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Abstract:

Al-Andalus witnessed a remarkable scientific renaissance, particularly during the 5th
century AH / 11th century CE, following the establishment of an astronomical school by Maslama
al-Majritt, who had revitalized the study of astronomy in al-Andalus a century earlier. Among the
most prominent figures to emerge from this intellectual revival was Abt Ishaq Ibrahim ibn al-
Zarqalt, also known as Arzachel in the West—a pioneer in applied astronomy and the construction
of astronomical instruments, most notably the universal astrolabe (al-saftha al-Zarqaliyya). His
work also included the production of astronomical tables and calendars that became known in
Europe as the Toledan Tables.

Ibn al-Zarqali made groundbreaking contributions to the Andalusian astronomical renaissance.
These included the measurement of the width of the Mediterranean Sea, precise calculation of the
solar apogee, and laying the foundations of elliptical planetary orbits—concepts later developed
by Copernicus and Kepler. His achievements earned him enduring recognition: Alfonso X of
Castile ordered the translation of his works, the International Astronomical Union (IAU) named a
lunar crater "Arzachel" (diameter: 96 km), and Spain issued a commemorative postage stamp
bearing his image.

Keywords: Al-Andalus, Ibn al-Zarqali, Astrolabe, Astronomical tables, Time & Chronometry.
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1. INTRODUCTION

The Islamic-Arabic
witnessed  significant advancements in
rational especially after the
stabilization of political and social conditions
during the second century AH, under the
Abbasid Caliphate in the East and the
Umayyad rule in the Islamic West. This
article highlights the achievements of
astronomers in al-Andalus during the golden
age of intellectual sciences in the 5th century
AH (11th century CE), with a particular focus
on the most distinguished figure of the era:

civilization

sciences,

Ibn al-Zarqgali. His pioneering works, still
largely unexplored in Arabic sources, merit
renewed scholarly attention.

Despite Ibn al-Zarqali’s recognized
contributions to astronomy and instrument-
making, his role in shaping the transition
from Ptolemaic to early heliocentric models
remains  underexplored in  modern
scholarship, particularly regarding the
transmission of his ideas to Europe and their
influence on later astronomers such as
Copernicus and Kepler.

While Ibn al-Zarqali is widely recognized for
his technical instrument-
making and observational astronomy, his role
in the theoretical transformation of medieval

innovations in

astronomy remains inadequately
contextualized within the broader scientific
milieu of al-Andalus. Specifically, the extent
to which his work—particularly his proposals
regarding elliptical planetary orbits, variable
solar and
instrumentation—challenged

Ptolemaic models and facilitated the later
transition to heliocentric cosmology in

eccentricity, universal

prevailing

Europe has not been systematically examined
through the dual lenses of scientific
innovation and knowledge transmission.

This study seeks to investigate how Ibn al-
Zarqalt’s integrative approach to observation,
instrument design, and theoretical critique
contributed to an evolving astronomical
paradigm in the 11th-century Islamic West,
and to trace the pathways through which his
ideas permeated later Eastern and Western
astronomical traditions.
1. IBN AL-ZARQALI: LINEAGE,
EARLY LIFE, AND ACHIEVEMENTS
1.1 Lineage and Early Life

Ibrahim ibn Yahya al-Naqqash al-
Tujib1 al-Zarqali, widely known as Ibn al-
Zarqali or simply al-Zarqali, was also
referred to by Western sources as "Arzachel."
The geographer al-Gharnatt (d. 1137) called
him "al-Zarqil"' while others referred to him
as "al-Zarqali" or "Ibn al-Tulaytuli"® The
Andalusian judge Sa‘id al-Andalust called
him "al-Zarqiyal." His name is occasionally
found written with a feminine ending (al-
Zarqala), as noted by Ibn al-Abbar®. Modern
scholar Qadri Hafiz Tugan included him
among the foremost astronomers of the 11th
century CE, an era also known as the "age of
al-Karakhi."*
Ibn al-Zarqali was born in Toledo in 420 AH
/ 1029 CE—though some sources cite 419
AH.° He was a prominent Andalusian
astronomer and mathematician, considered
one of the greatest in both theoretical and
applied astronomy of his time. After the
political upheaval in Toledo in 1085, during
the reign of Alfonso VI of Castile, he
relocated to Cordoba along with a number of
scholars. His most important works will be
explored in detail below.
1.2 Death

The exact date of Ibn al-Zarqali’s
death remains a matter of scholarly debate.
Some sources claim he died in 493 AH/ 1100
CE®, while others specify Friday, the 8th of
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Dhu al-Hijjah—the Day of Tarwiyah—in the
same year (493 AH /1099 CE)’. Yet another
account places his death earlier, in 480 AH /
1087 CE, in Seville.
1.3 The Writings of Ibn al-Zarqalt
Before delving into his scientific
accomplishments, it is useful to consider the
definitions of astronomy (‘ilm al-hay’a)
offered by some of the leading Muslim
scholars:
Ibn Khaldin defined astronomy as “the
science that investigates the motions of the
fixed and moving stars, and by analyzing the
characteristics of these motions, deduces the
shapes and configurations of the celestial
spheres through geometrical methods.”®
Mu’ayyad al-Din al-"Urdi of Damascus (d.
1266 CE) stated: “The nobility of any science
lies in either the nobility of its subject or the
certainty of its proofs—or both. Astronomy
excels in both: its subject is the most
wondrous of God’s creations, and its proofs
are based on definitive geometric and
arithmetic reasoning.”’
Ibn Stna (Avicenna) (d. 428 AH / 1037 CE)
wrote: “Astronomy is the science that
examines the condition of the parts of the
universe, their shapes, relative positions,
measurements, and the distances between
them, as well as the movements of the
celestial spheres and the stars, using spheres,
segments, and circles through which these
motions are completed.”!”
In the Field of Authorship:
Ibn al-Zarqali authored numerous books and
treatises. Among his most significant works
are:
- Treatise on the Use of the Universal
Astrolabe for All Latitudes
- The Book of Operations with the Zij
Plate (al-Saftha al-Zijiyya)

- Introduction to the Science of
Astrology (al-Madkhal f1 ‘Ilm al-

Tanjim)
- The Book of Regulation (Kitab al-
Tadbir)
The Most Important Works and
Achievements of Ibn al-Zarqali in
Astronomy

It is nearly impossible to exhaustively
enumerate the scientific contributions of Ibn
al-Zarqali in the field of astronomy—given
its numerous subfields—within the limited
scope of a short article. Nevertheless, his
works can be systematically classified into
six principal domains:
1. The construction of the astrolabe
2. Astronomical tables and calendars
3. Astronomical geography
4. Observational astronomy
5. Astronomical theory
6. Horology and the science of timekeeping
1. Astrolabe Construction

To begin, it is essential to understand
the nature of the astrolabe as defined by some
classical Islamic sources. Al-Biriini, for
example, described it as:
"An instrument whose name the Greeks
called 'astrolabe,’ meaning 'mirror of the
stars'... Through this instrument, one can
determine time and ascertain the passing of
day and night with the least effort and
greatest accuracy'!. It has both a visible and
a hidden side, with various components
unified around a central pivot, engraved with
specific lines and names designed for
measurement and identification." According
to Ibn al-Nadim, the first Muslim to construct
an astrolabe was Ibrahtm ibn Habib al-Fazar1
(d. circa 180 AH / 796 CE), who built both
planispheric and flat models. !
Origins and Influences of Andalusian
Astronomy
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Andalusian astronomy
profoundly shaped by Eastern (Mashriqi)
traditions, particularly during the Umayyad
period and the early Abbasid scientific
renaissance. By the mid-9th century CE,
however, al-Andalus had begun to emerge as
a center of original astronomical production.

was

Among the pioneers of this early phase was
the polymath ‘Abbas ibn Firnas (d. 274 AH /
877 CE), known for his flight experiments in
the palace of al-Rusafa in Coérdoba, the
construction of a celestial dome in his home,
and his invention of a mechanical celestial
globe, which he gifted to “‘Abd al-Rahman II.
He also designed a water clock capable of
determining the Islamic prayer times even
when celestial bodies were not visible—a
remarkable feat for its time and gifted it to
Prince Mohamed .

The School of Maslama al-Majritt (d.
1007 CE)

Maslama al-Majritt  is  widely
regarded as the true founder of Islamic
astronomy in al-Andalus. His introduction of
the Sindhind astronomical system—based on
al-Khwarizm1’s version—during the reign of
‘Abd al-Rahman II proved to be pivotal.
Together with his student Ibn al-Saffar, al-
Majritt modified and adapted the Sindhind
tables for Andalusian use.'*

Ibn al-Zarqali later affirmed al-Majritt's
observational precision, stating that he had
recorded the position of the star Regulus
(Qalb al-Asad) in 368 AH / 979 CE with a
longitudinal value of 135.40°. Furthermore,
Ibn al-Zarqalt drew upon the works of earlier
astronomers'®, notably Ibn Mu‘adh, who had
relied on al-Khwarizmi to determine the solar
apogee at 77.50° from the vernal equinox—a
value that Ibn al-Zarqalt would later adopt in
his treatise on the universal plate (al-Safiha
al-Jami‘a)'®. Another precursor, Ibn al-Samh,
had authored one of the earliest known works

on the construction of universal plates for
planetary calibration, laying foundational
groundwork for Ibn al-Zarqal’s later
innovations.

The real breakthrough in astrolabe design,
however, occurred in the 11th century CE
(5th century AH), primarily through the
efforts of two astronomers: ‘Al ibn Khalaf
and Ibn al-Zarqal1.!”

During the Taifa period, particularly in the
4th and 5th Islamic centuries, Andalusian
astrolabes were typically equipped with
multiple plates—each corresponding to the
latitude of a specific city. It was Ibn al-
Zarqalt who revolutionized this approach by
developing  the astrolabe,

inaugurating a new era in astronomical
18

universal

instrumentation.
In 440 AH / 1048-1049 CE, he authored a
seminal treatise divided into one hundred
chapters on an instrument he called the Saftha
‘Abbadiyya (named after al-Mu‘tamid of
Seville)'?, also known in Latin sources as
Spahener Oziacheris. This universal plate
could be used across all latitudes and
featured, on one side, a dual grid of equatorial
and ecliptic coordinates along with a ruler for
horizon calibration; the side
displayed a zodiacal scale, a stereographic
projection of the celestial sphere, a sine
quadrant, and a diagram of the moon’s
orthogonal distance from Earth at any given
time.°

reverse

Ibn al-Zarqali also gifted a second plate to al-
Mu ‘tamid, naming it the al-Shakkaziyya. In
this sophisticated design—detailed in a sixty-
chapter treatise—he replaced the equatorial
projection with a stereographic projection
along the solstitial colure (the celestial great
circle passing through the solstices). This
marked a genuine revolution in the design of
astrolabes.  Despite its  mathematical
elegance, the Shakkaziyya was somewhat
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difficult to operate, particularly because it
lacked a rotating rete (spider), which meant it
did not emulate the apparent rotation of the
celestial sphere.?!
According to the Spanish historian of science
Julio Samso, the Saftha al-Zarqaliyya was
indeed an original invention, albeit initially
complex and unintuitive. Ibn al-Zarqali
recognized this and revised it, simplifying its
use and rebranding it as the Shakkaziyya.??
Around the same time, the astronomer and
pharmacist Abtu al-Hasan ‘Al Khalaf al-
Shajjar (or al-Saydalani) constructed a
cosmic astrolabe in 464 AH / 1071 CE.
Starting from Ibn al-Zarqali’s plate, he
identified the absence of a rete and
incorporated one into his instrument, making
it significantly more user-friendly. He
presented this refined device to al-Ma min
Dh1 al-Nin, ruler of Toledo (435-467 AH /
1043-1072 CE), and named it the Ma 'min1
Astrolabe. This tradition—of dedicating
scientific instruments to rulers in pursuit of
patronage—was common among medieval
scholars.
Ibn al-Zarqali and the Equatorium

One of Ibn al-Zarqali’s most significant
contributions to astronomical
instrumentation was his invention of the
Equatorium, or Tabaq al-Manatig—an
analog computing device designed to
determine the positions of the sun, moon, and
planets  without resorting to manual
calculation.

- This instrument was composed of two
primary plates.

- The first plate depicted the celestial
spheres of all the known planets.

- The second displayed the epicycles,
enabling accurate representations of
planetary orbits according to the
Ptolemaic model.

Remarkably, Ibn al-Zarqali portrayed the
orbit of Mercury as elliptical, suggesting he
may have understood the elliptical nature of
planetary paths more than four centuries
before Johannes Kepler (1571-1630 CE). He
also added comparative rings to his
Equatorium,  differentiating it  from
traditional Ptolemaic designs.
The Content of the "Zarqali Plate"
Treatise

Ibrahim al-Zarqali authored a
comprehensive treatise on the workings of
the universal astrolabe, known as the Zarqali
Plate. The treatise consists of one hundred
chapters and functions as a practical guide
outlining the instrument’s use, benefits, and
diverse applications. He later produced an
abridged version of this treatise, commonly
referred to as the Shakkazi Treatise, which
retains all the essential technical details of the
original comprehensive version.
In the preface, al-Zarqali surveys various
astronomical instruments, both shadow-
based and optical, including flat sundials,
quadrants, celestial spheres, astrolabes,
armillary spheres, and dioptras. He also
evaluates their observational capacities and
highlights their varying degrees of precision
and utility.
In a subsequent section, al-Zarqali introduces
his own invention: a single, universal plate in
which all engraved markings are integrated
into one surface, making it applicable for all
latitudes and usable across all horizons. What
sets his device apart is its ease of use and its
ability to track both fast- and slow-moving
celestial bodies. According to al-Zarqali, his
plate meets all the requirements for accurate
astronomical observation, incorporating the
necessary  mathematical  figures and
diagrams. He described it as a dual-mode
instrument: one version being a complete but
simplified model with minimal markings,
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and the other a more condensed variant for
practical use.

At the beginning of the treatise, al-Zarqali
offers a meticulous description of the visible
face of the plate. He writes:

“The first of its features is the circle inscribed
with degree markings, which represents the
meridian circle. The five-degree intervals are
marked above, while the diameter extending
from the suspension ring to the base of the
plate signifies the celestial equator. The
vertical diameter crossing it represents the
observer’s horizon.”

On the reverse side, he notes:

“The first element here is the altitude and
shadow circle. In its upper half are the
altitude divisions, and in the lower half are
the straight and inverted shadow scales.”?
Influence of the Zarqali Plate on Eastern
and Western Scholars

1. Influence on Eastern (Islamic) Scholars:
Following its diffusion across the Islamic
world, the Zarqali Plate (also known as the
Universal Astrolabe) gained recognition
among astronomers such as the Andalusian
polymath Abi al-Salt Umayya ibn “Abd al-
‘Aziz. However, due to its technical
complexity, it was initially difficult to
master. This led several scholars to compose
explanatory treatises to elucidate its
operation, including:

- Misa ibn Ibrahim al-Muttabbib, in
his work Misbah al-Talib wa Munir
al-Muhibb.

- Ahmad ibn ‘Umar al-Shadhili, in his
Treatise on the Shakkazi Zarqali
Plate.

- Abi  Muhammad  al-Khujandi
(Hamid ibn Khidr), inventor of the
sextant, in his book On the Use of the
Zarqali Plate.

- Ibn al-Sarraj al-Shami (Shihab al-
Din Ahmad ibn Abi Bakr), who

produced an astrolabe modeled after
the Shakkazi Plate,
calling his version the Sarrajiyya.
2. Influence on Western Europe:
The renowned orientalist Carra de Vaux
stated that the Alfonsine Tables—compiled
under King Alfonso X in the 13th century—
represented the pinnacle of  Arab
astronomical achievements.**

Andalusian

Nicolaus Copernicus himself employed the
Zarqali Plate in  his
observations. A variant of the astrolabe,
dubbed the Catholic Astrolabe, was modeled
after al-Zarqali’s original design.?®
Scholarly Opinions and Al-Zarqali’s
Legacy in Astronomy

1. Nicolaus Copernicus (1473—-1543), the
renowned Polish astronomer, frequently cited
al-Zarqali’s ideas, notably in his seminal
work On the Revolutions of the Celestial
Spheres.?®

2. Ibn al-Abbar praised him as "the
unmatched scholar of his era in arithmetic,
observation, and the construction of
astronomical tables. No figure in al-Andalus
since the Muslim conquest matched his
intellectual acumen and mastery of
astronomical instruments."?’

3. Mahmiud ibn Muhammad al-Mar ashi
(known as Mirim Chalabi), in his Persian-
language epistle dedicated to Sultan Bayazid
Khan (d. 938 AH), described the Zarqali
Plate as “the most refined, complete,
inclusive, lightweight, and accessible of
instruments.”?®

4. The Zarqali Plate remained in use among
both Muslims and Europeans at the dawn of
the FEuropean Renaissance. Copernicus
notably incorporated it into his research, and
its design directly inspired the Catholic
Astrolabe.”
5. German
emphasized

astronomical

orientalist ~Sigrid Hunke
that European astronomers
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depended heavily on al-Zarqali’s Toledan
Tables.

6. Ibn Bajja alluded to an indirect theoretical
treatise critiquing Ptolemy’s method for
determining the apogee of Mercury.

7. Ibn al-Qayyim mentioned now-lost
writings by al-Zarqali in which he corrected
Ptolemy’s lunar model in his
handwriting.

8. Gerard of Cremona translated al-Zarqali’s
works into Latin during the 12th century,
facilitating their wide dissemination in
Europe.

9. Regiomontanus (Johannes Miiller) in the
15th century authored a treatise discussing
the utility of the Zarqalt Plate.

10. Western astronomers frequently referred
to al-Zarqalt as the “Father of Astronomical
Science.”

11. Spanish author Mariano Calvo stated that
al-Zarqali transformed Toledo into “the
Greenwich of the Middle Ages.”

12. Al-Zarqali influenced numerous Islamic

own

philosophers and astronomers, including Ibn
Bajja, Ibn Tufayl, Ibn Rushd the Younger,
Ibn al-Kammad, Ibn al-Ha’im al-Ishbili, and
Nir al-Din al-Bitrtjt.

13. Ram Landau, in his book Islam and the
Arabs, remarked:

“Astronomy was not limited to the Arabs
of the East; it was also vibrant in the West. In
al-Andalus, al-Zarqalt invented an astrolabe
that gained fame and laid the foundation for
an integrated astronomical legacy.”*’

14. In his Ta'rikh al-Hukama’ (History of the
Wise), Jamal al-Din al-Qift1 wrote:

“Ibrahtm ibn Yahya al-Naqgash, known as
al-Zarqali, was the most astute observer of
planetary motion and celestial configurations
of his time. His Zarqali Plate—still widely
used among astronomers—encapsulated the
marvels of celestial motion in a remarkably
concise design.”!

15. According to Dr. ‘Ali “‘Abd Allah al-
Difa’,

“Ibrahim al-Zarqali reigned supreme
among 1lth-century astronomers. He
harmonized theoretical knowledge with

technical craftsmanship, earning the title 'al-
Nagqqash' for his early work as an engraver—
a skill that deeply informed his passion for
astronomical instrumentation and applied
science.”’?
II. IN THE FIELD OF
ASTRONOMICAL TABLES AND ZIJES
Ibn Khaldun defines the zij as: “A
mathematical science based on numerical
laws concerning the motion of each planet,
the of
astronomy, accounting for their velocity,
slowness, direct or retrograde motion, and
phenomena. These computations
determine the positions of the planets in their
orbits for any hypothesized moment in time,
using the laws extracted from astronomical
treatises.”?

derived from demonstrations

other

Al-Khwarizmi1 similarly states: “A zij is a
book through which the movements of the
planets are calculated and from which
calendars are extracted—meaning the yearly
ephemerides of the planets. In Persian, zij
(=) means ‘string’ or ‘cord’*, alluding to
the mathematical precision involved.”

Ibn al-Zarqalluh (known in Latin sources as
Azarquiel) began his engagement with
astronomy through the manufacture of
astronomical instruments—a craft at which
he excelled, earning him the title al-Naqqash
(the engraver). In 1060 CE, he entered the
service of Sa‘id al-Andalusi, the qadi (judge)
of Toledo and a prominent mathematician.
During this period, he not only constructed
scientific instruments for fellow scholars but
also underwent two years of rigorous study
under Sa‘id’s mentorship. Having mastered
the foundational principles of hay'a
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(astronomical science), Ibn al-Zarqalluh
joined the scholarly team established by
Sa‘1ld and eventually assumed its leadership
after his teacher's death.

Ibn al-Zarqalluh became renowned for his
Toledan Zij, the product of a collaborative
scholarly effort involving Muslim, Christian,
and Jewish astronomers. This work drew
extensively on earlier astronomical tables,
such as those by Maslama al-Majriti, Abu al-
Qasim ibn al-Saffar, Sa‘id ibn Ahmad al-
Taghlib1 (also known as Abi al-Qasim al-
Jiyani), ‘Ali ibn Khalaf, and others.*
Around 462 AH / 1070 CE, Ibn al-Zarqalluh
commenced his work on astronomical tables,
which were subsequently translated into
Latin between the late twelfth and early
fourteenth centuries®. These Toledan Tables
exerted a profound influence on Western
astronomical thought for centuries. In fact,
the renowned Polish astronomer Nicolaus
Copernicus utilized them in his De
Revolutionibus Orbium Coelestium,
explicitly citing both Azarquiel (Ibn al-
Zarqalluh) and al-Battani®’. The German
Orientalist Sigrid Hunke has likewise
affirmed the critical importance of
Azarquiel's tables to generations of European
astronomers.

These tables, known collectively as the
Toledan Zij, were based on empirical
observations conducted in Toledo between
1061 and 1080 CE. They significantly

influenced later Spanish astronomers,
particularly in the compilation of the
Alfonsine Tables, commissioned two

centuries after Azarquiel’s death by King
Alfonso of Castile, who ordered the
translation of all his works into Castilian.

Of particular note are the solar calendars
Azarquiel produced, extant in both Arabic
and Latin. These solar tables were the
outcome of extensive observations in Toledo,

primarily aimed at simplifying the
calculation of terrestrial longitudes using the
Earth’s orbit, a method inherited from
Babylonian astronomy. More broadly, the
function of zijes (astronomical tables) was to
facilitate three key aspects of practical
astronomy:

- Determining the times of prayer and
the qgibla (direction of Mecca) from
any location.

- Calculating the visibility of the lunar
crescent (hilal).

- Astrology and prognostication.
According to Julio Samso, Azarquiel's
influence extended to other zijes authored by
figures such as Ibn al-Kammad, Ibn al-
Ha’im, and Ibn al-Raqgam. His ideas also left
a lasting impact on Maghrebi astronomers,
notably Ibn Ishaq al-Tiinist and Ibn al-Banna’
al-Marrakushi.*

I11. IN THE FIELD
ASTRONOMICAL GEOGRAPHY
Ibn al-Zarqalluh enjoyed considerable

OF

acclaim in the field of astronomical
geography. He was the first to calculate the
length of the Mediterranean Sea with
remarkable precision, correcting both al-
Khwarizm1’s and Ptolemy’s earlier estimates.
Ptolemy had posited a value of 62 degrees,

while Azarquiel’s measurement—42
degrees—closely aligns with modern
calculations.

Iv. IN THE FIELD OF

ASTRONOMICAL OBSERVATION

The theoretical foundations of Ibn al-
Zarqalluh’s observational work were based
on the models of Ptolemy and al-Khwarizmi,
both of which, in turn, relied on the Indian
Sindhind tradition. However, he also relied
heavily on his own observational data,
gathered over more than thirty years.
Azarquiel devoted twenty-five years of his
life to solar observation. Between 468 AH /
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1075 CE and 473 AH / 1080 CE, he authored
a treatise, now lost, known in Latin and
Arabic sources as "On the Solar Year" or
"The Comprehensive Treatise on the Sun."
According to these secondary references, in
the year 467 AH / 1075 CE, he recorded the
solar apogee at a longitude of 85.49°. He was
thus the first to propose that the solar apogee
undergoes its own motion at a rate of one
degree every 279 Julian years.*
Azarquiel introduced a solar model with a
variable eccentricity, a significant innovation
in both the Islamic West and Latin Europe,
persisting in influence until the time of
Copernicus. He also calculated the
inclination of the solar apogee relative to the
fixed stars, determining the rate of change to
be 4.12 arcminutes per year—remarkably
close to the modern value of 8.11 arcminutes.
Most of his observations were carried out in
Toledo. In a series of over 402 experiments,
he determined that the position of the solar
apogee at sunrise equaled its position at
sunset’. According to al-Zij al-Kamil fi al-
Ta'alim by Ibn al-Ha'im, Azarquiel observed
the Moon for thirty-seven years—a claim
confirmed by multiple sources.*!
V. IN THE FIELD
ASTRONOMICAL THEORY
Over the course of a career spanning
more than four decades, Ibn al-Zarqalluh
formulated a number of pioneering theories

OF

that stemmed directly from his continuous
empirical work. Among his most significant
contributions:

He was the first to posit that planetary orbits
are elliptical. His insights would later
influence Copernicus and Johannes Kepler,
the latter of whom formalized the concept in
his first law of planetary motion, which states
that planetary orbits are elliptical, with the
Sun at one of the two foci. Ibn al-Zargalluh
described the elliptical shape of Mercury’s

orbit as “the form known as elliptical among
those versed in the science of astronomy.”*
He was also among the earliest scholars to
discuss the motion of the solar apogee
relative to the fixed stars, estimating it at
12.04 arcseconds per year. The current value
is 11.08 arcseconds, differing by only 0.96
arcseconds—a negligible variance in the
context of the celestial sphere, equivalent to
an error margin of 0.000266 degrees or
0.000000740 of a full circle (360°).
Azarquiel was the first to mention the
precession of the equinoxes (précision des
équinoxes), an insight of great importance to
later astronomical models.*’
Ibn Bajja (Avempace) references a now-lost
theoretical work by Azarquiel titled A
Treatise Refuting Ptolemy’s Method for
Determining the Maximum Distance of
Mercury.
Azarquiel’s decades-long lunar observations
culminated in several crucial discoveries,
including his formulation of the eclipse
deviation theory  (inkhiraf al-kustf),
pertaining to the solar eclipse.
VI. TIMEKEEPING AND HOROLOGY
IN AL-ANDALUS: THE ANDALUSIAN
WATER CLOCK
The Legacy of Ibn al-Zarqali in Horology
and Astronomy

Ibn al-Zarqali, widely recognized for
his expertise in theoretical and applied
astronomy, also demonstrated remarkable
skill in the field of horology—specifically, in
the construction of mechanical timekeeping
devices. Among his most celebrated
achievements were two large-scale water
clocks installed in the city of Toledo
(Tulaytila), known locally as al-Baylatayn.
These were situated on the banks of the Tagus
River near Bab al-Dabbaghin (The Tanners’
Gate).*
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The functioning of these clocks was based on
the lunar calendar, operating on a 29-day
cycle in accordance with the phases of the
moon. Their internal mechanisms were
hydraulic, with each clock emptying
completely at the end of every lunar month,
only to be refilled gradually as the moon
passed through its various phases—crescent,
first quarter, gibbous, full, waning gibbous,
quarter, and back to
effectively mirroring the 28 lunar mansions
(manazil al-qamar). These sophisticated
devices remained in operation until the fall of
Toledo in 478 AH / 1085 CE. One of the
clocks continued functioning until 528 AH.

King Alfonso VI of Ledén and Castile,
intrigued by the mysterious technology,
commissioned a Jewish scholar named

last crescent—

Hamis ibn Zubarah to decipher the operating
principle of the first clock—an artifact that
had astonished both the king and the
intellectuals of the period. Despite his efforts,
Hamis failed to wunlock its secret.
Nonetheless, the second clock continued to
function for another fifty years. Both clocks
were renowned for their astonishing
precision—so much so that later generations
compared them to modern timepieces.
CONCLUSION

The achievements of Muslim scholars
such as Ibn al-Zarqalt stand as irrefutable
evidence that the scientific awakening in al-
Andalus was not merely a continuation of
Greek heritage, as some Eurocentric
narratives suggest, but rather an original and
innovative movement. The astronomical
renaissance of the 5th Islamic century (11th
century CE) found in Ibn al-Zarqali one of its
foremost pioneers, especially in practical

applications and the manufacture of
astronomical instruments.
Among his most groundbreaking

contributions was his transformation of the

astrolabe from a regional instrument into a
universal one—an invention that became
known as the universal astrolabe (al-asturlab
al-kawn1). His creation of the al-Zarqali plate

(al-saftha al-zarqaliyya) represented a
paradigm shift in astronomical

instrumentation, remaining in use well into
the 16th century, particularly in maritime
navigation and geographical exploration.

In the realm of astronomical theory, Ibn al-
Zarqali investigated the motion of fixed stars,
the oscillation of the ecliptic’s inclination,
and the displacement of the centers of lunar
and solar orbits. His extensive research into
planetary motion notably anticipated the
concept of elliptical orbits, thus laying the
groundwork for Copernican heliocentrism
and Kepler’s laws of planetary motion.

He compiled the results of over twenty-five
years of solar observations in a
comprehensive treatise titled al-Risala al-
Jami‘a fi al-Shams (“The Comprehensive
Epistle on the Sun”). Moreover, he led a
research team that produced highly accurate
astronomical tables (al-zij), which had a
significant  influence  on  European
astronomical research. These tables were
later translated into Castilian and Catalan
under the directive of Alfonso X, and also
into Hebrew.

Ibn al-Zarqalt’s contributions to horology in
Toledo culminated in the invention of a
remarkable  lunar  water  clock—an
engineering mystery that remains unsolved to
this day. He authored several works, of which
four survive: Kitab al-Tadbir (The Book of
Administration), Kitab al-‘Amal bi-1-Safiha
al-Zijiyya (On the Use of the Zij Plate), al-
Madkhal f1 ‘Ilm al-Tanjim (Introduction to
the Science of Astrology), and a treatise on
the usage of a multipurpose plate adaptable to
various latitudes.
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Ibn al-Zarqali’s name has continued to be
honored by the scientific community. In
1935, the International Astronomical Union
(IAU) named a lunar crater on the moon’s far
side Arzachel Crater in his memory.

May God have mercy on Ibn al-Zarqali for
the knowledge he bequeathed to humanity.
This study has demonstrated that Ibn al-
Zarqali’s work was not merely technical but
theoretically innovative, particularly in his
early proposal of elliptical planetary orbits
and his precise solar observations. His
influence extended beyond al-Andalus
through Latin and Hebrew translations,
directly informing Copernican and Keplerian
astronomy. The research underscores the
Arabic
manuscripts for earlier traces of heliocentric
reasoning. Future studies could compare his
solar model with contemporaneous Eastern
Islamic astronomers to better map the
circulation of ideas in medieval Eurasia.
Bibliography

need to revisit astronomical

e Primary Sources

1. Al-Birini (2003), Al-Tafhim [li-Awa’il
Sina ‘at al-Tanjim, ed. ‘All Hasan Miisa, Dar
al-Kitab al-‘Arabi, Damascus.

2. Al-Khwarazmi (2008), Mafatih al- ‘Ulim, ed.
‘Abd al-Amir al-A‘sam, Dar al-Manahil,
Lebanon.

3. Al-Qifti (1908), Akhbar al-‘Ulama’ bi-
Akhbar al-Hukama’, ed. Muhammad Amin
al-Khanji, Matba‘at al-Sa‘ada, Egypt.

4. TIbn al-Abbar (1955), Al-Takmila li-Kitab al-
Sila, Vol. 1, ed. ‘Izzat al-‘Attar al-Hasani,
Maktabat al-Khanij1, Egypt.

5. Ibn Khaldin (2011), Mugaddima, ed.
Muhammad al-Iskandarani, Dar al-Kitab al-
‘Arabi, Lebanon.

6. Khalifa Hajj (Mustafa ibn ‘Abd Allah al-
Qustantini) (2021), Kashf al-Zuniin ‘an
Asami al-Kutub wa-I-Funiin, Vol. 4, eds.
Ekmeleddin Thsanoglu & Bashshar ‘Awwad
Ma‘raf, Al-Furgan Foundation, Lebanon.

e Secondary Sources

10.

11.

12.

13.

Al-Amin, Balghith Muhammad (2014), The
Almoravid State in al-Andalus: From a
Political City to a City of Knowledge, al-
Qafila Publishing, Algeria.

Al-Difa‘, ‘Ali ‘Abd Allah (1983), Pure
Sciences in Arab-Islamic Civilization, al-
Risala Foundation, Lebanon, 2nd ed.
Al-Difa‘, ‘Al ‘Abd Allah (1985), The Impact
of Arab and Muslim Scholars on the
Development of Astronomy, al-Risala
Foundation, Lebanon, 3rd ed.

Salma Khadra (1999), The
Islamic Arab Civilization in al-Andalus, Vol.
2, Center for Arab Unity Studies, Lebanon,
2nd ed.

Al-Khattabi, Muhammad al-‘Arab1 (1984),
“Presentation of Ibn al-Banna’’s Treatise on
al-Safiha
Scientific Heritage Journal, Islamic Section,
no. 241, Muharram 1405 / October 1984,
Lebanon.

Al-Jayyusi,

al-Zarqaliyya al-Jami‘a,”

Bouaroua Benaissa, Bakir (2009), The
History of Andalusian Astronomers (138—
484 AH / 775-1088 CE), Algeria.

Marhaba, Muhammad ‘Abd al-Rahman
(1988), A Comprehensive History of Arab
Science, ‘Awidat Publications, Beirut &
Paris, 2nd ed.

Mu’min, ‘Abd al-Amir (2006), Dar al-‘llm
Astronomical Dictionary, Dar al-‘Ilm lil-
Malayin, Lebanon, 1st ed.

Muisa, ‘Ali Hasan (2001), Astronomy in Arab
Heritage, Dar al-Fikr, Damascus, 1st ed.
Nallino, Carlo Alfonso (2016), The History
of Astronomy Among the Arabs in the Middle
Ages, Academic Research Center, Lebanon.
Pétros, Antoine (2003), The Arab Eras of
Astronomy Before and After, Librairie du
Liban, Lebanon.

Rashed, Roshdi (1997), Encyclopedia of the
History of Arab Sciences, Vol. 1: Theoretical
and Applied Astronomy, Center for Arab
Unity Studies, Lebanon.

Sadiqi, ‘Abd al-Rahim (2022), Andalusian
Astronomical Heritage: An Epistemological
Approach, Dar  al-Kutub
Lebanon.

al-‘Ilmiyya,

482



DIRASAT WA ABHATH Review THE ARABIC JOURNAL OF HUMAN AND SOCIAL SCIENCES
Volume: 18 / N°: 01/ January 15, 2026 ISSN: 1112-9751 / EISSN: 2253-0363

14. Tuqan, Qadri Hafiz (n.d.), The Scientific
Heritage of the Arabs in Mathematics and
Astronomy, Dar al-Shurtiq, Egypt

! Haji Khalifa. Kashf al-Zuniin ‘an Asami al-Kutub wa al-Funiin, Vol. 4, p. 121.

2 Sadeqi, Abd al-Rahim. Andalusian Astronomical Heritage: An Epistemological Approach, Lebanon: Dar
al-Kutub al-‘Ilmiyya, 1st ed., 2022, p. 55.

3 Ibn al-Abbar. Takmilat al-Sila, Egypt, p. 138.

* Tawqan, Qadri Hafiz. The Arab Scientific Heritage in Mathematics and Astronomy, p. 348.

5 Sadeqi, Abd al-Rahim. Op. cit., p. 80.

6 Al-Jayyusi, Salma. p. 1316.

" Mu’min, ‘Abd al-Amir. Astronomical Dictionary, Dar al-Ilm lil-Malayin, 1st ed., 2006, p. 80.

8 Ibn Khaldiin. Al-Mugaddima, ed. Dr. Muhammad al-Iskandarani, Lebanon: Dar al-Kitab al-‘Arabi, 2011
(n.p.), p. 450.

° Butrus, Antwan. The Arab Eras of Astronomy: Before and After, Lebanon: Librairie du Liban Publishers,
Egyptian International Publishing Company — Longman, 2nd ed., 2003, p. 55.

10 Musa, Dr. ‘Ali Hasan. Astronomy in Arab Heritage, Damascus: Dar al-Fikr, 1st ed., 2001, p. 25.

! Al-Biruni, Abu Rayhan. Al-Tafhim li-Awa’il Sina‘at al-Tanjim, ed. Dr. Ali Hassan Musa, Ninawa for
Studies and Publishing, Syria, Dar al-Kitab al-‘Arabi, 1st ed., 2003, p. 155.

12 Mu’min, ‘Abd al-Amir. p. 52, quoting Ibn al-Nadim, Al-Fihrist, p. 381.

13 Rashid, Dr. Rushdi. Encyclopedia of the History of Arab Sciences, Vol. 1, Center for Arab Unity Studies,
p.- L.

14 Maslama al-Majritt (339-398 AH): One of the most prominent astronomers and mathematicians in al-
Andalus.

15 Ibid., p. 368.

16 Ibid., p. 373.

7 1bid., p. 379.

18 Bakir Bouaroua bin Isa. Andalusian Astronomers (138484 AH / 775-1088 CE), p. 90.

19 Al-Mu ‘tamid ibn ‘Abbad (431-488 AH / 1040-1095 CE).

20 Al-Jayyusi, Salma. p. 1327.

2 Ibid. p. 1327.

2 Bouaroua, Op. cit., p. 107.

2 For further information on the content of Al-Safiha al-Zarqaliyya, see: Ibn al-Banna’’s treatise on Al-
Safiha al-Zarqaliyya al-Jami‘a, presented by Professor Muhammad al-‘Arabi al-Khattabi, From the
Scientific Heritage journal, Islamic section, no. 241, Muharram 1405 / October 1984.

24 Sadeqi, Abd al-Rahim. Op. cit., p. 70.

25 Bakir Bouaroua, Op. cit., p. 118.

26 Bakir Bouaroua, Ibid., p. 90.

27 Ibn al-Abbar. Takmilat al-Sila, Vol. 1, p. 138.

28 Bakir Bouaroua, Ibid., p. 115.

2 Bakir Bouaroua, Ibid., p. 118.

30 Al-Difa‘, ‘Ali ‘Abdullah. The Pure Sciences in Arab and Islamic Civilization, Beirut: Al-Risalah
Foundation, 2nd ed., 1983, p. 358.

31 Al-Difa‘, ‘Ali bin Abdullah. Masterpieces of Arab-Islamic Civilization in the Sciences, Al-Risalah
Foundation, 1st ed., 1998, p. 210.

32 Ibid, p. 210.

483



DIRASAT WA ABHATH Review THE ARABIC JOURNAL OF HUMAN AND SOCIAL SCIENCES
Volume: 18 / N°: 01/ January 15, 2026 ISSN: 1112-9751 / EISSN: 2253-0363

33 Ibn Khaldiin. Al-Muqaddima, p. 540.

3% Al-Khwarizmi. Mafatih al-‘Uliim, ed. ‘Abd al-Amir al-A ‘sam, Dar al-Manahil, 1st ed., 2008, p. 197.

35 Bakir Bouaroua, p. 150.

3¢ Al-Jayyusi, p. 168.

37 Bakir Bouaroua, p. 154.

38 Sadeqi, Abd al-Rahim. Op. cit., p. 54

39 Al-Jayyusi, pp. 1335-1336.

40 Butrus, Antwan. The Arab Eras of Astronomy: Before and After, Librairie du Liban Publishers, Egyptian
International Publishing Company — Longman, 1st ed., 2003, p. 127.

41 Sadeqi, Abd al-Rahim. Op. cit., p. 70.

2 Ibid., p. 81.

# Nallino, Op. cit., p. 21.

# Mariano Calvo (ABC Toledo). Accessed from: [https://cihispanoarbe.org/](https://cihispanoarbe.org/) on
01/05/2025 at 21:00.

484



