Gift from the East

Greek scientific knowledge was preserved in the eastern empire. There is no clear date for the division of the Roman Empire into east and west.  The easterners continued to think of themselves as the Roman Empire—the Byzantine Empire is a modern construction dating to 1557 that did not become commonly used until the 1800s and the Eastern emperors came in direct succession to the classical Roman emperors. The capital in the east was moved to Constantinople in 324 AD. The official language was changed from Latin to Greek in 610 and the western Europeans took to calling it the Empire of the Greeks although the Arabic word for the empire remained “Rum” or Rome.  

Isidore of Miletus and Anthemius of Tralles used complex mathematics derived from the Greek to build the magnificent Hagia Sophia that was built by Emperor Justinian between 532 and 537 AD.  It would be the largest cathedral in the world for almost 1000 years. It was converted to a mosque when Constantinople fell in 1453 and is now a museum. The Sophia is not a person but rather from the Greek Σοφίάς which is Latinized to sophias and means wisdom.  The church was actually named the Church of the Holy Wisdom of God.
There was ongoing tension between the Church and philosophers who fell back on Greek learning.  The philosopher Hypatia of Alexandria was murdered in 415.  She was the daughter of Theon who was her teacher and who worked at the Museum of Alexandria. She in turn taught Aristotle and Plato.  She was a pagan but also taught Christians and Synesius of Cyrene who later became bishop of Ptolemais was her student.  She was married but said to be celibate. Socrates Scholasticus, a contemporary Christian scholar said of her: “There was a woman at Alexandria named Hypatia, daughter of the philosopher Theon, who made such attainments in literature and science, as to far surpass all the philosophers of her own time. Having succeeded to the school of Plato and Plotinus, she explained the principles of philosophy to her auditors, many of whom came from a distance to receive her instructions. On account of the self-possession and ease of manner, which she had acquired in consequence of the cultivation of her mind, she not unfrequently appeared in public in presence of the magistrates. Neither did she feel abashed in going to an assembly of men. For all men on account of her extraordinary dignity and virtue admired her the more.”

She wrote a commentary on Arithmetica of Diophantus, a commentary on Apollonius’s Conics, edited the Almagest, edited a commentary on Euclid’s Elements, and wrote The Astronomical Canon that updated Ptolemy’s tables. She also invented the hygrometer.

During Lent, a Christian mob (possibly Nitrian monks) attacked her chariot, stripped her, dragged her to a church, beat her, and probably burned her alive.  Some scholars date the end of the classical period to her death.
But perhaps the most important event was the closing of the Platonic Academy in 529.  The Academy of Athens and, to a lesser extent, the Academy at Alexandria had been seats of study and preservation of Greek learning.

The slide is Rafael’s imagined view of the School of Athens done in 1509. It was founded in 385 BC at Akademia, a sanctuary of the goddess Athena near the city of Athens and was the seat of Plato’s school of philosophy.  It disappeared during the Roman occupation of Greece but reappeared under the Byzantine Empire.
Justinian closed the school in AD 529 and that date has been used by historians to mark the end of the classical period. The remaining members of the Academy fled to Ctesiphon (about 35 miles south of Baghdad) and the protection of the Sassanid king Khosrau I.  They took much of their library with them.  It was primarily literature and philosophy but also had scrolls containing ancient science.  One of the terms of a 532 peace treaty between Justinian and the Persians guaranteed the safety of the academicians and some of them moved to Harran near Edessa in what is now Turkey. Another group settled in Gundishapur in Sassanid Persia (now Iran). The pagans driven out by Justinian and the Nestorians would ultimately come together in Gundishapur.
Gundishapur was the intellectual center of the Sassanid Empire.  In 489 AD, the Nestorian theological and scientific center at Edessa had been closed by the Byzantine Emperor Zeno and the scholars had moved to Gundishapur. The Nestorians (founded by Nestorius, Archbishop of Constantinople, 386-451 AD) had taken the point of view that the human and divine natures of Christ were separate.  This was declared heresy by the First Council of Ephesus in 431 and the Assyrian Church of the East separated from the Roman Catholic, Eastern Orthodox, and Oriental Orthodox Churches.  The Nestorians were driven from the Eastern Empire and took refuge under the Sassanid Persians. They were remarkable missionaries and brought Christianity to China in 635, the steppes of south Asia, to India in the 7th C, and may even have had a missionary in Japan in 797 AD. Marco Polo found a number of Nestorian communities in the Middle East, Central Asia, China, and Mongolia in the 1200s. There are still about 170,000 Nestorian living in Syria, Iraq, Pakistan, Afghanistan, Southern India, and Iran.
When the pagan philosophers were expelled by Justinian, they joined those men to create a center of research in medicine, astronomy, and mathematics. Khosrau commissioned the refugees to translate the Greek and Syriac texts into Pahlavi.  He also sent his physician Borzouye to bring Indian and Chinese scholars to Gundishapur and Indian texts on astronomy, astrology, mathematics, and medicine and Chinese texts on herbal medicine and religion were translated into Persian as well.
For the first time, doctors were trained not just as apprentices to a single physician but as students of an entire medical faculty and were trained in hospitals rather than in private clinics.  They may have had to pass standardized exams to be licensed as well.

The spread of the Moslem empire was a major historical phenomenon.  Berber tribesmen from the Arabian Desert had conquered the bulk of the ancient world in the century and a half between the Hegira in 622 and the middle of the eighth centuries.  Their empire went from India to Portugal.  They owned the cultural traditions of India, Persia, Mesopotamia, Egypt, and the majority of Byzantium with its Greco-Roman legacy.  With the exception of China (and they had major trade relations there) they were in charge of all of the roots of human knowledge.  And they had a single language and proceeded to move all that knowledge into a mono-lingual base that was available to its scholars.  Perhaps the only time prior to English that has happened.

The Sassanids fell to Muslim armies in 638 AD, but the conquerors preserved both the academy and its libraries and reproduced Gundishapur under Caliph al-Ma’mun in their Abasssid capital, Baghdad in 832 AD. The texts were translated from Persian to Arabic and the center of learning moved.  Gundishapur atrophied and died over a couple of centuries. By the 10th C it was in ruins. There is currently and Iranian medical school on the site.

Caliphate: the rulership of Islam. Since Islam is theoretically a theocracy, the caliph is ideally both temporal and spiritual leader of the Muslims. When Mohammad the Prophet died, Abu Bakr was chosen as the first caliph. After the caliphate of Ali (656-61) the caliphate split between the Umayyads, who ruled from Damascus, and the Abbasids, who ruled from Baghdad. The Abbasids massacred the Umayyads in 750, but one member escaped to Spain, where he established the Western Caliphate, or the Caliphate of Córdoba; it lasted until 1031. A third caliphate, established by the Fatimid sect in Africa, lasted from 909 to 1171. 
The Umayyad Caliphate (Arabic: بنو أمية‎, Banu Umayyah) was the second of the four Islamic caliphates established after the death of Muhammad. It was ruled by the Umayyad dynasty, whose name derives from Umayya ibn Abd Shams, the great-grandfather of the first Umayyad caliph. Although the Umayyad family originally came from the city of Mecca, Damascus was the capital of their Caliphate. Eventually, they would become the 10th largest contiguous empire to ever exist. After the Umayyads were overthrown by the Abbasid Caliphate, they relocated to Al-Andalus, where they established the Caliphate of Córdoba.

A caliphate is the Islamic form of government representing the political unity and leadership of the Muslim world. The Caliph's position is based on the notion of a successor to Muhammad's political authority. According to Sunnis, a Caliph is ideally a member of the Quraysh tribe elected by Muslims or their representatives; and according to Shia Islam, an Imam descended in a line from the Ahl al-Bayt.
The Caliphate of Córdoba (Arabic: خلافة قرطبة Khilāfat Qurṭuba) ruled the Iberian Peninsula (Al-Andalus) and North Africa from the city of Córdoba, from 929 to 1031. This period was characterized by remarkable success in trade and culture; many of the masterpieces of Islamic Iberia were constructed in this period, including the famous Great Mosque of Córdoba. In January of 929, Abd-ar-Rahman III proclaimed himself Caliph (Arabic: خليفة) of Córdoba in place of his original title Emir of Córdoba (Arabic: أمير قرطبة 'Amīr Qurṭuba). Abd-ar-Rahman III was a member of the Umayyad dynasty; the same dynasty who held the titles of Emir of Córdoba since 756. The rule of the Caliphate is known as the heyday of Muslim presence in the Iberian Peninsula. The Caliphate was practically disintegrated due to civil war (fitna) between descendants of the last legitimate Caliph Hisham II and the successors of his prime minister (hayib) Al-Mansur. The shell of the Caliphate existed until 1031 when, after years of infighting, it fractured into a number of independent Taifa kingdoms.

Córdoba was the cultural epicenter of al-Andalus. It must have been like paradise to the desert Berbers since it is high, has a mild climate, and has water both in the Guadalquivir River and in springs that were used to make fountains in the Alhambra. Mosques, such as The Great Mosque, were the focal point of many Caliph' attentions. Córdoba was the intellectual centre of al-Andalus, with translations of ancient Greek texts to Arabic, and in lesser extent Latin and Hebrew. Huge advances in science, history, geography, philosophy and grammar occurred during the Caliphate. Al-Andalus became susceptible to eastern cultural influences as well. Ziryab is credited on bringing hair and clothing styles to the Iberian Peninsula (as well as toothpaste and deodorant).
The frontier in the north of the Caliphate of Cordoba was the scene of 400 years of bloody civil war in which the Christians and the Moslems pushed back and forth until the Christians gradually prevailed (they would  remove the last of the Moors from Granada in Al Andalus in 1492).  The first thing that happened was the breakup of the Western Caliphate into a series of Moslem kingdoms (Taifa) and the gradual encroachment of the Christian kings from the north.
On May 25, 1085 Alfonso VI of Castile took Toledo and established direct personal control over the Moorish city from which he had been exacting tribute, and ending the mediaeval Taifa's Kingdom of Toledo. This was the first concrete step taken by the combined kingdom of Leon-Castile in the Reconquista by Christian forces. After Castilian conquest Toledo remained as a main cultural center; its Arab libraries weren't savaged, and a tag-team translation center was established, in which books in Arabic would be translated from Arabic or Hebrew to Spanish by Arab and Jewish scholars, and from Spanish to Latin by Castilian scholars, thus letting the old, lost knowledge spread through Christian Europe again.
The earliest of the European scholars to come into Iberia to study with the Moslems was Gerbert of Rheims who later became Pope Sylvester II. Sylvester II (c. 946–May 12, 1003), born Gerbert d'Aurillac, was a prolific scholar, teacher, and Pope. He endorsed and promoted Arabic knowledge of mathematics, and astronomy to Europe, reintroducing the abacus and armillary sphere (a way to map the progress of the sun through the year at different latitudes) which had been lost to Europe since the end of the Greco-Roman era. He was the first French Pope, reigning from 999 until his death. Due to his efforts to root out simony and other corruption within the Church, and his connection with the science and intellectualism of the Arab world, there were many rumors and legends spread of Sylvester II being a sorcerer in league with the devil. There is also speculation that he had Sephardic-Jewish ancestry. Gerbert was reputed to have studied magical arts and astrology at the Islamic cities of Córdoba and Seville and even at the University of Al Karaouine in Morocco. This gave rise to legends that portray him as a sorcerer in league with the Devil. There have been other Popes who were suspected of sorcery, for example John XXI (1276–77) and Benedict XII (1334–42). Pope Gregory XII (1406–15) was questioned about magical practices in 1409 at the Council of Pisa.

Gerbert was supposed to be in possession of a book of spells stolen from an Arab philosopher in Spain. Gerbert fled, pursued by the victim, who could trace the thief by the stars, but Gerbert was aware of the pursuit, and hid hanging from a wooden bridge, where, suspended between heaven and earth, he was invisible to the magician.

Gerbert was supposed to have built a brazen head. This "robotic" head would answer his questions with "yes" or "no". He was also reputed to have had a pact with a female demon called Meridiana, who had appeared after he had been rejected by his earthly love, and with whose help he managed to ascend to the papal throne (another legend tells that he won the papacy playing dice with the Devil). 
According to the legend, Meridiana (or the bronze head) told Gerbert that if he should ever read a mass in Jerusalem, the Devil would come for him. Gerbert then cancelled a pilgrimage to Jerusalem, but when he read mass in the church of Saint Mary of Jerusalem (also called "Jerusalem church") in Rome, he became sick soon afterwards and, dying, he asked his cardinals to cut up his body and scatter it across the city. In another version, he was even attacked by the Devil while he was reading the Mass, and the Devil mutilated him and gave his gouged-out eyes to demons to play with in the Church. Repenting, Sylvester II then cut off his hand and his tongue.

The inscription on Gerbert's tomb reads in part Iste locus Silvestris membra sepulti venturo Domino conferet ad sonitum ("This place, at the advent of the Lord, will yield to the sound [of the last trumpet] the buried members of Sylvester II", mis-read as "will make a sound") has given rise to the curious legend that his bones will rattle in that tomb just before the death of a Pope.

In fact, Sylvester was said to be petrified at the thought of the new millennium: on the last night of the year A.D. 999, Sylvester nervously celebrated mass, thinking the world might end even as he consecrated the bread and wine.

He came in the 10th C and there was a trickle of followers until the early twelfth century when the trickle became a flood. The greatest was Gerard of Cremona who came to Toledo in 1160 and worked there until he died in 1187. He spent the whole 27 years translating and gave Europe Ptolemy’s Almagest and the bulk of Aristotle’s scientific writing as well as Rhazes, Avicenna, Euclid, and Archimedes.  He seems to have been determined to translate the entire range of Greek and Arabic learning.
His medical translations were the basis of medical education for the next 500 years.  His translations of al Kindi’s Optics were the basis of European understanding of perspective. Euclid’s Geometry became the most reprinted book after the Bible for four centuries. Gerard of Cremona’s translations set the stage for the birth of European science.

Gerard of Cremona's Latin translation of the Arabic version of Ptolemy’s Almagest made c. 1175 was the most widely known in Western Europe before the Renaissance. Unbeknownst to Gerard, an earlier translation of the Almagest had already been made in Sicily from the original Greek c. 1160 under the aegis of Henricus Aristippus, although this version was not as widely used in the Middle Ages as Gerard's version. George of Trebizond and then Johannes Regiomontanus retranslated it from the Greek original in the fifteenth century. The Almagest formed the basis for Western astronomy until it was eclipsed by the theories of Copernicus.

Gerard edited for Latin readers the Tables of Toledo, the most accurate compilation of astronomical data ever seen in Europe at the time. The Tables were partly the work of Al-Zarqali, known to the West as Arzachel, a mathematician and astronomer who flourished in Cordoba in the eleventh century.
Europeans only had to come across the Pyrenees to find a whole new exotic world left by the Cordoba Caliphate.  It became immensely popular as a destination for tourism and study. Christian scholars came to study Arabic—usually taught by multi-lingual Spanish Jews.  They studied at Barcelona, Segovia, Pamplona, and Leon, but especially at Toledo. And they set out to translate everything they could find into Latin.  Within 100 years, they had basically assimilated everything the Moslems had preserved into the European canon and they were ready to expand on that knowledge.  In truth, with the exception of astronomy and medicine, the Arabs had held the Greek knowledge in amber.

Perhaps the most directly useful Arab contribution was in medicine.  European medicine had been the province of quacks or disassociated academics with medical doctors who did not touch patients and barbers who operated on them.  Pharmacy was heavily tainted with magic and both were tainted by astrology.  What in patient care existed was really only custodial care and was almost always provided by a religious house.

Since the 9th C and Caliph al Mamun, Moslem doctors and pharmacists had to pass exams to practice.  There were 30 actual hospitals in the Arab world with maternity wards and surgeries.  Chemists worked from a standardized pharmacopoeia.  Rhazes, the chief physician in the Baghdad hospital, had made significant surgical contributions as had Avicenna—and both were of Persian descent.  Rhazes had compiled the entirety of known Greek, Hellenistic, Hindu, Persian, and Arabic medicine.  Avicenna’s Canon was used as a text in European schools into the 17th C.  
The Moslems were also dedicated star watchers and, beginning with al Mamun, had built observatories throughout the Arab world and compiled lengthy tables of astronomical observations.  The largest observatories were at Baghdad and Damascus.  They either invented or significantly improved the sun dial, the astrolabe, and the armillary sphere.

The Greek astronomer Hipparchus (c. 190 – c. 120 BC) credited Eratosthenes (276 –194 BC) as the inventor of the armillary sphere. The name of this device comes ultimately from the Latin armilla (circle, bracelet), since it has a skeleton made of graduated metal circles linking the poles and representing the equator, the ecliptic, meridians and parallels.

Usually a ball representing the Earth or, later, the Sun is placed in its center. It is used to demonstrate the motion of the stars around the Earth. Before the advent of the European telescope in the 17th century, the armillary sphere was the prime instrument of all astronomers in determining celestial positions.

In its simplest form, consisting of a ring fixed in the plane of the equator, the armilla is one of the most ancient of astronomical instruments. Slightly developed, it was crossed by another ring fixed in the plane of the meridian. The first was an equinoctial, the second a solstitial armilla. Shadows were used as indices of the sun's positions, in combinations with angular divisions. When several rings or circles were combined representing the great circles of the heavens, the instrument became an armillary sphere.

Eratosthenes most probably used a solstitial armilla for measuring the obliquity of the ecliptic. Hipparchus probably used an armillary sphere of four rings. Ptolemy describes his instrument in the Syntaxis (book v. chap. i). It consisted of a graduated circle inside which another could slide, carrying to small tubes diametrically opposite, the instrument being kept vertical by a plumb-line.

Armillary spheres were developed by the Greeks and were used as teaching tools already in the 3rd century B.C.. In larger and more precise forms they were also used as observatories. Muslim astronomers produced an improved version of the Greek armillary sphere in the 8th century and they were the first to write about it in the treatise of Dhat al-Halaq or The instrument with the rings by Ibrahim al-Fazari (d.c. 777). Abbas Ibn Firnas (d.887) is thought to have produced another instrument with rings (armillary sphere) in 9th century which he gifted to Caliph Muhammad I (ruled 852-886). The spherical astrolabe (To use an astrolabe, you adjust the moveable components to a specific date and time). Once set, the entire sky, both visible and invisible, is represented on the face of the instrument., a variation of both the astrolabe and the armillary sphere, was invented during the Middle Ages by astronomers and inventors in the Islamic world. The earliest description of the spherical astrolabe dates back to Al-Nayrizi (fl. 892-902). Muslim astronomers also independently invented the celestial globe, which were used primarily for solving problems in celestial astronomy. Today, 126 such instruments remain worldwide, the oldest from the 11th century. The altitude of the sun, or the Right Ascension and Declination of stars could be calculated with these by inputting the location of the observer on the meridian ring of the globe.

The armillary sphere was introduced to Western Europe via Al-Andalus in the late 10th century with the efforts of Gerbert d'Aurillac, the later Pope Sylvester II (r. 999–1003). Pope Sylvester II applied the use of sighting tubes with his armillary sphere in order to fix the position of the pole star and record measurements for the tropics and equator. Further advances were made by Tycho Brahe (1546–1601), whose elaborate armillary spheres passing into astrolabes are figured in his Astronomiae Instauratae Mechanica.

They also spread the notation for numbers that included zero and that made multiplication and division possible. The Arabic numerals are the ten digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9). They are descended from Indian numerals and the Hindu-Arabic numeral system developed by Indian mathematicians, by which a sequence of digits such as "975" is read as a whole number. The Indian numerals were adopted by the Persian mathematicians in India, and passed on to the Arabs further west. The reason that they are more commonly known as "Arabic numerals" in Europe and the Americas is that they were introduced to Europe in the tenth century from Arabs of North Africa. From there they were transmitted to Europe in the Middle Ages. 
The digits 1 to 9 in the Hindu-Arabic numeral system evolved from the Brahmi numerals. Buddhist inscriptions from around 300 BC use the symbols which became 1, 4 and 6. One century later, their use of the symbols which became 2, 7 and 9 was recorded.

The first universally accepted inscription containing the use of the 0 glyph is first recorded in the 9th century, in an inscription at Gwalior in Central India dated to 870. By this time, the use of the glyph had already reached Persia, and was mentioned in Al-Khwarizmi's descriptions of Indian numerals. Numerous Indian documents on copper plates exist, with the same symbol for zero in them, dated back as far as the 6th century AD. 

The numeral system came to be known to both the Persian mathematician Al-Khwarizmi, whose book On the Calculation with Hindu Numerals written about 825 in Arabic, and the Arab mathematician Al-Kindi, who wrote four volumes, "On the Use of the Indian Numerals" (Ketab fi Isti'mal al-'Adad al-Hindi) about 830. Their work was principally responsible for the diffusion of the Indian system of numeration in the Middle East and the West. In the 10th century, Middle-Eastern mathematicians extended the decimal numeral system to include fractions, as recorded in a treatise by Syrian mathematician Abu'l-Hasan al-Uqlidisi in 952–53.

In the Arab world—until modern times—the Arabic numeral system was used only by mathematicians. Muslim scientists used the Babylonian numeral system, and merchants used the Abjad numerals. It was not until the Italian Fibonacci's early 13th century popularization that the Arabic numeral system was used by a large population outside India.

In 825 Al-Khwārizmī wrote a treatise in Arabic, On the Calculation with Hindu Numerals, which was translated into Latin from Arabic in the 12th century as Algoritmi de numero Indorum, where Algoritmi, the translator's rendition of the author's name, gave rise to the word algorithm (Latin algorithmus, "calculation method").

Fibonacci, a mathematician born in the Republic of Pisa who had studied in Bejaia (Bougie), Algeria, promoted the Indian numeral system in Europe with his book Liber Abaci, which was written in 1202: Leonardo (also known as Fibonacci) wrote The Book of Calculations after visiting Bugia in North Africa near what is now Algiers. He traveled with his father who was a Pisan merchant. He actually referred to what we call Arabic numbers more correctly as the modus Indorum. The book showed the practical importance of the new numeral system, using lattice multiplication and Egyptian fractions, by applying it to commercial bookkeeping, conversion of weights and measures, the calculation of interest, money-changing, and other applications.
"When my father, who had been appointed by his country as public notary in the customs at Bugia acting for the Pisan merchants going there, was in charge, he summoned me to him while I was still a child, and having an eye to usefulness and future convenience, desired me to stay there and receive instruction in the school of accounting. There, when I had been introduced to the art of the Indians' nine symbols through remarkable teaching, knowledge of the art very soon pleased me above all else and I came to understand it.."

The numerals are arranged with their lowest value digit to the right, with higher value positions added to the left. This arrangement was adopted identically into the numerals as used in Europe. The Latin alphabet runs from left to right, unlike the Arabic alphabet. Hence, from the point of view of the reader, numerals in western texts are written with the highest power of the base first whereas numerals in Arabic texts are written with the lowest power of the base first.

The European acceptance of the numerals was accelerated by the invention of the printing press, and they became widely known during the 15th century. Early uses in Britain include a 1445 inscription on the tower of Heathfield Church, Sussex; a 1448 inscription on a wooden lych-gate of Bray Church, Berkshire; and a 1487 inscription on the belfry door at Piddletrenthide church, Dorset; and in Scotland a 1470 inscription on the tomb of the first Earl of Huntly in Elgin Cathedral. By the mid-16th century, they were in common use in most of Europe. Roman numerals remained in use mostly for the notation of Anno Domini years, and for numbers on clock faces. Sometimes, Roman numerals are still used for enumeration of lists (as an alternative to alphabetical enumeration), and numbering pages in prefatory material in books and Super Bowls.

Other isolated translations had come from Constantine of Africa and from Philip of Tripoli (Secret of Secrets) from Syria. After Spain, Sicily was the most important point of collision between the Moslem world and Europe.  It had been ruled by the Almohads in the tenth and eleventh centuries and, in the twelfth and thirteenth centuries, the Norman Kings Roger II and Frederick II were quite open to Moslem learning and Islamic geography, optics, zoology, and astronomy were actively studied at their courts. 

Frederick von Hohenstauffen was Roger’s grandson and was Holy Roman Emperor although he spent most of his life in Sicily.  He had learned Arabic (and six other languages) as a child and actively corresponded in that language. There was still a large Arab community in Palermo. He was also a friend of Fibonacci.  He established formal training for doctors in Sicily. 
An image from an old copy of De arte venandi cum avibus.

Frederick II is the author of the first treatise on the subject of falconry, De Arte Venandi cum Avibus ("The Art of Hunting with Birds"). In the words of the historian C.H. Haskins:

It is a scientific book, approaching the subject from Aristotle but based closely on observation and experiment throughout, Divisivus et Inquisitivus, in the words of the preface; it is at the same time a scholastic book, minute and almost mechanical in its divisions and subdivisions. It is also a rigidly practical book, written by a falconer for falconers and condensing a long experience into systematic form for the use of others. [7]
Frederick’s pride in his mastery of the art is illustrated by the story that, when he was ordered to become a subject of the Great Khan (Batu) and receive an office at the Khan’s court, he remarked that he would make a good falconer, for he understood birds very well. He maintained up to fifty falconers at a time in his court, and in his letters he requested Arctic gyrfalcons from Lübeck and even from Greenland. One of the two existing versions was modified by his son Manfred, also a keen falconer.

Frederick loved exotic animals in general: his menagerie, with which he impressed the cold cities of Northern Italy and Europe, included hounds, giraffes, cheetahs, lynxes, leopards, exotic birds and an elephant.

He was also alleged to have carried out a number of experiments on people. These experiments were recorded by the monk Salimbene di Adam (who despised Frederick) in his Chronicles. Amongst the experiments included shutting a prisoner up in a cask to see if the soul could be observed escaping though a hole in the cask when the prisoner died; feeding two prisoners, sending one out to hunt and the other to bed and then have them disemboweled to see which had digested their meal better; imprisoning children without any contact to see if they would develop a natural language.

In the Language deprivation experiment young infants were raised without human interaction in an attempt to determine if there was a natural language that they might demonstrate once their voices matured. It is claimed he was seeking to discover what language would have been imparted unto Adam and Eve by God. In his Chronicles Salimbene wrote that Frederick bade "foster-mothers and nurses to suckle and bathe and wash the children, but in no ways to prattle or speak with them; for he would have learnt whether they would speak the Hebrew language (which had been the first), or Greek, or Latin, or Arabic, or perchance the tongue of their parents of whom they had been born. But he labored in vain, for the children could not live without clappings of the hands, and gestures, and gladness of countenance, and blandishments."

Frederick was also interested in the stars, and his court was host to many astrologers and astronomers. He often sent letters to the leading scholars of the time (not only in Europe) asking for solutions to questions of science, mathematics and physics. 
He also brought Michael Scot to his court as astrologer and as a person with whom he could discuss science.  Dante later consigned both to Hell. Michael Scot was the official court astrologer but also the translator of Aristotle who introduced Aristotelian (as opposed to Ptolemaic) cosmology to Europe and also Aristotle’s extensive and rigid classification of plants and animals.

He simply did not believe things that could not be explained by reason. He forbade trials by ordeal in the firm conviction that in a duel the stronger would always win, whether or not he was guilty. Many of his laws continue to influence modern attitudes, such as his prohibition on physicians acting as their own pharmacists. This was a blow to the charlatanism under which physicians diagnosed dubious maladies in order to sell useless, even dangerous "cures".

Scott (1175-1232) was so famous; he has become a legend – nothing but a legend, for some. Like Roger Bacon, he was a man of science; like Bacon, after his death, his life became obscured by a smokescreen of myth and legend. A man promoting science had become a fairytale character. In 1385, Bacon was said to be capable of conjuring a bridge out of thin air to span a river – in the previous century, Scott was said to have split the Eildon Hills! Amongst his other legendary accounts was that he supposedly locked the plague in a secret vault of Glenluce castle. 

Rightfully called “The Scottish wizard”, he was nevertheless a Scottish export – like Bacon was very much an English export. He studied abroad and worked abroad, most famously at the court of Emperor Frederick II in Sicily. His fame earned him a place in Dante’s Inferno, as well as Cornelius Agrippa’s De occulta philosophie. He is often referred to as “the most renowned and feared sorcerer and alchemist of the 13th century”. That other famous Scotsman, Sir Walter Scott, included him in Lay of the Last Minstrel and claimed he descended from his namesake.

Despite an illustrious career, little is known about Scott. He lived from ca. 1175 to 1232, possibly born in the Scottish Borders. As he was able to study abroad, it is assumed that his family was wealthy. The efforts of Sir Walter Scott and others to identify him with Sir Michael Scot of Balwearie, a castle on the south side of Kirkcaldy, in Fife, who was an envoy on a special mission for the king to Norway in 1290, have not convinced historians, if only because the time-span of “Sir Michael” is several decades too late for the “real” Michael Scott. Still, the two may have had family connections.

Scott studied at Oxford, Paris and Toledo universities. After his initial training in Oxford, he studied mathematics in Paris – he was often referred to as “Michael Mathematicus”, Michael the Mathematician. But he also received distinction in sacred letters and divinity, becoming a doctor of theology. Throughout, his main avocation remained nevertheless judicial astrology, that field of study that sat between religion and science, and which was the key determinative for becoming a “wizard”. It seems that after Paris, he was ready to learn more, but also to begin to teach others. He visited several foreign countries and universities, including that of Padua, where he distinguished himself by his essays on judicial astrology. It is most likely here that Scott had a very famous student: Leonardo Fibonacci, the author of “Liber abaci” (Book of the Abacus - 1202), the first European book to use “0” for zero. The book included the famous series 1, 1, 2, 3, 5, 8, 13, 21, 34, 55.... known to us as the Fibonacci Sequence, where each number is the sum of the two previous numbers. 

From this period onwards, Scott’s fame gradually spread abroad. He decided to take up residence in the Spanish town of Toledo, whose university was celebrated for its cultivation of the occult sciences. He translated from Arabic into Latin Aristotle’s nineteen books on the History of Animals. 

In 1217, Scott translated “Liber astronomiae” (Book of Astronomy) by Alpetragius (Abu Ishaq, Nured-din al-Bitruji al-Ishbilt), the first work that discussed the astronomical system of Aristotle. It is known he did this work in Toledo, where he is known to have been in March 1217 – the first solid piece of knowledge that is known about him. One of his most important translations was Aristotle’s De animalibus, also completed at Toledo before 1220 and preserved in more than sixty medieval manuscripts. He went to Bologna in 1220 and may have taught at Salerno.

These translations procured him the notice, and subsequently the patronage of Emperor Frederick II, who invited him to his court in Palermo, and bestowed on him the office of royal astrologer. When he arrived at the Imperial court, chroniclers noted his unusual dress-sense. It would seem that the Spaniards of those days differed from the other European nations in their habit. They wore a close girdle about the waist, like the hhezum of the East. Scott must have adopted such a dress while at Toledo, and thus the singularity of his appearance struck the eyes of the court. Others have argued that when Scott arrived, he was not following some Spanish fashion, but was actually wearing the costume of an Arabian sage: the flowing robes, the close-girt waist, the pointed cap. 

At the time, performing miracles was largely in the bailiwick of Jewish Cabalists, but Scott was reported to have “a public reputation for performing miracles that would put any self-respecting wonder working Rabbi to shame”. He is also reported to have been adept at inducing visions by a combination of manipulation of light and suggestion – hypnosis?

At the Imperial court, Scott continued to translate the works of Aristotle, apparently at the Emperor’s specific desire. Apart from translations, Scott also wrote down his own acquired knowledge. He wrote “Liber Introductorius size Indicia Quaestionum,” for the use of young students, as well as a treatise on physiognomy, entitled “Physiognomia et de Hominis Procreatione”, on human anatomy, physiology and reproduction, along with some zoology – underlining his training in medicine. A work about astrology, alchemy and the occult sciences, in the form a trilogy, Liber introductorius, Liber particularis and Physionomia (De secretis nature) was presented to Frederick in 1228, though were not completed. The work was no doubt to be his crowning glory – though he never accomplished that “great work”.

Frederick II and Michael Scott are believed to have had an intimate relationship. Though the Emperor was excommunicated twice and one pope labeled him the Antichrist, the Emperor was a very educated man, said to speak nine languages and be literate in seven – unusual in any period of time and most unusual for a noble – in any period of time. What must have attracted Scott to his court was that the Emperor was a patron of science and learning, centuries before Cosimo de Medici created a similar scientific safe-haven in the city of Florence. Not only Scott, but the famous astrologer Guido Bonatti from Forlì worked at the Imperial court. 

Before Scott resigned his position, he predicted to the Emperor the time, place, and manner of his death; and the prophecy is said to have been exactly fulfilled in every particular detail. After a residence of some years in Germany, he came to England, apparently planning his return to his native Scotland, where he may have planned to retire.

While in England, Pope Honorius III wrote to Stephen Langton on January 16 1223/4, urging him to confer an English benefice. The Pope actually nominated him archbishop of Cashel in Ireland, evidence of the esteem he was held in. However, Scot refused to take up the position. 

Though Scott was one of the most learned men of his time, he would be remembered for his wizardry. This side was already prominent when he was included in Dante’s famous work, which was written less than a century after his life:

“That other there, his flanks extremely spare, 
was Michael Scot, a man who certainly 
knew how the game of magic fraud was played.” 

It is worth pointing out that the Greek conception of mathematics was primarily visual and primarily based in geometry.  That of India and Persia was primarily numbers and calculation based.  It was with the Nestorian Christians and especially with the Arab mathematicians in Baghdad that the two were brought together.

The idea of positional numbers (where the value depends on the position of the digit) probably originated in Babylonia and was exported to India and then brought back.  Both the Babylonians and the Indians had the concept of zero which the Indians called sunya or void and which the Arabs called sifr (cipher).  The Babylonians probably worked out their system of arithmetic to deal with commercial transactions such as price, interest, and exchange rate and it was well developed by the time of Hammurabi (1700 BC) at which time the Babylonians and the Indians had active trade relations and that may have been where the export occurred.   The Indians did change the Babylonian base six (the source of our number of hours in a day) to base ten. The Babylonians had only used the idea of zero to indicate a blank.  The Indians actually used it in calculations.  The Arabs got the Indian Siddhanta (a mathematical text) during the reign of Harun al-Rashid (763-809).  

Arabs advanced the Indian methods of calculation especially under al-Khwarizmi who worked in al-Mamun’s court in Baghdad in the 9th C. He gave rise to the term algorithm from his name and invented the term algebra from the Arabic word for reducing and recombining parts, al-jebr (and which was the title of al-Khwarizmi’s greatest book). It came from his fascination with equations and the realization that you could manipulate formulae by keeping things on both sides of an equal sign the same. Unknown quantities (x) could be defined by what lay on the other side of the =. Those were precisely the sort of calculations that allowed building medieval cathedrals three centuries later. He turned Arabic numerals into a code simple enough to be grasped by a child and powerful enough to occupy the greatest minds. Imagine trying to write the laws of celestial or terrestrial motion in Roman numerals. It reduces numeric values to a single symbol and makes numbers work much more like an actual alphabet.  Not just Romans but also Egyptians and Greeks had used complex, multi-symbol systems to denote numbers that was derived from the number of fingers and toes.  I, II, III are derived from number of fingers.  V comes from the shape made when a thumb is extended away from a hand.  X is two Vs on top of one another. C is from the first letter of centum and M from the first letter of mille.  The analogy is Arabic is to Roman as alphabet is to hieroglyphics or 20,000 character Chinese.
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