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Abstract 
 
Like the intellectual traditions of other civilizations, the intellectual traditions of Islam examined the 
entirety of questions which fall under the purview of the intellect.  The present study focuses on the 
questions which are today categorized as belonging to the disciplines of the many branches of 
philosophy and the sciences. The study examines the historical evolution of the competing schools of 
philosophy and some of the significant developments in the sciences during the early (1st-2nd 
centuries AH/7th-8th centuries CE), classical (3rd-6th centuries AH/9th-12th centuries CE), and the 
medieval (7th-11th centuries AH/13th-17th centuries CE) periods of Islamic civilization. 
 
Introduction 
 
The pursuit of knowledge is central to the Qur’anic message. The goal of knowledge is not mere 
contemplation but the discovery of action that leads to ultimate felicity. In the intellectually fertile, 
diverse, multi-faith, multiethnic, and stimulating environment of classical and medieval Islamic 
civilisation, an intense debate existed among competing intellectual disciplines. This debate, which 
endured across continents and centuries even as these disciplines evolved, focused on the issues of the 
identity and foundations of “real” knowledge that one ought to acquire and make the basis for action.  
 
The Search for Knowledge 
 
For many, such knowledge was to be found in Islamic law derived from the traditional sources of the 
Qur’an and the Prophetic Tradition. Salvation, then, required living a life in conformity with the law. 
For others, real knowledge was esoteric and mystical, and hence the path to salvation lay in seeking 
the right teacher and being initiated into devotional practices leading to union with God. Still others 
thought real knowledge consisted of a rational understanding of God’s nature and attributes, His 
creation of the world, its dependency on Him, and His bounty and mercy to the creatures of this world 
as manifested in prophecy. For them, salvation lay in the practices instituted by prophets, provided 
that the performance of these practices was grounded in rational knowledge. Yet others regarded real 
knowledge to be the philosophical wisdom of the ancients as found in the Neoplatonised Aristotelian 
view of the world. Salvation, they held, was living in conformity with the ethical principles of this 
system, namely intellectual self-improvement and virtuous living, which allowed the soul to achieve 
immortality through the “Active Intellect”. 

 
A naive analysis of these formulations would pit the “foreign” or secular sciences derived from the 
ancients (in particular, the Greeks) against the “religious” or revealed sciences, echoing the erroneous, 
but nonetheless prevalent, paradigmatic view of the incompatibility between reason and religion. In 
the classical and medieval Islamic context, the interaction between secular and religious sciences had 
profound consequences, for this interaction was the process by which knowledge whose origins were 
non-Islamic was appropriated and then naturalised into a civilisation with a different ethos. Within 
this interaction, both secular and religious sciences adopted methods and doctrines from each other in 
the course of centuries of critical and sometimes acrimonious, debate. Three philosophical movements 
can be broadly identified within the historical evolution of this interaction: religious or theological 
philosophy (kalam), Islamic Hellenistic philosophy (falsafa), and mystical philosophy. The scientific 
tradition in Islamic civilisation was primarily allied to the second of these, namely Islamic Hellenistic 
philosophy. 
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The geography of the early Islamic empire was fundamental to the emergence of the intellectual disci-
plines of classical and medieval Islamic civilisation. The Arabian Peninsula, home to the Prophet 
Muhammad, was at the periphery of the centres of learning of Late Antiquity. Within a few decades 
after Muhammad’s death, Muslim armies had gained control of a vast region from the Atlantic to the 
borders of India. As a result, such Hellenistic centres of learning as Alexandria and Antioch where 
Aristotelian, Neoplatonic, Platonic, and other texts had been studied over centuries, as well as the 
centres of Manichean, Bardaisanite, Buddhist, Jewish, and Christian learning, now were part of a 
nominally single empire, where, in time, Arabic became the language of intellectual discourse. 
Language was just one of the elements uniting this vast and diverse empire. Other elements include a 
measure of cultural uniformity, aesthetic sensibility, patronage, the struggle to find meaning and 
discover norms of practice and behaviour in the Islamic message, and, most importantly, an attitude of 
reverence toward knowledge derived from the Qur’an. Material factors also played a role, in 
particular, the availability of paper. The discovery of its manufacture originated in China but spread 
across the Islamic empire in the eighth century. Since books could now be produced cheaply, the pace 
of the dissemination of knowledge accelerated. A flourishing book trade ensued, indicative of a desire 
for knowledge, which, in turn, fuelled further intellectual activity. 
 
Philosophy 
 
Religious philosophy 
 
Religious or “theological” philosophy (kalam) has no counterpart in the Western tradition. Although 
its orientation is theological, much of its subject matter is philosophical since it encompasses 
epistemology, analysis, cosmology, and metaphysics. Furthermore, its approach is rationalist and, as 
such, its method is philosophical. The epistemological foundation and role of religious philosophy in 
classical and medieval Islamic civilisation thus differ from, and are somewhat opposed to, those of 
medieval Christian theology. 
 
Religious philosophy emerged within a hundred years after the death of the Prophet Muhammad in a 
milieu where Muslims were preoccupied with questions about their identity and thus engaged in a 
wide-ranging debate over beliefs, concepts, values, practices, and, in general, worldviews. This debate 
was conducted among Muslims and also with their non-Muslim neighbours. Several factors 
contributed to the urgency of such questions and related issues of correct practice, belief, and 
doctrine. Some non-Muslim subjects desired to convert to the new religion and better understand the 
work of the first two generations of Muslims who had laid the groundwork of knowledge about issues 
of the faith. In this diverse and steadily growing Muslim community, several approaches to the 
Islamic message were debated and developed, which, in due course, were embodied in emerging 
intellectual disciplines. The problems of free will and predestination, God’s nature and attributes, 
prophecy, revelation, God’s relation to the created world, the attributes and properties of things, the 
nature of human beings, and causality were subjects that fell within the domain of religious philoso-
phy. Given the multi-faith milieu, the discussion of these problems included proponents of other 
faiths, primarily Christians and Manicheans, as well as proponents of epistemological and 
cosmological positions, for example, scepticism, relativism, natural causation, and the eternity of the 
world. 

 
The writings of early Muslim religious philosophers have not survived. Fragments preserved in later 
works indicate an open-minded, yet critical, attitude. The multitude of individual and opposed views 
to a broad range of questions reflect the religious philosophers’ engagement in the contemporary 
issues of those times, some of which derive from the epistemological and cosmological inquiries of 
late antiquity. For example, regarding the problem of attributes and properties of things, Hisham ibn 
al-Hakam (died circa 795 CE) and his followers held that all objects besides God are corporeal, 
regardless of whether they are bodies or qualities (like colour or taste). Therefore, perceptible bodies 
consist of a bundle of corporeal attributes (a position that had been held by the Stoics). Dirar ibn ‘Amr 
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(died circa 815 CE) and others held the opposite view that created objects are all incorporeal qualities, 
and that corporeal bodies arise when these qualities combine together (this had been the position of 
the fourth-century Christian father, Gregory of Nyssa). Abu al-Hudhayl (died 841 CE), Mu‘ammar 
(died 830 CE), Bishr ibn Mu‘tamir (died circa 825-840 CE), and their followers held that created 
objects are either corporeal atoms or incorporeal qualities, and that bodies are constituted out of their 
combination (this position had been held by of some Dualists; some of the Greek Atomists had also 
expressed a similar view) 

 
During the later half of the ninth century, as a result of the effort of Abu ‘Ali al-Jubba’i (died 915 
CE), his son Abu Hashim (died 933 CE), and their followers, a system that characterises classical 
Mu‘tazili religious philosophy emerged. In outline, they hold that objects either exist, are possible, or 
are impossible. Existent objects comprise the eternal God and the created world of space-occupying 
atoms and their inherent qualities. Qualities are either perceptible such as colour, taste, and sound; 
non-perceptible such as force and motion; psychological states of animate beings such as knowledge, 
perception, and intention; or are abilities such as being alive and capable of autonomous action. 
Atoms and qualities combine to form inanimate bodies, as well as compound animate beings. Simple 
objects have essential attributes that make them the kind of objects they are (God is eternal, alive, 
knowing, and possesses the power of autonomous action; atoms are space-occupying) and may have 
additional attributes (God’s speech, an atom’s being white). Causal agency belongs exclusively to 
volitional beings, for only they possess the power of autonomous action. Therefore, “nature” or 
“natural” agency does not “really” exist. God’s causal activity is unlimited, for the power of au-
tonomous action is one of His essential attributes. The human power of action, however, is 
nonessential and, as such, human activity is limited. Causal agents may act directly, as in creating an 
atom or a person picking up a stone, or they may act indirectly through secondary causes, as when 
someone directly creates upward force in a stone, which its engenders motion at the next instant. God 
directly created the world. His creative activity is continuous and encompasses everything besides 
human actions. 

 
Human knowledge is of two kinds: (a) immediate knowledge of a priori truths, ethical principles, ob-
jects of perception, and man’s internal states; and (b) acquired knowledge deriving from reflection on 
argument, revelation, tradition, and so on. In their own self-interest, human beings desire to avoid 
harm and achieve benefit. They must therefore reflect, for in the important matter of achieving 
ultimate felicity and avoiding eternal harm, they would be foolish to blindly imitate someone claiming 
to have knowledge. They must seek rational and secure knowledge of God and recognise His bounty, 
in particular, his gracious act of sending prophets to guide humankind. They must pursue ethically 
sound actions to earn the reward promised by God. Reflection enables them to determine the moral 
soundness of action because ethical principles are objective and immediately known to adult, mentally 
competent persons. God can therefore justly hold them accountable for their actions. Intellectual 
reflection also leads to knowledge of general religious truths, for example the existence of God and 
the attributes of God. However, specific religious practices like forms of prayer and pilgrimage are 
established and instituted by prophets and are, as such, can be known only through traditional or 
revealed sources of knowledge. Hence, while reason is primary, revelation is necessary for the 
establishment of religion and for the establishment of a social and political order conducive to its 
practice. 

 
The role of logic, epistemology, cosmology, ethics, and politics in the Mu‘tazili system is obvious as 
is its theological orientation. But the emphasis on reason and, above all, its method of argument and 
objection is philosophical. Moreover, apart from secondary causation, this system is non-
deterministic, where agents are free to perform or withhold action. Not surprisingly, the Mu‘tazilis 
were challenged by traditionalist religious scholars and Islamic Hellenistic philosophers. The 
Mu‘tazili view that God’s speech, namely revelation, is not one of the essential attributes of God  and 
is therefore not eternal but rather is temporally created was rejected by traditionalists. In the early 
ninth century, the Mu‘tazilis were politically powerful and thus imposed the doctrine of the 



 

 
 

…Please see copyright restrictions on page 1 4

createdness of revelation upon governmental officials, including religious judges. The resulting in-
quisition led to the imprisonment of prominent traditionalists such as the well-known scholar Ahmad 
ibn Hanbal (died 855 CE). The inquisition and Mu‘tazili political ascendancy came to an end during 
the reign of Caliph al-Mutawakkil (reigned 847-861 CE). 

 
In 912-913 CE, one of al-Jubba’i’s most brilliant pupils, Abu al-Hasan al-Ash‘ari (died 935 CE), 
broke away to found Ash‘ari kalam, which was sympathetic to the traditionalists. Over the course of 
the next three centuries, Ash‘ari religious philosophy gradually became the predominant and “or-
thodox” kalam school. To a large degree, the subject matter, analytic structure, epistemology, and 
cosmology of the Mu’tazilis was retained. The significant departure was over the nature of God and 
human beings. Whereas the Mu‘tazilis had emphasized God’s justice, believing it absolutely 
impossible for God to commit unjust acts (for man and God are beholden to the same objective ethical 
principles), the Ash‘aris emphasized God’s absolute power and independence. Hence, they denied the 
objectivity of ethical principles. In their view, ethical principles were within God’s determination, and 
human beings cannot know of them except through revelation. The primacy of revelation over reason 
was thus upheld. Furthermore, God’s absolute power entails denying causal agency to human beings. 
They can only metaphorically be said to be causal agents, for they “acquire” actions only God can 
actually perform. Not surprisingly, the Ash‘aris also denied secondary causation. Their system is 
therefore occasionalist, where every action in the world is directly caused by God. Consequently, 
attributing a causal relationship between a uniformly observed set of prior and posterior events (e.g., 
the contact of fire with cotton causes burning) is erroneous, for the uniformity of the sequence of 
these events reflects only God’s choice of habitual action that He may arbitrarily choose to alter. 
Finally, the Ash‘aris rejected the Mu‘tazili distinction between God’s essence and attributes, and 
hence the createdness of God’s speech. 

 
The Ash‘ari position was elucidated and defended from the critique of the Mu‘tazilis, Islamic 
Hellenistic philosophers, and traditionalists by al-Ash‘ari’s followers, notably al-Baqillani (died 1013 
CE), Ibn Furak (died 1015 CE), al-Juwayni (died 1085 CE), and Abu al-Hamid al-Ghazali (died 1111 
CE), the author of The Destruction of the Hellenistic Philosophers. In this work, al-Ghazali defended 
the Ash‘ari view of God’s absolute freedom and causal determination, attacking the Islamic 
Hellenistic philosophers’ doctrine of the eternity of the world; their doctrine of emanation, which 
denied God’s causal activity and God’s knowledge of particulars in the world but instead attributed 
intelligence and causal efficacy to celestial Intellects and Souls; their denial of bodily resurrection and 
their theory of natural causation. Al-Ghazali’s thorough familiarity with Islamic Hellenistic 
philosophy is evident in The Destruction’s embrace of its conceptual language (his preliminary study, 
The Aims of the Philosophers, is a succinct summary of Islamic Hellenistic Philosophy which, along 
with The Destruction, was available in Latin translation in medieval Europe. As a result, the 
Europeans considered al-Ghazali to be one of the Islamic Hellenistic philosophers). 

 
Religious philosophy entered a new phase with al-Ghazali as he appropriated the conceptual language 
and logic of Hellenistic philosophy without compromising the premise of God’s absolute freedom and 
determination. The historian Ibn Khaldun (died 1382 CE) thus complained that al-Ghazali and his 
followers muddled religious philosophy with Islamic Hellenistic philosophy. Notable religious 
philosophers after al-Ghazali include Fakhr al-din al-Razi (died 1209 CE) and ‘Adud al-din al-Iji 
(died 1355 CE). Al-Iji’s classic text, The Stations of Religious Philosophy, became the standard 
textbook of religious philosophy and was the subject of many commentaries. Four of the six sections 
of the book are devoted to the properly philosophical subjects of epistemology, ontology, qualities, 
and bodies, while the remaining two cover the properly theological topics of God and prophecy. 
Moreover, al-Iji and his commentators discuss the diversity of opinions on these subjects, including 
those of the Islamic Hellenistic philosophers. 

 
This account of religious philosophy applies to primarily to proto-Sunni and Sunni kalam. Regarding 
the religious philosophy of the Shi‘a, the Zaydis adapted Mu‘tazili kalam, and so, initially, did the 
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Ithna ‘Asharis (Twelvers). The Isma‘ilis adapted Hellenistic philosophy within their own intellectual 
framework. However, in the thirteenth century, the philosopher and scientist Nasir al-din al-Tusi (died 
1274 CE) reformulated Twelver Shi‘a kalam within the conceptual language and system of the 
Islamic Hellenistic philosophers. 

 
The influence of Islamic religious philosophy also extended into Judaism. The Karaites, including 
Yusuf al-Basir (died 942 CE), were influenced by Mu‘tazili religious philosophy. Consequently, the 
debate between religious philosophy and Islamic Hellenistic philosophy is also found among Jewish 
intellectuals of Islamic lands. In his Guide to the Perplexed, Maimonides (died 1204 CE) presents an 
account of religious philosophy that he then refutes. 
 
Islamic Hellenistic philosophy 
 
Islamic Hellenistic philosophy or falsafa is Hellenistic in inspiration and outlook. Its characterization 
as “Islamic” designates the milieu of Islamic civilisation and not its conformity, or lack thereof, with 
what was understood to be the normative traditionalist understanding of Islam. Furthermore, not all its 
practitioners were Muslims. Some were Christians and others Jews. The impetus for Islamic 
Hellenistic philosophy originated in the transmission of Greek texts into Arabic. In due course, the 
philosophical issues of these texts were developed further and naturalized by a milieu with its own 
problems and competing philosophies. 
 
The impetus to appropriate and then naturalize ancient knowledge arose out of the Muslim ethic of 
reverence for knowledge. In one of the most significant pre-modern transfers of knowledge, almost 
the entire scientific and philosophical legacy of the ancient world was translated into Arabic. Some 
evidence suggests that translation into Arabic may have begun in the early eighth century, but its pace 
accelerated under the patronage of the Abbasid caliphs. Translation activity was deliberate, 
emphasising classic scientific and philosophical texts yet leaving aside literary texts such as Greek 
tragedies and epic poetry. The importance of translation is evident in the dispatch of official 
emissaries to Byzantium to procure manuscripts. Translation was facilitated by the ongoing activity of 
religious philosophers who had begun to forge philosophical terms in Arabic. Patronage also played a 
key role. The Abbasid caliph al-Mansur (reigned 754-775 CE) commissioned the translation of 
Sanskrit astronomical and medical texts. His successors, Harun al-Rashid (reigned 786-809 CE) and 
al-Mamun (reigned 813-833 CE), went further, commissioning the translation of Greek texts and 
establishing the endowed institution of the House of Wisdom (Bayt al-Hikma) to supervise translation 
and engage in scientific activity. Other patrons of translation included wealthy government officials, 
princes, and individuals. Accordingly, by the tenth century, much of the Hellenistic intellectual legacy 
as well as materials from ancient Iran and India were available in Arabic. Since the philosophical per-
spective of Late Antiquity dominated this legacy, Islamic Hellenistic philosophers approached 
Hellenistic philosophy from a Neoplatonic framework. 

 
Most translators were Syriac-speaking Nestorian Christians or Sabians from Harran. The Nestorians 
were familiar with Hellenistic philosophy as their theological writings, particularly regarding the 
Trinity, utilized its conceptual language. The Sabians were star worshippers and knowledgeable about 
Greek mathematics and astronomy. Some Greek texts were thus available in Syriac before the Arab 
conquests. But Arabic translations, whether directly from the Greek or through the intermediary of 
Syriac, went further with regard to their quantity and quality. Among the translators, the Nestorians 
Hunayn ibn Ishaq (died 873 CE) and his son Ishaq ibn Hunayn (died 910 CE) were renowned. They 
authored scientific and philosophical treatises. The Sabian Thabit ibn Qurra (died 901 CE) was also 
renowned as an astronomer and translator of scientific works. 
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Al-Kindi 
 
Abu Ya‘qub al-Kindi (died 870 CE) is regarded as the first Islamic Hellenistic philosopher or, 
according to the medieval biographers, the “Philosopher of the Arabs.” He enjoyed the patronage of 
Caliphs al-Mamun and al-Mu‘tasim (reigned 833-842 CE). His interest in acquiring the knowledge of 
the ancients is remarkable and indicative of the stimulating milieu. He even commissioned an Arabic 
translation of Aristotle’s Metaphysics. Conscious of the task of introducing Hellenistic learning, he 
wrote: “We ought not to be ashamed of appreciating truth and of acquiring it wherever it comes from, 
even if it comes from races distant and nations different from us.” Al-Kindi wrote several introductory 
works in philosophy and science to acquaint his readers with the Hellenistic legacy. His philosophy is 
notable in two aspects. First, he was alone among the Islamic Hellenistic philosophers to argue for the 
temporal creation of the world. Second, al-Kindi’s Treatise on Intellect introduced Neoplatonic 
epistemology, which was to become the hallmark of Islamic Hellenistic philosophy, purporting that 
the intellect has a potential capacity for knowledge and that its transition to become actually 
knowledgeable is caused by the entity known as the “Active Intellect”. Aristotle had very briefly 
mentioned the “Active Intellect”, which is separate and immortal in his work On the Soul. This entity 
was identified with the emanated Intellect governing the sphere of the moon by the Neoplatonist 
philosophers of Late Antiquity. 

 
Al-Farabi 
 
Al-Kindi had few students, and his influence was thus limited. However, the continuing tradition of 
Hellenistic philosophy among Nestorian Christians attracted Abu Nasr al-Farabi (died 950 CE). Al- 
Farabi’s role in the naturalization of the Hellenistic legacy earned him the epithet “The Second 
Teacher” (Aristotle being the first). Al-Farabi considered himself a member of the philosophical 
school of Alexandria. As he informs us, this school had spread from Alexandria to Antioch and then 
from Marw and Harran to Baghdad. In the tradition of the school, al-Farabi wrote technical and 
philosophical commentaries that were influential among later philosophers. But al-Farabi surpassed 
his Nestorian teachers who, for theological reasons, were forbidden to study logic beyond Aristotle’s 
Prior Analytics. The eager student, however, read more advanced works, particularly the Posterior 
Analytics. Al-Farabi’s achievement lies in his reinvigoration of philosophy by rejecting Nestorian and 
other constraints that were stifling philosophy and, in his activist vision of philosophy, engaging the 
critical problems of the day, analyzing prophetic religion, extending political philosophy to include 
religious states, and developing the relationship of language to logic. 

 
Al-Farabi, like other Islamic Hellenistic philosophers, held that “real” knowledge is demonstrative 
knowledge and is therefore accessible only to the elite who have the natural disposition and leisure to 
pursue philosophy. The multitude can only aspire to persuasive knowledge by means of images. For 
al-Farabi, founders of religions or prophets are philosophers insofar as their knowledge is demonstra-
tive. Their achievement lies in their ability to fashion images appropriate for the multitude so that the 
multitude (and the elite) will pursue actions leading to happiness for all. Religion, then, is an imitation 
of philosophy, and the best ruler is a philosopher-king. The cosmological source of the knowledge of 
philosophers and prophets is the same.  

 
Al-Farabi’s emanationist cosmology is innovative. According to Neoplatonism, the First Being or 
God is such that creation must originate from Him by continuous emanation. These emanations then 
give rise to other emanations. Al-Farabi limits emanations to ten Intellects and their spheres: the first 
Intellect which has no sphere; and nine other Intellects with their celestial spheres, namely,  the 
outermost sphere, the sphere of the fixed stars, and the spheres of the seven planets (Saturn, Jupiter, 
Mars, Sun, Mercury, Venus, and the Moon). The Tenth Intellect, associated with the sphere of the 
Moon, is the “Active Intellect” and the point of contact for the human intellect with celestial 
intellects. The Active Intellect is the cause of the transformation of the human intellect from 
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potentially knowing to actually knowing. Prophetic genius derives from the virtual union of the 
prophetic soul with this Active Intellect and God’s granting of revelation to the prophetic intellect 
through the Active Intellect. 

 
Al-Farabi’s account of religion and prophecy, which was mostly adopted by his followers, is at odds 
from the views of the religious philosophers. Al-Farabi’s perspective (as indeed the perspective of 
other Islamic Hellenistic philosophers) was that the religious philosophers' views were not 
demonstrative but rather were dialectical and do not represent “real” knowledge. Other points of 
contention were Al-Farabi’s espousal of emanationism, its corresponding determinism through 
endowing causal efficacy to the celestial entities, and his belief in the eternity of the world. 
 
Al-Razi 
 
Al-Farabi’s views contrast sharply with those of Abu Bakr al-Razi (died 925 CE) who is regarded as a 
Islamic Hellenistic philosopher, although his accomplishments in medicine are more significant. Al-
Razi was vehemently opposed to authority. His philosophy is egalitarian, anti-Aristotelian, and anti-
religion. His egalitarianism denied the special role accorded by al-Farabi to philosophers and even the 
special role of prophets and religious leaders. He regarded religion to be the cause of conflict, 
prophets to be imposters,  and revelation to be mythical. He opposed the hierarchical cosmology of 
the Hellenistic philosophers and instead espoused a version of Democritean atomism, which is unlike 
the atomism of the religious philosophers. He upheld the eternal existence of God, Soul, Matter, 
Time, and Space and subscribed to a Sabian myth that the ignorant Soul desired matter and that God, 
wishing to alleviate its misery, therefore created the world, but also endowed Soul with reason. The 
world will dissolve when Soul has been enlightened and can free itself from matter. 

 
That al-Razi, despite his radical views, was tolerated is indicative of the tolerant milieu of classical 
and medieval Islamic civilisation. Not surprisingly, al-Razi did not have any followers, while al-
Farabi’s philosophical synthesis became the dominant paradigm of Islamic Hellenistic philosophy. 
Elements of this philosophical synthesis were appropriated by the literati and belles lettrists and by 
intellectually inclined religious movements among the Shi‘a, like Isma‘ilism. 
 
Ibn Sina 
 
The naturalization of Hellenistic philosophy reached its apogee with Abu ‘Ali ibn Sina (died 1037 
CE). In a fascinating autobiography, Ibn Sina (Avicenna in Latin) discusses his education, travels, 
court intrigues, study habits, and writings. He was a child prodigy, born to a family with Isma‘ili 
sympathies. He was educated in traditional Islamic subjects and the sciences, where he surpassed his 
teachers, progressing to a personal study of advanced scientific texts and Islamic Hellenistic phi-
losophy. He found Aristotle’s Metaphysics incomprehensible until he read al-Farabi’s On the Goals of 
Aristotle’s Metaphysics, which he had purchased in the booksellers’ market cheaply for three silver 
coins. Already famous, the seventeen-year-old Ibn Sina was invited to attend to the Samanid ruler 
Nuh ibn Mansur (reigned 976-997 CE) who had fallen ill. Obtaining permission to examine the royal 
library, Ibn Sina entered a building with many rooms, each containing piles of books on a single 
subject. He looked through the catalogue of works by the ancients and found works that he was never 
to encounter again. Ibn Sina assiduously studied them all. As he was to recall later, he had, thoroughly 
exhausted all the available learning by the age of eighteen and he did not subsequently learn anything 
new (although his knowledge was to mature and deepen with age). Ibn Sina’s account is revealing. It 
shows that Islamic Hellenistic philosophy had penetrated into remote provincial centres like Bukhara, 
it illustrates the demand for and trade in philosophical works, and it verifies the existence of rich 
collections in private libraries. 

 
Unlike al-Farabi’s ouevre, Ibn Sina’s philosophy is not dominated by political philosophy despite his 
service as minister to many rulers. His accomplishment lies in the fact that his philosophical writings 
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surpassed those of his predecessors becoming the point of reference for later philosophy in the Islamic 
world. Particularly significant are his The Cure (a multi-volume encyclopaedia of the philosophical 
sciences), The Salvation, and Pointers and Reminders. Ibn Sina’s specific contributions are numerous, 
but within the context of his Islamic milieu, his arguments for the existence of God, the existence of 
the immortal human soul, and his analysis of mysticism are significant. 

 
The existence of God, Ibn Sina maintained, is properly a subject for metaphysics, which investigates 
being in general, and is not a subject for physics, which investigates corporeal beings (recall that 
Aristotle’s cosmological argument for a First Mover is found in his Physics). Ibn Sina’s argument for 
God’s existence derives from the distinction he makes between essence and existence: Things either 
exist, may possibly exist, or are impossible (like unicorns). The essence of a thing, namely that which 
makes the thing what it is (for example, the essence of a triangle is “a surface enclosed by three 
straight lines”; the essence of human beings is “mortal, rational, animal”), does not in itself entail the 
existence of that thing. Rather, its existence is the result of the action of a cause whereby this thing 
which could possibly exist now actually exists.  Likewise, this cause itself requires a cause for its own 
existence and hence its action. This leads to an infinite regression, which can only come to an end 
with a being, whose existence is part of its essence. This is the Necessarily Existent Being, or God. 
Every other being is contingent because its existence derives from another. This view of God as the 
Necessarily Existent Being, while compatible with Islamic revelation, was not in accord with the view 
of the God of the religious philosophers or traditionalists. 

 
In psychology, Ibn Sina devised the “Suspended Man Argument,” an argument for the existence of 
the human soul which resembles Descartes’ cogito (“I think therefore I exist”) argument. Like 
Descartes’ argument in which a person may doubt all knowledge except of his own existence, Ibn 
Sina suggest a model in which a fully-formed human being is created suspended in air, in such a 
manner that he is completely devoid of sensation or perception. Even though he cannot, in this state of 
sensory deprivation, sense his body and completely lacks any previously acquired knowledge, he 
must nevertheless affirm his own existence, and this, in Ibn Sina’s view is equivalent to the existence 
of his soul. This argument entails the existence of the human soul as an entity distinct from the body 
although co-created with it. This soul is the governor of the body and uses the body as an instrument 
to accomplish its objectives. It does not perish with the body but is immortal and is the recipient of 
reward or punishment for its earthly deeds. 

 
In his works, Ibn Sina mentions that he had frankly expressed his own philosophical views in his text 
entitled Eastern Philosophy. This book is elusive. It is not extant in its entirety, and may not have 
been available in its entirety in the medieval period (perhaps it was never completed!). Nevertheless, 
it has been and remains the subject of speculation and controversy. Some scholars believe that the 
designation “Eastern” reflects antipathy to the views of the Christian Hellenistic philosophers of 
Baghdad who, in Ibn Sina’s view, were inept as well as being geographically to the West of the lands 
of Ibn Sina’s domicile. A major point of disagreement with them was his belief in the immortality of 
the human soul. The subject of the soul is also associated with mysticism. One of Ibn Sina’s 
contributions to Islamic Hellenistic philosophy is to treat the Sufi mystics, their practices, and their 
psychological states as subjects of philosophical discourse. In this treatment, Ibn Sina makes ref-
erence to his allegorical writings. These were extremely influential and interpreted widely, playing a 
significant role in the formation of mystical philosophy. 

 
Andalusian Islamic Hellenistic philosophers 
 
Islamic Hellenistic philosophers were also active in the Western Islamic world, notably twelfth-
century Spain. Abu Bakr ibn Bajja (died 1139 CE) commented on al-Farabi’s logical works and was 
interested in physics and psychology. His rejection of the Aristotelian relationship between motive 
force, resistance of the medium, and velocity of the object was influential in discussions of motion in 
the Latin West. In his The Regimen of the Solitary, Ibn Bajja was pessimistic about the philosopher’s 
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political role in society, Rather than the role of a philosopher-king or advisor to the ruler envisioned 
by al-Farabi, Ibn Bajja believed that, in the imperfect states of his day, philosophers should, as far as 
possible, detach themselves from society and instead seek felicity in union with the “Active Intellect”. 
In such a union, Ibn Bajja maintained, the individual intellect loses its particular characteristics. Ibn 
Bajja, therefore, rejected Ibn Sina’s view of the immortality of the human soul, for in his view, the 
soul, that is to say, the individual, perishes with the death of the body. 

 
Ibn Bajja’s student, Abu Bakr ibn Tufayl (died 1185-1186 CE) was physician to the Almohad ruler 
Abu Ya‘qub Yusuf (reigned 1163-1184 CE) and the author of the philosophical tale Hayy ibn Yaqzan 
(Living, Son of Awake), which is thought to be the model for Daniel Defoe’s Robinson Crusoe. This 
work is named after one of Ibn Sina’s allegorical works and is even framed as an unfolding of the 
secrets of Ibn Sina’s Eastern philosophy. In his introduction, Ibn Tufayl is critical of Ibn Bajja’s idea 
of felicity through union with the “Active Intellect”, endorsing instead Ibn Sina’s sanction of 
mysticism. He acknowledges the role of rational truths and methods but holds that they are surpassed 
by mystical experience. He employs several Sufi concepts, including “direct vision,” “mystical 
experience,” and “sainthood.” The tale describes the self-education of Hayy who lands on (or was 
spontaneously generated on) a tropical island and is raised by a doe. As he grows up, he is able, 
through reflection, to deduce philosophical truths and derive actions that lead to ultimate felicity. His 
ascetic practices, reminiscent of Sufism, lead him to direct vision and then spiritual annihilation in 
God. Hayy then comes into contact with two men, first Absal who comes to the island in search of 
solitude, then Salaman  from a nearby island whose inhabitants follow a prophetic religion (both 
Absal and Salaman are characters in another allegorical work by Ibn Sina!). Absal inclines toward 
mysticism and allegorical interpretation of revelation, while his friend Salaman is a literalist. Hayy 
and Absal go to the nearby island now ruled by Salaman, and Hayy tries to teach his wisdom to its 
inhabitants. His attempt fails and he recognizes that mystical and philosophical truths are not meant 
for all persons and that literalist religion suffices for the majority. Ibn Tufayl thus seems to accept Ibn 
Bajja’s pessimism of the political role of the philosopher while rejecting his disdain of mysticism. 

 
Ibn Tufayl was responsible for introducing a young Abu al-Walid Ibn Rushd (died 1198 CE) to the 
ruler Abu Ya‘qub. Ibn Rushd, known to the West as Averroes, hailed from a family of jurists. He 
himself was to become a jurist of note and the author of a work on Maliki law. Impressed by the 
young philosopher, the ruler Abu Ya‘qub commissioned him to write commentaries on Aristotle’s 
works. Ibn Rushd continued in the service of this ruler, and his son, Ya‘qub ibn Mansur (reigned 
1184-1199 CE). He was appointed judge of Seville, then physician to the ruler, and, later, chief judge 
of Cordoba. Toward the end of his life, he fell into disfavour and was exiled, probably because of 
Ya‘qub’s political difficulties, but was then recalled back to the ruler’s court just before his death. Ibn 
Rushd’s commentaries on Aristotle were soon translated and transmitted to the Latin West where they 
were extremely influential, earning him the title of “The Commentator” par excellence. Ibn Rushd 
revered Aristotle and considered him to be infallible. Thus, in his commentaries, Ibn Rushd is usually 
a literalist seeking to recover Aristotle from Ibn Sina’s and, to a limited extent, al-Farabi’s 
Neoplatonized readings. Not surprisingly, Ibn Rushd does not uphold Ibn Sina’s view of the immor-
tality of the soul. While the influence of Ibn Rushd’s commentaries in the Islamic world was minor, 
his On the Harmony between Religion and Philosophy and as his reply to al-Ghazali titled 
Destruction of the Destruction of the Philosophers played a significant role. In the latter work he re-
sponds point by point to al-Ghazali’s Destruction of the Philosophers and defends Islamic Hellenistic 
philosophy. In On the Harmony, Ibn Rushd examines the legal status of the pursuit of Hellenistic 
philosophy in the Islamic world. In an ingenious drawn-out argument, Ibn Rushd maintains that 
philosophy is primarily the study of the created world and a reflection on the signs of its Creator. 
Since such reflection is commanded by revelation, it must therefore be conducted in the best possible 
manner, namely by philosophy, which is a demonstrative science. However, not everyone is qualified 
to undertake philosophical study and thereby achieve demonstrative knowledge of God and creation. 
Rather, recognizing differences in human aptitude, Islam allows for rhetorical, dialectical, or 
demonstrative knowledge of these matters. Demonstrative knowledge does not conflict with 
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revelation. But since revelation addresses all people regardless of their intellectual aptitude, its 
apparent meaning may seem to contradict the “real” state of affairs. Such apparent difference is to be 
resolved by allegorical interpretation of revelation by those who are well grounded in science (i.e. the 
Islamic Hellenistic philosophers). Allegorical interpretation of revelation must be permitted only for 
those who are qualified to understand its true significance. Conflicts have arisen when religious 
philosophers like al-Ghazali have misguidedly shared allegorical interpretations with the multitude 
who are incapable of grasping them. 

 
Some Muslim groups, notably the Isma‘ilis, adapted Islamic Hellenistic philosophy in their doctrinal 
systems. This is evident in the Epistles of the anonymous 
Brethren of Purity (circa tenth century CE), which were widely circulated and read and in the works 
of Fatimid Isma‘ili thinkers (tenth and eleventh centuries CE). Notably, however, the First Being or 
Intellect is the result of God’s command and is not an emanated being. Moreover, subscribing to the 
doctrine of the correspondence between macrocosm and microcosm, the Isma‘ilis held that the cosmic 
hierarchy of Intellects, Souls, and spheres is reflected in the religio-political hierarchy of the imam 
and his representatives in society.  
 
Mystical philosophy 
 
Ibn Sina’s philosophy represents the culmination of Islamic Hellenistic philosophy in the Eastern 
Islamic world. Its influence on subsequent Muslim intellectual history was, and continues to be, 
profound. One illustration, albeit a significant one, is that al-Ghazali’s understanding of philosophy 
derives from Ibn Sina, and hence his critique is a critique of Ibn Sina’s philosophy. Yet al-Ghazali not 
only adopted the methodology and terminology of Ibn Sina for his critique but, perhaps unwittingly, 
initiated its appropriation into religious philosophy (some modern interpreters believe that al-Ghazali 
was thus not able to escape the determinism of his opponents!). Thus, the conceptual language of 
religious philosophy after al-Ghazali is replete with Ibn Sina’s concepts and terms. Al-Ghazali also 
incorporated the logic of Ibn Sina into Sunni jurisprudence, claiming that was a neutral tool. 
However, al-Ghazali’s own commitment was to Sufi mysticism as the path to “real” knowledge and 
ultimate felicity. 

 
Shihab al-din al-Suhrawardi (died 1191 CE), the founder of “Iluminationist” (ishraqi) philosophy, 
was also a critic of Ibn Sina’s philosophy, which he characterized as “Peripatetic.” In contrast, he 
characterises Illuminationist philosophy as deriving from those who were travellers on the path to 
God, namely Plato, and before him, Hermes, “the father of sages,” Empedocles, Pythagoras, 
Agathadaimon, and others, as well as the ancient Persian sages Jamasp, Farshadshur, Buzarjumihr, 
and so on, (but not the impious Magians, nor Mani and other polytheists), and also his own immediate 
Sufi predecessors like Abu Yazid al-Bastami, Mansur al-Hallaj, and others. Illuminationist philosophy 
thus attempts to appropriate and naturalise Gnostic, Hermetic, Zoroastrian, and Sufi learning into 
Islamic Hellenistic philosophy.  
 
Illuminationist philosophy is based both on discursive reason (thus, Peripatetic philosophy is 
essential) and mystical experience, and direct vision. It utilises symbols, particularly the symbols of 
light and darkness. Illuminationist cosmology is a metaphysics of light; its beings are characterised by 
whether their light is self-subsistent or is accidental and the degree of their darkness (or absence) of 
light. God is the self-subsistent “Light of lights” that illuminates and gives existence to all other 
beings. An indefinite number of luminous angels with self-subsistent lights are intermediate between 
the Light of lights and the shadows of the material world. Unlike the ten Intellects of Islamic 
Hellenistic philosophy, Illuminationist philosophy does not restrict the number of luminous 
intermediaries. Ultimate felicity lies in ascending from the material world to the luminous world 
through mystical exercises. Souls that are unable to reach the luminous world remain suspended in the 
“world of images” where they undergo “visions” of Paradise and Hell. 
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Suhrawardi believed that the world can never be without an illuminationist teacher. This view is 
analogous to Shi‘a views of the necessity of a religious guide (imam). This fact, in addition to the 
Persian orientation of his work, both conceptually as well as linguistically (a significant number of 
Suhrawardi’s works are written in Persian), accounts for the continuation of Illuminationist 
philosophy in Iran and its absence in other parts of the Islamic world. 

 
A mystical philosophy of a different kind was proposed by the Sufi Muhyi al-din ibn al-Arabi (died 
1240 CE) and his disciples, particularly Sadr al-din al-Qunawi (died 1274 CE). An account of Ibn al-
‘Arabi belongs to the study of the mystical tradition in Islam. However, his views played a significant 
role in later Islamic philosophy, in particular, the doctrine of the “unity of being.” This doctrine, while 
not explicitely formulated as such in Ibn al-‘Arabi’s writings, holds there is only one Being, God, and 
everything else is in perpetual flux, existing only through God (some aspects of the doctrine of 
perpetual flux derive from the occasionalism of the Ash‘ari religious philosophers). 

 
In 1501 the Safawid state was established in Iran, and Twelver Shi‘ism was declared the official 
doctrine of the state. A cultural and intellectual renaissance followed, and within this broad 
movement, the study of Hellenistic Islamic philosophy was reinvigorated by the philosophers of the 
“School of Isfahan,” primarily Mir Damad (died 1630 CE) and Mulla Sadra (died 1640 CE). The 
tradition that they established has continued and is studied today in Iran. The sources of this 
philosophy are religious philosophy as interpreted in the Shi‘a tradition of Nasir al-din al-Tusi, the 
Islamic Hellenistic philosophy of Ibn Sina, the Illuminationist philosophy of Suhrawardi, and the 
doctrine of “unity of being” of Ibn al-Arabi. 

 
Mulla Sadra is regarded as the most original philosopher of this school, in part for his innovative 
theories of the primacy of existence and substantial motion. His teacher, Mir Damad, had held the 
Illuminationist view of the primacy of essences (that which makes a thing what it is) for, in the 
Illuminationist view, essences define the mode and rank of being. In contrast, Sadra argued that 
essences are mental abstractions and therefore fictions, and only existence is “real”. This entails that 
mental comprehension, which is necessarily of essences, is not representative of “real” existing 
things, and therefore “true” knowledge, which is of existence, has another epistemological source, 
namely direct mystical experience. Mulla Sadra’s theory of substantial motion augments the 
Aristotelian theory of motion accepted by Islamic Hellenistic philosophers, who held that change is 
either qualitative (i.e. colour), quantitative (i.e. size), or spatial (i.e. motion), and that the substrate (or 
substance) undergoing change remains constant. He asserted to the contrary that substrates do indeed 
change, for beings are always in the process of evolving toward more perfection. Metamorphosis is 
constant and characteristic of the true nature of being. Thus, simple elements move on to more 
complex inanimate forms and thence to animate forms, from which they then move on to other higher 
forms of being, culminating in a return to the spiritual world from which being originates. 
 
The Sciences 
 
Like Islamic Hellenistic philosophy, the study of science in Islamic civilisation was inspired by the 
love of learning, which had initiated the translation of texts from Greek and Syriac, as well as texts 
from other languages, primarily Sanskrit and Pahlavi. In its heyday, individuals from almost every 
ethnic and religious persuasion were engaged in the scientific enterprise, and then, in all of the 
disciplines of science: the mathematical sciences, the physical sciences, the life sciences including 
medicine, and the “pseudo-sciences” of alchemy, astrology and so on. This enterprise may be broadly 
characterised as broadening scientific knowledge by investigating and solving puzzles and problems. 
This does not mean that science was static or lacking in originality. The critical attitude, which 
pervades all classical and medieval Islamic learning, entailed an examination of the fundamental 
premises of scientific theories. Whenever necessary, theoretical and methodological innovations were 
proposed, even going as far as to found new disciplines or to transform received scientific procedures. 
Furthermore, the milieu of Islamic civilisation suggested its own problems, which engaged the minds 



 

 
 

…Please see copyright restrictions on page 1 12

of its scientists. Material factors also contributed to the scientific enterprise: the establishment of 
endowed institutions, primarily academies (for example, the above-mentioned House of Wisdom), 
libraries, hospitals, observatories, and patronage, which flourished even with the disintegration of the 
unitary empire and the establishment of local dynasties and principalities. Most patrons employed 
scientists as astrologers or physicians. However, the interconnectedness of disciplines was such that 
an astrologer, for example, needed to know astronomy, and could not know astronomy without being 
versed in mathematics and natural philosophy, which, in turn, required familiarity with the cosmology 
of Islamic Hellenistic philosophy. With the passage of time, a new scientific role arose, that of the 
mosque timekeeper who was responsible for calculating prayer times as well as determining the start 
of the months of the Islamic lunar calendar. 

 
The scientific contributions of Islamic civilisation are enormous. Yet, at this stage of our knowledge 
of the scientific enterprise of Islamic civilisation, with the continuing discovery of new manuscripts 
and the incomplete analysis of known works, remarks about the achievements of scientists or about 
the general character of science must remain tentative (this is true for all of the intellectual disciplines 
practiced in classical and medieval Islam). The following survey of the sciences in the world of 
classical medieval Islamic civilisation must therefore be regarded as preliminary. Moreover, it is illus-
trative rather than exhaustive. 
 
Mathematical Sciences 
 
An inkling of the contribution of classical and medieval Islamic science to contemporary mathematics 
survives in our continuing usage of the terms “Arabic numerals,” “algorithm,” and “algebra.” These 
terms illustrate the study of number theory, methods of calculation, and the establishment of algebra 
as an independent mathematical subject. But beyond this, the mathematicians of Islamic civilization 
were engaged in plane and spherical geometry, trigonometry, as well as the solution of higher orders 
of equations. 

 
The significance of “Arabic numerals” cannot be overemphasised. These numerals and their 
underlying methods of calculation are now common-place in every part of the world. Today, it is 
impossible to conceive of any arithmetical calculation which does not utilize these numerals or the 
methods of calculation associated with them. Yet, these numerals actually originated from India, and 
were therefore known as “Hindu numerals” in the Muslim world. They constitute the decimal system 
that we use today, consisting of nine numerals (from one to nine) and the zero (the etymology of 
“zero” is derived through French and Italian from the Arabic term sifr, meaning zero). These 
numerals are used in conjunction with a place value notation, such that the number 1367 is equal to 
1x103 +3x102 +6x101 +7x100 ( that is to say that the value of each numeral depends on its place in the 
number, and each place in the number indicates a value in powers of ten). These numerals were 
probably introduced to Islamic civilisation with the translation of Sanskrit astronomical works during 
the reign of the Abbasid caliph al-Mansur. Prior to this, Hellenistic mathematics had used a 
cumbersome system similar to Roman numerals as well as a sexagesimal system whose origins are 
Babylonian. In the sexagesimal system, numbers were represented in base sixty, similar to our 
continuing use of degrees, minutes, and seconds (sixty minutes equals one degree, sixty seconds 
equals one minute, etc.). The sexagesimal system was primarily used in astronomy. The prospect of 
performing arithmetical operations of addition and subtraction in such a system, to say nothing of 
multiplication and division, is daunting indeed. 

 
The first systematic discussion of the decimal value system was made by Muhammad al-Khwarizmi 
(died after 847 CE). Al-Khwarizmi was active in mathematics and astronomy and was a member of 
the House of Wisdom. In his Treatise on Calculations with Hindu Numerals, he deals with the basic 
arithmetical operations of addition, subtraction, multiplication, division, as well as with sexagesimal 
fractions, and the extraction of square roots. Later mathematicians like Abu al-Wafa’ al-Buzjani (died 
997-8 CE), Abu Rayhan al-Biruni (died after 1050 CE), and ‘Umar al-Khayyam (died circa 1131 CE), 
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who is better known as a poet, worked out methods to extract higher roots. A significant advance in 
the decimal system was made by Abu al-Hasan al-Uqlidisi’s invention of decimal fractions in 952-
953 CE. Interestingly, this invention seems to have subsequently been lost until reinvented by Ghiyath 
at-din al-Kashi (died 1429 CE), who added a sign indicating the decimal point. Al-Uqlidisi also 
adapted calculation methods for ink and paper in place of the dust-board. His contemporary Al-
Buzjani further popularised the decimal system with his arithmetical textbook for bureaucrats. 

 
Al-Khwarizmi is also the famous algebraist who coined the Arabic phrase al-jabr wa al-muqabala 
(restoration and balancing), which is the origin of the term “algebra.” Arithmetical and geometrical 
methods for discovering unknown quantities had already been worked out in Babylonian, Hindu, and 
Greek mathematics. Al-Khwarizmi’s innovation was to combine these together and create algebra. 
The process of “restoration” refers to the removal of negative quantities. Thus, in the equation 2x+4 = 
9-3x, the step to get 5x+4 = 9 is restoration. The subsequent step of “balancing” reduces positive 
quantities on both sides of the equation and results in 5x = 5. Al-Khwarizmi discussed methods for 
solving equations of the second order (quadratic equations). He pointed out the practical applications 
of his method in solving problems of surveying as well as inheritance shares (which are quite complex 
under Islamic law). Later mathematicians like Abu Bakr al-Karaji (flourished circa 1000 CE), al-
Samawal ben Yehuda al-Maghribi (died 1180 CE), and ‘Umar al-Khayyam devised methods for the 
solution of higher order equations. 

 
The most advanced mathematics is found in astronomy. Here we find significant advances in geome-
try (particularly, spherical geometry), trigonometry, and methods of calculation. The pre-eminent text 
of Greek astronomy was Ptolemy’s Almagest, which is de-voted largely to predicting positions of the 
planets. Ptolemy used spherical geometry as well as a trigonometric function called the chord, (given 
an angle find the length of the chord subtended by this angle for a circle with a radius of sixty units), 
for which he provides a table. However, the use of this function was cumbersome. Indian 
astronomers, on the other hand, used the well-known sine function and had calculated its value for 
every 3°. In the Islamic milieu, once again, the Greek and Indian heritage was combined so that by the 
beginning of the tenth century, the modern trigonometric functions of sine, cosine, tangent, cotangent, 
secant, and cosecant were established, as were the additional theorem of sines and the sine law. 
Trigonometry came into its own with the astronomer Nasir al-din al-Tusi’s (died 1273 CE) discussion 
of this subject independent of any reference to astronomy. Apart from the discovery of these 
functions, Muslim mathematicians laboured diligently to produce tables to greater degrees of 
accuracy, culminating in the sine table produced by the fifteenth-century astronomers at the 
Samarkand observatory, which has values for each minute and is accurate to the order of one to seven 
hundred million. 

 
In addition to astronomical problems, mathematicians applied spherical trigonometry to solve the 
specific problem related to Muslim ritual observances, namely, finding the direction of prayer (qibla), 
Mecca from any point on the earth, and determining times of prayer which are associated with 
shadow lengths and the times for daybreak, noon and sunset. The former had already been solved by 
several mathematicians in the ninth century. The mathematician Ibn Yunus (died 1009 CE), a member 
of the House of Science in Cairo, is thought to have been the first to systematically solve the latter, for 
which he compiled tables for the latitude of Cairo. The fourteenth-century mathematician Muhammad 
al-Khalili, who was employed as a timekeeper at the Umayyad mosque in Damascus, went much 
further in his tables for these and other problems. Significantly, his qibla tables are for every possible 
degree of latitude and longitude, while his prayer timetables are for the latitude of Damascus. 
 
Physical Sciences 
 
In the physical sciences, Muslim scientists were engaged in problems of natural philosophy, optics, 
and astronomy. The discussion of natural philosophy (focussed on the structure of matter, space, time, 
and motion) was largely between the religious philosophers and the Islamic Hellenistic philosophers. 
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The former subscribed to atomism and the existence of the vacuum. In addition, they were proponents 
of an impetus theory of motion. Such views were in sharp opposition to Aristotelian natural 
philosophy. The two groups were therefore engaged in an examination and refutation of the ‘other’ 
system. Nevertheless, the religious philosophers’ theory of motion may have played a role in Ibn 
Sina’s formulation of his non-Aristotelian theory of “forced” and “natural” motion. Furthermore, Abu 
al-Barakat al-Baghdadi (died after 1165 CE) rejected the Aristotelian theory of time and place and 
also believed that a vacuum was possible under certain circumstances. Finally, as has been noted 
above, Ibn Bajja rejected a key aspect of Aristotelian dynamics, that is, Aristotle’s formulation of the 
relationship between force, resistance, and velocity. 

 
For the Hellenistic and early Islamic scientists, optics was a mathematical examination of light rays as 
they were transmitted through or reflected by various media, including lenses and mirrors of various 
shapes. This examination drew upon the works of Euclid and Ptolemy and advocated a theory of 
vision in which a cone of “visual rays” streamed from the eye to the visual object. A different account 
of vision was formulated by the Aristotelian natural philosophers (including Ibn Sina and Ibn Rushd) 
in their discussion of perception. For them, vision is the reception of the “form” of the visual object 
by the eye. A third account of vision formulated by such medical writers as Galen and his followers 
(including the translator Hunayn ibn Ishaq) held that, as visual rays emerged from the eyes, the air 
was transformed into an instrument of vision. Therefore, the act of vision was the result of the contact 
of the “instrument” with the visual object. In the eleventh century  CE, mathematician-scientist al-
Hasan ibn al-Haytham (died 1040 CE) criticised the theories of his predecessors and revolutionised 
mathematical optics in his Optics. He maintained that optical inquiry “requires a combination of the 
natural and mathematical sciences”, thus anticipating one of the key methodological positions of the 
seventeenth century Scientific Revolution – the mathematisation of physics. Furthermore, Ibn al-
Haytham recognized that any account of optics must include an account of vision and must therefore 
discuss the psychology of visual perception. 
 
Methodologically, Ibn al-Haytham’s work is significant for its clear concept and use of experiment to 
confirm the specific properties of light by setting up a controlled situation where certain parameters 
may be varied. With regard to vision, he rejects the visual ray hypothesis (rays stream from the eye to 
the visual object) in favour of the natural philosophers intromission hypothesis (vision is the reception 
of the form of the visual object in the eye). Ibn al-Haytham’s achievement was to reverse the direction 
of the visual rays of the mathematicians and hence mathematicise the “forms” of the natural 
philosophers. Surprisingly, the Optics does not seem to have made an impact in the Muslim world un-
til the thirteenth century CE, and then only in the commentary on the Optics by Kamal al-din al-Farisi 
(died circa 1320 CE). In this work, al-Farisi formulated an explanation of the shape and colours of the 
primary and secondary rainbow on the basis of refraction and reflection in raindrops. Quite 
independently, a similar formulation was almost simultaneously arrived at in medieval Europe by 
Theoderic of Freiberg (died circa 1310 CE). 
 
Ibn al-Haytham’s critical outlook also extended to astronomy where he was again critical of 
mathematical models of planetary motion and their lack of correspondence with physics. Astronomy 
was a technical mathematical science based primarily on Ptolemy’s Almagest, although Sanskrit 
astronomical works had been translated into Arabic in the eighth century. The subsequent history of 
astronomy in classical and medieval Muslim civilisation consists of both theory and observations. 
Observations were made not only by individual astronomers but were also conducted within the 
institution of the astronomical observatory – this institution is one of the contributions of Muslim 
civilisation to science. It was founded and established in Baghdad in the ninth century by the Caliph 
al-Mamun. The Baghdad observatory was staffed by several astronomers who were charged with 
revising Ptolemy’s astronomical tables on the basis of fresh observations. The result was compiled 
into the Tested Astronomical Tables. The Baghdad observatory is but one of several observatories 
founded in classical and medieval Islam. Others include the famous Maragha observatory of the 
thirteenth century which was under the supervision of Nasir al-din al-Tusi and the fifteenth-century 



 

 
 

…Please see copyright restrictions on page 1 15

observatory of Ulugh Beg in Samarkand, both of which compiled their own astronomical tables. The 
precision reached by these observatories was such that one modern author has exclaimed that the 
astronomer Tycho Brahe could have easily been a Turk! The influence of Arabic observational 
astronomy survives in star names in use today, many of which are derived from Arabic, as are 
common astronomical terms such as “nadir,” “azimuth,” and “zenith.” 

 
Astronomical measurements required innovation in measuring instruments. Here, too, Muslim 
stronomers surpassed their predecessors by designing new instruments, revising older ones, and 
sometimes building extremely large instruments to increase accuracy. The astrolabe is an example of 
an astronomical instrument that was derived from the Greeks but was improved by Islamic 
astronomers. Primarily used for determining the position of celestial bodies, it was combined with a 
number of movable plates and arcs to graphically solve complex trigonometrical functions and 
thereby determine direction or time of prayer. 

 
Theoretical innovation in astronomy was initiated by Ibn al-Haytham’s critical remarks about 
Ptolemy’s planetary models. According to the then prevalent Aristotelian natural philosophy, celestial 
bodies could only move in geocentric circles around the stationary earth. While Ptolemy had 
acknowledged this principle in his Almagest, he had to abandon it in his planetary models in order to 
account for observed positions of planets. Ibn al-Haytham objected to this practice in his Doubts 
against Ptolemy. This initiated a research project that culminated in the formulation of a new method 
of devising planetary models by Nasir al-din al-Tusi in the thirteenth century. Significantly, the same 
objections underlie Nicolaus Copernicus’ reformation of Ptolemaic astronomy. Moreover, 
Copernicus’  earlier work on the motion of the moon resembles the discussion of al-Tusi, raising 
speculation of a possible Muslim influence on the Polish astronomer who revolutionised astronomy 
with his heliocentric system. 
 
Medicine 
 
The medicine of classical and medieval Islamic civilisation was primarily derived from Greek 
medicine, in particular, the writings of Hippocrates and Galen. Some of the translators of these texts, 
including Hunayn ibn Ishaq had been trained at the medical centre of Jundishapur. The physicians to 
the Abbasid caliphs during the eighth and ninth centuries, from the Christian medical family of Jurjis 
ibn Bukhtishu‘, were also affiliated with Jundishapur. Not surprisingly, most physicians of this period 
were Syriac Christians. In an amusing anecdote, a contemporary Muslim physician laments that he 
would be more successful if only his name were George! 
 
The most significant contribution of Islamic civilisation to medicine was the establishment of the 
hospital as an institution for the treatment of patients and training of physicians. Hospices for the sick, 
poor, travellers, and orphans had existed in Byzantium and were the model for the Umayyad caliph 
Walid’s (reigned 705-715 CE) charitable institution for the care of lepers, the blind, and the infirm. 
The first real hospital (bimaristan), however, was built in Baghdad by Harun al-Rashid and was 
modeled after Jundishapur. This was soon followed by several other hospitals all over the Islamic 
world from Spain to India. Hospitals were built by caliphs, court officials, and wealthy individuals. 
Hospital revenue, derived from endowments under the control of a board of trustees, provided for the 
salaries of the medical staff as well as provisions for the patients. Endowments were religiously 
motivated, for charitable acts are greatly emphasised in the Qur’an. Hospitals were institutions where 
medical care was available to all regardless of their religious affiliations; hospitals also were centres 
of medical education, although there is some evidence which suggests that in later periods medicine 
was sometimes taught in mosques and madrasas (schools). 

 
The ‘Adudi hospital in Baghdad, for example, was founded by the ruler ‘Adud al-Dawla in 982 CE. It 
had twenty-four physicians, and its specialists included ophthalmologists, surgeons, and 
orthopaedists. When the traveller Abu al-Husayn ibn Jubayr (died 1217 CE) visited Baghdad two 
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hundred years later, the hospital was still functioning. He tells us that it was as large as a castle and 
had its own water supply from the Tigris River. Another great hospital was the Nasiri hospital of 
Cairo completed in 1284 CE. It had an annual endowment of one million dirhams. Formerly a palace 
with accommodation for eight thousand persons, it had separate wards for fever, ophthalmia, surgical 
cases, dysentery, etc. as well as a pharmacy, dispensary, storeroom, mosque, and a library. It also had 
a large administrative staff, attendants of both sexes, and lecture halls. 

 
Islamic physicians, while respectful toward their Hellenist predecessors, were not content simply with 
the preservation of past medical knowledge. This is exemplified in the work Doubts against Galen by 
the famous physician and philosopher Abu Bakr al-Razi. Al-Razi believed in the progress of 
knowledge, which was to be achieved by adopting a critical attitude toward past authoritative figures . 
Al-Razi is the author of numerous medical works, including the twenty-three volume Kitab al-Hawi, 
which contains many personal observations and interesting case histories, and a small treatise On 
Smallpox and the Measles, which contains the first clear account of these two diseases. Al-Razi’s 
works were influential but unsuitable as introductory texts as they omitted discussion of the general 
principles of medical science. Recognising this deficiency, ‘Ali ibn al-‘Abbas al-Majusi (died ca. 
circa 982 CE) wrote his Kitab al-Malaki in which the subject matter is treated in a clear and concise, 
although sometimes dry, manner. This medical text was very soon surpassed by Ibn Sina’s Canon of 
Medicine (al-Qanun fi l-Tibb), which became the medical textbook of the Islamic world (it even 
became the medical textbook in the Latin West, was one of the earliest printed books, and was printed 
thirty-six times in the fifteenth and sixteenth centuries). However, in keeping with the critical attitude 
of Islamic civilization toward knowledge, the Canon had its own critics. One of them, not 
surprisingly, was the Andalusian philosopher Ibn Rushd (who, as we have seen above, disagreed with 
Ibn Sina's philosophical doctrines) and his younger contemporary Abu al-‘Ala ibn Zuhr (died 1131 
CE). The latter not only rejected the Canon for his library, but used its paper for writing prescriptions! 
In the East, the reception of the Canon was more favourable, and it attracted several commentators. 
One of these was ‘Ali al-Qurashi, also known as Ibn al-Nafis (died 1288 CE), the director of the 
Nasiri hospital in Cairo. Ibn al-Nafis was the first to argue for the existence of pulmonary circulation, 
claiming that blood pumped by the right ventricle of the heart is sent to the lungs where it mixes with 
air and then returns to the heart’s left ventricle. However, Ibn Nafis’ discovery was not made on the 
basis of anatomical dissection but rather by logical argument. There is a strong likelihood that the 
European Renaissance author Michael Servetus (died 1553 CE) was directly influenced by the 
discovery of Ibn al-Nafis, and that the English doctor William Harvey’s (died 1657 CE) discovery of 
the circulation of the blood depends on the work of Servetus. 

 
A widespread myth holds that science and philosophy were marginal to the civilisation of Islam and 
that, for the most part, the scientific and philosophical enterprise in Islam was stagnant, preserving 
Hellenistic knowledge until Europe shook off the slumber of the Dark Ages and ushered in a 
renaissance of learning, culminating in the Scientific Revolution of the seventeenth century. Nothing 
could be further from the truth. Scientific and philosophical activity in Islamic civilisation, as has 
been illustrated above, was vigorous. It was engaged in both the preservation and advancement of 
knowledge; it posed foundational questions; it was critical of the authority of the past; it made 
methodological contributions to science; and it formulated new discoveries and theories. 
 
Educating  Europe : The Arabo -Latin Translation Movement 
 
The twelfth and thirteenth centuries CE witnessed yet another transfer of knowledge, this time from 
Arabic into Latin. As a result, a significant portion of Islamic philosophical and scientific learning of 
preceding centuries was made available to medieval European scholars. Most of this translation 
activity was performed in Spain, especially in Toledo where Jews, Christians, and Muslims lived side 
by side, and also in Sicily. Some translators were Jews who translated Arabic works into Hebrew, or 
collaborated with others to translate Hebrew works into Latin. The family of Judah ibn Tibbon, based 
in Languedoc in southern, France is famous for the translation into Hebrew of several works by Jews 
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who had written in Arabic, including Saadiah Gaon (died 942 CE), Judah Halevi (died 1141 CE), 
Solomon ibn Gabirol (died 1058 CE), and Moses Maimonides (died 1204 CE), as well as several 
philosophical works by Ibn Rushd. Other translators were Christians, including Constantine the 
African (flourished 1065-1085 CE), Adelard of Bath (flourished 1116-1142 CE), Robert of Chester 
(flourished 1141-1150 CE), Gerard of Cremona (circa 1114-1187 CE), and others. Translations were 
made not only of originally Greek works that had been translated into Arabic (for example, Euclid’s 
Elements, Ptolemy’s Almagest, and the Aristotelian corpus), but also of works by Islamic scientists 
and philosophers. The latter were now known through their Latinized names of Avicenna (Ibn Sina), 
Averroes (Ibn Rushd), Avempace (Ibn Bajja), Abubacer (Abu Bakr ibn Tufayl), Algazel (al-Ghazali), 
Alhazen (al-Hasan Ibn al-Haytham), Rhazes (al-Razi), Haly Abbas (‘Ali ibn al-‘Abbas al-Majusi), 
and so on. 

 
It is impossible to satisfactorily discuss the influence of Muslim mathematicians and scientists on 
Europe in this short survey. Suffice it to say, their works and theories were known and studied and led 
to further advances. A few illustrations are: Avicenna’s Canon was the medical textbook for European 
medical schools; Alhazen’s Optics was the foundation upon which Kepler built the modern science of 
optics in the sixteenth century; Copernicus’ work refers to the views of Muslim astronomers; Al-
Khwarizmi’s work was responsible for the introduction of the decimal place value system and the 
Hindu-Arabic numerals into arithmetic; the works of Muslim mathematicians introduced Europe to 
algebra and trigonometry, etc. 

 
In the disciplines of philosophy and theology, the views of Avicenna, Averroes, and Algazel and their 
readings of Aristotle are discernable in the works of Latin Scholastics like Albertus Magnus (died 
1280 CE) and his student, Thomas Aquinas (died 1274 CE). Whereas Albertus Magnus, Aquinas, and 
others accepted a limited role for reason within the overall context of faith, the writings of Averroes 
were seen to champion unaided reason. The Islamic Hellenistic philosophers’ views on the Active 
Intellect, the eternity of the world, the nature of God, and so on were also considered to be contrary to 
Christian teachings. Some Latin writers like Siger of Brabant (died in the 1280s CE) became 
proponents of these views and founded the movement characterised as Latin Averroism. Theological 
writers like Albertus Magnus and Aquinas wrote polemical works against the Latin Averroists, but the 
movement seems to have continued growing. In 1277 Etienne Templar, the Bishop of Paris, issued a 
condemnation of two-hundred-nineteen propositions linked with the naturalism advocated by the 
Latin Averroists and some of the views held by Thomas Aquinas. While the condemnation influenced 
the course of Latin natural philosophy, it did not hinder the study of the views of Islamic Hellenistic 
philosophers. 

 
The fact that the influence of the scientists and philosophers of Islamic civilization pervaded medieval 
and even Renaissance European philosophy, theology, and science is incontestable and apparent to 
anyone who is familiar with the intellectual activity of these periods. But the influence went beyond 
these historical periods. The assertion that the paradigm shattering Scientific and Philosophical 
Revolutions of seventeenth-century Europe are inconceivable without the contributions of these 
Islamic scholars may seem far-fetched in some circles, but it is nonetheless an accurate reflection of 
actual historical developments. The discomfort with the notion of the profound impact of non-
Western sources to Western intellectual history derives from the assumption that rationality, critical 
philosophy, and science are features unique to Western civilisation. Consequently, assertions of the 
substantive role and influence of the intellectual legacy of ancient Greek learning on these scientific 
and philosophical revolutions is readily acceptable. Even the assertion of the continuing influence of 
the Greek intellectual legacy on contemporary Western civilisation garners considerable support. But 
such a depiction of exclusive Western ownership of rationality, philosophy, and science is essentialist 
as well as anti-historical as is evident from the practice of philosophy and science in the cosmopolitan 
civilisation of classical and medieval Islam. 
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