗﻄﺮ
اﻟﺸﻤﺲ ﻣﻦ اﻟﺪاﺋﺮة اﻟﻤﺎرة ﺑﻬﺎ وذﻟﻚ إﺣﺪى وﺛﻼﺛﻮن دﻗﻴﻘﺔ وﺛﻠﺚ وآﺬﻟﻚ }ﺗﺨﺘﻠﻒ أﻳﻀﺎ{ 36هﺬﻩ اﻟﻘﻮس ﻓﻲ اﻟﺤﻘﻴﻘﺔ ﻣﻦ
أﺟﻞ ﺧﺮوج ﻣﺮآﺰ داﺋﺮة اﻟﺸﻤﺲ إﻻ أن اﺧﺘﻼﻓﻬﺎ أﻳﻀﺎ ﻏﻴﺮ ﻣﺤﺴﻮس ﻓﺎﻟﻤﺠﺘﻤﻊ 37ﻣﻦ ﻧﺼﻔﻲ ﻗﻄﺮي اﻟﻨﻴﺮﻳﻦ ﻳﻜﻮن ﺛﻼﺛﺎ
39
وﺛﻼﺛﻴﻦ دﻗﻴﻘﺔ وﻋﺸﺮﻳﻦ ﺛﺎﻧﻴﺔ ﻓﻠﺬﻟﻚ إذا آﺎن ﻓﻲ آﺴﻮف اﻟﺸﻤﺲ ﺑﻌﺪ ﻣﺎ ﺑﻴﻦ ﻣﺮآﺰي اﻟﻘﻤﺮ واﻟﺸﻤﺲ اﻟﺬﻳﻦ ﻳﺮﻳﺎن 38ﺛﻼﺛﺎ
41
وﺛﻼﺛﻴﻦ دﻗﻴﻘﺔ وﻋﺸﺮﻳﻦ ﺛﺎﻧﻴﺔ ﻓﺤﻴﻨﺌﺬ أول ﻣﺎ ﻳﻤﻜﻦ أن ﻳﻜﻮن ] [B. f. 59rوﺿﻊ 40اﻟﻘﻤﺮ اﻟﺬي ﻳﺮى ﻋﻠﻰ ﻣﻤﺎﺳﺔ
اﻟﺸﻤﺲ وﺧﻂ ﻟﺬﻟﻚ ﻣﺜﺎﻻ ﻋﻠﻰ هﺬﻩ اﻟﺼﻔﺔ.
]اﻧﻈﺮ ﺷﻜﻞ  [6ﻟﺘﻜﻦ ﻗﻄﻌﺔ ﻣﻦ داﺋﺮة اﻟﺒﺮوج ﻋﻠﻴﻬﺎ أﻟﻒ ﺑﺎء وﻗﻄﻌﺔ ﻣﻦ اﻟﻔﻠﻚ اﻟﻤﺎﺋﻞ ﻋﻠﻴﻬﺎ ﺟﻴﻢ دال وﺟﻌﻞ ﻣﺴﻴﺮات
اﻟﻜﺴﻮﻓﺎت ﻣﻨﻬﻤﺎ 42ﻣﺘﻮازﻳﺔ وﻟﻴﻜﻦ ﻣﺮآﺰ ﺟﺮم 43اﻟﻘﻤﺮ ﻓﻲ اﻟﺪاﺋﺮة اﻟﻤﺎﺋﻠﺔ ﻓﻲ زﻣﺎن اﻻﺟﺘﻤﺎع اﻟﻤﺮﺋﻲ ﻧﻘﻄﺔ دال
وﻣﻮﺿﻌﻪ 44اﻟﻤﺮﺋﻲ ﻧﻘﻄﺔ هﺎء ] [Es2 f. 68vوﺗﻜﻮن ﻗﻮس دال هﺎء اﺧﺘﻼف ﻣﻨﻈﺮﻩ اﻟﻜﻠﻲ وﻟﺘﻜﻦ ﻧﻘﻄﺔ أﻟﻒ ﻣﺮآﺰ
اﻟﺸﻤﺲ وﻟﺘﻜﻦ ﻗﻮس أﻟﻒ هﺎء ﺟﻴﻢ ﻣﻦ داﺋﺮة ﻋﻈﻴﻤﺔ ﻗﺎﺋﻤﺔ ﻋﻠﻰ اﻟﻔﻠﻚ اﻟﻤﺎﺋﻞ ﻋﻠﻰ زواﻳﺎ ﻗﺎﺋﻤﺔ وهﻲ ﻋﻨﺪ اﻟﺤﺲ ﻗﺎﺋﻤﺔ
أﻳﻀﺎ ﻋﻠﻰ ﻓﻠﻚ اﻟﺒﺮوج ﻓﺘﻜﻮن ﻗﻮس هﺎء ﺟﻴﻢ اﺧﺘﻼف اﻟﻤﻨﻈﺮ ﻓﻲ اﻟﻌﺮض وﻗﻮس ﺟﻴﻢ دال اﺧﺘﻼف اﻟﻤﻨﻈﺮ ﻓﻲ اﻟﻄﻮل
46
وﻟﺘﻜﻦ اﻟﻨﻘﻄﺔ اﻟﺘﻲ ﺗﺘﻤﺎس 45ﻋﻠﻴﻬﺎ ﺟﺮﻣﺎ اﻟﻨﻴﺮﻳﻦ ﻓﻲ ذﻟﻚ اﻻﺟﺘﻤﺎع اﻟﻤﺮﺋﻲ ﻧﻘﻄﺔ زاي ﻓﻘﻮس أﻟﻒ زاي هﺎء اﻟﺘﻲ هﻲ
ﻣﺠﻤﻮع ﻧﺼﻔﻲ ﻗﻄﺮي اﻟﻨﻴﺮﻳﻦ ﻳﻤﻜﻦ أن ﺗﺒﻠﻎ ﻋﻠﻰ ﻣﺎ ﺗﺒﻴﻦ ﺛﻼﺛﺎ وﺛﻼﺛﻴﻦ دﻗﻴﻘﺔ وﻋﺸﺮﻳﻦ ﺛﺎﻧﻴﺔ وﻗﻮس هﺎء ﺟﻴﻢ اﻟﺘﻲ هﻲ
اﺧﺘﻼف اﻟﻤﻨﻈﺮ ﻓﻲ اﻟﻌﺮض أآﺜﺮ ﻣﺎ ﻳﻤﻜﻦ أن ﺗﺒﻠﻎ ﻓﻲ ﺟﻤﻴﻊ اﻟﻤﻌﻤﻮر ﻣﻦ اﻷرض أﻋﻨﻲ ﻣﻦ أﻗﺼﻰ اﻟﺒﻼد اﻟﺘﻲ أﻃﻮل
ﻧﻬﺎرهﺎ ﺛﻼث ﻋﺸﺮة ﺳﺎﻋﺔ إﻟﻰ أﻗﺼﻰ اﻟﺒﻼد اﻟﺘﻲ أﻃﻮل ﻧﻬﺎرهﺎ ﺳﺖ ﻋﺸﺮة ﺳﺎﻋﺔ ﻓﻲ أﻗﺮب أﺑﻌﺎد اﻟﻘﻤﺮ ﻓﻲ اﻻﺗﺼﺎﻻت

.ﻗﺮﺑﻪ Ms. Es2

27

.ﻓﻮﺟﺪهﺎ . In the marginﻓﻮﺟﺪهﺎ ﺗﺨﺮج Ms. Es2

28

.ﺧﻤﺴﺔ Ms. Es1, Es2

29

.أﻳﻀﺎ ﻋﻠﻢ Ms. Es2

30

.ﺗﻮﺗﺮهﺎ ﻗﻮس Ms. Es1

31

.واﺣﺪ Ms. B.

32

.ﻓﻬﻲ Ms. B.

33

In the margin in Ms. Es1.

34

.ﺑﻬﺬا Ms. B.

35

.أﻳﻀﺎ ﺗﺨﻠﻒ . Ms. Es2أﻳﻀﺎ ﺗﺨﺘﻠﻒ Ms. B.

36

واﻟﻤﺠﺘﻤﻊ Ms. B.

37

.ﻳﺮان Ms. Es2

38

.ﺛﻼث Ms. Es1

39

 .ﻣﻮﺿﻊ Ms. B.

40

.ﻣﺴﺎﻣﺘﺔ Ms. Es1

41

.ﻣﻨﻬﺎ Ms. Es2

42

.ﺟﻴﻢ Ms. Es1

43

 .ﻣﻮﺿﻊ Ms. Es1

44

.ﺗﻤﺎﺳﻬﺎ . Ms. Es2ﺗﻤﺎﺳﺎ Ms. B.

45

In the margin in Ms. B.

46
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47

ﺑﻌﺪ أن ﻳﺤﺘﺴﺐ ﺑﺎﺧﺘﻼف ﻣﻨﻈﺮ اﻟﺸﻤﺲ أﻣﺎ ﻣﻤﺎ ﻳﻠﻲ اﻟﺠﻨﻮب ﻣﻨﻪ ﻓﺜﻤﺎن وﺧﻤﺴﻮن دﻗﻴﻘﺔ وأﻣﺎ ﻣﻤﺎ ﻳﻠﻲ اﻟﺸﻤﺎل ﻣﻨﻪ
}ﻓﺜﻤﺎﻧﻲ دﻗﺎﺋﻖ{ 48وﻗﻮس ﺟﻴﻢ دال اﻟﺘﻲ هﻲ اﺧﺘﻼف اﻟﻤﻨﻈﺮ ﻓﻲ اﻟﻄﻮل أآﺜﺮ ﻣﺎ ﻳﻜﻮن أﻣﺎ 49إذا آﺎﻧﺖ ﻗﻮس ﺟﻴﻢ هﺎء
اﻟﺜﻤﺎﻧﻲ 50واﻟﺨﻤﺴﻮن دﻗﻴﻘﺔ ﻓﺨﻤﺲ ﻋﺸﺮة دﻗﻴﻘﺔ وأﻣﺎ إذا آﺎﻧﺖ }ﺛﻤﺎﻧﻲ دﻗﺎﺋﻖ{ 51ﻓﺜﻼﺛﻮن دﻗﻴﻘﺔ ﻓﻘﻮس أﻟﻒ هﺎء ﺟﻴﻢ أآﺜﺮ
ﻣﺎ ﻳﻤﻜﻦ أن ﺗﺒﻠﻎ أﻣﺎ إذا آﺎن اﻟﻘﻤﺮ ﺷﻤﺎﻻ 52ﻋﻦ اﻟﺸﻤﺲ وآﺎن ﻋﻠﻰ أآﺜﺮ ﻣﺎ ﻳﻤﻜﻦ ﻣﻦ اﺧﺘﻼف ﻣﻨﻈﺮﻩ ﻓﻴﻤﺎ ﻳﻠﻲ اﻟﺠﻨﻮب
ﺟﺰءا واﺣﺪا وإﺣﺪى وﺛﻼﺛﻴﻦ دﻗﻴﻘﺔ وأﻣﺎ إن آﺎن ﺟﻨﻮﺑﺎ 53ﻋﻨﻬﺎ وآﺎن ﻋﻠﻰ أآﺜﺮ ﻣﺎ }ﻳﻤﻜﻦ أن{ 54ﻳﻜﻮن ﻣﻦ اﺧﺘﻼف
ﻣﻨﻈﺮﻩ ﻓﻴﻤﺎ 55ﻳﻠﻲ اﻟﺸﻤﺎل ﻣﻨﻪ ﻓﺈﺣﺪى وأرﺑﻌﻮن دﻗﻴﻘﺔ ﺛﻢ إﻧﻪ ﺿﺎﻋﻒ هﺬﻩ اﻟﻘﻮس أﻋﻨﻲ ﻗﻮس أﻟﻒ هﺎء ﺟﻴﻢ إﺣﺪى ﻋﺸﺮة
ﻣﺮة وﻧﺼﻔﺎ 56ﻣﻦ أﺟﻞ أن ] [Es1 f. 57vﻧﺴﺒﺘﻬﺎ إﻟﻰ اﻟﻘﻮس اﻟﺘﻲ ﻣﻦ اﻟﻌﻘﺪة إﻟﻴﻬﺎ هﻲ ﻋﻠﻰ اﻟﺘﻘﺮﻳﺐ ﻧﺴﺒﺔ واﺣﺪ إﻟﻰ
أﺣﺪ 57ﻋﺸﺮ وﻧﺼﻒ ﻓﻜﺎن 58ﻣﺒﻠﻎ اﻟﻘﻮس اﻟﺘﻲ ﻣﻦ اﻟﻌﻘﺪة إﻟﻴﻬﺎ أﻣﺎ إذا آﺎﻧﺖ ﻗﻮس أﻟﻒ 59هﺎء ﺟﻴﻢ اﻟﺠﺰء اﻟﻮاﺣﺪ واﻹﺣﺪى
واﻟﺜﻼﺛﻴﻦ دﻗﻴﻘﺔ ﻓﺴﺒﻌﺔ ﻋﺸﺮ ﺟﺰءا وﺳﺖ وﻋﺸﺮون دﻗﻴﻘﺔ وﻳﻜﻮن ﻣﻊ ﻗﻮس ﺟﻴﻢ دال اﻟﺘﻲ ﺗﻜﻮن }ﺣﻴﻨﺌﺬ ﺧﻤﺲ ﻋﺸﺮة
دﻗﻴﻘﺔ ﺳﺒﻌﺔ ﻋﺸﺮ ﺟﺰءا وإﺣﺪى وأرﺑﻌﻮن دﻗﻴﻘﺔ وأﻣﺎ إذا آﺎﻧﺖ ﻗﻮس أﻟﻒ 60هﺎء ﺟﻴﻢ اﻹﺣﺪى واﻷرﺑﻌﻴﻦ 61اﻟﺪﻗﻴﻘﺔ ﻓﺴﺒﻌﺔ
أﺟﺰاء واﺛﻨﺘﺎن وﺧﻤﺴﻮن دﻗﻴﻘﺔ وﻳﻜﻮن ﻣﻊ ﻗﻮس ﺟﻴﻢ دال اﻟﺘﻲ ﺗﻜﻮن ﻣﺒﻠﻐﻬﺎ{ 62ﺣﻴﻨﺌﺬ ﺛﻼﺛﻴﻦ دﻗﻴﻘﺔ ﺛﻤﺎﻧﻴﺔ أﺟﺰاء
}واﺛﻨﺘﻴﻦ وﻋﺸﺮﻳﻦ{ 63دﻗﻴﻘﺔ [Es2 f. 69r] 64ﻓﻠﺬﻟﻚ إذا آﺎن ﺑﻌﺪ ﻣﻮﺿﻊ اﻟﻘﻤﺮ اﻟﺤﻘﻴﻘﻲ ﻓﻲ اﻟﺪاﺋﺮة اﻟﻤﺎﺋﻠﺔ ﻣﻦ إﺣﺪى
اﻟﻌﻘﺪﺗﻴﻦ أﻣﺎ إذا آﺎن 65ﺷﻤﺎﻻ ﻋﻦ اﻟﺸﻤﺲ ﻓﺎﻟﺴﺒﻌﺔ }ﻋﺸﺮ ﺟﺰءا{ 66واﻹﺣﺪى واﻷرﺑﻌﻴﻦ اﻟﺪﻗﻴﻘﺔ وأﻣﺎ إذا آﺎن ﺟﻨﻮﺑﺎ ﻋﻦ
68
اﻟﺸﻤﺲ ﻓﺎﻟﺜﻤﺎﻧﻴﺔ 67اﻷﺟﺰاء واﻻﺛﻨﺘﺎن واﻟﻌﺸﺮون اﻟﺪﻗﻴﻘﺔ ﻓﺤﻴﻨﺌﺬ ﻓﻲ اﻟﺒﻼد اﻟﻤﻔﺮوﺿﺔ أول ﻣﺎ ﻳﻤﻜﻦ أن ﻳﻜﻮن وﺿﻌﻪ
اﻟﺬي ﻳﺮى ﻋﻠﻰ ﻣﻤﺎﺳﺔ ] [B. f. 59vاﻟﺸﻤﺲ.

Not in Mss. B., Es2.

47

.ﺛﻤﺎن ﺣﻘﺎﺋﻖ Mss. Es1 and B.

48
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49

.اﻟﺜﻤﺎن Mss. Es1 and B.

50
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51

.ﺷﻤﺎﻟﻴﺎ Ms. B.

52

.ﺟﻨﻮﺑﻴﺎ Ms. B.

53

Not in Ms. Es1.

54

.ﻣﻤﺎ Ms. B.

55

.وﻧﺼﻒ Ms. B., Es2

56

.إﺣﺪى Ms. B., Es2

57

.ﻓﻜﺎن ذﻟﻚ Ms. B.

58

In the margin in Ms. Es1.

59

 in the text in Ms. Es1. Not in Ms. Es2.ﺑﺎء  in the margin correctsأﻟﻒ

60

.واﻷرﺑﻌﻮن Ms. B.

61

In the margin in Ms. B.

62
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63

Interlineal addition in Ms. Es2.
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.آﺎﻧﺖ Ms. B.

65
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Figure 6. Determination of the eclipse limits according to Ptolemy (Ms. Es1 57v).

ﺛﻢ إﻧﻪ ﺑﻌﺪ ذﻟﻚ أﺧﺬ أآﺜﺮ ﻣﺎ ﻳﻜﻮن ﻣﻦ اﻻﺧﺘﻼف ﻟﻜﻞ واﺣﺪ ﻣﻦ اﻟﻨﻴﺮﻳﻦ ﻓﺠﻤﻌﻬﻤﺎ وأﺧﺬ ﺟﺰء ذﻟﻚ ﻣﻦ ﺛﻼﺛﺔ ﻋﺸﺮ
وهﻮ ﻣﺎ ﺗﻘﻄﻌﻪ اﻟﺸﻤﺲ ﻓﻲ اﻟﺰﻣﺎن اﻟﺬي ﻳﻘﻄﻊ ﻓﻴﻪ اﻟﻘﻤﺮ أﺟﺰاء اﻻﺧﺘﻼﻓﻴﻦ ﻋﻠﻰ اﻟﺘﻘﺮﻳﺐ وﺣﻤﻞ ﻋﻠﻰ ذﻟﻚ اﻟﺠﺰء ﺟﺰءﻩ
ﻣﻦ ﺛﻼﺛﺔ ﻋﺸﺮ ﺟﺰءا 69أﻳﻀﺎ وهﻮ ﻣﺎ ﺗﻘﻄﻌﻪ اﻟﺸﻤﺲ أﻳﻀﺎ ﻓﻲ اﻟﺰﻣﺎن اﻟﺬي ﻳﻘﻄﻊ ﻓﻴﻪ اﻟﻘﻤﺮ ذﻟﻚ اﻟﺠﺰء ﻓﻤﺎ آﺎن ﻓﻬﻮ
ﻋﻠﻰ اﻟﺘﻘﺮﻳﺐ ﻣﺎ ﺗﺴﻴﺮ اﻟﺸﻤﺲ ﺣﺘﻰ ﻳﻠﺤﻘﻬﺎ اﻟﻘﻤﺮ وذﻟﻚ ﺳﺒﻊ وﺛﻼﺛﻮن دﻗﻴﻘﺔ ﻓﺤﻤﻞ ذﻟﻚ ﻋﻠﻰ أآﺜﺮ ﻣﺎ ﻳﻜﻮن ﻣﻦ }اﺧﺘﻼف
اﻟﺸﻤﺲ ﻓﻤﺎ آﺎن ﻓﻬﻮ أآﺜﺮ ﻣﺎ ﻳﻜﻮن ﺑﻴﻦ 71{70اﻻﺗﺼﺎﻻت }اﻟﻮﺳﻄﻲ واﻟﺤﻘﻴﻘﻲ{ 72ﻓﻲ اﻟﻄﻮل وﻣﺜﻞ ذﻟﻚ ﻋﻠﻰ اﻟﺘﻘﺮﻳﺐ
ﻳﻜﻮن ﻓﻲ اﻟﻌﺮض وذﻟﻚ ﺛﻼﺛﺔ أﺟﺰاء ﻓﺤﻤﻞ هﺬﻩ ﺛﻼﺛﺔ اﻷﺟﺰاء ﻋﻠﻰ ﻧﻬﺎﻳﺔ ﺑﻌﺪ اﻟﻘﻤﺮ ﻣﻦ اﻟﻌﻘﺪة ﻓﻲ اﻟﻔﻠﻚ اﻟﻤﺎﺋﻞ ﻓﻲ وﻗﺖ
اﻻﺗﺼﺎل اﻟﻤﺮﺋﻲ اﻟﺬي ﺑﺼﺮ 73ﻓﻴﻪ وﺿﻊ 74اﻟﻘﻤﺮ اﻟﻤﺮﺋﻲ ﻋﻠﻰ ﻣﻤﺎﺳﺔ 75اﻟﺸﻤﺲ أﻋﻨﻲ ﺑﻌﺪ ﻧﻘﻄﺔ دال 76ﻣﻦ اﻟﻌﻘﺪة ﻓﻤﺎ
79
آﺎن ﻣﻦ أﺟﺰاء اﻟﻔﻠﻚ اﻟﻤﺎﺋﻞ ﻓﻬﻮ ﻧﻬﺎﻳﺔ ﺑﻌﺪ 77ﻣﻮﺿﻊ اﻻﺗﺼﺎل اﻟﻮﺳﻄﻲ ﻣﻦ إﺣﺪى اﻟﻌﻘﺪﺗﻴﻦ اﻟﺬي ﺑﺼﺮ 78ﻓﻴﻪ وﺿﻊ
اﻟﻘﻤﺮ اﻟﺬي ﻳﺮى ﻋﻠﻰ ﻣﻤﺎﺳﺔ 80اﻟﺸﻤﺲ وذﻟﻚ أﻣﺎ 81ﻣﺘﻰ آﺎن اﻟﻘﻤﺮ ﺷﻤﺎﻻ ﻋﻦ اﻟﺸﻤﺲ ﻓﻌﺸﺮون ﺟﺰءا وإﺣﺪى وأرﺑﻌﻮن
دﻗﻴﻘﺔ }وأﻣﺎ ﻣﺘﻰ{] 82آﺎن[ ﺟﻨﻮﺑﺎ ﻋﻨﻬﺎ ] [Es1 f. 58rﻓﺄﺣﺪ 83ﻋﺸﺮ ﺟﺰءا واﺛﻨﺘﺎن وﻋﺸﺮون دﻗﻴﻘﺔ.

Not in Ms. Es1.

69

.ﻣﻦ Ms. B.

70

Not in Ms. Es1.
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.اﻟﻮﺳﻄﻴﺔ واﻟﺤﻘﻴﻘﻴﺔ . Ms. B.اﻟﻮﺳﻄﻲ واﻟﺤﻘﻴﻘﺔ Ms. Es1
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.ﻳﺼﻴﺮ Ms. Es2

73

.ﻣﻮﺿﻊ Ms. B.

74

.ﻣﺴﺎﺣﺔ Ms. Es1

75

.ح Ms. Es2

76

 crossed out.اﻟﻘﻤﺮIn Ms. Es2 +

77

.ﻳﺼﻴﺮ Ms. Es2

78

.ﻣﻮﺿﻊ Ms. B.

79

.ﻣﺴﺎﻣﺘﺔ . Ms. B.ﻣﺴﺎﺣﺔ Ms. Es1
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.وﻣﺘﻰ Ms. Es2
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Figure 7. Determination of the eclipse limits according to J×bir b. Afla¬ (Ms. Es1 58v).

ووهﻢ ﻓﻲ ﺣﻤﻠﻪ اﻟﺜﻼﺛﺔ اﻷﺟﺰاء 84اﻟﺘﻲ هﻲ أآﺜﺮ ﻣﺎ ﻳﻜﻮن ﺑﻴﻦ ﻣﻮﺿﻌﻲ 85اﻻﺗﺼﺎﻟﻴﻦ ﻋﻠﻰ ﺑﻌﺪ ﺟﺮم اﻟﻘﻤﺮ ﻣﻦ اﻟﻌﻘﺪة
ﻓﻲ وﻗﺖ اﻻﺗﺼﺎل اﻟﻤﺮﺋﻲ وإﻧﻤﺎ آﺎن ﻳﻨﺒﻐﻲ أن ﻳﺤﻤﻠﻬﺎ ﻋﻠﻰ ﻣﻮﺿﻊ اﻟﻘﻤﺮ ﻓﻲ وﻗﺖ اﻻﺗﺼﺎل اﻟﺤﻘﻴﻘﻲ ﻷن هﺬﻩ اﻟﺜﻼﺛﺔ
اﻷﺟﺰاء 86إﻧﻤﺎ هﻲ أآﺜﺮ ﻣﺎ ﻳﻜﻮن ﺑﻴﻦ ﻣﻮﺿﻊ اﻻﺗﺼﺎل اﻟﻮﺳﻄﻲ وﻣﻮﺿﻊ 87اﻻﺗﺼﺎل اﻟﺤﻘﻴﻘﻲ }ﻻ ﻣﺎ ﻳﻜﻮن 88ﻳﺒﻦ
ﻣﻮﺿﻊ{ 89اﻻﺗﺼﺎل اﻟﻮﺳﻄﻲ واﻻﺗﺼﺎل اﻟﻤﺮﺋﻲ.
91
2
]اﻧﻈﺮ ﺷﻜﻞ  [7ﻓﻠﻨﻀﻊ 90اﻟﺸﻜﻞ ﻋﻠﻰ ﻣﺎ هﻮ ﻋﻠﻴﻪ ] [Es f. 69vﻓﻲ اﻟﺤﻘﻴﻘﺔ أﻋﻨﻲ أن ﺗﻜﻮن ﻗﻄﻌﺔ ﻓﻠﻚ اﻟﺒﺮوج
ﻗﻮس أﻟﻒ ﺑﺎء وﻣﺮآﺰ اﻟﺸﻤﺲ ﻋﻠﻴﻬﺎ } 1ﻧﻘﻄﺔ أﻟﻒ } 2وﻗﻄﻌﺔ اﻟﻔﻠﻚ اﻟﻤﺎﺋﻞ ﻗﻮس دال ﺑﺎء وﻣﺮآﺰ اﻟﻘﻤﺮ ﻋﻠﻴﻪ  92{1ﻧﻘﻄﺔ
دال  93{2وﻟﺘﻜﻦ ﻗﻮس دال هﺎء ]ﻗﻄﻌﺔ[ ﻣﻦ اﻟﺪاﺋﺮة اﻟﻤﺎرة ﺑﻪ وﺑﺴﻤﺖ اﻟﺮأس 94وﻟﻴﻜﻦ ﻣﺮآﺰ اﻟﻘﻤﺮ اﻟﻤﺮﺋﻲ ﻧﻘﻄﺔ هﺎء
ﻓﺘﻜﻮن ﻗﻮس دال هﺎء اﺧﺘﻼف ﻣﻨﻈﺮﻩ اﻟﻜﻠﻲ ﻓﻲ داﺋﺮة اﻻرﺗﻔﺎع وﻟﺘﻜﻦ ﻗﻮس أﻟﻒ هﺎء ﺟﻴﻢ اﻟﻤﺎرة ﺑﻤﺮآﺰ 95اﻟﺸﻤﺲ
وﻣﺮآﺰ اﻟﻘﻤﺮ اﻟﻤﺮﺋﻲ ﻗﺎﺋﻤﺔ ﻋﻠﻰ ﻓﻠﻚ اﻟﺒﺮوج ﻋﻠﻰ زواﻳﺎ ﻗﺎﺋﻤﺔ ﻓﺘﻜﻮن ﻧﻘﻄﺔ ﺟﻴﻢ ﻣﻦ اﻟﻔﻠﻚ اﻟﻤﺎﺋﻞ هﻲ ﻣﻮﺿﻊ اﻟﻘﻤﺮ ﻓﻲ
وﻗﺖ اﻻﺗﺼﺎل اﻟﻤﺮﺋﻲ وﺗﻜﻮن ﻗﻮس دال ﺟﻴﻢ هﻲ ﻋﻠﻰ اﻟﺘﻘﺮﻳﺐ اﺧﺘﻼف ﻣﻨﻈﺮﻩ ﻓﻲ اﻟﻄﻮل وﻗﻮس ﺟﻴﻢ هﺎء ﻋﻠﻰ اﻟﺘﻘﺮﻳﺐ
اﺧﺘﻼف ﻣﻨﻈﺮﻩ ﻓﻲ اﻟﻌﺮض وﻟﺘﻜﻦ ﻗﻮس ﺟﻴﻢ زاي اﻟﺠﺰء ﻣﻦ اﺛﻨﻲ ﻋﺸﺮ ﻣﻦ ﻗﻮس دال ﺟﻴﻢ ] [B. f. 60rﻓﻴﻠﺰم أن
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ﺗﻜﻮن ﻧﻘﻄﺔ زاي هﻲ ﻣﻮﺿﻊ اﻟﻘﻤﺮ ﻓﻲ وﻗﺖ اﻻﺗﺼﺎل اﻟﺤﻘﻴﻘﻲ ﻓﻌﻠﻰ ﻗﻮس زاي ﺑﺎء ﻳﻨﺒﻐﻲ أن ﺗﺤﻤﻞ اﻟﺜﻼﺛﺔ اﻷﺟﺰاء ﻻ
ﻋﻠﻰ ﻗﻮس دال ﺑﺎء 96آﻤﺎ ﻓﻌﻞ ﻓﻴﺠﺐ ﻋﻠﻰ هﺬا اﻟﻮﺿﻊ اﻟﺬي ﺟﻌﻠﻪ ﻟﻠﻘﻤﺮ ﻓﻲ هﺬا اﻟﺸﻜﻞ أن ﻳﻜﻮن ﻓﻲ اﻟﺤﺪود زﻳﺎدة ﺑﻤﻘﺪار
ﻗﻮس دال زاي.
98
97
وﻟﻴﺲ اﻷﻣﺮ ﻓﻲ اﻟﺤﻘﻴﻘﺔ آﺬﻟﻚ ﻷﻧﻪ ﻣﻊ ﺧﻄﺌﻪ ﻓﻲ ﺣﻤﻞ اﻟﺜﻼﺛﺔ اﻷﺟﺰاء ﻋﻠﻰ ﻗﻮس دال ﺑﺎء أﺧﻄﺄ أﻳﻀﺎ ﻓﻲ
وﺿﻊ 99اﻟﻘﻤﺮ ﻓﻲ وﻗﺖ اﻻﺗﺼﺎل اﻟﻤﺮﺋﻲ وذﻟﻚ أﻧﻪ ﺟﻌﻠﻪ 100أﺑﻌﺪ ﻣﻦ اﻟﻌﻘﺪة ﻣﻦ ﻧﻘﻄﺔ ﺟﻴﻢ وإﻧﻤﺎ آﺎن ﻳﺠﺐ أن ﻳﻜﻮن
وﺿﻊ 101اﻟﻘﻤﺮ أﻗﺮب إﻟﻰ اﻟﻌﻘﺪة ﻣﻦ ﻧﻘﻄﺔ ﺟﻴﻢ آﺄﻧﻪ ﻋﻠﻰ ﻧﻘﻄﺔ ﺣﺎء ﻣﻦ هﺬا اﻟﺸﻜﻞ وﺗﻜﻮن ﻗﻮس ﺣﺎء هﺎء اﺧﺘﻼف
ﻣﻨﻈﺮﻩ اﻟﻜﻠﻲ وﻗﻮس ﺟﻴﻢ ﺣﺎء اﺧﺘﻼف ﻣﻨﻈﺮﻩ ﻓﻲ }اﻟﻄﻮل وﻗﻮس ﺟﻴﻢ هﺎء اﺧﺘﻼف ﻣﻨﻈﺮﻩ ﻓﻲ{ 102اﻟﻌﺮض ﻓﻴﻜﻮن
ﻟﺬﻟﻚ ﻣﻮﺿﻊ اﻟﻘﻤﺮ ﻓﻲ وﻗﺖ اﻻﺟﺘﻤﺎع اﻟﺤﻘﻴﻘﻲ أﺑﻌﺪ ﻣﻦ اﻟﻌﻘﺪة ﻣﻦ ﻧﻘﻄﺔ ﺟﻴﻢ ﺑﻤﻘﺪار اﻟﺠﺰء ﻣﻦ اﺛﻨﻲ ﻋﺸﺮ ﻣﻦ ﻗﻮس ﺟﻴﻢ
104
ﺣﺎء آﺄﻧﻬﺎ 103ﻧﻘﻄﺔ ﻃﺎء وآﺄن ﻗﻮس ﺟﻴﻢ ﻃﺎء هﻲ اﻟﺠﺰء ﻣﻦ اﺛﻨﻲ ﻋﺸﺮ ﻣﻦ ﻗﻮس ﺟﻴﻢ ﺣﺎء ﻓﺘﺤﻤﻞ اﻟﺜﻼﺛﺔ اﻷﺟﺰاء
ﻋﻠﻰ ﻗﻮس ﻃﺎء ﺑﺎء 105ﻻ ﻋﻠﻰ ﻗﻮس زاي ﺑﺎء آﻤﺎ ﻳﻠﺰم ﻣﻦ اﻟﻮﺿﻊ 106اﻟﺬي وﺿﻊ ﻋﻠﻴﻪ اﻟﻘﻤﺮ ﻓﻴﺠﺐ ﻋﻠﻰ اﻟﺤﻘﻴﻘﺔ أن
ﻳﻜﻮن ﻓﻲ اﻟﺤﺪود اﻟﺘﻲ اﺳﺘﺨﺮﺟﻬﺎ زﻳﺎدة ﻣﻘﺪار ﻗﻮس دال ﻃﺎء وهﻲ ﻓﻲ اﻟﺤﺪ اﻷآﺒﺮ اﻟﺬي ﻓﻴﻪ اﺧﺘﻼف اﻟﻤﻨﻈﺮ ﻓﻲ
اﻟﻄﻮل 107ﺧﻤﺲ ﻋﺸﺮة 108دﻗﻴﻘﺔ ﺛﻼث ﻋﺸﺮة دﻗﻴﻘﺔ وﺛﻼﺛﺔ أرﺑﺎع دﻗﻴﻘﺔ وﻓﻲ اﻟﺤﺪ اﻷﺻﻐﺮ وهﻮ اﻟﺬي ﻓﻴﻪ اﺧﺘﻼف
اﻟﻤﻨﻈﺮ ] [Es1 f. 58vﻓﻲ اﻟﻄﻮل هﻲ 109ﺛﻼﺛﻮن دﻗﻴﻘﺔ ﺿﻌﻒ ذﻟﻚ وهﻮ 110ﺳﺒﻊ وﻋﺸﺮون دﻗﻴﻘﺔ وﻧﺼﻒ وذﻟﻚ ﻣﺎ
أردﻧﺎ ﺑﻴﺎﻧﻪ.111
] [Es2 f. 70rوأﻣﺎ ﺣﺪود اﻟﻜﺴﻮﻓﺎت اﻟﻘﻤﺮﻳﺔ ﻓﺈﻧﻪ اﺳﺘﺨﺮﺟﻬﺎ ﻋﻠﻰ هﺬﻩ اﻟﺼﻔﺔ وذﻟﻚ أﻧﻪ أﺿﺎف اﻟﻘﻮس اﻟﺘﻲ ﻳﻮﺗﺮهﺎ
ﻧﺼﻒ ﻗﻄﺮ اﻟﻘﻤﺮ ﻓﻲ ﻗﺮﺑﻪ اﻷﻗﺮب ﻣﻦ ﻓﻠﻚ ﺗﺪوﻳﺮﻩ وذﻟﻚ }ﺳﺒﻊ ﻋﺸﺮة{ 112دﻗﻴﻘﺔ وأرﺑﻌﻮن ﺛﺎﻧﻴﺔ إﻟﻰ اﻟﻘﻮس اﻟﺘﻲ
ﻳﻮﺗﺮهﺎ ﻧﺼﻒ ﻗﻄﺮ داﺋﺮة اﻟﻈﻞ ﻟﺬﻟﻚ اﻟﺒﻌﺪ اﻷﻗﺮب وذﻟﻚ ﺧﻤﺲ وأرﺑﻌﻮن دﻗﻴﻘﺔ وﺳﺖ وﺧﻤﺴﻮن ﺛﺎﻧﻴﺔ وأﺧﺬ ﻣﺎ ﻳﺠﺐ
ﻟﺬﻟﻚ ﻣﻦ اﻟﺪاﺋﺮة اﻟﻤﺎﺋﻠﺔ ﻓﻜﺎن ذﻟﻚ ﻧﻬﺎﻳﺔ ﺑﻌﺪ ﺟﺮم اﻟﻘﻤﺮ ﻣﻦ اﻟﻌﻘﺪة ﻓﻲ وﻗﺖ 113وﺳﻂ زﻣﺎن اﻟﻜﺴﻮف وذﻟﻚ اﺛﻨﺎ ﻋﺸﺮ
ﺟﺰءا واﺛﻨﺘﺎ ﻋﺸﺮة دﻗﻴﻘﺔ ﻓﺤﻤﻞ ﻋﻠﻰ ذﻟﻚ ﺛﻼﺛﺔ اﻷﺟﺰاء اﻟﻤﺬآﻮرة اﻟﺘﻲ هﻲ أآﺜﺮ ﻣﺎ ﻳﻜﻮن ﺑﻴﻦ ﻣﻮﺿﻌﻲ 114اﻻﺗﺼﺎﻟﻴﻦ

Interlineal addition in Ms. Es1.
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[ ﻣﻦ ذﻟﻚ ﻏﺎﻳﺔ ﺑﻌﺪ ﻣﻮﺿﻊ اﻻﺗﺼﺎلB. f. 60v]  ﻓﻲ اﻟﻌﺮض ﻓﺘﻜﻮن115{ﻓﻲ اﻟﻄﻮل }وهﻮ ﻋﻠﻰ اﻟﺘﻘﺮﻳﺐ ﻳﻜﻮن
118
 داﺋﺮة اﻟﻈﻞ وذﻟﻚ ﺧﻤﺴﺔ ﻋﺸﺮ ﺟﺰءا واﺛﻨﺘﺎ117 اﻟﻘﻤﺮ ﻋﻠﻰ ﻣﻤﺎﺳﺔ116اﻟﻮﺳﻄﻲ ﻣﻦ إﺣﺪى اﻟﻌﻘﺪﺗﻴﻦ اﻟﺬي ﻳﻜﻮن ﻓﻴﻪ
ﻋﺸﺮة دﻗﻴﻘﺔ ﻓﻬﺬا هﻮ اﻟﺤﺪ ﺑﻴﻦ اﻻﺗﺼﺎﻻت اﻟﻮﺳﻄﻴﺔ اﻟﺘﻲ ﻳﻤﻜﻦ ﻓﻴﻬﺎ أن ﻳﻨﻜﺴﻒ اﻟﻘﻤﺮ واﻻﺗﺼﺎﻻت اﻟﺘﻲ ﻻ ﻳﻤﻜﻦ ﻓﻴﻬﺎ
.119ذﻟﻚ

6. Translation120
[Es1 f. 56v, Es2 f. 67v and B. f. 58v]
On what is appropriate to know in the first place regarding the configurations of
eclipses
Once [Ptolemy] determined all that had to be considered in the first place,121 regarding
the configurations of the two luminaries [i.e. the Sun and the Moon], he began to
determine the matter of the two eclipses [i.e. the solar and lunar]. [First of all,] he first
determined the limits of solar and lunar eclipses; that is, to define the positions [Es2 f.
68r] of the inclined orbit [such as]:
[i.] when the mean syzygy is between them [i.e. these positions] and one of the
nodes, the eclipse is possible; and
[ii.] when the mean syzygy is between them [i.e. these positions] and one of the
extremes (nihāyatayn) [of the inclined orbit],122 it is impossible.
He determined this issue in the following manner:
That is, he had previously determined the measure of the arc,123 which the diameter of
the Moon subtends, of the circle passing through it [i.e. the Moon], when it is at its
apogee124 at the syzygies. But those limits must, rather, be sought when the Moon is, at

115

Ms. B.  وهﻲ ﻋﻠﻰ اﻟﺘﻘﺮﻳﺐ ﺗﻜﻮن.

116

Not in Ms. Es1.

117

In the margin in Ms. B. correcting  ﻣﺴﺎﻣﺘﺔin the text.

118

Ms. B. وﺛﻼﺛﺔ.

119

Ms. Es2 وذﻟﻚ ﻣﺎ أردﻧﺎ ﺑﻴﺎﻧﻪ.

120

In the following translation, brackets are used to clarify anaphoric references within the text, while

parentheses are used to provide transliterations of Arabic terms. Brackets are also used to reference the folios
of the edited manuscripts.
121

A more literal translation may be: ‘all that had to come in first place became clear to him’.

122

These are the points of the lunar inclined orbit with nodal distance

123

A more literal translation may be: ‘the measure of the arc had become clear to him’.

124

Even though J×bir b. Afla¬’s term for apogee in his I½l×¬ al-MajisÐ÷ is usually buþd abþad, in this occasion

we find abþad al-buþd.
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the syzygies, at its perigee,125 i.e. when the Moon is at the perigee of the epicycle. So
[Ptolemy] needed to determine the measure of the arc subtended by the lunar diameter
when, at the syzygies, it is at the perigee. As previously, he determined that [value]
relying upon two observed lunar eclipses. In both eclipses, the Moon was near the perigee
1
3

of the epicycle. He found that [its value] was 0;35 º. With this, he obtained the measure
of the arc subtended by the diameter of the shadow circle at this distance itself; and found
that [its value] was 1;32º. He did [it] on the condition that the measure of this circle, i.e.
the circle of the shadow, does not differ at the same distance of the Moon from the Earth,
but in reality, it differs because of the solar eccentricity relative to the centre [Es1 f. 57r]
of the world. However, this difference (ikhtil×f) is small, since the value of this
eccentricity is not big. And for this reason, he did not calculate this difference (ikhtil×f).
[In addition], he had previously determined the measure of the arc,126 which the diameter
1
3

of the Sun subtends, of the circle passing through it [i.e. the Sun], i.e. 0;31 º. But in like
manner, in reality, it differs because of the solar eccentricity, although this difference is
imperceptible. The sum of the radii of the two luminaries [i.e. the Sun and the Moon] is
0;33,20º. Therefore, when, in a solar eclipse, the distance between the apparent [positions
of the] centres of the Moon and the Sun is 0;33,20º, [B. f. 59r] the apparent position of
the Moon can be tangent to the Sun for the first time. For this reason, [Ptolemy] traced a
figure in the following manner.
[See Figure 6.] Let there be a segment of the ecliptic containing points A and B and a
segment of the inclined orbit containing points G and D. [Ptolemy] set that the
trajectories of the eclipses of both [luminaries] were parallel. Let point D be the [true
position of the] centre of the lunar body in the inclined orbit during the time of the
apparent conjunction (ijtim×þ) and point E its apparent position. [Es2 f. 68v] Arc DE is the
total parallax [of the Moon]. Let point A be the centre of the Sun. Let the arc of great
circle AEG be perpendicular to the inclined orbit. [This arc] is also perceived by the
senses as perpendicular to the ecliptic. Arc EG is the parallax in latitude and arc GD the
parallax in longitude. Let point Z be the point in which the bodies of the two luminaries
[i.e. the Sun and the Moon] touch [tangentially] at this apparent conjunction. Therefore,
arc AZE, which is the sum of the radii of the two luminaries [i.e. the Sun and the Moon],
can reach, according to what has been determined, to 0;33;20º; and arc EG, which is the
maximum parallax in latitude that can be reached in all the inhabitable [latitudes] of the
Earth, i.e. [those ranging] from the remote countries in which their longest day is thirteen

125

J×bir b. Afla¬’s term for perigee in his I½l×¬ al-MajisÐ÷ is usually qurb aqrab. However, throughout this

text, J×bir b. Afla¬ uses different variants to express this concept, such as aqrab al-qurb, buþd aqrab, aqrab
al-buþd and qurb aqrab, all of which have been rendered as perigee.
126

A more literal translation may be: ‘the measure of the arc had become clear to him’.
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hours to the remote countries in which their longest day is sixteen hours, when the Moon
is in its perigee at the syzygies once the solar parallax is taken into consideration, [I say
again arc EG] to the south is 0;58º and to the north is 0;08º. When arc GE is 0;58º, the
maximum value of arc GD, which is the parallax in longitude, is 0;15º and, when [arc
GE] is 0;08º, [the maximum value of arc GD] is 0;30º. The maximum possible value of
arc AEG, when the Moon is to the north of the Sun and the [lunar] parallax is the
maximum possible to the south, is 1;31º and, when [the Moon] is to the south [of the Sun]
and the [lunar] parallax is the maximum possible to the north, [the maximum possible
value of arc AEG] is 0;41º. After that, [Ptolemy] multiplied this arc, i.e. arc AEG, by
11

1
2

127

since [Es1 f. 57v] the ratio of [arc AEG] to the arc from the node to [point G] is
1
2

approximately equal to the ratio of 1 to 11 . The resulting [length] of the arc from the
node to [point G], when arc AEG is 1;31º, is 17;26º. And [the sum of this arc] plus arc
GD, being [arc GD] 0;15º, is 17;41º. When arc AEG is 0;41º, [the length of the arc from
the node to point G] is 7;52º. And [the sum of this arc] plus arc GD, being [arc GD] 0;30º,
is 8;22º. [Es2 f. 69r] For this reason, [the time] when the nodal distance of the true
position of the Moon in the inclined orbit is 17;41º, if [the Moon] is to the north of the
Sun, or 8;22º, if [the Moon] is to the south of the Sun, is the first time that in the given
countries the [lunar] apparent position can be touching tangentially [B. f. 59v] the Sun.

Figure 6. Determination of the eclipse limits according to Ptolemy (Ms. Es1 57v).

127

The value of 1/sin i is approximately 11½, assuming i = 5º, where i is the angle of the inclined orbit

relative to the ecliptic.
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After that, [Ptolemy] took the maximum possible values of the equations of anomaly
of the two luminaries [i.e. the Sun and the Moon] and added both values. He then took a
thirteenth part [of the sum], which amounts approximately to the distance traversed by the
Sun during the time that the Moon traverses [the sum of] both equations of anomaly. He
added to this [thirteenth part], its thirteenth part,128 which is the distance traversed by the
Sun during the time the Moon traverses the [thirteenth part of the sum of both equations
of anomaly]. The total sum amounts approximately to the distance traversed by the Sun
until it is reached by the Moon, i.e. 0;37º. He added this result to the maximum solar
equation of anomaly. The result is the maximum [difference] in longitude between mean
and true syzygies. This [result] is approximately the same for the [argument of] latitude,
i.e. 3º. He added this 3º to the maximum value (nih×ya) of the nodal distance of the Moon
in its inclined orbit at the moment of the apparent syzygy in which the apparent position
of the Moon is touching tangentially the Sun , i.e. [this maximum nodal distance being]
the nodal distance of point D. Therefore, the resulting [arc in] degrees of the inclined
orbit [after this sum] is the maximum value of the nodal distance of the position of the
mean syzygy in which the apparent position of the Moon is touching tangentially the Sun.
[This value,] when the Moon is to the north of the Sun, is 20;41º and, when it is to the
south of it, [Es1 f. 58r] is 11;22º.
[Ptolemy] committed a mistake (wahm) when he added these three degrees, which
correspond to the maximum [difference] between the positions of the [mean and true]
syzygies, to the [true] nodal distance of the lunar body at the moment of the apparent
syzygy. However, it is only appropriate to add [these three degrees] to the position of the
Moon at the moment of the true syzygy, since these three degrees only correspond to the
maximum [difference] between the positions of the mean and true syzygies, and not to the
[maximum difference] between the mean and apparent syzygies.
[See Figure 7.] So let us set the figure as it must be [Es2 f. 69v] in reality; that is that
arc AB be a segment of the ecliptic, point A be the centre of the Sun in this [segment], arc
DB be a segment of the inclined orbit and point D be the centre of the Moon in this
[segment]. Let arc DE be [a segment] of the [great] circle passing through the [centre of
the Moon] and through the zenith (samt al-raÿs). Let point E be the apparent centre of the
Moon. Therefore, arc DE is the total [lunar] parallax of the circle of altitude. Let arc
AEG, which passes through the centre of the Sun and through the apparent centre of the
Moon, be perpendicular to the ecliptic. Hence, point G of the inclined orbit is the
[apparent] position of the Moon [in the inclined orbit] at the time of the apparent syzygy,
while arc DG is approximately the [lunar] parallax in longitude and arc GE is
approximately the [lunar] parallax in latitude. Let arc GZ be a twelfth part of arc DG. [B.

128
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f. 60r] Therefore, point Z must be the position of the Moon at the moment of the true
syzygy. Hence, the three [aforementioned] degrees must be added to arc ZB, not to arc
DB as [Ptolemy] did. In consequence, there must be for the position in which he placed
the Moon in this figure a decrement (ziy×da)129 in the [eclipse] limit in the measure of arc
DZ.

Figure 7. Determination of the eclipse limits according to J×bir b. Afla¬ (Ms. Es1 58v).

However, in reality the [correct solution for this] matter is not like that, since
[Ptolemy], in addition to the error by which he added these three degrees to arc DB,
committed another mistake in the position of the Moon at the moment of the apparent
syzygy, as he placed it further away from the node than point G, but the position of the
Moon must be nearer the node than point G, such as at point H of this figure; and thus arc
HE would be the total [lunar] parallax, arc GH the [lunar] parallax in longitude and arc
GE the [lunar] parallax in latitude. For this reason, the position of the Moon at the
moment of the true conjunction (ijtim×þ) is farther away from the node than point G in the
measure of a twelfth part of arc GH as if it were on point T [of this figure] and as if arc
GT were a twelfth part of arc GH. So these three degrees are added to arc TB, not to arc
ZB as follows from the position where he placed the Moon. Hence, in reality there must
be a decrement (ziy×da)130 in the [eclipse] limit that he obtained in the measure of arc DT
3
4

which for the greater limit, in which the parallax in longitude is 0;15º, is 0;13 º; and
which for the smaller limit, in which the parallax [Es1 f. 58v] in longitude is 0;30º, is

129

Literally ‘an increment’.

130

Literally ‘an increment’.
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27

3
1
º], that is 0;27 º; and that is what we wanted to
4
2

demonstrate.
[Es2 f. 70r] As to the lunar eclipse limits, [Ptolemy] obtained them in the following
manner: He added the arc subtended by the lunar radius when the Moon is at the perigee
of its epicycle, i.e. 0;17,40º, to the arc subtended by the radius of the circle of the shadow
for this perigee, i.e. 0;45,56º, and took the [nodal distance] in the inclined orbit that is
deduced from this [latitude], being [this nodal distance] the maximum value (nih×ya) of
the nodal distance of the lunar body at the moment of the mid-eclipse, i.e. 12;12º. He
added to it the three aforementioned degrees, which correspond to the maximum [possible
difference] in longitude between the positions of the [mean and true] syzygies. This
[difference of three degrees in longitude] is approximately the same in [the argument of]
latitude. Therefore, [B. f. 60v] from that, it is [obtained] the maximum [value] (gh×ya) of
the nodal distance of the position of the mean syzygy in which the Moon is touching
tangentially the circle of the shadow; and that is 15;12º. This is the limit between those
mean syzygies in which a lunar eclipse is possible, and those [mean] syzygies in which it
is not possible.
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