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Al-Andalus:

How an Intellectual Golden Age and a Common Scholarly Goal Triumphed During a Tumultuous Age in Southern Spain


Spain was one of the only regions in the medieval West to experience Islamic conquest (1 Barton). From about 700 to 1030, Muslims dominated much of Spain.  At this time, most of the no
rth coast of the Iberian Peninsula was under Muslim control. This Muslim dominated region was called al-Andalus.  From about <1030> to <1400,> different groups battled for control over the area of al-Andalus, and Christians increased their hold on the region. Despite all of the political events occurring, Muslim, Christian, and Jewish scholars collaborated in this area to preserve ancient mathematical ideas.  These scholars also made new mathematical disc
overies; these scholars also expanded and developed a geometric style of art, arabesque, which was used in decorating the Alhambra.  In short, even during these tumultuous time periods in al-Andalus, Muslim, Christian, and Jewish scholars were able to work together to preserve and develop mathematical concepts. These mathematical concepts were translated from Greek to Arabic to Latin. While some of the initial translations from Greek to Arabic were done in other parts of the Islamic world, these translations were then taken to the flourishing cities of Toledo, Grenada, and Cordoba, Spain, where they were translated into Latin. In addition to translating, the scholars of al-Andalus utilized ancient mathematical ideas in the design of some of the most spectacular art and architecture of the time.

Brief History

The Muslims were a group of people who followed the word of the prophet Muhammad, a prophet who bore the ideolog
ical revelation to submit to God’s will. After the death of Muhammad in 623, the Umayyads rose to power, spreading the Islamic empire all over the Middle East and North Africa.   

In the spring of 711, the leader of the Islamic army, Fairq Ibn Ziyad, and his seven thousand North African troops crossed into Spain and captured Toledo. The Spanish had about five million men in their troops, but they were easily defeated due to divisions not only within their ranks, but among their civilians.

At the time of Muslim invasion, the Visigoths, a group composed predominantly of Christians who generally disliked the Jews, ruled Spain. Visigoths prevented the Jews from marrying Christians or holding Christians as slaves, and the Visigoths sometimes forced Jews into slavery or exile (Lowney 29).  Jewish people, however, made up a significant percentage of the residents of Spain. The Jews accepted the Muslims as their new leaders with the hope that they would be less oppressive. 

When the Muslims entered Spain, they accepted the Jews, considering that Judaism, Christianity, and Islam all branched from the same Abrahamic root, with sole major differentiations between them being Jes
us Christ. However, since the bases of their religions stemmed from related books, – the Torah of the Jews, the Old Testament of the Christians, and the Quran of the Muslims – the Muslim rulers thought of their captives as “Ahl al-Kitab,” meaning “people of the book.” 


The Caliphate of Cordoba ruled al-Andalus from 929 to 1031. During this time, al-Andalus became known as a center for learning; it attracted Christian, Muslim, and Jewish scholars from all over Euro
pe. Scholars studied ancient Greek astronomy and mathematics, made many new discoveries in mathematics, astronomy, and other fields of study, and translated many works from Greek to Arabic.  There was an attitude that the people in al-Andalus had a duty to transmit knowledge from one generation to the next.  Fletcher writes that “for nearly a century, al-Andalus had been the richest, the best governed, the most powerful, the most renowned state in the western world. The tenth century was the pinnacle of Cordoba’s glory” (Fletcher 77).


In addition to having a powerful government, the city of Cordoba was the leading cultural and academic center within al-Andalus.  In particular, Cordoba had the greatest libraries in the Islamic world.  During this time in al-Andalus, “the rich web of attitudes about culture, and the intellectual opulence that it symbolized, is perhaps only suggested by the caliphal library of some four hundred thousand volumes, and this at a time when the largest library in Christian Europe probably held no more than four hundred manuscripts” (Menocal 33). Cordoba’s libraries, together with twenty seven schools, gave the city a reputation for learning that spread throughout Europe and the Middle East.  

Leading Mathematicians during the Caliphate Rule 


During this time of economic growth and learning, mathematics was preserved and further developed.  One leading mathematician and astronomer of the time in al-Andalus was Abu Maslama al-Majriti.  Al-Majriti was a Muslim mathematician, astronomer, chemist, economist, and scholar.  He was born in Madrid around 950.  Later in life, he moved to Cordoba, where he stayed until he died in 1007. He was considered to be one of the most brilliant of the Spanish Muslims; he was also considered to be the most knowledgeable person of the time in astronomy.  Many believe that “the development of astronomy in al-Andalus begins with the work of Abu Maslama al-Majriti” (110 Freely).


One example of how al-Majriti preserved mathematics was that he studied, translated, and elaborated on two of Ptolemy’s ancient Greek works, the Almagest and the Planisphaerium.  The Almagest was written in Greek about 150 AD by Ptolemy.  It was as astronomical treatise on the movements of the planets and the stars. It was used by Islamic and European astronomers until around the beginning of the 17th century.  Its original Greek name was Mathematike Syntaxis, which meant “The Mathematical Arrangement.”  In about 827, al- Majriti tri translated this work into Arabic; its new title became the Almagest.  In this work, Ptolemy believed that the stars were stationary and that the sun, moon, and five of the planets moved relative to each other as well as moving relative to the fixed stars.  In the Planisphaerium, translated into English as “Celestial Plane,” Ptolemy explored the mathematics of mapping the stars and heavens onto a plane, a technique later called stereographic projection.   His works were instrumental in developing and using the astrolabe, an instrument used to solve problems with regard to time and position of the stars and planets.   Al-Majriti also translated this work into Arabic, making its new title the Planisphaerium. In the twelfth century, the Almagest and the Planisphaerium were translated into Latin. Al-Majriti criticized and improved upon Ptolemy’s ideas, yet he “could not develop any alternative to Ptolemy’s system” (“History of the Almagest”). The Almagest and the Planisphaerium were two of only a few comprehensive ancient scientific works on astronomy that had survived from antiquity; their survival was significantly attributed to al-Majriti for translating them so that others could understand Ptolemy’s ideas. 


Another way that al-Majriti spread mathematics was that he founded school in Cordoba that was attended by renowned scientists in mathematics and other fields. (“Al-Majriti”).  The school offered opportunities for the formal study of mathematics.  Al-Majriti was a famous teacher and several of his students became famous in mathematical studies. His pupils played a critical role in “spread(ing) his knowledge of science…throughout al-Andalus and even beyond” (Freely 110).  


Throughout and after al-Majriti’s life, many educated Europeans travelled to al-Andalus to study and learn.  These European Christians translated his works from Arabic to Latin so that al-Majriti’s ideas would be preserved and spread to others. Al-Majriti’s accomplishments illustrated how mathematics was preserved and developed in al-Andalus and how it then passed to the Western Christendom. 


Another leading mathematician and astronomer of the time was al-Zarqali.  He was born near the outskirts Toledo in 1029 and later moved to Cordoba where he died in 1087.  He lived during a tumultuous time period; his life “corresponded exactly to that dramatic period when the Muslim realm of Spain completely disintegrated and nearly collapsed, only to be saved in 1089, when the Almoravids of Morocco crossed into Spain, crushed the Christians at Zalaqa, and unified Spain once more. They were followed later by the Almohads, who kept Spain under Muslim rule for another two centuries, until the middle of the third century, when Muslim Spain, with the exception of Granada, was lost for good” (History of al-Andalus).  Al-Zarquali’s mathematical accomplishments illustrated how, even through this politically unstable time in al-Andalus, scholars were able to continue to spread mathematical knowledge.  


Al-Zarqali preserved the ideas of ancient mathematicians; he studied and improved upon Babylonian astronomy as well as Ptolemy’s works.  Many of al-Zarqali’s written works were translated into Latin, Hebrew, Portuguese, Catalan, and Castilian, and they remained in use until the fifteenth century. 


In addition to preserving the works of ancient mathematicians, al-Zarqali was known for his contribution towards the famous Tables of Toledo.  The Tables of Toledo were astronomical tables that predicted the movements of the sun, moon and planets relative to the fixed stars. These tables could also predict solar and lunar eclipses. His works were eventually translated into Latin by Gerard of Cremona in 1140, and they contributed to mathematically based astronomy in Christian Europe.  Freely wrote that “the Toledan Tables were used in both al-Andalus and Christian Europe, where they were translated into Latin circa 1140 as the Marseilles Tables. They remained in use until the fourteenth century” (Freely 112).


While al-Zarqali worked with the Tables of Toledo, he also had several other significant developments. Although he was not the first individual to invent the astrolabe and water clock, al-Zarqali developed more sophisticated versions of these devices.  The astrolabe was an astronomical invention that could be used to solve problems of spherical astronomy for any latitude. The water clock told the hours and days of the lunar month.  Popular during this time, water clocks built by Al-Zarqali remained in use until 1133 and became popular again in seventeenth century Europe. Freely stated that there were “water clocks of this type built by al-Zarqali, which show the motion of the celestial bodies, (and) became popular in seventeenth century Europe” (Freely 127).

Different Groups Battling for Control of the Region


The Caliphate of Cordoba collapsed in 1031 during a ruinous civil war, slightly more than one hundred years after its proclamation. Beginning in 1009, there were “bitter civil wars among the rival Muslim factions of al-Andalus… and for the subsequent two decades they tore apart the ‘ornament of the world’” (103 Menocal). For the next sixty years, al-Andalus broke up into a number of independent Muslim-ruled states allowing the Christian kingdoms to expand in this region. 


In 1085, the Christian monarch Alfonso VI of Castile took control and made Toledo his new capital.  The new Christian leaders wanted to take advantage of the new learning that was available in Toledo. They realized that the Muslims had accumulated much more knowledge than was known to the new Christia
ns leaders.  There was an abundance of books in Arabic on every subject in Toledo. In this area, there were many Arabic speaking scholars who helped Christian scholars with the translations; the Muslim and Christian scholars worked together to translate mathematical and astronomical texts from Arabic to Latin, so that the mathematics could spread and thrive. 


For the next two hundred years, there was much fighting in the region of al-Andalus as different groups battled for control over the area. However, through this fighting, the Muslims, Jews, and Christians shared a rich culture. The Islamic science in this area was still “in its peak when the first Christian scholars came to study in Spain. They learned science from Arabic sources and translated it into Latin, often in collaboration with multilingual scribes, most of whom were Jewish. At the same time, scholars were at work across Europe, from Toledo to Palermo, translating from Arabic into Latin as well as writing original scientific treatises” (Freely 120). 

Leading Translators and Mathematicians during Christian Rule


One of the leading Christian translators who was attracted to the intellectual pursuits offered in al-Andalus in the 1100s was Adelard of Bath (Latin: Adelardus Bathensis).  He was an English scholar born in Bath in 1080 who traveled extensively, studied abroad, and learned Arabic as a student.  According to Freely, “it was most likely in Spain that Adelard learned Arabic” (Freely 124). He translated al-Khwarizmi’s “Sindhind,” a work written in Arabic containing tables for the movements of the sun, moon, and planets. Adelard’s translation “provided Christian Europe with its first knowledge of Greco-Arabic-Indian astronomy and mathematics, including the first tables of the trigonometric sine function to appear in Latin” (Freely 124).  Moreover, Adelard was the first to translate the full text of Euclid’s Elements from Arabic into Latin, a feat that took seven years from 1309-1316.  Euclid’s Elements, a mathematical treatise consisting of thirteen books written by the Greek mathematician Euclid in 300 BC, was a collection of axioms, postulates, theorems, and proofs of a large collection of results in basic geo
metry. Adelard’s Latin translation was considered to be the basis for most subsequent versions of the Elements, including those in every European language.  Adelard’s Latin translation allowed for Euclid’s Elements to become known in Western Europe, for scholars there were generally more familiar with Latin than with Greek or Arabic. 


While Adelard translated Euclid’s
 elements, he was also one of the first individuals to explain in his works that he looked to explain phenomena in terms of their natural rather than supernatural causes, a practice that later would be followed by European scientists.  In one of his works, Adelard wrote, “‘I do not detract from God. Everything that is, is from him and because of him. But [nature] is not confused and without system and so far as human knowledge has progressed it should be given a hearing. Only when it fails utterly should there be a recourse to God’” (Freely 125).


While Adelard was one translator, Gerard of Cremona was another translator of the time. Gerard of Cremona lived from 1114-1187. 
He translated more documents than any other person of his time; he translated seventy-one works from Arabic into Latin. His translations “included Arabic versions of Aristotle, Euclid, Archimedes, Ptolemy, Galen, as well as works by…al-Khwarizmi” and other acclaimed Muslim thinkers (Freely 128). His translations included works on geometry, mathematics and related sciences. Through Gerard’s translations, more elements of ancient Greek and Arabic sciences passed to the West; his translations significantly impacted the development of European science. His translations were very influential because they represented a scientific approach to the study of nature, rather than the theological attitude that had been prevalent in the Latin West.


In addition to Gerard being an influential individual of the time due to his translations, al-Qalasadi introduced new mathematical concepts during this time period in al-Andalus.  Al-Qalasadi was born in Bastah, al-Andalus, in 1412 and died around 1500 in Granada. He was one of the last Arabic mathematicians known to have lived in al-Andalus. Al-Qalasadi “took the first steps towards the introduction of algebraic symbolism… he wrote algebraic symbols as short Arabic words or as just their initial letters” (“Al-Qalasadi”).  He also wrote several books, including “The Clarification of the Science of Arithmetic,” a simpler version called “Unveiling the Science of Arithmetic,” and a third and final version called “Unfolding the Secrets of the Use of the Dus
t Letters.” This final version was used for generations in teaching arithmetic in North Africa. 

Mathematics in Islamic Art and Architecture


The advances in the intellectual world of al Andalus did not all come in the form of translated texts and scholarly speeches.  The mathematical genius that thrived in Southern Spain during Muslim rule was embodied in the more visual aspects of their culture as well; there was mathematics in the art and architecture of some of the most famous buildings in the world both then and now.  


One of the most common styles of decoration and construction in Muslim art was used frequently in the art and architecture of al-Andalus: arabesque.  Arabesque is composed of a series of floral or tendril-like motifs interlaced occasionally with Arabic calligraphy. The presence of writings in arabesque is proof of the significance of calligraphy in Muslim culture; it was a visible depiction of the greatest art of all, the spoken word, through which history and know
ledge was transmitted.  The importance of symmetry and repeating forms in the decorative tile patterns also stretched further than simply aesthetic pleasure. Professor Misoslac Lovric believes “to Muslims, these forms, taken together, constitute an infinite pattern that extends beyond the visible material world, they in fact symbolize the infinite, and therefore nature of the creation of the one God (Allah)” (Magic Geometry in the Alhambra). Professor Miroslav Lovric, a mathematician at the McMaster University in Ont
ario wrote:


 “Geometric forms, patterns and configurations provided a desired level of abstraction.  Islam being a non-figurative religion, its theologians selected geometry as a medium of conveying images of God…. geometry was viewed as a force capable of unifying the domains of the secular and the religious: ‘the study of sensible geometry leads to skill in all practical arts, while the study of intelligible geometry leads to skill in intellectual arts because this science is one of the gates through which we move to the knowledge of the essence of the soul, and that is the root of all knowledge.’” (“Magic Geometry in the Alhambra”)


The Alhambra, or “red fortress,” is a prime example of the exquisite art and architecture that used the mathematics flourishing in intellectual communities of al-Andalus during this time. It was built southeast of Grenada in the mid-14th century.  This architecture epitomizes the concepts of arabesque style and Ab
basid architecture, with its recurring themes, repeating shapes, and symmetries in every detail from the architectural structure of the buildings to the tile patterns that decorate the walls.  Enclosed within the massive fortress walls are gardens, fountains, a mosque, and a palace, integrating natural elements with constructed structures. 


One of the most visually pleasing aspects to both an artist’s and a mathematician’s eye is the decoration in the Alhambra.  Using small tiles, artisans and craftsmen would create tessellations, or continuous, gapless tile patterns, on the walls, floors, and ceilings.  These craftsmen used their knowledge of geometry and mathematical symmetry to transform these patterns so that the patterns could remain invariant yet could cover large areas of a room. Craftsmen employed ruler and compass constructions to create the geometric figures used in these tile patterns.  Using a straightedge and a compass, they were able to create regular polygons by connecting intersection points of arcs, circles, and lines at certain angles.  Once the shapes needed had been constructed, the tessellation could be augmented using reflections, rotations, and translations, all of which required knowledge of angle measurements and symmetry.


Geometry also played a huge role in the structural construction of the Alhambra and is the key factor in the harmony of its different elements.  In fact, every part of the fortress is based on a single ratio of length to width.  Using a basic square with a diagonal of a length equaling the square root of two as a fundamental unit, the architects building the Alhambra would extend a side of that square until it intersected a separately constructed arc with a radius equaling the square root of two.  In this way, a rectangle was formed using a ratio of one to the square root of two.  This new rectangle would have a diagonal with length equaling the square root of three, and this diagonal would be used as the long sides in a rectangle whose short sides are the length of the sides of the unit square (When the Moors Ruled in Europe).  Because every section of the Alhambra is built with the proportional lengths (or heights) and widths of these rectangles, the resulting structure when all of the sections are combined possesses a strong sense of mathematical unity.

Conclusion


The golden age of al-Andalus was more than just a period in Spanish and Muslim history.  It was a period that, for the most part, was plagued with conflict and struggles over power.  However, this period was also a time of triumph; there was a common goal of translating, elaborating on, and spreading knowledge from ancient Greek mathematical texts and combining ancient ideas with those of some of the most brilliant Muslim, Jewish, and Christian scholars of the time. These individuals created a tolerant community that fostered learning and innovation.  As a result of this scholarly collaboration, the mathematics and science that flourished was used to create some of the most beautiful cultural fortresses in al-Andalus, including the Alhambra. Truly a beautiful era, the time of al-Andalus was one that will surely be remembered from the spectacular contributions that its scholars made to the world.  To this day, we still utilize and marvel at these contribu
tions.
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�Actually, the north coast was the only part of the Iberian Peninsula that was not under Muslim control during this time.  The Muslims conquered the central and southern sections, but Christian kingdoms kept control in the north.  


�This sentence is rather awkward because of the two “also's” and the parallel structures of the two clauses.  You don't really need the semicolon in a case like this.  You could say something like:  “These scholars made new mathematical discoveries and also expanded and developed a geometric style of art, called arabesque, which was used in decorating the Alhambra.”  





One further comment here, though:  The connection between the scholars and the art is somewhat more subtle than this seems to indicate.  I think the best way to describe it is to say that the scholars studied older mathematics and extended it.  That provided a “knowledge base” and a general appreciation of mathematics that made it possible for artists and artisans to use pretty sophisticated mathematics in their designs.  Plus the restrictions on figurative art in Muslim culture made it natural to turn to geometry to represent aspects of the divine.  It was not the same scholars who were doing the mathematical work and designing the art, which is what your sentence seems to say.   The later discussion in the final section of the paper takes some of these nuances into account in a much better way.


�What exactly is an “ideological revelation?” 


Of course, the word “Islam” actually means “submission” (to the will of God).  


�This deserves further explanation, because it is really the role ascribed to Jesus that differentiates these three religions.  For Christians, of course, Jesus is the Messiah whose coming was foretold in various texts from the Old Testament.  Jews do not accept that he was the Messiah.  For Muslims, Jesus is a (minor) prophet and a precursor of Muhammad.


�(and Africa and the Middle East)


�Should be “Christian”


�(and other portions of mathematics such as number theory)


�The title should be capitalized and italicized.


�This is another somewhat “clunky” sentence – it is better not to use a semicolon to put together two sentences that have such parallel structures.  You might reword this into one sentence as follows: “The seventy-one works he translated from Arabic into Latin constituted the largest number of documents translated by any person of his time.”


�I think “dust letters” referred to the Hindu-Arabic numerals.  Because this is an unusual name, it would have been good to say something about it.


�(also the word of God, through the text of the Qu'ran)


�Introduce the author of the quotations once before the first quote so you do not need to repeat this here.  


�Although there were many continuities between artistic and architectural styles, the Abbasid period was actually over a long time before the construction of the Alhambra.


�Sarah and Kaitlin,





The paper turned out to be excellent (see some of the comments above for a few small remaining issues.)   The section on the art and the connections with the geometry was a great way to conclude the paper and tie things together in an interesting way.





I wish you could have worked out your differences of opinion and approach with Catherine, though.  You should know that she really felt “shut out” by the way the paper came together without her contributions and the way the preparation for the presentation proceeded.  As you know, she basically asked me to be allowed to write her own paper on this topic and I agreed.  That is why she is not included in this message.  


I know collaborating on an assignment like this one can be difficult when there are different personalities and working styles involved.  But after you finish your educations, I think that you will find that most jobs these days require the sort of cooperation and collaboration that I was hoping this project would develop.  It's an important skill to have!





Final Project Paper:  A (95)





Presentation:  A- (92) 





(I thought the only major weakness of the presentation was the section with the diagrams of spherical triangles.  The ideas there not explained well or related to more familiar plane geometry.)  






