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ABSTRACT

The dissertation is an edition, translation and commentary of the three important
chapters in the work of a well-known Muslim philosopher and astronomer Qutb al-
Din al-Shirazi (d. 1311 C.E.). The text, known as Nihayat al-Idrak fi Dirayat al-
Aflak (The Limit of Understanding of the Knowledge of the Heavens), is one of his
few major works on astronomy. For the purpose of this study, we focused only on the
three important chapters, which are “On the Orbs and Motions of the Sun,” “On the
Orbs and Longitudinal and Latitudinal Motions of the Moon,” and “On the Orbs and
Longitudinal Motions of the Upper Planets and Venus.” These celestial objects, and if
we include Mercury and the fixed stars as well, are the only known and observable
object of the sky which are being observed and studied by the medieval astronomers.
Moreover, it is in these three chapters lies the originality of the work of Qutb al-Din
al-Shirazi, and his famous predecessors, Nasir al-Din al-Tusi (d. 1274 C.E.) and
Mu’ayyad al-Din al-‘Urdi (d. 1266 C.E.). They are the prominent members of the
“Maragha School,” a name which modern scholarship had coined after a group of
Muslim medieval astronomers who are the most revolutionist in reforming Ptolemaic
astronomy. However, as we shall see in the study, Qutb al-Din al-Shirazi utilized
theories of his predecessors, instead of creating his own theory, in composing his
Nihayat. His text is more like a commentary for the work of his predecessors. For the
purpose of the edition, we used five manuscripts: Ahmet 111 3333, Berlin 5682, Paris
2517/8, British Library 399, and Bodleian Marsh 133. It is found that there is no
major variation among the manuscripts, and if there is any, it is mentioned
accordingly.
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CHAPTER ONE

INTRODUCTION

THE LIFE AND WORKS OF QUTB AL-DIN AL-SHIRAZI

Quitb al-Din al-Shirazi was born in the Persian town of Shiraz in the month of Safar in
the year of 1236 C.E. He was trained from a very young age under the guidance of his
father, Dia’ al-Din Mas‘ud, who himself was a distinguished physician and a Sufi
master in the school of the famous S{u>fi cum philosopher Shihab al-Din al-
Suhrawardi. Al-Shirazi was so brilliant and successful in his training that at the time
of his father’s death, when he was only fourteen years of age, his father entrusted him
to be a physician and an ophthalmologist at the Muzaffari hospital in Shiraz.

He remained in Shiraz for the next ten years before the yearning to travel to
seek further training and knowledge from famous scholars of various disciplines made
him to leave Shiraz. He traveled through Khurasan, Irag and Anatolia seeking
authoritative masters of Ibn Sina’s magnum opus in medicine, al-Qanun. In Khurasan,
he also studied philosophy under the famous Muslim philosopher Najm al-Din al-
Qazwini. He also traveled to Konya and became the disciple of the famous disciple of
Ibn “Arabi, Sadr al-Din al-Qunyawi, with whom he studied Quranic commentary and
Hadith. And around 1262 C.E., he traveled to Maragha to study under the famous
philosopher cum astronomer, Nasir al-Din al-Tusi.

In fact, medicine, philosophy and astronomy are the three disciplines which
interested him most, and it is in these three areas that he contributed outstanding
works. In medicine, he wrote a commentary of Ibn Sina’s al-Qanun, entitled Sharh

kulliyyat al-ganun, which took most of his life time to complete it. In philosophy,



among his major works are Durrat al-taj li ghurrat al-dibaj fi’l-hikmah (Pearls of the
Crown, the Best Introduction to Wisdom) which is encyclopedic in nature, and Sharh
Hikmat al-ishrag ( Commentary Upon the Theosophy of the Orient of Light) which is
a commentary upon Suhrawardi’s work Hikmat al-ishragq. In astronomy, his two
major works are Nihayat al-idrak fi dirayat al-aflak (The Limit of Understanding of
the Knowledge of the Heavens) and al-Tuhfat al-shahiyya fi’l-hay’ah (The Royal Gift
on Astronomy).

The former work, which we would call it in short as Nihayat, is the focus of
our study here. It is written earlier than the latter work, and it was completed around
1281 C.E. Nihayat is a very comprehensive work which covers not only the
mathematical astronomy, but other areas of discipline which are quantitative and
related to astronomy as well such as geography, geodesy, meteorology and mechanics.

Indeed Qutb al-Din al-Shirazi is a well-rounded scholar and an expert in
various field of sciences. His scholarship is outstanding and he was famously known
with the honorific title ‘Allama, and he was called by the historian Abu’l-Fida’ with
the title al-Mutaffannin, “master in many sciences.” After traveling many years
throughout the various Muslim empires, including being an ambassador at the court of
the Mameluke ruler of Egypt, he returned to Tabriz, and died on the 17" of Ramadan,

1311 CE!

THE TEXT: NIHAYAT AL-IDRAK FI DIRAYAT AL-AFLAK
The whole text is divided into four treatises: On what that needs to be presented by

way of introduction, On the configuration of the celestial bodies, On the configuration

! Most of the information here are taken from Seyyed Hossein Nasr, “Qutb al-Di>n al-Shirazi” in
Dictionary of Scientific Biography, Vol. XI, ed. C. Gillespie (New York: Charles Scribner’s Sons,
1976), 247-253.



of the earth, On finding the measurements of the distances and the bodies. For the
purpose of this study, we would focus on three chapters from the second treatise. The
chapters are Chapters 6", 7" and 8™, which are entitled as “On the orbs and motions of
the sun,” “On the orbs and longitudinal and latitudinal motions of the moon,” and “On
the orbs and longitudinal motions of the upper planets and Venus,” respectively.

These are the important chapters for the science of “configuration” or “ilm al-
hay’ah of the heavenly bodies. It is in these chapters that Qutb al-Din al-Shirazi
criticized and departed from Ptolemaic modeling. Ptolemaic astronomy has been
successful in predicting the motions and positions of the heavenly objects; Qutb al-
Din al-Shirazi was aware of this since he himself was an avid observer at the Maragha
observatory. However, for the Muslim astronomers in general, including al-Shirazi
and his distinguished predecessors, Nasir al-Din al-Tusi (d. 1274 C.E.) and Mu’ayyad
al-Din al-‘Urdi (d. 1266 C.E.), ‘ilm al-hay’ah should not just only able to predict but it
must also configure the physical aspect of the motions of the heavenly objects since it
is an accepted principle, in ancient and medieval astronomy, that the orbs of the
heavenly bodies are solid spheres with no void should be in between. Thus the orbs of
these celestial bodies must not in any circumstances violate any physical principles,
such as the principle of uniform motion which, as we shall see, Ptolemy violated it in
his theories of the moon and the upper planets. It is this inconsistency in Ptolemaic
theories that sparked the momentum for Muslim astronomers to create an alternative
model which would replace the model of Ptolemy.

For the purpose of the edition, we used five manuscripts: Ahmet 111 3333,
Berlin 5682, Paris 2517/8, British Library 399, and Bodleian Marsh 133, which are
marked with the letters D, L, G, M and F respectively. There is not much of variation

among the manuscripts and we took the first manuscript Ahmet 111 3333 as the basis



for the edition since it seems to be the most complete compared to the others. Paris
2517/8 and Bodleian Marsh 133 are almost similar to Ahmet Il 3333 in terms of
clarity and eligibility in deciphering them, and they do not have that many variations
from Ahmet 111 3333. However, Berlin 5682 and British Library 399 are a bit
problematic, with some words and phrases being omitted, and some of the pages in
British Library 399 are in fact ineligible for editing.

Indeed Qutb al-Din al-Shirazi knowledge in astronomy is deep and extensive
as evident from our translation and commentary here. He lived at the time when
Islamic civilization is still at its peak, and the knowledge of astronomy has advanced
very highly due to the work of prominent Muslim astronomers including Qutb al-Din
al-Shirazi , and his two highly accomplished predecessors, Nasir al-Din al-Tusi and
Mu’ayyad al-Din al-’Urdi. Both of them are responsible for building the famous
Ilkhanid observatory at Mara>gha in terms of constructing the instruments and
conducting observations.

Qutb al-Din al-Shirazi had a chance of studying under the tutelage of Nasir al-
Din al-Tusi at Maragha, of which he was an outstanding student and later he himself
had the responsibility of doing observations at the observatory. Indeed in order to
have such an extensive knowledge of astronomy as evident from the text, he must
have done many observations to verify the astronomical theories. Moreover, the
writing and the format of his Nihayat is almost similar to the format of the famous
work of his teacher al-Tusi, which is Tadhkirah fi ‘ilm al-hay’ah (Memoirs in
Astronomy).

There are quite a few parts in Nihayat which are similar with the ones in
Tadhkirah. The latter however is a recession of astronomical knowledge without

much attention being given to mathematical proofs. In Nihayat, however, al-Shirazi



would mention the theory, and following it is its explanation, and sometimes with
observational evidence and mathematical proofs. Moreover, there are times when al-
Shirazi would criticize his own teacher such as the non-circularity of al-Tusi’s
planetary orb, and the impossibility of a solid sphere of an epicycle to be contained
inside al-Tusi’s couple.

However, despite of the extensive knowledge of astronomy that can be found
in Nihayat, al-Shirazi did not give much attempt to create his own theory. He
depended heavily on the theories of his predecessors, and then would just elaborate
further on the explanation. He seems to be satisfied with the solutions to the
Ptolemaic problems as given by al-Tusi and al-*Urdi that he did not attempt to propose
any new theory. However, shortly after finishing writing his Nihayat, al-Shirazi wrote
his other monumental work, al-Tuh}fat al-shahiyya fi’l-hay’ah (The Royal Gift on
Astronomy). Here in this work al-Shirazi proposed a new model for the moon and he
applied both al-Tusi’s couple and al-*‘Urdi’s lemma to solve the irregular orb of
Mercury’s motion.?

In general, Nihayat al-idrak fi dirayat al-aflak is a priceless contribution of
Qutb al-Din al-Shirazi in the field of astronomy. It is a proof that astronomical
activities among the Muslim astronomers are highly advanced and sophisticated not
found anywhere else on earth at that time. Their observations and theories, even
though were adopted from the works of Ptolemy, an ancient astronomer from
Alexandria, are new formulations with advancement in observations and ingenuous

solutions to Ptolemaic problems.

2 See further in Saliba, “Arabic planetary theories,” 98-99 & 118-120.
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TRANSLATION AND COMMENTARY

CHAPTER SIX ON THE ORBS AND MOTIONS OF THE SUN

TRANSLATION
[1] When the situation of the sun was considered, the center of its body was found to
adhere always to the ecliptic equator, deviating neither to the north nor to the south,*
since it was found that its altitude, when it is taken [at a certain moment when it is
going] from less to more, but has not reached its maximum and [when it is taken at a
certain moment when it is going] from more to less, but has not reached its minimum,
is equal to the complement of the latitude of the country; this indicates that the sun is
at the vernal point in the first case and at the autumnal point in the second case.
Further, it was found that the altitude on the preceding day in the first case is less than
the complement of the latitude of the country by an amount of the declination of the
last degree of Pisces, and that in the second case it is greater than it by an amount of
the declination of the last degree of Virgo. Moreover, it was found that the altitude on
the next day in the first case is greater than [the complement of the latitude of the
country] by [an amount of] the declination of the first degree of Aries, and that in the
second case it is less than it by [an amount of] the declination of the first degree of
Libra. It is clear that this proves what we intended.

[2] Also, it was found that sun’s motion varies [in speed] in [different] parts of
the ecliptic equator, in that it is slower in one half [of its orb] and faster in the other

half, for the time between its arrival at the vernal equinox and its arrival at the

! Nasir al-Din al-Tusi, al-Tadhkirah fi ‘ilm al-hay’ah, edited and translated from Arabic by F. Jamil
Ragep (New York: Springer-Verlag, 1993), 1: 144,
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autumnal descent was found to be greater than the time of [its traversing] the other
half; likewise, [the time] between its arrival at the vernal equinox and its arrival at the
summer solstice is greater than the time of [its traversing] the next quadrant. Also, it
was found that in some eclipses, the sun’s body during the middle of the period of
slower motion was somewhat smaller than during the middle of the period of faster
motion, since there existed a clear period of lingering of the eclips, as has been
perceived by Muhammad bin Ishaq al-Sharakhsi> during the middle of the period of
slower motion, and there is a ring of remaining luminosity of the sun which encircles
the moon, as has been observed by Abu al-*Abbas al-Iranshahri, during the middle of
the period of faster motion, although the distance of the moon [from the earth] is the
same at both times. The moderns have proved from this that the sun is further away
from the center of the world during the period of slower motion and closer to it during
the period of faster motion. The ancients did not find that, as will be explained [later]
in its place.

[3] Nevertheless, they concluded this, since the period of slower motion is
longer than the period of faster motion; this shows what we intended to say as you
know. Moreover, the moderns found that the midpoints of its slower and faster
motions, which are the apogee and the perigee [respectively]—and indeed, every
position, whatever its circumstance, such as a specific speed or equation and such
things—have a movement through the parts of the ecliptic equator approximately
equal to the movement of the fixed stars due to the second motion. [This was found]
by observing the amount of the sun’s motion in a specific position of the ecliptic orb
after its leaving the vernal point and before it slows down to its extreme slowness,
until it passes the extreme and arrives to the same condition as the first one; then it is

known that the apogee is on the mid-point of the arc which is between the two
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conditions and that the perigee is opposite to it. Then the position of [the apogee] is
observed after a period of time and it is found that it has moved from the first position;
then the arc which is between the two positions on the ecliptic orb is divided by the
time between the two observations. The result is that the [apogee’s] motion is one
degree in 66 Persian years; Ptolemy did not find that. This requires to say that the sun
does not have any other anomaly due to accession and recession and that the sun in its
motion now is not faster than what it was at the time of Ptolemy, as some of them
believed to have established.

[4] [The above requires that there be established for the sun] either [a] an
eccentric, whose equator is in the plane of the ecliptic equator with the sun in its
thickness like a sphere immersed in water, whose the depth is equal to the [sun’s]
diameter. The eccentric would move and it would move the sun in the sequence of the
zodiac in approximately 24 hours, 59 minutes and 8 seconds. This is known by
dividing one revolution, which is 360 degrees, by the single known period of return
from the sun’s arrival at the vernal point to its arrrival back at the [same] point, which
is approximately 365 days and a quarter day; the result is the motion for one day; it is
called the motion of the sun’s center or the uniform motion, but not the mean motion,
as some have said, as will be mentioned later.

[5] Or [b] an epicycle and deferent, whose equators are likewise [in the plane
of the ecliptic equator]. The sun would be on the epicycle and the latter moves it in its
upper half counter-sequentially at the rate of the motion of the sun’s center. The
deferent moves the center of epicycle sequentially likewise at the rate of that motion
[i.e., the motion of the sun’s center] so that the two revolutions will be completed
together. The center of the sun will undergo exactly the same motion as the one which

is produced by the eccentric such as mentioned before. This motion is slower in the
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