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In the Name of God Most Merciful
and Compassionate

Preface

Islamic science, which is taken in this work
to include disciplines concerned with the study of
the cosmos, embraces a wide spectrum of intel-
lectual activity, from the study of plants to algebra,
carried out over more than a millennium by many
races and peoples spread over the middle belt of
the earth from Spain and Morocco to eastern
Asia. Because of its traditional character, this
science is not limited in scope or meaning as 1s the
modern discipline with the same name. lhe
Islamic sciences, even in the more limited sense
considered here, which excludes the religious and
many branches of the philosophical sciences, are
concerned at once with the world of nature, of the
psyche and of mathematics. Because of their sym-
bolic quality, they are also intimately related to
metaphysics, gnosis and art, and because of their
practical import they touch upon the social and
economic life of the community and the Divine
Law which governs Islamic society. Considering
these factors, it becomes evident with what a vast

subject the student of Islamic science is faced and
why as yet no complete study of the subject has
been carried out.

Its extensive influence upon the Latin and
Renaissance West has, since the eighteenth cen-
tury, caused numerous studies in European lan-
guages to be devoted to the various facets of
Islamic science, studies of which a complete bib-

liography has been made for the first tim
recently (S. H. Nasr with the collaborati:

W. Chittick, An Annotated Bibliography of
Science). To this must be added the no
siderable amount of writings in the Islamic
guages themselves. Nevertheless, a great deal of
the subject remains unknown, and ths oughout thc
libraries of the world there are numerous treatis
on the Islamic sciences which have never received
any attention.

Basing themselves on the available resuits
of research carried out so far, several scholars have
attempted to write histories of [slamic science, 1n
cluding the classical reference work of G. Sarton,
An Introduction to the History of Science, A. Micll,
La science arabe et son role dans I’évolution scien-
tifigue mondiale, and more recently the works of
F. Sezgin and M. Ullmann. There is also the work
of S. H. Nasr, Science and Civilization in Islam
which combines a historical and morphological
study of Islamic science with selections of actual
Islamic scientific texts rendered 1nto English.

The present work is, however, the first ever
written on Islamic science in which the study and
analysis of the texts 1s combined with illustratioqs
from sources throughout the Islamic world. It 1s
written on the occasion of the major Festival of the
World of Islam in London, one of whose maoin
features is the first exhibition ever organized of

X111
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science anywhere and being held at the
Viuseum of that city. It is written with the
'v of providing a complete picture, to

ssible, of Islamic science with appro-

ons, but also of complementing the

n whose organization we have also
sociated.

crspective of this work, as of our

.15 that of the Islamic tradition. We

» present the Islamic sciences as they

cwed and still continue to be viewed

ctent by those who have lived, breathed
1d continue to do so, within the Islamic

I who have belonged, and still belong,

Universe through both their hearts and
heir minds. The work is thus in many ways a com-
plement to Science and Civilization in Islam, which

14
[ B

also written in the same perspective but with

literary rather than visual illustrations.

We wish to thank M. Roland Michaud, the
perspicacious and gifted French photographer,

X1
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who is responsible for most of the photographs,
and also Mr Robert Harding, the well-known and
experienced British photographer, for their assis-
tance to us 1n preparing most of the illustrated
material for the book. We also wish to thank Mr
Haddad-Adel who helped us with locating many
manuscripts, Dr William Chittick and Mr Peter
Wilson who read over the text and made helpful
suggestions, Mr Colin Larkin whose talents are
responsible for the artistic lay-out of the book,
Mr John Knight-Smith who helped in many
stages of the work, Mrs Daphne Buckmaster
who edited the work and Mrs I. Hakemi who
prepared the typescript for publication. Finally, it
1S necessary to mention that the whole plan for
this and other books which complement it in the
World of Islam Festival Series was originally con-
ceived by the Director of the Festival, Mr Paul
Keeler. Without his aid the work for this volume
could not have been achieved.

Seyyed Hossein Nasr
Tehran

Shawwal, 1395
October, 1975
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Chapter 1

Islam and the Rise of the Islamic
Sciences

No understanding of the Islamic sciences from the Quranic revelation.”
is possible without a comprehension of Islam the Islamic sciences can thus bt
itself, the life-giving force of a vast civilization out some reference, no matter now
one of whose fruits is the sciences. These sciences principles of Islam and the condition
did not come into being accidentally among time and space by Islam for the cultiv
peoples who happened to be Muslim but were sciences.”
produced in the form that they were produced Islam, this last revelation o

| because those who brought them into being were and Unique Truth in the present cycie ol

: Muslims and breathed within an Islamic universe. history, brought a message which encomj

t The Islamic revelation, like all major all of human life, both what man does and what :

'- manifestations of the Divine Logos, not only makes. But before being concerned with doing
produced a religion in the sense of an ethical and and making, Islam is most of all concerned with
social code but also transformed a segment of the what man is, or rather with how man can become
cosmos and the minds of those who have lived what he really is in his profoundest and pri-
within that cosmic sector. The phenomena which mordial nature (fitrah), namely, a theomorphic
formed the subject matter of the Islamic sciences being created to reflect the Divine in all Its
as well as the minds of the men who studied these Majesty and Beauty. 1o achieve this end, Islam
phenomena have always been determined by a brought a metaphysical doctrine of the highest
particular spiritual ‘style’ and transformed by a order and numerous sciences related inextricably
special type of grace (barakah) issuing directly to that supreme scientia sacra contained 1n the

1. We have provided ample arguments for the organic > For a more extensive treatment of the basic glcments of
relation between Islam and the Islamic sciences, par- [slam, especially as they pertain to the sciences, sc¢
ticularly those of nature, in many of our writings, argu- E Schuon, Understanding Islam, trans. by D. M.
ments which cannot be repeated in an illustrated study Matheson, London, 1961 and Balumore, 197:_,' ';
such as the present one. See especially our An Intro- E. Schuon, Dimensions of Islam, trans. by P. T_uwnse{ldt
duction to Islamic Cosmological Doctrines, Cambridge London, 1970; T. Burckhardt, An Introduction to Suft
(U.S.A.), 1964 (new edition, London, in press); and Doctrine, trans. by D. M. Matl_msnn, Lahore, 1959;

j Science and Civilization in Islam, Cambridge (U.S.A.), S. H. Nasr, Ideals and Realities of Islam, London, 1907

1968 and New York, 1970.
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General Background

. ner dimensions of the Quran, and made
1ccessible through various rites and forms which
are also of a sacred nature and derive directly frqm
the revelation. The doctrine is based on the Unity
of the Principle (al-tawhid) and the mnter-
elatedness of all that has been brought into being
hv the creative act (the kun of the Quran).? Its
human complement is the doctrine of the Univer-
sal Man (al-insan al-kamil) in whom the fullness of
‘he human state is realized and through whom
multiplicity returns to Unity.’

Upon the basis of the nature of ultimate
realitv as reflected in pure doctrine Islam has
pmm-ulgated laws, called the Shari‘ah, governing
human life whose aim is to enable man to live 1n
conformity with this Reality. It has also brought
into being a sacred art whose goal is to reflect that
Reality in the world surrounding man during his
terrestrial journey. Like all integral traditions,
[slam is thus a total way of life, aimed at remould-
ing man’s nature to enable him to become what he
;s eternally in the Divine Presence, and trans-

rming the manner of man’s doing and making to

them i1nto conformity with his role as

rice-gerent 1n this world and with his
lestiny as a being made for immortality.

he unifying perspective of Islam has

various forms of knowledge to be

\dependently of each other. There

ntrary, always been a hierarchy of

which every form of knowledge

aterial substances to the highest

organically interrelated, reflecting

of Reality itself. Moreover, Islamic

nas always been sapiential and gnostic

0 that the quest for knowledge has

' a particular religious aura even among

n people 1n a way that is rarely found to

xtent 1in other traditions. The rise of the

tslamic sciences and their later development is

inconceivable without the ever present spirit of

the Islamic revelation, and the manner this

revelation has moulded the minds, actions and

3. 'But His command, when He intendeth a thing, is only

r}}at HF saith unto it: Be! (kun) and it is’ (Quran,
XXXVI, 82; Pickthall translation).

4. O.nl these two _pillar:s. of all Islamic doctrine, see Nasr,
Science and Civilization in Islam, chap. 13; also al-Jili,
De I’homme universel, trans. by T. Burckhardt, Lyon,
1953.

5. This does not mean that Islamic spirituality has ex-

surroundings of the men and civilizations respon-

sil?le for the creation and cultivation of the
sciences.

On a more outward plane the particular
manner in which Islam spread and the whole

unfoldix_lg of its history are also of course of para-
mount importance for an understanding of the
rise and later growth of the Islamic sciences. The
Prophet Muhammad — upon whom be peace —
unified Arabia in his twenty-three years of
prophethood. The four caliphs who followed —
Abu Bakr, ‘Umar, ‘Uthman and ‘Ali — called ‘the
rightly guided’ (kRhulafa’ rashidun) — consolidated
the newly founded ‘world of Islam’ (dar al-
islam) and spread its boundaries to Central Asia
on the one hand and North Africa on the other.
But the perfect norm of social and political life
established by the Prophet was put under great
tension and stress by centrifugal forces latent
within Arab society and by the passions and
short-comings of men, which had been checked
momentarily by that blinding Divine intervention
in human history which is Islam.

A fall from this early period of intense
religious fervour in which sanctity and political
authority were combined began with the death of
‘Ali. Henceforth the caliphate became less ‘apo-
stolic’ and more ‘political’ in character although
still of a completely religious nature, there being

'no secularism in Islam. The Umayyad caliphate

following upon the wake of the assassination of
‘Ali by a member of the Khawari® ruled for nearly
a century, to be followed by the Abbasids, the
Umayyads of Andalusia, the Fatimids, and
numerous sultanates and princely states ranging
from the powerful Seljuks who ruled over nearly
all of Western Asia to hardly noticed local dynas-
ties. Gradually Persia and North Africa became
politically independent in fact if not in theory
until with the Mongol invasion even the theo-
retical political unity symbolized by the Abbasid
caliphate came to an end and the Islamic world
became polarized into the three vast empires of the

cluded the element of love. It is only a question of accent,
for no complete spiritual path can exclude the three
basic elements of fear, love and knowledge.

6. The Khawari) opposed both ‘Ali and Mu‘awiyah at the
battle of Siffin and remained for centuries a revolutionary
force which fought against both the Sunnis and the
Shi‘ites. See E. Adib Salem, Political Theory and
Institutions of the Khawarij, 1957; and H. Laoust, Les
schismes dans I’ [slam, Paris, 1965.
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Ottomans, Safavids and Moguls. But this pattern
of apparent political turmoil and upheaval did not
destroy the unity and stability of Islamic society
protected by both the Shari‘ah and a sacred art,
each of which in its own way enabled the Mushms
to breathe in an Islamic universe whose horizons
guarded a continuity that is hardly imaginable in
an anti-traditional world.

Meanwhile during these periods Islam
grew geographically in a continuous manner and
spread in three basic phases to its present
boundaries. In the first phase up to the early
Abbasid period the heartland of the Islamic
world from Spain to Central Asia was con-
quered and consolidated. During the second
period from around the 7th/13th to the 1oth/16th
centuries” Islam spread, this time completely
peacefully and mostly by means of Sufism, to the
Indian sub-continent and the Indonesian archi-
pelago. And since the last century Islam has been
spreading steadily in Africa. In fact throughout
its history, and despite various political ups and
downs, Islam has grown steadily geographically,
never receding in any territory with the excep-
tion of the Iberian peninsula, which after eight
centuries of rule the Muslims lost to the Christians.
But the main arena in which the Islamic sciences
were cultivated and developed was for the most
part that earliest part of dar al-islam spreading
from Central Asia and Persia to Spain, the land
which has always remained, especially 1n 1ts
central regions, the intellectual and geographical
heartland of the Islamic world, the land in which
before everywhere else the message of the Islamic

7. Throughout this work the dates on the left refer to the

Islamic lunar calendar and those on the right to the
Christian calendar.

8. Hadith in Arabic literally means ‘saying’, but when used
generally in a religious context it refers to the sayings of
the Holy Prophet in Sunnism and of the Holy Prophet

and the Imams in Shi‘ism. See Nasr, Ideals and Realities
of Islam, chap. 3.

9. When the Holy Prophet was asked how he should be
remembered after his death, he answered, ‘Read the
Holy Quran’. The text of the Quran, which is the word
of God and divinely inspired in both form and meaning,
contains something of the trace of the soul of the Holy
Prophet. The Hadith is, therefore, bound in a most
intimate manner with the Quran. In fact without 1t
much of the Quran would be incomprehensible.

10. It needs to be emphasized that this has nothing to do
with trying to harmonize the Book of God with ‘modern

Islam and the Rise of the Islamic Sciences

revelation was consolidated i1nto forms and
institutions governing human society.

* * *

The central theophany of the Islamic reve-
lation from which have been drawn the principles
of both knowledge and action is the Holy Quran,
to which must be added the prophetic Hadith,"
that is, the Prophet’s commentary and extension
of the teachings of the Book of God.” The Quran
and Hadith together are the fountainhead of all
that is Islamic in whatever domain 1t might be.
More specifically, these sources have played a
double role in the creation and cultivation of the
sciences. First of all the principle, not of course the
details, of all science is considered by Muslims to
be contained in the Quran, and there is an esoteric
interpretation of the Holy Book which makes pos-
sible the unveiling of its mysteries and penetration
into its inner meaning wherein reside the princiy
of all the sciences.!?® Secondly, the Quran a
Hadith have created an atmosphere for |
vation of the sciences by emphasizing th
pursuing all knowledge that is in
another a confirmation of Divine U
fore, a whole metaphysics and cosmo
issued from the bosom of the Qur:

Hadith and have acted as the basis upo:

the Islamic sciences have been cons

They have also created a particular atmosp!
which has fostered and encouraged all intelic
activity that is in conformity with the spirit
Islam as reflected in the Quran and the Fladit/.
The importance of the dicza contained in these

science’ by trying to show how one verse explains the
nature of the atom and the other microbes. This sterile
type of activity, which was common among Christians
with regard to the Bible in 19th century England and
America and which has had some adherents among
Muslims during this century in their study of the QL_lr_anﬁ
stems only from an enfeebled intellectual position
and its shallowness is displayed by the speed with wh‘wh
it falls out of vogue. See S. H. Nasr, Islam and the Plight
of Modern Man, L.ondon, 1976, chap. I1.

11. This is true not only of the ‘transmitted sciences’ (al-
‘ulitm al-nagqliyyah), with which we are not sO muc_h con-
cerned in this book, but also of the ‘*intcllectua} sciences
(al-‘ulum al-‘agliyyah), which form thr:*n?a_m HUF}]EC[
matter of our present study. On the division UI‘ the
Islamic sciences into these categories see Nasr, Science
and Civilization in Islam, pp. soff. We ahqll also deal
briefly with this subject in the next chapter of the present
work.




General Background

Figure 1. Verses from the Holy Quran concerning knowledge.
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Cioeure 1a. Allah! There is no God save Him, the Alive, the Eternal. Neither slumber nor sleep overtaketh Him. To Him belongeth whatsoever is in the heavens and
ver is in the earth. Who is he that intercedeth

ever 1s in the with Him save by His leave ? He knoweth that which is in front of them and that which is behind them, while
ompass nothing of His knowledge save what He will. His throne includeth the heavens and the earth, and He is ngver weary of preserving them. He is the

| remenaous.

1 - All: . - = T T liah : ‘ e s . :
; _ig]ur.‘" 0. A“ﬁh, Is the L‘th of the heavens and the earth. The similitude of his light is as a niche wherein is a lamp. The lamp is in a glass. The glass 1s as 1t were
a shining star. (This lamp) is kindled from a blessed tree, an olive neither of the East nor of the West, whose oil would almost glow forth (of itself) though no fire

touched it. Light upon light. Allah guideth unto His light whom He will. And Allah speaketh to mankind in allegories for Allah is Knower of all things.

T
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Figure 1c. Are those who know equal with those who know not? But only men of understanding will pay heed.
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o TR » manifes - .m that it is the Truth.
Figure 1d. We shall show them our portents on the horizons and within themselves until it will be manifest unto ther




General Background

Figure 2. Sayings of the l loly Prophet pertaining to knowledge.
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Figure 2a. The Holy Prophet has said : “The quest of knowledge is obligatory for every Muslim’.

et has said: "Verily the men of knowledge are the inheritors of the prophets’

Figure 2¢ ‘
g2 I'he Holy Prophet has said : ‘Seek knowledge from the cradle to the grave

8
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rwo basic sources of Islam for an understanding of
the Islamic sciences in their organic link with the
Islamic religion and the civilization created by
Islam can hardly be overemphasized, for these
sayings have moulded the minds of Muslim men
of learning over the ages and have provided for
them a source of both knowledge and inspiration.

x x x

Islamic science came into being from a
wedding between the spirit that issued from the
Quranic revelation and the existing sciences of
various civilizations which Islam inherited and
which it transmuted through its spiritual power
into a new substance, at once different from and
continuous with what had existed before it. The
international and cosmopolitan nature of Islamic
civilization, derived from the universal character
of the Islamic revelation and reflected 1n the geo-
graphical spread of the Islamic world (dar al-
islam), enabled it to create the first science of a
truly international nature in human history.

Islam became heir to the intellectual
heritage of all the major civilizations before 1t save
that of the Far East, and it became a haven within
which various intellectual traditions found a new
lease upon life, albeit transformed within a new
spiritual universe. This point must be repeated,
particularly since so many people in the West
wrongly believe that Islam acted simply as a
bridge over which ideas of Antiquity passed to
mediaeval Europe. As a matter of fact nothing
could be further from the truth, for noidea, theory
or doctrine entered the citadel of Islamic thought
unless it became first Muslimized and integrated
into the total world view of Islam. Whatever could
not make its peace (salam) with Islam was sooner
or later dispelled from the arena of Islamic
intellectual life or relegated completely to the
margin of the tapestry of the Islamic sciences.!?

Before the rise of the Islamic sciences
many civilizations had come and gone and pro-

12. See Nasr, op. cit., pp. 21ff.

13. Recent studies have unveiled amazing intellectual and
more specifically scientific achievements going back
to the Palaeolithic period. See J. Servier, L’homme et
I'invisible, Paris, 1964 ; and G. Di Santillana and E. von
Dechend, Hamlet’s Mill, New York, 1967.

14. Those Hellenic and Hellenistic masters who were 1n
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duced sciences of various domains of reality and
with different orders of perfection. The wvast
proto-history of science which leads to the
deepest recesses of human history and which
reveals with each new discovery astounding
achievements need not concern us here.!? It is to
the immediate predecessors of Islamic science
that we must turn. The two outstanding river
civilizations of Egypt and Mesopotamia had
already produced medicine and mathematics of
extraordinary quality before the Greek philoso-
phers and scientists came upon the stage to
theorize about them and to develop them further.
Basing themselves upon this long tradition of the
study of the heavens as well as the world of
nature, the Greeks 1in turn produced Thales
Pythagoras, Plato and Aristotle within a relam
short period of less than three centuries befor
centre of their scientific activity
Alexandria. There 1n the soil of Egy

moment of the twilight of Greek po

dying gasps of ancient Egyptiar

new synthesis of Greek, Egyptias

learning was achieved leading to

prolific periods of the history ol

produced such men as Euchd

indirectly Galen, figures who

civilization almost as if they hac

teachers and masters.!! It 1s 1impor:
understanding of Islamic science ic

the Graeco-Hellenistic heritage reac

not directly from Athens but through Alcxa.

that Plato was seen mostly through the ideas of U
Neoplatonists and Aristotle through Alexande:
Aphrodisias and Themistius. Alexandrian science.
in its combining of mystical elements with rigor-
ous logic, in synthesizing various scientific tradi-
tions, in basing all the sciences upon a hierarchy
related to the ‘mode of knowledge’ and in many
other ways, is a historical anticipation of Isla_mlc
science and in fact became transformed Into
Islamic science in the same manner that the

Alexandria of Ptolemy and Origen became
rransformed into the jewel of Islamic Egypt, the

conformity with the Islamic perspective gmd who were
integrated into the [slamic intcllec;tual universe wc::c SO
thoroughly Muslimized that to this day their names dI't.
given to NUMErous children all over thrcﬂlslamw world.
In any Muslim city such as for example } ehran th::rg are
certainly more Aristotles, Euclids and Galens than 1n an
Anglo-Saxon city (the modern Greeks t_lmmsclwa_uru
of course an exception in their usage of these ancient
names).
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epicting the transmission of science and learning from the civilizations of Antquity to the Islamic world.

ch masters as Ibn ‘Ata’allah al-

‘he transmission of the Graeco-

-adition to Islam was not a direct one.

aries of Christuan history lie between

e of Alexandria and the rise of Islam.

ria was to become transformed into a
ntellectual centre of early Christianity,
andergo severe rivalries with other

s of Christian power, especially Con-
nople and Antioch, and finally to bear wit-

1ess to the death of its scientific activity under the
nressure of Byzantine emperors, a death which 1s
symbolized forcefully by the hanging of Hypatia,
the daughter of Heron, in one of the squares of the
city and the burning of its fabulous libraries.'?
But before this tragic end the main intellectual

15. Research during the past few decades has shown clearly
that the libraries of Alexandria had been destroyed for
the most part long before the Islamic conquest of Egypt

and that lby the 1st/7th century there was little left for
the Muslims to either burn or preserve.

16. It 1is remm:kable how internal theological dispute
betwe?n various Christian churches helped to transmit
the scientific heritage of the ancient world to Islam.

10

Marfat.com

activity of Alexandria had been transmitted to
Antioch thanks to the fierce rivalry that had come
into being between the Monophysite and Nes-
torian Churches of the East on the one hand and
the Byzantine Church on the other.'® Further-
more rivalries between the Byzantines and the
Sassanids, who naturally supported any schis-
matic movement against the Byzantines, pushed
the centres of learning of the eastern churches ever
more eastward to Edessa, Nisibis and finally to
within the boundaries of the Persian Empire itself.

But the Christian centres of the Near East
where Greek was taught and Syriac used as the
language of science and learning were not the only
channels which linked the intellectual life of
Antiquity to that of Islam. There developed
among the people of Harran a religious cult later

See L. Delacy O’Leary, How Greek Science Passed to
the Arabs, London, 1964; and M. Meyerhof, ‘Von
Alexandrien nach Baghdad’, Sizzungsberichte der Preus-
sischen Akademie der Wissenschaften, Phil. Hist. Klasse,
1930 (23): 389—429. See also R. Walzer, Greek nto
Arabic, Oxford, 1962, where the actual process of
translation and transmission is discussed in several
essays.
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known to Muslims as Sabaeanism'’ that combined
elements drawn from Babylonian religion with
the more esoteric aspects of the Greek tradition.
The Harranians were heirs, therefore, to the
astronomical and astrological teachings of the
Babylonians as well as to Neopythagoreanism
and Hermeticism. Independent of Christian
centres of learning they transmitted to the Mus-
lims many aspects of the Graeco-Hellenistic
heritage, and independent of the Greek world
certain aspects of Babylonian mathematics and
astronomy which are reflected in Muslim sources
but have not been found in Greek ones.

As far as the Persian world is concerned, it
too transmitted to Islamic civilization many
sciences, some of its own and some ultimately of
Greek and Indian origin. During the Sassanid
period the Persians developed Jundishapur, near
the present day Persian city of Ahvaz, as a
university centre which in fact grew steadily until
it became heir to both Antioch and Edessa, a
haven for men of learning everywhere, and by the
time of the fall of the Sassanids without doubt the
most important centre of learning in Western
Asia, particularly in the field of medicine.
Jundishapur was a cosmopolitan gathering place
where Persian, Greek and Indian men of learn-
ing met and worked together. In many fields,
especially in medicine, this school more than any
other was the living link between Islamic science
and the ancient world. Meanwhile the Persians
themselves showed special interest and made
important discoveries in astronomy on the one
hand and pharmacology on the other at the same
time that they cultivated avidly both the Indian
and the Greek sciences. Persia made major
contributions to nearly every facet of Islamic
civilization, became one of i1ts major centres and
played a central role in its creation. But in the
field of science Persia played a triple role as far as
transmission was concerned: it transmitted its
own scientific tradition to Islam, as seen in such
works as the Royal Astronomical Tables (Zij-1
shahriyar); it made available certain aspects of
Greek learning to Muslims which had been

17. This should not be confused with the Sabaean or Man-
daean cults of Iraq and Southern Persia which continue
to this day. On the Sabaeans of Harran the classical
work of D. Chwolson, Die Ssabier und der Ssabismus, 2
vols., St. Petersburg, 1856, is still valuable. See also
E. Drower, The Mandaeans of Iraq and Iran, Oxford,
1937.
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translated into Pahlavi or even Syriac but taught
in centres of learning within Persia such as
Jundishapur; and finally it passed on to Islam
many of the Indian sciences, especially medicine,
astronomy and natural history, which had been
cultivated by the Sassanids. A particularly out-
standing example of this latter role is the Kalilah
wa Dimnah, which was first translated from
Sanskrit into Pahlavi and then by Ibn Mugaffa
into Arabic, becoming rapidly one of the master-
pieces of Arabic literature and at the same time a
source for Muslim natural history.'*

As for India itself, its scientific tradition,
especially in mathematics (including astronomy)
and medicine reached Islam not only through
Sassanid Persia but also thanks to a number of
Indian men of learning who were invited
Baghdad and other Islamic intellectual c.

Of course the Indian sciences entered
Islamic world again through the
al-Birtni 1n the §th/11th centurs
through the numerous works of An
But as far as the genesis of |
concerned 1t was mostly as a res:

tion of certain basic texts of m
astronomy such as the Brahma

of Brahmagupta and a few
particularly concerning drugs an
Indian science made a visible effect ur
science and became one of the notat
that contributed to its birth.

Finally, a word must be said o
East. It is true that no traces of the
scientific tradition are visible within dar a/-islam.
at the moment of the founding of the Islamic
sciences and that we must wait until after the
Mongol invasion for the official transmission of
Chinese scientific works through their translation
into Persian and Arabic. But there is no doubt
that there was some kind of earlier contact even
with China. The transmission to the Muslim_s of
such important Chinese technological inventions
as the making of paper and the appearance of
certain definitely Chinese elements such as the
Ming-Tang in early Islamic alchemy are witness

8. See S. H. Nasr, ‘Natural History’ in M. M. Sh_arit'(ed.),
A History of Muslim Philosophy, vol. II, Wiesbaden,

1966, pp. 1316—1332.

Il



wov 1eldb |\

General Background

to contacts which were not merely bound to
business transactions through land or sea l?ut
which possessed an intellectual and scientific
aspect. There 1s no doubt, however, that the Fz_1r
Eastern element in the foundation of the Islamic

sciences does not compare in any way with the
Greek, Indian or Persian, which formed for the

most part the materia prima upon which Islam
imposed a new intellectual and spiritual forn_l,
creating through this wedding the Islamic
sciences.

* * *x

The actual process of transmission of the
<ciences of ancient civilizations from such lan-
cuages as Greek, Syriac, Sanskrit and Pahlavi into
Arabic is one of the most remarkable 1nstances of
~ulrural transmission in human history, to be
-ompared only with such other major processes of
—anslation and transmission as the rendering of
~o Buddhist sutras into Chinese, and Arabic

~rks into Latin. But in both quantity and quality
. translation of works into Arabic surpasses
+haps all other episodes of a similar nature.
“hout outward compulsion but driven most of
, inner need to know, in conformity with

~’ nature of Islamic spirituality,' the
wtremely virile Islamic civilization

-nergies into the vast enterprise of

stablishing such well known acade-
vt al-hikmah of al-Ma’miin for this
-vistence of religious minorities
7l-islam, minorities whose scholars
v suited for the task of translation,

he process as did the fact that many
vorks had already been rendered into

19. On the summary of various reasons offered by historians
and scholars for the translation of works into Arabic see

S. H. Nasr, Ma‘arif-i islami dar jahan-i mu‘asir, Tehran,
1353 (A. H. solar), introduction.
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Syriac, a Semitic language which was the sister of

Arabic.

Nevertheless the translation of the majority
of the important scientific works of Antiquity into
Arabic within a period of about 150 years stretch-
ing from the 2nd/8th to the 4th/1oth centuries
was no mean task. Thanks to such masters of
translation as Hunayn ibn Ishaq*® and to the
concerted effort of caliphs, princes and viziers,
the main scientific works of such men as Hippoc-
rates, Aristotle, Theophrastus, Euclid, Ptolemy,
Dioscorides, Galen and many others were ren-
dered into a precise Arabic. Moreover this was
done with the help of an oral tradition which has
made of these translations something that is often
more true to the original Greek, Syriac or what-
ever other language was involved than most
modern translations. Thanks to this movement
Arabic became the most important scientific
language of the world for many centuries®! and
the ground was prepared for the rapid growth of
the Islamic sciences properly speaking. The
translations provided the materia prima upon
which the Muslim mind pondered and which 1t
moulded into the substructure for the Islamic
sciences that soon came into being as a body of
knowledge at once distinct and related to the
age-old intellectual traditions which it had
inherited and adopted as its own thanks to the
synthesizing and integrating power of the Islamic
revelation. Henceforth this science, while re-
vealing the traits of its historical origins, has been
more than anything else the crystallization of the
study of the cosmos and its parts from the per-
spective of Islam as reflected in the most principial
manner in the Quran and the prophetic traditions.

20. See O. Bergstrasser, Hunain ibn Ishak und seine Schule,
LLeiden, 1913.

>1. One should not, however, forget the great importance
of Persian especially for the later period of Islamic

history.




Chapter 11
The Islamic Educational System

The cultivation of the Islamic sciences one, and teachers have enjoyed :
depended upon a vast educational system which imaginable in modern societies
embraced both formal and informal education well-known saying attributed
and which made possible the encouragement and Talib — upon whom be peace
transmission of knowledge in all its forms. The have become the slave of him wh
educational system was of course based on the a single word.’? The whole affair of .
traditional Islamic concept of knowledge and always been at the heart of Islamic ci
learning. It emphasized most of all the religious one of its basic pillars because 1t has D¢
sciences but included nearly all other forms of separable from the tradition itself which forms
knowledge from theodicy to pharmacology. Islam marrow and the backbone of the whole
considers knowledge (‘z/m) as something sacred Islamic civilization.
because ultimately all knowledge concerns some Because of this inseparable link the Is-
aspect of God’s theophanies. It 1s this sacred lamic concept of knowledge is based upon the two
view of knowledge that has imbued the whole fundamental axes of unity and hierarchy. Lil{f
Islamic educational system to this day making it existence itself, with which knowledge 1s ulti-
even i1nstitutionally inseparable from specific mately identical,® the sciences or forms of kngw—
religious organizations and institutions such as the ledge are ultimately one, and at the same tme
mosque, the Sufi centre and places run by means belong to a hierarchic order. Knowledge 1s not
of endowments (awgaf).! This view has made the random as it appears in the profusion of profane
relation between the teacher and the student of knowledge today when there is no longer an
traditional schools a most intimate and spiritual organic link between man’s various modes and
1. The institution of awgaf is vast and embraces nearly Obviously this ‘word’ is very far removed from the vast
every facet of traditional Islamic society, but its stream of information, most Ole uselt?ss, that bombards
relation to schools, libraries and other specifically people today in an atmosphere in which knowledge has
?du‘_c:atif)nal institutions is particularly strong. On the become completely de-sacralized.
f;su ;;?z?:r;t;; Eﬂfﬁzﬁnﬁpﬁf f;;cz-Demombynesj 3. This basic doctrine was made fully explicit in later

centuries from two different perspectives in the
2. ‘Man ‘allamani harfan fa qgad sayyarani ‘abdan’. majestic doctrines of Ibn ‘Arabi and Mulla Sadra.

&
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wavs of knowing. The Islamic sciences and the revelation, or religion and science. Al-Kindi was
. tollectual perspectives cultivated 1n Islam have perhaps the‘ﬁrf,t to turn to this problem in his
alwayvs been seen 1n a hierarchy® which leads Fi aqsam al-‘ulum (On rh_e Types of tife Sczences?.
ultimately to the knowledge of the (_Z)ne,, of the But It was the w0r1< of his successor in the Peri-
supreme ‘Substance’, this being itself from patetic s;::hool_, Abu Nasr al-—Farablf. the"Second
another point of view the Substance of all Teacher’, whu_:h wielded a mgach 1.J'iqcler 1_n_ﬂuence
knowledge.? That is why whenever confronted over the curricula of Mushm-umversmﬂs and
with sciences originally cultivated by other even those of the West. The Kitab thsa’ al-‘uliim
civilizations Muslim intellectual authorities (The Enumeration of the Sciences) of al-Farabi
sought to integrate them into the Islamic scheme reflects at once the Aristotelian classification of
of the hierarchy of knowledge. And that also is the sciences as transmitted to Muslims through
why the greatest Muslim gnostics, philosophers the commentary of John Philoponos upon the ‘
and scientists from al-Kindi, al-Farabi and Ibn Isagoge of Porphyry and the desire to harmonize ‘
Sina to al-Ghazzali, Nasir al-Din al-Tusi and this concept with that derived from the Quran and
Mulla Sadra were concerned with the question of especially the Shari‘ah. This work not only
the classification of the sciences. influenced later Muslim authors but became also
The Muslims saw two main channels open widely known in the West thanks to the transla-
before man for the acquiring of formal knowledge: tion of Dominicus Gundisalvi, and is cited by
the path of revealed truth, which after its revela- many Latin authors such as Peter of Abano.”
rion is transmitted from one generation to the With the continuous development of the
next in a form which the Muslims called ‘the Islamic sciences new branches and forms of
ransmitted sciences’ (al-‘ulium al-naqliyyah), and science came into being and at the same time the
~wowledge acquired through the God-given sciences which were taken over from the pre-
icence of man on both the level of the intel- [slamic civilizations were ever more Muslimized
' reason® and which the Muslims came to and fitted into the Islamic hierarchy of knowledge.
‘intellectual sciences’ (al-‘ulum al- Both these tendencies are reflected in the later
1o these two classes of formal know- schemes of classification to which dozens of
her usually referred to as ‘acquired separate treatises or chapters have been devoted
1/-‘ilm al-husiuli), must be added the by such masters as Ibn Sina, the Ikhwan al-Safa’,
~dom, the gnosis which results from ° al-Ghazzali and Ibn Rushd and even by the re-
) and the actual ‘tasting’ of the truth markable historian of the 8th/14th century Ibn
tin sapere, to taste, which is the root Khaldun who in his Mugaddimah (Prolegomena)
nd which the Muslims have usually to the general study of history gives an elaborate
1ial knowledge’ (al-“ilm al-hudiiri). account of the classification of the Islamic
“ed with the great array of various pre- sciences after their period of maturity.®
ences made available through transla- From the time of Ibn Khaldun onward
.= with the vast river of both exoteric and several philosophical and scientific encyclopaedias
- sciences that had flowed from the in- appeared in both Arabic and Persian, and later
2ustible ocean of the Quranic revelation, Mus- also in Turkish, in which the classification of the
im intellectual authorities set out to classify the sciences are discussed. Some of these works like
sciences, hoping in this way to elucidate their the Durrat al-taj of Qutb al-Din al-Shirazi are
nierarchy and contribute to the solution of the more concerned with philosophy and others like
problem of the harmony between reason and the Tadhkirah of Da’ud al-Antaki more with the
4. On the hierarchy of various intellectual perspectives in distinction between intellectus and ratio in the tradi-
Islam see S. H. Nasr, Three Muslim Sages, Cambridge tional schools of ancient and mediaeval philosophy.

(U.S.A.), 1964, introduction.
7. See D. M. Dunlop, Arabic Science in the West, Karachi,

5. As stated so forcefully by F. Schuon, ‘The substance of 1058, pp. 88—809.
knf)w_ledge 1s Knowledge of the Substance . . .’, ‘Atma-
Maya’, in Studies in Comparative Religion, Summer, 8. See Ibn Khaldiin, The Mugaddimah : An Introduction to
1973, p. 130. History, trans. by F. Rosenthal, 3 vols., New York,

- 1958, vol. 2, pp. 436ff. A summary of his classification is

6. The distinction between these two instruments of given by Nasr, Science and Civilization in Islam,

knowledge is as fundamental to Islamic thought as is the pp. 621tf.
I4
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elements pertaining to all
languages, such as grammar,
: dictation and recitation,
prosody

sciences of language
and its branches

r

Categories

Peri Hermenias
Prior Analytics
Posterior Analytics
lopics

Sophistics
Rhetorics

Poetics

logic and its branches ————

-

arithmetic
geometry
propaedeutic sciences optics

and their branches S astronomy

MUSIC

science of weights
mechanical devices

Sciences

principles o1 natura
study Ot simpie |
i_lJl-fTI“li._%?T]-_‘iTI{_"H"] and 18491
acclagents perialnil
bodies compound
minerais

plants

- —_— animals

natural sciences <

natural and meta- _
physical sciences

.
| Sclence L__"}T tu-',,*““h_.; )
| | metaphysical sciences —r orinciples of the !

sciences of soclety __
and their branches

- - jurisprudence and
theology Kalam

Figure 4a. The classification of the sciences according to the Ihsa’ al-‘ulum of al-Farabi.

sciences. One of the most complete and wide-
spread of these encyclopaedias which mentions
nearly all the sciences cultivated in Islamic
civilization is the Nafa’is al-funiin (Precious Ele-
ments of the Sciences) of Shams al-Din al-Amuli
written during the 9th/15th century. 1'he numer-
ous sciences outlined by Amuli and the classifica-
tion upon which the work is based reflect the
spectrum and the hierarchy of the Islamic
sciences after their full flowering and centuries of
development.

The Muslims became faced once again 1n
the 13th/19th century with the onslaught of
Western science, which has since threatened both
the Islamic hierarchy of knowledge and the
9. See S. H. Nasr, ‘Chira Farabi-ra mu‘allim-i thani

khwandahand’, Farabi Commemoration Volume, 1'ehran,
Tehran University (in press).

harmony of its educational system, wreaking havoc
with them to an extent that is unprecedented 1n
Islamic history. Al-Farabi became known as the
‘Second Teacher’ (al-mu‘allim al-thani) because
he gave order to the sciences and classified them.
To a lesser extent Mir Damad performed the same
function in Safavid Persia and gained the title of
the “Third Teacher’. Today Islam is truly in need
of a ‘Fourth Teacher’® to re-establish the hier-
archy of knowledge so essential to the Islamic per-

spective and to classify the sciences once again 1n
such a way as to prevent the sacred from being

inundated by the profane and the ultimate goal of
all knowledge from being forgotten ‘armdst Fhe
glitter of quickly changing forms of science which
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Sciences ‘<

Figure 4b

- e

-

Figure 4c¢

The Classification of the Sciences according to the Nafa’is al-funan fi ara’ss
al-cuyun by Shams al-Din Muhammad al-Amuli

" philosophical sciences

First classification

metaphysics (supreme science)
" theoretical < mathematics (intermediate science)

natural philosophy (lower science)

(which are the same at all periods) < - o il
pertaining to the individual — ethics
practical —< .

~ o e economics

pertaining to the collectivity s
- politics

Intellectual

r

non-philosophical sciences
I (wnich are not the same at all periods) =<

arly (awa’il) <

ate (awakhir) <

religious
transmitted

1 non-religious

Second classification

practical philosophy (including ethics, politics and economics)

theoretical philosophy (including logic, prime philosophy, metaphysics, science of
natural bodies and all branches of natural philosophy)

principles of mathematics (including arithmetic, geometry, astronomy and music)
branches of natural philosophy (including medicine, alchemy, natural magic, etc.)

branches of mathematics (including all branches of astronomy such as the science
of anwa’, mathematical geography, mechanical devices, chess and backgammon)

iterature
sciences of law (shar Gyyat)
Sufism

sciences of ‘daily discourse’ (muhawari) such as history, biography, genealogy, etc.

Figures 4b and 4c. Two different classifications of the sciences according to the Nafa’is al-funin fi ‘ara’is al-‘uyiin by Shams al-Din Muhammad al-Amuli.
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move ever more rapidly without approaching any
closer to the centre of the circle of universal

existence.!’

The centres in which the Islamic sciences
have been taught over the ages have been an
integral aspect of Islamic civilization, participat-
ing in its formal unity in the same way that the
content of the sciences became integrated into the
all embracing intellectual unity of Islam. From
the beginning the mosque was at once the religi-
ous and social centre of the Islamic community as
well as the centre for learning. To this day
Quranic schools (where the fountainhead of all the
Islamic sciences, namely the Quran, is taught to
the young) are connected with the local mosques
in various quarters of Muslim cities.

But historically there gradually developed
a distinct institution called madrasah (literally ‘the
place for lessons’) which grew alongside the
mosque and is still closely associated with it. At
the beginning certain parts of mosques were used
for lessons in religious sciences, each master
occupying a corner or pillar of his own which n
fact often became associated with his name. Then
as teaching became formalized and extended,
buildings were often erected specifically for
teaching purposes, with mosques attached to
them. In either case, however, both architec-
turally and intellectually the mosque and the
madrasah have never been dissociated from each

other and some of the greatest Muslim centres of

Plate 1. Students studying the Quran with a master in Afghanistan.

10. See S. H. Nasr, Islam and the Plight of Modern Man,
chap. 1.
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learning such as al-Azhar are even now both
mosques and schools, reflecting the profoundly
religious character of learning in Islam.

The wmadrasah developed into a full-
fledged university around eleven hundred years
ago, a university in which a variety of subjects
from religious law to astronomy were taught
regularly. Some of the earliest Islamic educational
institutions dating from this period of genesis in
fact still survive, the best examples being perhaps
the Qarawiyyin in Fez, the Zaytuniyyah in Tunis
and al-Azhar in Cairo.'' Other outstanding
madrasahs, such as those of Qum, Mashhad,
Samarqgand, Isfahan, Najaf, San‘a’, Lucknow
and the like belong to later periods of Islamic
history, but are profoundly connected to the
earlier madrasahs. Likewise the mediaeval Euro-
pean universities and their curricula reflect thes
close relation with the Muslim universities, w!
they emulated consciously.

As far as the intellectual science
cerned, they have not always been taug!

BT ) T : ---J'r-l-.-l.‘l- 3 —‘ L. - f.-.hﬁ_ﬁ-&,. 1:‘|I |I
3 'E,‘. i *;h“-—"‘-_“_-*fﬁ_ ] 9y - - '_1. h‘r_.'—_-u - ._.-. _.tr'i' r
II-_ --Alj:.":'q""q'l".‘- i 'l._'q:'..‘!l_:_“w & |ﬁ‘ir.. £
oo Ty i '..'.".;H FasTal W Lk AL
o s L=
’ M LT g

e 1 1y v, - A o L
: ... e '_".- '.#J' e i . 5 o e
; r" "-f.‘._-i . ) . Y

™, "

------
[l e
B
________
________

Plate 2. The Qarawiyyin Mosque and School, Fez, Morocco.

1. On al-Azhar, which is the most thoroughly studied of
Muslim universities, see B. Dodge, Muslim Educationin
Medieval Times, Washington, 1962.
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Figure 5. A general view of the inner courtyard of al-Azhar University,
Cairo.

madrasahs, especially during the past few cen-
turies. The mainstay of the curriculum of the
madrasahs has always been the religious sciences.
Nevertheless, many of the intellectual sciences
such as philosophy, logic and mathematics have
been taught in various madrasahs over the ages
and are still taught today. This is especially true
of the Persian madrasahs, where traditional

philosophy is taught even now and where
through the Safavid period mathematics was also
taught on a serious level.'*

12. The whole philosophy of education involved in the
traditional madrasah is of the utmost significance even
today but cannot be dealt with in a book such as this.
See A. L. Tibawi, Islamic Education : its Traditions and
Modernization into the Arab National Systems, I.ondon,
1972. As for the ‘decay’ of many of the sciences in the
Islamic world from the 11th/17th and 12th/18th cen-
turies onward (and not the 7th/13th century as most
Western historians of science imagine) it is without
doubt directly related to a gradual loss of interest in such
subjects as mathematics in the madrasahs and the

The Islamic Educational System

Plate 5. Miniature depicting a tradiuonal scene of instrucuon

But the madrasah was far from being (Db
only centre for the study and the transmission of
the sciences. The hospitals, for example, played
an important educational role and many of the
leading hospitals such as those of Rayy and
Baghdad in the 4th/roth century had medical
schools attached to them with regular pro-
grammes for students; medical dissertations had
to be written by those who wanted to receive
their medical certificate.'® The traditional hospi-

tals, some of the best examples of which survive

deleting of more advanced courses On these subjects
from the curriculum of the madrasahs.

13. On the educational aspect of Muslim hospital:a: see
C. Elgood, A Medical History of Persia, Cambrldge,,
1951; and M. Z. Siddiqi, Studies in Arabic and Persian
Medical Literature, Calcutta, 1959, PP. xxiiiff. Also
M. Najmabadi, Tarikh-i 1166 dar Iran-i pas az Islam,
Tehran, 1353 (A. H. solar), part eight; and Ahmed Isa
Bey, Histoire des bimaristans (hopitaux) a [epouqie
islamique, Cairo, 1928.

19
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\

today strangely enough in the Indo-Pakistani
sub-continent, like that of Hyder.abad, Deccgn,
have been throughout Islamic history a major
scientific institution, combinir}g the curing of
patients with extensive teaching of medicine,
pharmacology and allied subjects.™

Another important scientific 1nstitution
which complemented the hospital and in which
both research and teaching took place was the

observatory. In fact it can be said without exag-
geration that the observatory as a scientific
institution owes its birth to Islamic civilization.!®
While in the early Islamic period the observatory
was of a small size and usually associated with a
single astronomer, from the 7th/13th century
and the building of the Maraghah observatory by
Nasir al-Din al-Tsi, it became a major scientific
institution in which numerous scientists gathered

e Loty MR
ol [ N i B2

Figure 8. A figure purported to be Ibn Sina (Avicenna) teaching a group of
students.

(hakims) of the Islamic world, the brothers Hakim
‘Abd al-Hamid and Hakim Muhammad Sa‘id.

15. See A. Sayili, The Observatory in Islam, Ankara, 1964.
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Plate 7. Osmania Hospital, Hyderabad, Deccan, India.
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The Islamic Educational System

1o work and teach together. 'The Maraghah
observatory served as the source of inspiration
and model for the Ulugh-Beg observatory in
Samargand and the Istanbul observatory of the
Ottoman period where Taqi al-Din worked.
These observatories in turn served as models for
the several observatories constructed by Jai Singh
in the 12th/18th century in India in such cities as
Delhi and Jaipur and also were the model for the
early European observatories such as those used
by Tycho Brahe and Kepler. An analysis of the
astronomical instruments in these 1oth/16th and
11th/17th century European observatories and
their comparison with earlier Muslim instruments
reveals the close nexus between the Muslim and
later European observatories.

The formal and public institutions of
learning so far mentioned are not, however the
only ones to consider when discussing the
important centres for the teaching and the trans-
mission of the sciences in Islam. Much of the
transmission of learning, especially of more eso-
teric knowledge, has taken place and continues to
take place in private circles not accessible to the
public at large. These circles include first of all the
Sufi centres (khanaqah in Persian and zawiyah 1n
Arabic), where not only initiatic and spiritual

praCticeS take place but alSO many Gf the esoteric FigurE 0. (H) 'The hﬂriZUﬂtai and kb\" the ETETI.'IFCH! CTOSS-56 .
k - : ghah Observatory based on recent excavatons bv Azarabadega:
and sometimes even exoteric SCi€Ences arc taught. Tabriz, Persia.

The Sufi centres became especially important as
centres of formal learning after the Mongol
invasion, when they were forced to fulfil the role
of the madrasahs destroyed by the Mongol on-
slaught as well as their own proper function of A
training the adepts spiritually. |
There are also private circles connected

with a particular teacher, meeting either at his
house or the house of one of his disciples. Much of
traditional learning is carried out today in the
Islamic world in such private circles whose great
propaedeutic importance can hardly be over-
estimated. Moreover, the occult sciences such as
alchemy or geomancy have always been taught in R
such completely private circumstances. The \
atelier of an alchemist is almost always his home \
or the house of an adept, and it is here that those :%
oy

\

s

T R AL S S S S N A AR

=iy Ko

10

PRIy o s v oy dos sy sy

H 1950m

considered by the alchemist as capable of master-
ing the royal art have been and are to this day
trained. The same could be said of the other eso-
teric and occult sciences, the former being also

A taught in Sufi centres but the latter almost R SN b S
exclusively in completely private places and e
gatherings. The channels of learning are like Figure 9b

Marfat.com



General Background |

arteries and veins in the body of Islamic society,
some externally visible and others hidden. But

together they have always played the vital role of
enabling the life-giving blood of knowledge to
flow through the body of the community, to re-
juvenate it constantly and to preserve its vitality,
enabling it to fulfil the function for which it has
been destined by its very acceptance of the
celestial norm of the Islamic revelation.

Plate 9. Inside a Sufi khanagah.

24
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Part 1 wo
The Islamic Sciences

The Qualitative Study
of the Universe
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Chapter 111

and Geography

No understanding of the Islamic sciences
or for that matter the sciences of any other tradi-
tion is possible without a consideration of the
cosmology to which the branches of the traditional
sciences are related like so many limbs belonging
to a living organism. Even modern science,
whether realized fully by its cultivators or not,
functions within a world view created by 17th
century rationalism and has been inseparable
from this philosophical background since the
scientific revolution.! So much more is the reliance
upon a ‘theoretical’ background true of the Is-
lamic sciences which are but applications and

1. Modern science is related to the rationalistic universe
emanating from the philosophical world view of the
17th century through its reliance upon human reason as
the ultimate criterion of truth, its limiting of reality to
the physical domain and its restricting of the relation
between man and nature to the level of the senses and of
reason analyzing the results of sense perception.
Traditional sciences are related to metaphysical and
cosmological principles in relying upon the language of
symbolism, in basing themselves upon the hierarchic
nature of the cosmos, in considering the analogies which
exist between the macrocosm and the microcosm and in

Cosmology, Cosmography

aspects of traditional Islamic
therefore of the metaphysical prin
tradition of which the cosmologica
themselves are expressions and reflec
the cosmic plane.-

The cosmos is at once continug
continuous with respect to its Origir
which is Pure Being and ultimately u
and Infinite Reality which stands ©

Being. As Being, the Origin s like the Sun of wii
all existents in the cosmos are rays. But the Urig
is also Substance with respect to which the w1
of the Universe is but a series of acciden

O >hall
L0y CLLiVA

relying upon the Intellect, which pierces t}lyough
phenomena to their noumenal essences, 1n addu_u:_un to
reason and the senses. See H. Butterfield, T he Origins of
Modern Science, New York, I95I; E. A. Burtt, The

Metaphysical Foundations of Modern Science,

New

York, 1954; and F. Brunner, Science et realite, Paris,

1954.

>. On the meaning of the cosmological perspectuve see
T. Burckhardt, ‘Nature de la perspective COSMO-

logique’, Etudes Traditionnelles, vol. 49, 1948, pp.

219.

216—



The Islamic Sciences : The Qualitativé Study of the Universe

Essence of which all cosmic forms‘are but re-
flections and theophanies.® Thq various coSmo-
logical schemes developed w1t}nn Islan_l and the
cosmos sanctified by the Islamic revelgtmn are so
many ways of depicting the relgtionsth between
the Origin and the Universe in 1its tm_ultlple levels
of existence extending from the spiritual through
the animic to the material (the rith, nafs and jism
of Islamic cosmologists and philosophers, cor-
responding to the spiritus, anima and corpus of the
cosmologists of Antiquity). They are meansiﬁf
depicting this relationship in a °‘space’ whlch
transcends purely physical space and also a ‘time’
which 1s beyond profane time, that 1s, within the
matrix of the universal hierarchy which stands
‘above’ the terrestrial plane here and now and
with respect to the ‘rhythms’ associated with the
Substance or the phases of the ‘Breath of the
Compassionate™ which determines from on high
the cycles (adwar) of universal existence and
cosmic events associated with cosmic history and
aiso with eschatology.?
[slamic cosmology is directly related to the
srinciples of the Islamic revelation and to the
.mavaics which 1ssues forth from the esoteric
" the Quran and the inner teachings of
vhich are its complement.® It is not a

v. Logic and Transcendence, trans. by
ew York, 1975, chap. 5. ‘Substance

. 10 the centre of a spiral, and Essence

- 2 system of concentric circles; one may
- notion of Substance is nearer to that of
i tie notion of Essence nearer to that of
1gain, there is in Substance an aspect of

wii i1 Essence an aspect of masculinity.’

peax of the very ‘stuff or substance of the

-9 as the "Breath of the Compassionate’ (nafas
imdn) which  passing through the ‘essences’
.al-a’yan al-thabitah) produces created beings like
fuman breath which produces words and sounds by
-puz-aiug through the vocal cords. Man 1imitates on the
numan plane the act of creation through his speech and
tor that reason the word in the form of invocation
(dhikr) plays such a central role in the ‘reversal’ of the
cosmogonic act and the return of man to his Origin.
On the dhikr see F. Schuon, The Transcendent Unity of

Religions, trans. P. Townsend, New York, 1975,
PP. 137 and 145-46.

5. In exoteric discussions of eschatology in Islam, rhythms
of the manifestations of the Substance, or what would
correspond to the days in the life of Brahma in Hindu-
ISm, are usually passed over in silence, but they are

28

generalization of the physical sciences or the ex-
tension of a terrestrial physics to the confines of the
visible Universe. It has in fact nothing to do with
what passes for cosmology today. Islamic cosmo-
logy aims at providing a vision of the cosmos
which enables man to pierce through the visible
world to the higher states of existence and creating
a science of the cosmic domain which acts as a
ladder to allow man to mount to the ‘roof of the
cosmos’, to use the well-known phrase associated
with the works of Rimi,” and even beyond it to
behold Metacosmic Reality which transcends all
the planes of cosmic manifestation. The Origin or
Principle of the Universe is at once Being, con-
sciousness and bliss (wujid, wujdan and wajd in
Arabic)® and these qualities flow in the arteries of
the cosmos precisely because the cosmos is a
manifestation of the Principle. Traditional cos-
mologies are means of gaining knowledge of this
positive aspect of the cosmos; in the bosom of
metaphysical doctrines and with the aid of
appropriate methods of realization they enable
men to gain access to that consciousness and ex-
perience, that bliss which is already a foretaste of
paradise. 5

To fulfil the role assigned to it within Is-
lamic civilization, Islamic cosmology naturally

discussed in esoteric schools, in both Sufism and
various forms of Shi‘ism.

6. The cosmology based upon traditional Islamic sources
is concerned with all the states of being below the
Divine Names and Qualities, beginning with the Spirit
(al-Ruh), which is the ‘Divine Centre’ of the cosmos,
extending to the four archangels, the eight angels con-
nected with the Divine Throne, and then the various
angelic hierarchies and ending with the psychic and
finally physical worlds. These ‘worlds’ have been
depicted in various fashions, perhaps the most central
being the ‘Five Divine Presences’ (al-hadarar al-
ilahiyyat al-khams) of Ibn ‘Arabi. See F. Schuon, Logic
and Transcendence. pp. 97—100; and Schuon, Dimen-
sions of Islam, chap. 11.

7. Concerning the Mathnawi of Rumi it has been said,

These words are the ladder to the firmament.
Whoever ascends it reaches the roof —

Not the roof of the sphere that is blue,

But the roof which transcends all the visible heavens.

See S. H. Nasr, ‘Rumi and the Sufi Tradition’, Studies
in Comparative Religion, Spring, 1974, p. 89.

8. It is not accidental that these terms possess the same
root in Arabic.

-
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Plate 11. The nocturnal ascent (al-mi‘raj) of the Holy Prophet.
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has made use of numerous forms of symbolism
and has had recourse to many different means
through which the end in view could be achieved.
In fact it could not be otherwise seeing that Islam
had to create a world-wide civilization and inte-
grate within its fold people of different psycho-
logical and mental constitutions. In all forms of
cosmology, however, the aim has remained the
same, namely to transform the cosmos and 1ts
parts into an ‘icon’ which can be contemplated
and a mirror in which the One can be revealed
within the matrix of multiplicity itself. Beginning
with the Universe which has become trans-
formed by the Quranic revelation, the Universe
in which the Archangel Gabriel descended and

the Prophet made his nocturnal ascent (al-mi‘raj)
to the Divine Proximity, Islamic cosmology has
made use of such diverse elements as Quranic
symbolism, concepts and symbols drawn from
the doctrinal formulations of Sufism (itself
developed to a large extent from the Quran and
Hadith), theosophical and philosophical descrip-
tions of the cosmos, numerical symbolism and
traditional astronomy. Islamic cosmology, there-
fore, displays many facets and forms but all lead-
ing to a single inner content. The meaning of all
the cosmological schemes in Islam has remained
the same, namely the relating of muluplicity to
Unity, of existence to Being, of each creature on a
particular level of existence to the higher levels
and finally to the Divine Names and Qualities 1n
which are to be found the principle and the ‘end’
of all cosmic manifestation.

No single ‘event’ is more central to the
understanding of Islamic cosmology than the noc-
turnal ascent or al-mi‘raj of the Blessed Prophet
from Mecca to Jerusalem and then vertically
through all the states of being to the Divine
Throne (al-‘arsh) itself, an ‘event’ which 1s
described in the Holy Quran and depicted by
numerous miniaturists as well as described by
countless writers and poets.” The Prophet Mu-
hammad — upon whom be peace — is himself the
symbol of all that is positive in the cosmos, and
the second Shahadah of Islam, Muhammadun

9. Among them may be mentioned the Persian Sufi poet
Sana’i whose Mi‘raj-namah along with several other
Muslim sources most likely served as a source of
inspiration for the Divine Comedy of Dante. See the
well-known works of M. Asin Palacios, La escatologia
musulmana en la Divina Comedia, Madrid, 1919; and
E. Cerulli, ] ‘Libro della scala’ e la questione delle fonti
arabospagnole della Divina Comedia, Vatican, 1949.

Marfat.com
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rasill Allah (Muhammad i1s the Messenger of
God) means esoterically among other things that
the whole cosmos, in its positive aspect as symbol
and not in its privative aspect as veil, comes from
God. The nocturnal ascent of the Universal Man
is therefore at once a return of the cosmos to 1its
Source, the model for the spiritual life, and a
delineation of the cosmos and hence the principal
model for all Islamic cosmology. All the versions
of the description of the cosmos to be found in
various forms of Islamic cosmology are of the
cosmos which was ‘experienced’ by the Prophet
in his nocturnal journey and in fact Islamicized
through this very journey as well as by the descent
of the Holy Quran.!?

The Muslim sages have elaborated Islamic
cosmology in numerous treatises, sometimes
making use of Quranic angelology alone and ¢
other times incorporating into their works cosm
logical sciences drawn from other tradition
in conformity with the Islamic perspectiv
is to be seen especially in the writn
‘Arabi, who was like a sea into which
of Pythagoreanism, Platonism and He
flowed and in which they became com;
intermingled with purely Islamic esot
The symbolism of the Arabic alphabe
astrological signs, numerical symbolism ar
science of the Divine Names became synthes
in his writings into a pattern of unity that is
characteristic of the synthesizing genius of thi
great master of Islamic gnosis.

Similar to the cosmology described Dy
Ibn ‘Arabi but enclosed within the more particu
lar world of Shi‘ism are the schemes found in the
writings of Sayyid Haydar al-Amuli, who was a
disciple of Ibn ‘Arabi as well as an outstanding
Shi‘ite theosopher and theologian. He also had a
particular love for geometric patterns and made
use of them as symbols of his cosmological
doctrines. He designed mandalas to be contem-
plated by the adept, complicated patterns 1n
which the twelve Imams of Shi‘ism enter 1nto the

cosmic scheme to play a major role as so many
epiphanies of the Logos and reflections of the

10. The ‘night of power’ (laylat al-gadr), during whiph the
Quran was revealed, and the ‘night of ascent" (laylat
al-mi‘raj) complement each other and sigru'fj_s«r from the
cosmological point of view the Islamicization of the
cosmos in the descending and ascending orders, or from
the cosmogonic and initiatic points of view.
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Figure 11. The correspondence between the Prophets, the Imams and the cosmic hierarchy according to Sayyid Haydar al-Amuli.
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1gure 12, The cosmic hierarchy according to the Epistles of the Ikhwian al-Safa’.
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The circle
of the
MICrocosm

Meditate
and pe
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Figure 13. The correspondence between the elements, the astrological signs, the parts of the human body and the letters of the Arabic Iphabet accordin;

Shams al-Din al-Buni.
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Divine Light. The number twelve Iiatut:ally pl:st:ys
q central role in these patterns, which unify

angelology, imamology and astronomy in graqd
<chemes unveiling the contours of the Islamic

cosmos with its particular Shi‘ite colour. .
Another form of Islamic cosmology is to be

found in the writing of those schools which were
devoted to the science of the symbolism of num-
bers and letters and which often combined the
Aristotelian doctrine of the three kingdoms and
the Pythagorean philosophy of numbers with
Islamic metaphysics while making use of the
sciences concerned with the symbolism of the
Arabic alphabet as well as the symbolism of cer-
tain words and phrases. In the case of the
[khwan al-Safa’, whose Epistles reflect closely the
thought of certain circles within Shi‘ism, especi-
ally Isma‘ilism, and which are related in many
ways to the Jabirean corpus, there is to be found
more than anything else a Pythagoreanism com-
bined with Aristotelian natural philosophy and
integrated into the matrix of Islamic esotericism,
while in the works of such men as Shams al-Din
~int certain Hermetic and also magical ideas
nto the picture.

~osmology deals with the content and

ohy with the external form and descrip-
cosmos. In the Islamic world there

- numerous cosmographies based upon
Jnional cosmologies. One type of cos-

#v is to be found in the class of writings

the Wonders of Creation (‘Aj@ib al-

'21) by such men as Abli Yahya Zakariyya’

‘inl. These books begin with the angelic

1 end with plants and minerals. More-

v combine mythology with scientific

‘~tion within the hierarchic Universe de-

- in the cosmological works. These works,

-are usually of a popular nature, have served

vackground for both popular literature and

fumerous miniature paintings. Other cosmo-

grapnies such as those contained in the works of

astronomers and mathematicians like al-Birtnji

an‘d Qutb al-Din al-Shiriazi are of a much more

scientific nature being closely allied to the astron-

omy and physics developed by Muslim scientists

b_ut also staying within the bounds of the tradi-
tional Universe of Islamic cosmology.

In all of their diverse forms Islamic cos-
mology and cosmography have served as back-
ground, matrix and principle for the various
Islamic sciences from geography to alchemy.
They have made possible the linking of the
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Plate 12. The Angel of Death, Izra’il.

particular sciences to the principles of the Islamic
revelation and the creation of an integral civiliza-
tion by Islam in which the various sciences have
been cultivated without disrupting its unity, a
civilization in which nature has been studied
without destroying the harmony between man
and his natural and cosmic environment.

Geography and Geodesy

Muslim studies in geography extend from
a symbolic and sacred geography which views the
earth as an image of the spiritual world to the most
exact mathematical measurements of geographic
coordinates and quantitative geomorphic studies.
Cast within the world view of Islam and centred
most of all upon the vast confines of dar al-islam,
the science of geography drew from many

Marfat.com
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Plate 13. The Ka‘bah at the centre of the inhabitable world.

sources, such as Babylonia, Greece, India and
especially Persia. Pre-Islamic Persian geography
had already influenced pre-Islamic Arabic geo-
graphical ideas, as the Arabic word barzakh,
which comes from Pahlavi farsang, reveals, and it
played a central role in early Islamic geography as
well. The ancient Persians saw the earth as an
angel and possessed a highly developed ‘visionary

- geography’.!! Their division of the world into

seven circular ‘regions’ (kishwars) was a terrestrial
reflection of the sevenfold spiritual hierarchy and
left its deep effect upon geographers of the Islamic
p_eriod_.,.12 who were fully aware of the symbolic
significance of seven in both the Greek scheme of
the climates and the Persian scheme of the kisk-
wars. LLikewise, the central cosmic mountain of
the ancient Persians became transformed into the
Mount Qaf mentioned in the Quran, and at least

63 70 See. H. Corbin, Terre celeste et corps de resurrection,
Paris, 1961, pp. 41ff.

12, _See S H. Nasr, ‘La cosmographie en Iran pre-
islamique et islamique, le probléeme de la continuite

Cosmology, Cosmography and Geography
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among a great number of Islamic geographers riic
central region of the world was concerved 1 a new
fashion so as to encompass Mecca, the centre of
the Islamic world and the point where for Mus-
lims the heavenly axis touches the terrestrial
plane. In ‘Islamicizing’ the natural world about 1t
Islam in fact incorporated much of the symbolic
and sacred geography of the traditions before it,
sanctifying them anew through the power of the
new revelation. How manyv mountains, lakes and
other distinct /oci can be found today in the Is-
lamic world which are of particular religious
significance now and were also of special religious
significance in the traditions which preceded

Islam!

While sacred geography goes back mostly
to the origins of the Islamic revelation and its early
expansion within the land destined to become the

dans la civilisation iranienne’, in Arabic and Islamic
Studies in Honor of Hamilton A. R. Gibb, Leiden, 1965,
pp. 521ff. Some of the ideas contained in old Persian
world maps have even entered Into apocryphal Hadith
literature.
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of classical Islam, descriptive and quantita-
ccography, which 1s considered as ‘scientific’
~ozraphy today, begins essentially in the Abbasid
ceriod with the translation of Indian, Persian and
sreek geographical texts. The rendering into
rabic of the Suaryasiddhanta as well as other
{ndian astronomical texts acquainted Muslims
with Indian geography, from which they learned
most of all the calculation of longitudes from
Ujjain. As for Persian sources, although no
names of specific geographical works have sur-
vived, the knowledge of Sassanid geography
among Muslims was widely extended, as can be
seen in the names of many areas such as the
India‘n Ocean, which they called bahr al-fars, the
‘Perﬁ_‘,lan Sea’, following Sassanid examples. The
I_ramap influence was particularly strong in mari-
tme literature, as can be seen in the survival of
numerous Persian words such as bandar (port) and
ncikllz(add (captain of a ship) in Arabic geographical
works.

As far as Greek sources are concerned, the
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Figure 15. -

Figures 14 and 15. Map of the world and the seven climes according to
al-Birtni.

Muslims had an intimate acquaintance with the
Geography of Ptolemy, which was translated
several times into Arabic, as well as the geography
of Marinos of Tyre. Moreover, they were
familiar with such works as the Timaeus of Plato
and the De Caelo and Meteorology of Aristotle
with all the geographical knowledge these texts
contained. The descriptive geography of such
men as Strabo, however, was never translated into
Arabic. Islamic works drew from Greek sources
mostly for mathematical geography and from
Persian sources for descriptive geography. Thanks
to the ease of travelling over the vast areas
covered by dar al-islam, Islam produced its own
Strabo’s and gained a great deal more knowledge
of geography than was ever accessible to the
civilizations preceding it, a knowledge which it
then fitted into the theoretical patterns inherited
from both the Greeks and the Persians.

The earliest Islamic geographical works
properly speaking belong to the early 3rd/g9th
century, especially to the reign of al-Ma’mun.

|
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Plate 14. Spain and North Africa according to the map of al-Istakhri.

Plates 15a and 15b. The Persian Gulf according to the map of al-Istakhri.
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following mostly upon the model of Ptolemy.
Of the latter group the most important in this
early period is without doubt the Sirar al-ard
(The Figures of the Earth) of Muhammad ibn Miisa
al-Khwarazmi. Also among works of this period
dealing extensively with mathematical geography
may be mentioned al-A‘lag al-nafisah (The Book
of Precious Things) of Ibn Rustah.

During the 4th/10th and 5th/1 1th centuries
geography developed extensively as actual obser-
vations of various parts of the world, accumulation
of earlier studies and continuous research by
Muslim scientists themselves made possible a
notable expansion of the horizons of geography.
Great historians such as Ahmad al-Ya‘qubi
also wrote on geography as an adjunct to history.
Natural historians like Abu’l-Hasan al-Mas‘adi,
who has been called the Muslim Pliny, combined
cosmology, history and geography in a single
encyclopaedia entitled Murij al-dhahab (Prairies
of Gold) which set an example for centuries to
follow.

‘T'his was also the period during which the
first Persian work on geography, called Hudid
al-‘alam (Limits of the World), was written by an
anonymous author based on the earlier work of
Abu Ishaq al-Istakhri who belonged to a class of
geographers like Abu Zayd al-Balkhi and Ibn
Hawqal. These latter figures tried to give a more

- distinct Islamic colour to geography and usually
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nce of Fars according to the map of al-Istakhri. llnuted themselves to Islamic lal'ldS.
caliphate the map of the world was A new chapter was also opened in the field
itled ‘the Ma’munic map’ (al-sarat of the geography of the seas during this formative
vvah), which is now lost but which was period as Arab and Persian sailors made extensive
.ou l-FHasan al-Mas‘adi who considered journeys to such far away lands as Java, Sumatra
- accurate than that of Ptolemy. During this and China, not to speak of India. From this sea-
U several other major works on geography faring there issued both popular tales and
Jprared on the scene, some written by philo- scientific descriptions contained in such works
plicrs such as al-Kindi and Ahmad al-Sarakhsi as the Akhbar al-Sin (Reports on China) and
ind others contained in the astronomical works of Akhbar al-Hind (Reports on India) of Sulayman
such men as Abu ‘Abdallah al-Battani, Abu’l- the Merchant and the famous ‘Aja’ib al-hind
‘Abbas al-Farghani and Ibn Yianus. These works (Wonders of India)'* of Buzurg ibn Shahriyar

were both descriptive and mathematical, the

df:b(.‘rlp tive works belng often in the form of Plate 17. Western Asia and the Eastern Mediterranean according to the map

itineraries such as the al-Masalik wa’ l-mamalik of of Ibn Hawqal.
Ibn Khurdadhbih,!® and the mathematical works Plate 18. Central Asia and Transoxiana according to the map of Ibn Hawaqal.
13. See F. E. Peters, Allak’s Commonwealth, New York, Jusqu’au miliew du 11¢ siecle, Paris, 1967, in which
'973> PP- 344f1. For Islamic geography in general see (pp. 4—33) special attention is paid to the diverse sources
Nafis Ahmad, Muslim Contributions to Geography, for the study of geography among Muslims.
LLahore, 1947; also S. Magboul Ahmad and Fr.
Laeschner, ‘Djughrafiya’, in Encyclopaedia of Islam 14. For this genre of writing in English translation see
\new edition). See furthermore, the important study of J. O’Kane, The Ship of Sulaiman, London, 1972.

A. Miquel, La geographie humaine du monde musulman

40
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The Islamic Sciences : The Qualitative Study of the Universe

1ap of Kerman and its vicinity.

muzi. The knowledge gained by these

rought Muslims face to face with the

ricies which existed in the Greek material

< inherited and had a role to play in the

yrtnesis the Muslims were able to make from

| Persian and Indian geography and their
vi1 observations and studies.

I'he height of Islamic geographical studies
of this early period is to be found in the writings of
the peerless Abt Rayhan al-Biraini, at once master
of mathematical, descriptive and cultural geo-
graphy. Not only is al-Birtni’s Takdid nthayat al-
uf{zﬁfein (The Determination of the Coordinates of
Czrz}‘,-*s)‘*"’ the foremost Islamic work on mathe-
matical geography, but throughout the incom-
parable India, the Chronology of Ancient Nations
and the Mas‘adic Canon numerous pages are

devoted to geography discussed with the precision

IS. Sﬁe‘e'al—Birﬁni, I'he Determination of the Coordinates of
(,mes,_trans. by Jamil Ali, Beirut, 1967. See also the
exteénsive and valuable commentary of E. S. Kennedy to
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Figure 17. A map of Palestine, Syria and the Lebanon.

and care that characterize all of the works of this
master scientist and scholar.

From the 6th/12th century until the begin-
ning of the European expansion during the
Renaissance marks the period of elaboration and
systematization in geography among Muslims
during which such cosmographical encyclo-
paedias as the Nukhbat al-dahr (The Selection of
the Age) of Shams al-Din al-Dimashqi and
‘Aya’b al-buldan (The Wonders of the Lands) of
Zakariyya’ al-Qazwini saw the light of day. But it
was also the age which saw original geographers
such as Abu’l-Fida’ and especially Aba ‘Abdallah
al-Idrisi, the Moroccan geographer who served
at the court of Roger II in Sicily, for whom he
wrote his Kitab al-rujari (The Book of Roger). The
world map prepared by al-Idrisi, based upon both
Hellenistic and earlier Islamic sources, marks the

this work, A Commentary upon Biruni’s Kitab Tahdid
Nikayat al- Amakin, Beirut, 1973.
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height of cartography in Islam and the apogee of
Islamic geography in this domain.

Also to this period belongs the incom-

paral_::ole geographical dictionary of Yaqit entitled
Mu‘jam al-buldan (Dictionary of the Lands),

which is still an indispensable tool of research for
modern scholars. This work incorporated a great
deal of local information which had been collected
within the works on local history and geography
so typical of this age. Of course not all the de-
scriptions of this period were local, for this was
also the age of great travellers, foremost among
them Ibn Battiitah, who set out from Tangiers
and_ reached as far east as India and possibly
China. In his remarkable Tuhfat al-nuzzar

16. See H. A. R. Gibb (trans.), The Travels of Ibn Battiutah,
2 vols., Cambridge, 1958-62.

17. See G. R. Tibbetts, Arab navigation in the Indian
Ocean before the coming of the Portuguese, being a

Plate 19. The Muslim lands of Western Asia according to the map of Kashgarli Mahmud.

Cosmology, Cosmography and Geography

(The Gift of Observers, usually known as T ravels)"
he provides extensive geographical and topo-
graphical information, not to speak of material on
history, religion, ethnography and the like, which
make of this work one of the most outstanding 1n
the mediaeval period.

Just before the advent of the European
Renaissance Muslims made notable advances 1n
nautical geography as seen in the well-known
a]-*Umdat al-mahriyyah (The Pillars of al-Mahri)
of Sulayman al-Mahri and especially Kizab al-
fawa’id fi usiul “ilm al-bahr wa’l-gqawa‘id (1he
Book of Benefits Concerming the Principles and
Foundations of the Science of the Sea) of Ibn
Maijid.'” The influence of works of this period 1n

translation of Kitab al-fawa’id fi usul al-bahr wa’l-
gawa‘id, together with an introduction on the history of
Arab navigation, . . . and a glossary of navigational terms,
[.ondon, 1971.
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the West is reflected in such meteoroiogical terms Some like I[bn al-‘Ashiq, the author of Manazir
as typhoon (from the Arabic {z?g)‘}:fnf) and monsoon al—-‘dlafn (Views of the W’orlf:i) followed the models
(from mazwsim). Ibn Majid also guided the boat of of earlier works like the A4ja’b al-makhligar (The
Vasco de Gama from Malindi in East Africa to Wonders of Creation) of al-Qazwini but added new
Calicut in India. But the very entrance of the material on Anatolia and the Balkans not found in
Portuguese upon the scene signalled the decline earlier Muslim sources. Others like the Khitay-
of Muslim sea power and also nautical geography namah (Treatise on China) of Sayyid ‘Ali Akbar
at least until the Ottoman period. Khita’i gave a fresh geographical description of
From the 9th/15th century onward geo- the journey to China.
graphical works continued to be written mostly in But the most amazing geographical con-
Persian by the Persians and Indians and also in tribution of this period is perhaps the carto-
Persian, Turkish and occasionally Arabic by the graphical works of Pir Muhyi al-Din Ra’is,
Ottomans. I'he most original geographical work produced in the early roth/16th century, con-
of the period belongs to the Ottoman writers. taining maps of Africa and America, which

: Ny - pp—p—
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Plate 20a
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continue to astonish modern scholars. The
second Ra’is, Sayyid ‘Ali, entitled Katib-1 Ruam,
also made worthy contributions to marine geo-
graphy in his al-Muhit (The Circumference). This
late Ottoman tradition of geography reached its
height with the Jihan-numa of the 11th/17th
century author Hajji Khalifah, which clearly
reflects the transition from mediaeval to modern
geography and which was completed and printed
in the 12th/18th century with the help of Euro-
pean sources. This work was contemporary with
the monumental Seyahat-namah (Travel Accounts)
of Ewliya Celebi in which a synthesis 1s made of
the geography of the day. In geography as in few
other fields Islamic science not only developed
and transmitted some of the fruit of its endeavours
to the West, but also drew from Renaissance and
even later Western sources before the onslaught
of the West upon the Islamic world. It also made
this transition in a manner that was not totally
disruptive as was the case in so many other of the
sClences.

Plate 20a. An Ottoman compass.

Plate zoc. A late Persian compass.

Cosmology, Cosmography and Geography

Plate zob. A Syrian compass.




Marfat.com

Figure 18. Europe and North Africa according to Piri Ra’is.
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As far as geodesy 18 concqnegl the Islgmic
ceographers made major contnbutwnsﬁ to 1t as
well. and in fact al-Birini may be Conmderec_i as
the founder of the science of geodesy.“ﬁ Muslims
were interested in mathematical studies of tl}e
features of the surface of the earth as well as in
determining the latitude and longitude of cities,
the height of mountains, the diameter of the
earth. etc., from the moment they inherited the
Greek, Indian and Persian works on the subject.
But they were also interested in some of these
problems for the practical purpose of orientatl:ng
themselves in the direction of Mecca and finding
the various times of day in order to perform the
prescribed prayers and to fast properly. Treatises
on how to determine the length of day abound in
Islamic languages, as do works on ways of deter-
mining the direction of Mecca from various
latitudes and longitudes.
But Muslims did not remain content with
only these problems, despite their central im-
portance. They spent much effort in refining

and other geographical features. Already
rhe 3rd/gth century they had measured a
- latitude at about 36°N to be 2877 feet
iemselves on simultaneous observations
ra and Raqgga. Al-Birtni, who devoted
teen books to geodesy and mathematical
improved on these measurements,

18. See S H. Barani, ‘Muslim researches in geodesy’,
Islamic Culture, vol. 6, 1932, pp. 363—-3609.

19. G. Sarton, An Introduction to the Haistory of Science,
vol. I1, Baltimore, 1931, pp. 41—42.

48

while Ibn Yianus, almost his contemporary,
devoted careful studies to the measurement of
longitudes. By the 7th/13th century Abu’l-‘Ali
al-Marrakushi had composed his Yami‘ al-mabadi
wa’'l-ghayat (Sum of the Beginnings and the Ends)
as well as his treatise on astronomical instruments
which caused Sarton to describe his works as ‘the
most important contribution to mathematical
geography —not only in Islam but anywhere.’1¢

As far as the measurement of the diameter
of the earth is concerned the Muslims knew
earlier Greek and Indian methods. But a new
effort at measurement was made in the Sinjar
plain of Syria in the 3rd/gth century by a team
under the direction of the sons of Miisi ibn
Shakir which improved upon the earlier measure-
ments. Likewise, the astronomers al-Battini and
al-Farghani measured the diameter of the earth.
But again it was al-BirGini who in several of his
works described means of measuring the diameter
of the earth and finally carried out the method
himself while in India, coming up with the answer
of about 25,000 miles, which would have been very
accurate if the earth were not a geoid.2° Al-Biriini
also devised ingenious methods of measuring
mountains and other elevations so that he truly
deserves to be named the founder of geodesy, a
science which numerous Islamic geographers and

astronomers pursued in the centuries which
followed him.

20. See S. H. Nasr, An Introduction to Islamic Cosmo-
logical Doctrines, pp. 128—130. Also S. H. Barani, 1bd.

il
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Chapter 1V

Natural History

Geology - Mineralogy -
Botany - Zoology

The analytical approach of modern science
during the past few centuries and especially since
the nineteenth century has eclipsed almost com-
pletely the knowledge of the unity and inter-
relatedness of the natural order, a unity to which
in fact science has turned its back in quest of ever
more refined quantitative knowledge. As a result,
natural history, which embraces the various
‘kingdoms’ of nature in a global view based upon
their undeniable organic unity, has been nearly
forgotten despite the long tradition of natural
history in the West. Only the -catastrophic
ecological crisis which has come to the surface
during the past decade has caused a belated
interest, within certain circles, in natural history
as the repository of a wisdom concerning nature, a
wisdom of which the modern world is in pro-

found need if it is to regain the vision of nature
as a totality and an organic whole.

I. On Islamic natural history see S. H. Nasr, ‘Natural
History’, in M. M. Sharif (ed.), A History of Muslim
Philosophy; also E. Wiedemann, Aufsatze zur Arabi-
schen Wissenschaftsgeschichte, 2 vols., Hildesheim, 1970,

in which numerous articles are devoted to various
aspects of natural history.

In Islamic civilization, natural h:
always played a central role as the integras
all-embracing matrix within which p:
descriptive sciences of nature have |
vated, frorn mineralogy to zoology. It has
to integrate particular forms of knowledge o
natural order into universal principles of a mei
physical and cosmological nature. And ha
sought to study nature not only with respect to
other physical and biological forms and vis-a-vis
man’s relation to these forms but most of all as the
‘signs’ or ‘portents’ (ayat) of God to be contem-
plated rather than simply analyzed.’ It has nur-
tured a perspective which is close to that of such
Western scientists as Jean Bodel and John Ray,
who studied nature as the vestigia De: and wrote
on natural history for the ‘glory of God".

Muslim writings on natural history range
from encyclopaedias such as the ‘Uyun al-akhbar
(The Most Essential Information) ot Ibn Qutay-
bah? to the cosmographical compendia of such
men as al-Qazwini and al-Dimashqi, to historico-
cosmographical works such as those of al-

2. The zoological section of this important early encyclo-
paedia of natural history has been rendered Into
English. See F. S. Bodenheimer and L. Kopf, [he
Natural History Section from a Ninth Century ‘Book of
Useful Knowledge’, The ‘Uyun al-Akhbar o [bn
Qutayba, Paris, 1949.

49



The Islamic Sciences : 1he Qualitative Study of the Unmverse
4 oL

- R i bl

literary works such as those of al-
losophical treatises such as the Shifa’
} Healing) of Ibn Sina, in which major

re devoted to the subject. The treatises
ral history also vary as to content, some

3. I'he Muslims inherited the traditions of natural history
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of both the Greeks, principally Aristotle and Pliny, and
the Indians and Persians. The latter school emphasized
likewise the moral and spiritual lessons to be learned
rom nature. This type of natural history was trans-
mitted to Islam most of all through the Kalilah wa
()zmnah (The Tales of Bidpai) which was translated
from Sanskrit into Pahlavi, from Pahlavi into Arabic

and from Arabic into Persian and many other languages
both Islamic and Western.

. See S. H. Nasr, An Introduction to Islamic Cosmo-

hﬁ:gigqf Dnctrines, pp. 4ft.; also Nasr, Science and
Civilization in Islam, chap. 13.

emphasizing descriptions of nature, others sym-
bolic and mythological narratives, and yet others
the cosmological and philosophical aspects of the
study of nature. But they are all united in their
interest in the interrelation between natural
forms, the inner forces (nafs or ‘soul’) which
governs each kingdom and the significance of
natural forms as guideposts to a knowledge
beyond the world of nature, this being both
metaphysical and moral. Muslim natural his-
torians were thus concerned, beyond their de-
scriptive studies of animals, plants, rocks and
mountains, with both the symbolic significance
of the natural world and the lessons man can
learn morally and spiritually from the study of
natural forms.?

The underlying theme of the works on
natural history, which recurs over and over again,
is the ‘three kingdoms’ (mawalid) and the various
‘souls’ which dominate, move and determine the
life patterns of each kingdom. The Muslims
adopted elements from Aristotle and other
Greek sources and integrated them into a total
science of the Universe which embraced the whole
‘chain of being’, beginning with the angels and
ending with the saint in whom creation returns to
its source.? It was in fact Ibn Sina who in his
Shifa’ treated all the three kingdoms systematic-
ally for the first time in a single work, adding to
the zoological studies of Aristotle and the botany
of Theophrastus his own study of the mineral
kingdom which in its Latin version as De Mine-
ralibus was considered for many centuries in the
West to be a work of Aristotle.?

As for the various souls and their faculties,
this doctrine was also adopted from the works of
the Alexandrian commentators upon the De
Anmima of Aristotle but was elaborated and

5. See E. J. Holmyard and D. C. Mandeville, Avicennae.
De congelatione et conglutinatione lapidum, being sections
of the Kitab al-Shifa’, Paris, 1927. Muslims strangely
enough did not have a thorough knowledge of the
Botany of Theophrastus, in contrast to the zoological
works of Aristotle, which they knew well. But that did
not prevent them from integrating the science of the
world of plants and animals as envisaged separately by
the earlier Greek scientists into a whole embracing all
the three kingdoms.
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systematized by Muslim philosophers, especi-
ally al-Farabi and Ibn Sina. The ‘faculty psy-
chology’ of Muslim philosophers and natural
historians meant that the life-giving force found
within nature came from a reality beyond the
material world itself. In fact the various ‘souls’
are so many aspects and powers of the one World
Soul which is responsible for the qualitative dif-
ferentiation between forms and their life patterns.
Otherwise the material aspect of natural forms 1s
no more than so many combinations of the four
elements, fire, air, water and earth. It is the wed-
ding of a particular soul to each combination of
the elements that constitutes its particular charac-
ter and gives each being its distinct features, just
as from another point of view the totality of each
natural form is a reflection of an archetype
belonging to the spiritual empyrean.

The various faculties of the souls which
dominate the three kingdoms can be summarized
as follows :°

WORLD SOUL

Animal soul Vegetative soul Mineral soul
Power of Power Of Power of
reproauction growth teeding
Power of Power of Power of
comprenension motion consolidation
Power of Power of
motion of desire
poay
Power of Power of
anger lust

6. The most extensive treatment of the various faculties in
Islamic sources is to be found in the Tabi‘iyyatr of the
Shif@ of Ibn Sina. See J. Bakos§, La psychologie
d’ Avicenne, Prague, 1956. Also E. Gilson, ‘Les
sources gréco-arabes de ’augustinisme avicennant’, in
Archives d’Histoire Doctrinale et Littéraire du Moyen

Age, vol. IV, 1929, pp. 5—149. See also Nasr, ‘Natural
History’, p. 1326.

7. On the main geological ideas of the Ikhwan al-Safa’,
al-Birtini and Ibn Sina see Nasr, An Introduction to

Natural History

Each mineral, plant and animal possesses
some of these faculties and grows in perfection to
the degree that these faculties become more fully
manifest in it. Only in man are all these faculties
present in their fullness in addition to the
‘rational faculty’ (al-nafs al-natigah) which dis-
tinguishes man from the animals 1n a funda-
mental and not just an accidental manner.

Geology

The home of the above-mentioned king-
doms 1s the earth, so Muslim natural historians
usually turned to a study of geology before dis-
cussing any of the three kingdoms. It 1s sur-
prising to realize how many geological observa-
tions and ideas which came to be substantiated
during later centuries were already known
Muslims. Of course the Muslim scientists
operated within a deistic world 1n
hands of God were, so to speak, cut oil ©
creation. They therefore did not need
course to such hypotheses as unifor:
and ‘horizontal’ biological evolution
ade as scientific ‘facts’ today but
reality a means by which secularized ma:
gap created by his banning of the Divii
from the natural order.

Muslim writings on geology, wi
usually found in the same sources as U
natural history and of course also 1 works
mineralogy, show a clear understanding of &
gradual character of geological change, of the majo
transformations which have taken place on the
surface of the earth, including the changing of
lands into sea and of sea into land, of the impor-
tance at the same time of many cataclysms such as
violent earthquakes, which have transformed the
sculpture of the surface of the earth, and of the
importance of rocks as a record of the earth’s geo-
logical history.” Concerning the importance ot
records contained in rocks, al-Birtini, one of the
foremost of Muslim geologists, writes, “We have

Islamic Cosmological Doctrines, pp. 87—-88; 141—-144;
244—246.

As far as earthquakes are concerned many special
works have been devoted to them. See for example
Jalal al-Din al-Suyuti, Kashf al-salsalah ‘an wasf al-
~alzalah, ed. by ‘Abd al-Latif al-Sa‘dani, Fez, 1971.
Translated with annotations by S. Najjar as ‘Kasht
ac-calcala ‘an wacf az-zalzala (Traité du tremblement
de terre)’, Cahiers du Centre U nmiversitaire de la Recherche
Scientifigue (Rabat), no. 3, 1973-74.
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to rely upon the records of rocks and vestiges of
the past to infer that all these changes should have
taken place in very very long times and under un-
known conditions of cold and heat.™®

Muslim students of geology were also fully
aware of the origin of fossils. Usually in Western

histories of geology and palaeontology it 1s men-
rioned that after millennia of confusion concern-
ing the origin of fossils, suddenly in the 12th/18th
century a clear scientific explanation was pro-
vided. Actually nothing could be further from the
truth if Islamic sources are taken into account.
The Epistles of the Brethren of Purity written in
the 4th/10th century had already described fossils
as remains of sea animals which had become petri-
fied in a place which 1s now land but which had
been a sea 1n bygone ages.

Similarly, Muslim scientists were fully
aware of many major geological phenomena such
as weathering, the difference in the degree of
resistance of various mountain formations to the
veathering process, the accumulation of sand
created by wind and water 1n their endless action

pon rocks, and finally the coming into being of
nmentary rocks through this process. Ibn Sina
oed carefully his own observations along

of the River Oxus concerning the
rification and solidification of clay,

>d the formation of sedimentary rocks

ps the most remarkable geological

ever made by a Muslim scientist,

al-Biruni’s identification of the

in India as a sedimentary deposit.

lving extensively all aspects of India

1g its natural forms al-Birini wrote in his

vork T'ahqiq ma I?’l-hind (India): ‘One of

lains 1s India, limited in the south by the
mentoned Indian Ocean, and on three

sides by lofty mountains, the waters of which
How down to it. But if you see the soil of India
with your own eyes and meditate on its nature, if
you consider the rounded stones found in the
carth however deeply you dig, stones that are
huge near the mountains and where the rivers
have violent current, stones that are of smaller

8. Z. Validi Togan, Biruni’s Picture of the World, Memoirs
of the Archaeological Survey of India, vol. 53, Calcutta,
1937-1938, pp. 57—58.

9. See N. Site* al-Hosri, ‘Les Idées d’Avicenne sur la

geologie’, Millénaire d’Avicenne, Congrés de Baghdad,
1952, PP. 454—463.
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size at a greater distance from the mountains and
where the streams flow more slowly, stones that
appear pulverized in the shape of sand where the
streams begin to stagnate near their mouths and
near the sea — if you consider all this, you can
scarcely help thinking that India was once a sea,
which by degrees had been filled up by the
alluvium of the streams.’1°

One cannot discuss geology among Mus-
lims without mentioning their special interest
in underground waters and water systems. This is
particularly true of Persia where Islam inherited
the vast underground water system (ganats) from
the Sassanids. But Muslim scientists did not
remain content simply with the practical applica-
tions of this system to agriculture. They also
made scientific studies which are related to both
hydrology and geology, one of the most remark-
able being that of al-Karaji (usually known as
al-Karkhi).! In the work of al-Karaji, as in similar
treatises, one observes that wedding between
theoretical and practical knowledge and also
between various disciplines ranging from mathe-
matics to geology which characterizes Islamic
science in all its major facets.

Mineralogy

The study of the three kingdoms usually
begins with mineralogy, which in Islam is
closely interrelated with alchemy, chemistry and
metallurgy on the one hand and medicine on the
other. Works concerned with mineralogy in
various Islamic languages are usually lapidaries
with numerous references not only to mineralogy
but also to petrography and metallurgy. More-
over, works on alchemy are also concerned with
mineralogy, and often it is not easy to draw a
clear distinction between them. Even the term
hajar (stone) which is used in the title of many
lapidaries also refers to the Philosophers’ Stone
and i1s as much of a petrographical term as an
alchemical one.

The Muslims inherited a vast literature on
mineralogy and related fields from the Greeks,
Persians and Indians, works or fragments associ-

10. Alberuni’s India, trans. by E. C. Sachau, London, 1910,
vol. I, p. 198.

11. See al-Karagi (Mohammad), La civilisation des eaux
cachees, traduit par A. Mazahéri, Nice, 1973.
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ated with such names as Sokatos, Xeuskrates, Bolos
Demokritos and Alexander of Tralles, as well as
7oroaster, Jamasp and Mantchihr. Moreover,
such important medical and pharmacological
sources as Dioscorides and Galen, and religious
works such as the Pahlavi Datastan-1 denik, served
also as sources of knowledge of mineralogy among
Muslims. But the two most important and
influential works which determined much of the
colour of lapidaries written by Muslims are the
Lapidary of Aristotle, which exists in many recen-
sions,!? and the pseudo-Aristotelian Kitab siurr
al-asrar, whose Latin translation by Roger Bacon
under the title of Secretum Secretorum was well
known in the West. Both works are compilations
from Persian, Syriac and Greek sources of late
Antiquity having little to do with the mineralogy
of the immediate school of Aristotle. Both deal
primarily with the occult properties of sub-
stances, especially minerals.!?

Works written by Islamic scientists and
scholars on mineralogy and related fields begin in
the 3rd/gth century with two treatises by the
philosopher-scientist al-Kindi, Risalah fi anwa’
al-jawahir al-thaminah wa ghayriha (Treatise on
Various Types of Precious Stones and Other
Kinds of Stones) and Risalah fi anwa* al-hyarah
wa’l-jawahir (Treatise on Various Types of Stones
and Fewels). Al-Kindi also wrote an important
treatise on metallurgy and the art of making
swords, this being the first book of its kind in
Arabic.'* These works were followed by treatises
on the subject of minerals and stones by al-Jahiz,
Nasr ibn Ya‘qub al-Dinawari, the philosopher
and physician Muhammad ibn Zakariyya’ al-
Razi, the Ikhwan al-Safa’, who devoted one of
their Epistles to it, and Muhammad ibn Ahmad

12. See J. Ruska, Das Steinbuch des Aristoteles, Heidelberg,
1912.

13. On the sources for Muslim mineralogical works see

M. Ullmann, Die Natur- und Geheimwissenschaften im
Islam, Leiden, 1972, pp. 95ff.

14. The treatise is called Risalah fi anwa‘ al-suyif al-hadid
(Treatise on Various Kinds of Steel Swords). See A
T'reatise on Swords and Their Essential Attributes, a
Rare and Original Work of al-Kindi, the Great Arab

Philosopher, ed. by R. M. N. Ehsan Elahie, Lahore,
1962.

15. For a scholarly and thoroughly documented history of
mineralogy among Muslims see Ullmann, op. cit.,

pp. 1 14ff.

Natural History

al-Tamimi whose Kitab al-murshid (The Guide-
Book) 1s a major work on minerals, stones and
metals and is quoted by numerous later authors.*”
But the most outstanding works in this
field belong to Ibn Sina and al-Birtuni. The first
dealt extensively with the process of generation
and the description of metals and minerals and
their classification in his Shifa’ (The Book of
Healing)'® and also in the second book of the
Qanun (Canon); the second wrote the Kitab
al-jamahir fi ma‘rifat al-jawahir (The Book of the
Multitude of Knowledge of Precious Stones), which
1s considered by many as the most notable Mushim
work on the subject.!” In this unique work, al-
Birini combines the philological, mineralogical,
physical, medical, and even philosophical ap-
proaches, and he studies minerals from all these
points of view. He even makes careful measure:
ments of the specific weights of minerals, soir
thing which belongs more to the realm of ph
than mineralogy and which we shall
treat later, in our chapter on physics.
Contemporary with al-Birtuni 1
4th/1oth and the sth/rith century
mineralogy began to appear in the Maghrib, 1
Maslamah ibn Waddah al-Qurtubi '
devoted a major section to minerals in his Kaw.
al-hada’ig wa riyad al-haqa’iq (The Gard
Gardens and Meadow of Truths). Even the gre:
Andalusian Sufi Ibn ‘Arabi devoted a chapte:
the esoteric qualities of stones in his 7adbiral
al-ilahiyyah fi 1islah mamlakatr al-insaniyvar
(Divine Measures for the Restoration of the
Human Kingdom).

16. See Holmyard and Mandeville, De congelatione et
conglutinatione lapidum. 1bn Sina divided minerals ir?tn
four classes (agsam): stones (ahjar), sulphurs (kabarit),
salts (amlah) and solubles (dha’ibat).

17. For this reason numerous studies have been devoted to
various aspects of this work. See for example, | 3 le*en—
kow, ‘The Chapter on Pearls in the Book of Precious
Stones by al-Biruni’, Islamic Culture, vol. 15, 1941,
pp. 399—421; and vol. 16, 1942, pp. 11-36; zfnd Tgk1
al-Din al-Hilali, ‘Die Einleitung zu al-Birtunis Stein-
buch’, in Sammlungen orientalistischer Ar'bt’:flft??f, Hest 7,
Leipzig, 1941. For other studies on this work see
Ullman, op. cit., p. 121, ft. nt. 1; and S. H. Nasr,
al-Biruni : An Annotated Bibliography, Tehran, 1974,

pPp. 87-94.
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Work on mineralogy continued in the 6th/
r2th and 7th/13th centuries with treatises by
such men as Abu’l-‘Abbas al-Tifashi, Nasir
q]-Din al-Tusi and Abu’l-Qasim al-Qasani (Ka-
shini).!’® Likewise, the compilers and cosmo-
oraphers who followed, such men as al—Qazwini,
Hamdallih Mustawfi, Shams al-Din al-Akfani,
I'bn al-Athir, Ibn al-Jawzi and Da’tid al-Antaki all
devoted sections of their writings to mineralogy,
drawing mostly from the earlier sources of the
4th/1oth and 5th/11th centuries.

Even after the Muslim world became
divided into several empires, works in this field
continued, often of a more local character, but
nevertheless based on the earlier sources, which
were widely known throughout the Islamic
world. In the oth/i1sth century the Persian
scientist Muhammad i1bn Manstur Shirazi, who
lived in India, wrote a treatise in Persian on
precious stones, and in the 12th/18th century the
Persian Sufi and scholar Shaykh ‘Ali Hazin, who
had also migrated to India, continued this tradi-
tnon with another Persian work, this time on
pearls. In the Ottoman world also works of this
<ind were written, such as the treatise of Yahya

“iuhammad al-Ghaffari, in Turkish but based
cxt of 'I'tsi, and that of Muhammad ibn
rak al-Qazwini, written in Persian for

1m 1. In Persia itself most of the interest

logy 1n this later period was in the

~either medicine or alchemy. As for the

najor work on the subject appeared in

7th century by Imam Ahmad al-

no drew heavily upon al-Antaki. This

nas survived to this day in the Islamic

folk” medicine, in the use of jewels and in

other aspects of daily living, while the theo-

oundations of this ancient science of

incrals became gradually replaced by modern
neories in the 13th/19th century.

1'he Muslim lapidaries are based on a view
of the Universe very different from that of modern
science and cannot be understood if seen only
trom the perspective of a purely quantitative
science. In these works the qualitative aspect of
stones 1s as real as their quantitative aspect. The

IR, ?{}[h Tasi and Kashani wrote in Persian, the first the
/ ufffe.w.?f'ehndma-y'." Ilkhani (The Il-khanid Treatise on
f'v’_fme?fu!ﬂgy ) and the second ‘Ara’is al-jawahir wa
naf a ‘s al-atayib (Brides of Jfewels and Gems of Delicacies)
which also contains an important section on the tech-

nology ﬂf_tiles. But it seems that both works are based
onan earlier sth/11th century model.
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colour, brilliance, texture and form of a stone

belong as much to its ontological reality as do its

weight or size. Moreover, there is a sympatheia

between various orders of being which cannot be

reduced to external, measurable relations and

which determines the role of certain stones in

calming the soul or causing joy or evoking other

psychological states. If these treatises wander
from ‘scientific’ descriptions of a particular stone
to occult properties which appear as fantasy from
the point of view of modern science, it is precisely
because modern man has lost sight of that
sympatheia between various objects and levels of
cosmic existence which causes interactions and
effects to take place, effects which cannot be
determined by quantitative means alone. The
‘science of the properties of things’ was never
limited in the Muslim mind to what was measur-
able, although it naturally included this aspect of
things. Rather, the ‘science of the properties of
things’ (“2lm khawass al-ashya’), which is so
closely interwoven with mineralogy, is based on a
vast vision of reality according to which the out-
ward and the inward, the manifest and the occult
aspects and propertié€s of things, are all real and
react with each other and with man in a Universe
through whose arteries the Spirit never ceases to
flow.

Botany

As 1n mineralogy so in botany the Muslims
inherited a vast body of knowledge from Greek,
Roman, Babylonian, Persian and Indian sources
which they synthesized and made the basis for
their own studies of the plant world. Muslim
interest in plants was extensive for both agricul-
tural and medical reasons. In fact in the earliest
Muslim works on the sciences such as the Kitab
al-hudud (The Book of Limits) of Jabir ibn
Hayyan, botany (‘7/m al-nabat) and agriculture
(“tlm al-filahah) are classified together and only
later appear as separate sciences. Likewise, the
earliest pharmacological studies are inseparable
from the study of botany.'®* Moreover, Muslim
studies on botany range from the most ‘scientific’
descriptions to the study of the occult properties

19. On the history of Islamic botany see H. F. Meyer,
Geschichte der Botanik, vol. III, Konigsberg, 1856;
F. Sezgin, Geschichte der Arabischen Schrifttums, vol.
IV, Leiden, 1971, pp. 303ff.; M. Ullmann, Die Natur-
und Geheimwissenschaften in Islam, pp. 62ff.
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Plates 23 and 24. Illustrated pages of the mineralogical section of a treatise on the Ikhtiyarat-1 badi'i ot "Alll
Zayn al-*Attar.

. . 1
i T
: | e e e i .
il Rl ey AL U, RS .,=-.-|-
: ':.'_"_‘. Sl 1.-"'-."1""-1"."""' b 'h- . .

L

-




The Islamic Sciences : The Qualitative Study of the Universe

of plants, as well as their symbolic and spiritual
significance in the cosmos. ‘

- The most important pre-Islamic sources
from which Muslim botanists drew information
include the Book of Agriculture of Pseudo-
Apollonios, an agricultural treatise attributed to
Demokritos, the works of Aristotle and Theo-
phrastus, the famous and influential De Plantis
also attributed to Aristotle, the pharmacological
works of Dioscorides and Galen, as well as the
writings of Apollonios of Tyana. Of special
significance for the rise of both botany and
nériculture 1s the Nabataean Agriculture of Ibn
Wahshiyyah, concerned with ancient agricul-
tural practices of the Near East combined with
considerations belonging to the occult sciences, a
work which exercised an immense influence upon
later Muslim authors.? Mention must also be
made of Persian botanical knowledge, which
reached the Muslims through both oral trans-
mission and the pharmacopoeia.

[slamic works on botany begin in the
nd/8th century with the treatises of Jabir ibn
:ayvan on botany and agriculture. Also the

(0logists and grammarians of this period such

.0Ou Nadr i1bn Shumayl and Abi Zayd al-
‘rom Basra and Ibn al-Sikkit from Kufa
csted 1n plants and assembled informa-
their morphology and properties as
mes. Of a similar nature is the Kizab
@'l-shajar (The Book of Plants and

\bu Sa‘id al-Asma*i.
rom the 3rd/gth century onward medical

N Arabic also begin to appear with 1Mpor-

ons devoted to plants and their medical
Lhe Firdaws al-hikmah (Paradise of
of “Ali ibn Rabban al-Tabari is note-
irom this point of view as are several

s of Hunayn ibn Ishaqg and during the

owing century of Razi, Ibn Juljul and ‘Ali jbn

‘Abbas al-Majsi.

But the most important botanical treatise
of the 3rd/gth century is probably the Kirab
al-nabat (The Book of Plants) of Abt Hanifah
al-Dinawari. This work, which combines 31
philological, historical and botanical approach in
20. There is a strange combination of astrology, magic and

botany in this work which has attracted many Western

as well as Muslim scholars to its study. For a summary
of present-day knowledge of Ibn Wahshiyyah see

Sezgin, op. cit., PpP. 318-329. See also J. Hammer-

Purgstall, Ancient Alphabets and Huieroglyphic Charac-

ters Explained, with an Account of the Egyptian Priests,
their Classes, Initiation and Sacrifices, [London, 1806.

its study of plants, is marked by its thoroughness
and the care taken in the description of each speci-
men. It was read widely by later authors and has
been quoted numerous times over the centuries.

In the 4th/1oth century several philo-
sophical studies of plants appeared. The Ikhwan
al-Safa’ devoted one of their Epistles to the
morphology, genesis and manner of growth of
plants as well as the numerical symbolism of their
various parts and their place in the total cosmic
order. Likewise, Ibn Sini in the seventh chapter
(fann) of the Tabi‘tyyar (Natural Philosophy) of
his Shif@ (Book of Healing) dealt extensively with
plants from both a philosophical and scientific
point of view.?! In Spain also the philosophers
were interested in botany. Ibn Bajjah was an
authority in this field and wrote two works on the
subject, the Kitab al-tajribatayn (The Book of the
l'wo Experiences) dealing with the medical proper-
ties of herbs and the Kitab i’ I-nabat (The Book on
Plants) with their physiology. Even Ibn Rushd
had a special interest in botany and wrote a
commentary on the De Plantis.

Andalusia and the Maghrib in general
were also witness at this time to a series of major
works related to plants, but from either the
agricultural point of view, as with Ibn al-‘Awwam,
or the pharmacological perspective, as with al-
Ghafigi and Ibn al-Baytar. But these works are so
important for botany itself that they must be
mentioned here, although they are concerned,
properly speaking, with other disciplines. These
works systematized Muslim botanical knowledge
up to the 6th/12th and 7th/13th centuries and are
especially strong in their descriptions of the flora
of Andalusia. Similarly in works that appeared at
the same time in the eastern lands of Islam
emphasis is naturally placed upon the flora of
those regions. For example, the Kitab al-i‘tibar
(T'he Eastern Key) of ‘Abd al-Latif al-Baghdadi?2
1s particularly rich in its description of the plants
of Egypt.

Plate 25. The opening page of the treatise on simples (drugs) by Ibn
al-Baytar,

Plate 27. An illustration of an anthropomorphous flower from a Persian
botanical treatise.

Plate 28. Vine from a Persian botanical treatise.

21. Ibn Sina of course also dealt with plants in his pharma-
cological studies as did al-Birtini in his a/-Saydalah.
But these works will be treated later in the chapter on
medicine.

22. See The Eastern Key — Kitab al-ifadah wa’l-i‘tibar of
‘Abd al-Latif al-Baghdadi, trans. by Kamal Hafuth
Zand and John A. and Ivy E. Videau, LLondon, 1965.
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Plate 26. An illustration of a variety of sorrel.
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From the 8th/14th century onward com-
pilations of earlier studies and encyclopaedic
works began in botany as in so many other fields
of the Islamic sciences. The encyclopaedias of
al-Qazwini, Shams al-Din al-Nuwayri, Ham-
dallah Mustawfl, the Tuhfat al-‘aja’ib (The Gift of
Wonders) attributed to Ibn al-Athir, al-Juzuli,
‘Umar ibn al-Wardi and many others devote
special chapters to the study of plants, basing
themselves mostly on the earlier studies mentioned
above.

During the later Islamic centuries, the most
important works of botany appeared mainly 1in
Persian but also in Arabic and occasionally Urdu
in the Indian sub-continent, where the profusion
of vegetation offered a new opportunity for Mus-
lim botanists to add a fresh chapter to the history
of Islamic botany. Most of these later works have
been neglected until now by the outside world, and
even by scholars of other Muslim countries. But
they display by their number as well as quality the
richness of this later phase of botany which,
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while basing itself on the i1deas of earlier Islamic
botany, found itself in a new environment with a
richness of flora and fauna not encountered by the
earlier masters of this science who were ac-
customed to the drier climates and less varied
plant life of Persia and the Arab lands.

Muslim studies on botany deal mostly with
such questions as the classification of plants, their
physiology, genesis and modes of growth, the
description of their parts, their relation to geo-
graphical and climatic conditions and their medi-
cal as well as ‘occult’ properties. Also Muslim
authors insisted upon studying the plant world
with the aim of drawing spiritual and moral
lessons from i1t as well as of contemplating its
forms as parts of the vestigia Dei. 1t 1s noteworthy
to remember the importance of plants in the
Islamic paradise, the participation of plants in t!
resurrection discussed so emmw“-,, by |
Sadra and others and the role of styliz
the sacred art of Islam. The spiritual
of trees and flowers 1n Persian and

A--'ihﬁ b ,:n.hf“&..-'" é«.!; -
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Figure 19. An illustration of the thistle.
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dens, or in Arabic and Persian poetry, as we!l as in
other aspects of Islamic art and in fact in the
general life of Muslims, is inseparable from those
aspects of botany which deal with t}le physical
and medical properties of herbs. It1s in fact all of
these aspects together, from the most outward

physical descriptions to the esoteric signiﬁc?nce
of the tree of Paradise, which together constitute
the science of plants (‘z/m al-nabat) as it came 1nto
being and developed in the Muslim world over the

centuries.

Zoology o
The study of zoology in its broadest sense

among Muslims involves nearly every facet of

Islamic civilization, from jurisprudence to litera-

ture and from art to medicine. Not only did the

Muslims have an intimate acquaintance with the

life and habits of domesticated animals, which in

fact provide to this day the basis for the life of

nomads — whether they be in Morocco, Arabia, or

“ersia — but they also lived with the animal king-

an intimacy which permitted its world to

o inmost chamber of Islamic spirituality

ssed in art and literature and as depicted

v in the role played by animals in both

4 and in eschatology. The very act of

rough which alone a Muslim can feed

.nimal kingdom, has sanctified animal

ushims, and the injunctions of the

wve placed many duties and responsi-

n the shoulders of man in his treat-

nimals. And even beyond everyday life

‘unlity to man animals play an important

ne Islamic paradise and also in this world

's of various spiritual realities and as theo-

Many Western scholars have assumed

2t since Muslims did not produce systematic

works on zoology, they lacked substantial know-

‘edge of the animal kingdom. Such a superficial

judgment limits the study of animals solely to the

model developed later in the West. It is as if one

were to say that the American Indians knew

nothing about eagles because they did not write

treatises on their anatomy, whereas in reality

their knowledge of what an eagle really is tran-

scends infinitely all the zoological treatises written

on this solar bird. The same is true mutatis

mutandis of Islam, although Muslims in addition

to their symbolic study of animals also did write
‘scientific’ treatises about them.

The pre-Islamic Arabs already had much

knowledge of certain animals such as the camel

60
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and the horse, as did the Persians, who were also

to make major contributions to zoological studies

during the Islamic period. The Muslims in

general inherited three different traditions con-

nected with the animal kingdom: the pre-Islamic
Arabic, the Graeco-Alexandrian and the Indo-
Persian. The early Arabic tradition combined
interest in animals with questions of philology
and genealogy. The Graeco-Alexandrian sources
included a treatise on zoology attributed to
Hippocrates, the Historia amimalium of Aristotle
translated into Arabic by Yahya ibn al-Bitrig, the
treatise on animals of Theomnestos of Magnesia,
the Sirr al-khaligah (The Book of the Secret of
Creatures) attributed to Apollonios of Tyana and
certain Byzantine works.

The Indo-Persian tradition differed pro-
foundly from the Greek, especially from the
detailed descriptive and analytical works of
Aristotle. The Oriental sources on animals were
more concerned with the spiritual and moral

Plate 31. The lion and the jackal from the Kalilah wa Dimnah.
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Plate 32. Elephants from the Kalilah wa Dimnah.

Plate 33. Owls from the Kalilah wa Dimnabh.
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The Islamic Sciences : 1he Qualitative Study of the Universe

e e Gaibal IR ﬂ.m anatomy and in :'-.animal psychology. In fact had his treatment of
classification of animals. The main work _belnng-— animals been more orderly he would have been
ine to this tradition, namely the Kalilah wa worthy — to quote PellaF, the well-known modern
Dimnah (Tales of Bidpai), which became a major Western authc)l:lty on him - to st:and as one of the
literarv masterpiece of both Arabic and Persian, foremogt conFrlbutorS to the science of zoology
reveals clearly the concern to learn not oqu about along with Arlsgotle and Buffon:ﬁﬂ

but also from animals and to study animals as The philosopher al-Kindi was also in-
creatures who share in man’s ultimate destiny and terested in zoology and wrote several treatises on
who have much to teach man concerning the animals, as was his successor al-Farabi, who in his
wisdom of God and man’s duties on earth. classification of the sciences considered zoology

The Islamic tradition of zoology came into as an independent discipline. But in the 3rd/gth

being by unifying the traditions Islam inherited and early 4th/1oth century the most important
from the Greeks, the pre-Islamic Arabs and the contributions to zoology still came from compilers
Indo-Persian world.*® The earliest works dating and natural historians rather than philosophers.
from the 2nd/8th century were mostly lexico- This was the period when Ibn Qutaybah wrote his
graphical in nature and were concerned especially ‘Uyun al-akhbar (The Most Essential Information)
with camels and horses. During the 2nd/8th and with an important section devoted to zoology?2
3rd /oth centuries, philologists from both Basra and when the ‘Aja’ib al-hind of Buzurg ibn
and Kufa, men like Ab Nadr ibn Shumayl, al- Shahriyar Ramhurmuzi described for the first
Asma‘l, Ibn al-A‘rabi, Abu ‘Ubayd ibn Sallam time in the Islamic world many exotic animals
and Abtu Hatim al-Sijistani, all wrote on zoology .24 belonging both to the Indian world and to the
[Likewise, many of the Mu‘tazilite theologians of mythology connected with that world. This is also
“his period, such as the well-known figures Bishr the period when the influential Kitab nu‘iit
I-Mu‘tamir and Abu Ishaq al-Nazzam, al-hayawan (The Book of the Qualities of Animals)
©d special interest in zoology. attributed to Aristotle was assembled.

Sut of course the foremost Mu‘tazilite From the middle of the 4th/10th century
no wrote on zoology was the celebrated onward, however, philosophical works became
wure al-Jahiz, whose Kitab al-hayawan the main repository for zoological studies. One of

f Ammals) 1s the most famous of its the longest epistles of the Ikhwan al-Safa’ is de-
lam. Al-Jahiz assembled all the know- - voted to animals. In this important treatise the
cxisted before him from Arabic and Ikhwan make a profound study of animals in the
vell as Greek sources. He knew the total chain of being and also classify them accord-
wristotle and in fact referred to him and Ing to several criteria, including the number of
ticized him. For al-Jahiz the goal of the senses each animal has developed, the way each
0oology could not but be the demonstra- species 1s generated and the habitat of each
he existence of God and the wisdom species. They also analyze in detail the organs of
1tin His creation. Al-Jahiz made of zoology many animals according to a perspective which is
ich of religious studies without, however, thoroughly teleological and which combines the
maining  oblivious to natural and scientific approach of Aristotle with that of the Indo-
observations of the animal kingdom. He studied Persian sources.?” Moreover, they devote a long
about 350 animals, which he described and classi- section, exceptional in length alone within all the
fied into four categories according to the way they epistles, to ‘the dispute between man and the
move. He was also, like Aristotle, much interested animals’. This beautifully written story, which is

23. On the sources and history of zoology among Muslims 25. See Pellat, op. cit., p. 312.

see “hayawan’ by Ch. Pellat et al. in the new edition of
E?f fﬂc}_?dﬂpaediq of Islam; F. Sezgin, Geschichte des 26. Se*e F. S. Bodenheimer and L. Kopf, The Natural
Mauzi;:nf;m&ngzﬂrums, vol. III,_ Pp. 343ft.; ar}d History Section from a 9th Century ‘Book of Useful
: » Die Natur- und Geheimwissenschaften im Knowledge’.

Islam, pp. 5—60.

i | | . 27. See Nasr, An Introduction to Islamic Cosmological
4. During the same period Jabir ibn Hayyan also wrote a Doctrines, pp. 93—95.
treatise on animals which is, however, lost and known
only through citations from it in later works.
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extremely timely today in the light of the eco-
logical crisis, discusses the reasons given by man
for his right to dominate and destroy the animal
kingdom, and the response of the animals, which
nullifies all the arguments of man based upon his
purely human advantages such as the power of
ratiocination or invention. Only when animals see
that among men there are saints, who in returning
to God also fulfil the deepest purpose of the
creation of the animal kingdom, do they agree to
obey man and to serve him.*® The moral of the
story is that man has the right to dominate
animals only on condition that he remain con-
scious of his vice-gerency (khilafah), of his being
God’s representative on earth and from another
point of view the representative of all earthly
creatures before God. Otherwise, he has no
cogent reason whatsoever to rule and dominate
other creatures and in fact will pay dearly for
usurping a function to which he is not entitled
save as the child of that Adam who, as the Holy
Quran asserts,? was taught the ‘names’ of all
things.

The philosopher Ibn Sina also devoted a
major section of his Shifa (The Book of Healing),
namely the eighth chapter of the ‘Natural Philoso-
phy’ (Tabi‘iyyat), to animals, and dealt especially
with animal psychology and their physiology.*
Also in Spain both Ibn Bajjah and Ibn Rushd
were interested in zoology, the first having written
a separate treatise on zoology and the second
commentaries upon the De Partibus animalium
and De generatione animalium of Aristotle.

As in botany so in zoology, from the late
7th/13th and early 8th/14th centuries there began
to appear a series of encyclopaedic works with
major sections devoted to animals. In fact this was
the beginning of a very active period in the com-
position of notable works devoted to zoology.*!
Al-Qazwini, in his cosmography, devoted a
special section to animals, in which he divided the
animal kingdom according to each animal’s means

of defence. Likewise al-Dimashqi, al-Nuwayri,
al-Jildaki in his Durrat al-ghawwas (The Pearl of

28. See Ikhwan al-Safa’, Dispute between Man and the
Animals, trans. J. Platts, .London, 1869.

29. ‘And He taught Adam all the names.”’ Quran, II, 31.

30. This section became famous in the West as an indepen-
dex_lt work under the title Abbreviatio Avicennae de
anmimalibus, translated by Michael Scot.

Natural History

the Pearl-Diver), Hamdallah Mustawfi, Ahmad
ibn Yahya al-‘Umari in his Masalik al-absar
(Voyages of the Eyes), the anonymous Tuhfat al-
‘aja’ib wa turfatr al-ghara’ib (Gift of Wonders and
Present of Marwvels), ‘Ala’ al-Din al-Juzuli 1n his
Matali‘ al-budur (Ascensions of the Full Moon) and
al-Qalgashandi in his Subh al-a‘sha’ (Dawn for
the Weak-Sighted), all devoted notable sections to
the study of animals.

. - ol ""‘: e I'-Ej:ﬁj
.lu.r.:fr.__.«-“ . _fu!_i'fg,r.!;';-—--”-’f'.:

;1 ¥
-
R

iy L Sy gl = Ml . Bt o Tl ¥

-

Plate 34. Birds of India from the Babur-namah.

31. We do not mean to imply that after 1bn Rushd no
specific treatises on animals appeared, as ‘the +well—
known Tabayi‘ al-hayawan (On the Nature of Animals)
of Sharaf al-Zaman al-Marwazi and Manafi* al-
hayawan (The Uses of Animals) ot lbn ul—Durnyhim_
show. The encyclopaedic and cosmographic type ol
work became, however, the main vehicle for natural
history from the 8th/14th century onward.
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Plate 35. A buzzard by Ma
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The foremost Muslim work of the later
period, however, is the fayat al-hayawan af-kubr_if
(The Great Book on the Life of Amimals) of Kamal
al-Din al-Damiri written i1n the late 8th/14th
century.”® This work, which systematized all the
studies which had preceded it, soon became, after
the work of al-Jahiz, the most popular Muslim
treatise on animals and was translated into Persian
and Turkish. Al-Damiri did not attempt a new
classification of the animal kingdom, but in an
orderly fashion made a study of the philological
aspects of the names of animals, their religious
and juridical status according to the Shari‘ah,
traditions relating to them, their medical benefits

and even magical use and significance in the
interpretation of dreams. Because of its thorough-
ness and the combining of the religious, literary
and scientific perspectives in studying animals,
the f1ayar al-hayawan soon found a special place
among Muslims. It was read by young and old
alike, in order to learn of the wisdom of God and to
gain better acquaintance with the animal world. It
was consulted even for juridical purposes for the
ecific religious reason of knowing more about
nimals mentioned in the Holy Quran.?? It was a
- of folklore and finally an inspiration for
imerous artists who illustrated its text. Al-
ther al-Damiri’s work is the most complete
vstematic extant work on zoology in the

mic world.
During the last four or five centuries some
¢s on zoology have appeared in Persian and
as well as Arabic?* all written in the
| heartland of the Islamic world, butin this
other domains of natural history the most

Numerous studies have been devoted to this work by
. de Somogy. See for example, ‘Ad-Damiri’s Hayat
‘-ayawan. An Arabic Zoological Lexicon’;, Osiris,

vol. 9, 1950, pp. 33—43.

33. The Egyptian scholar Jalal al-Din al-Suyiiti made a
poetic summary of this work which was translated into
Latin and incorporated into the Hierozoicon composed
in 1663. This latter work tried to study the animals
which are mentioned in the Bible in the same way that

al-Damiri had done for those mentioned in the Quran
and Islamic traditions.

34. Notable among Arabic works of the later period is the

Kitab al-mustatraf (The Book of Novelties) of Muham-

mad ibn Ahmad al-Ibshihji with a long section devoted
10 animals,

35. S_f:f: M. A. Alvi_ and A. Rahman, Fahangir — the Natura-
list, New Delhi, 1968. The study of animals by Muslims

66

Interesting new works of this period belong to

India. The Mogul Emperor Jahangir himself

devoted sections of his Tizuk-i Jahangiri or

Jahangir-namah (The Book of Jahangir) to natural

history. Of these the most noteworthy concerns

animals, which he described carefully.?> His
studies were made more valuable by the fact that
miniaturists who were at the Mogul court, es-
pecially Mansur, drew miniatures of these same
animals, producing works of great beauty which,
without being naturalistic,* captured the inner
qualities and the very genius of the species in
question. The illustrations to the descriptions in
works such as those of Jahangir (although of an
earlier period) are the first forms of Persian,
Arabic and Turkish as well as Mogul miniatures
and are like an extension of the art of calligraphy.
They have never occupied the place which paint-
ing holds in Western art. But in the field of natural
history and especially zoology they have played an
important role of both an artistic and scientific
nature and are a vivid reminder that not only 1is
Islamic art a ‘science’®” but that Islamic science is
in the most profoun_’d sénse an art, a sacred art
which enables man to contemplate the visible
COsSmos as an icon revealing the spiritual world
beyond it.

Plate 37. A hunting hawk.

continued in India even after Jahangir, and in the
12th/18th century the great Persian Sufi saint and poet
‘Ali Hazin wrote his work Khawass al-hayawan in
Persian while he was in India. There are numerous
manuscripts in Indian libraries on this subject, mostly
in Persian, which attest to activity in this field. Un-
fortunately most of them have not as yet been studied.

36. Islamic art is opposed to all forms of naturalism and in
fact the external emulation of natural forms. Based on
Unity, this art seeks to reflect Unity upon the plane of
multiplicity rather than to paint an image, be it even a
sacred one. See T. Burckhardt, Sacred Art, East and
West, trans. by Lord Northbourne, London, 1967,
chap. 4, where the principles of Islamic art are fully
explained with unparalleled clarity.

37. Echoing the well-known dictum of St Thomas that ars
sine scientia nihil.

Marfat.com




-
Ry s Py ey

& I‘-I-;- ..m-':l

5
L
'Y

¥
Ty,
o N

C @ )

¥ ' ! 3 -'.' i
b '.'1'|1|1t L ".'.'_'r‘:-li'-

ra " -
o W I
at s -.-' a4
I 'J; Tl‘iyﬁi?‘:ﬁ -3 ﬂl‘-
: r-. l'"...'. "J-r-.
L b4 p A e
o " M i

R
N
|h:

LS

ey

Marfat.com



—
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Muslim interest in the animal kingdom
is seen not only in art but also in literature. This
is reflected most clearly in Persian literature,
which in fact influenced Arabic and Turkish pro-
foundly in this domain. Animals as symbols of
cosmic qualities and of spiritual attitudes and as

al-haqiqah (The Garden of Truth) of Sana’i, the
numerous works of ‘Attar, especially the Mantig
al-tayr (The Conference of the Birds), in which the
flight of thirty birds to their original abode
symbolizes the journey of the soul towards God,
the Mathnawi of Rumi and the Bahdristan (The

wov 1eldb |\

Garden of Spring) of Jami all attest to the role of
animals on the highest level as elements necessary
to the cosmic equilibrium and as theophanies of
God’s Names and Qualities which the traveller
upon the spiritual path ‘encounters’ and integrates
into his being on his journey beyond the cosmic

crypt.

moral teachers to men are to be found already in
Pahlavi works. But it is Persian which is parti-
cularly rich in this respect. In epics such as the
Shah-namah (Epic of Kings) of Firdawsi, in tales
such as the FJawami* al-hikayatr (Collected Stories)
of al-Awfi, and in folk literature such as the
Sindbad-namah (The Story of Sinbad), animals
play a major role. Moreover, in Sufi literature,
animals occupy a special position as man’s com-
panions during his earthly journey. The Hadigat

At the other extreme one finds the study of
animals forpractical matters, ranging from hunting
to medicine.?® Muslims developed especially the
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story, the Ikhtiyarat-i badi‘i of ‘Ali ibn al-Husayn, Zayn al-‘Attar.

. Ko7

Plate 38. Scorpions from a treatise on natural hi

38. It is in the nature of Islamic civilization to integrate the
sacred and the temporal, the sublime and the practical.
There is no art for art’s sake nor science for science’s
sake in Islam. Everything is for an end, which includes
what is most ‘useful’ to man as an earthly creature
and as a being destined for immortality. That is why

there is so much zoology in Islamic sources, not only in
the manner expected by Western students of Aristotle
or Buffon and Cuvier but also in a manner that stretches
from the way a Riimi conceives of a lion or an Ibn
"Arabi of a griffin to the way in which Ibn Sina dis-
cusses the medical use of various animal products.

68




field of hippology, in which they wrote numerous
rreatises, such as those of al-Asma’i, “Abd al-
Mu‘min al-Dimyati, al-Jawaliqi and Ibn al-
Mundhir.?® It is interesting to add in this case the
special love of the nomadic Thurks for horses, upon
whom they even ‘bestowed’ sanctity. The horse of
Sultan ‘Uthman II, which was buried at Uskudar,
was known as the ‘saint of horses’ (Az-Ewliyasi)
and sick horses were brought there for cure.
Muslims also excelled in ornithology, especially
in the study of hawks. Numerous treatises were
composed on this subject, mostly in Persian, some
of which are still read in the West in courses on
ornithology.*"

Practical concerns also led the Muslim
physicians and pharmacologists to study animals.
From °‘Ali ibn Rabban al-Tabari, to Razi, Ibn
Sina, ‘Isa ibn ‘Ali, Ibn Bukhtisha, Ibn al-Baytar,

Plates 39 and 40. An anatomical study of the horse.

Islam (new edition).

39. See the article ‘faras’ by F. Viré in the Encyclopaedia of

Natural History

Da’ud al-Antaki and the later Ottoman, Safavid
and Mogul medical authorities, the Muslims
devoted considerable attention to both veterinary
medicine and the use of animals in the treatment
of man. A major source for the study of zoology
among Muslims must be sought in Muslim
medical works.

Altogether 1t can be said that despite the
accusation of some scholars that Muslims did not
cultivate zoology extensively, the study of animals
occupies a very important chapter in the whole of
Islamic civilization. It 1s related to the arts, from
carpet weaving to poetry, to medicine and allied
subjects, to general studies of natural history, and
even to the esoteric and spiritual meditations on
the cosmos and the Reality beyond. The Muslims
have always had a profound awareness that
animals along with plants and minerals are an

u?_ ‘; -l'

Plate 40

40. See the article ‘bayzara’ by F. Viré in the Encyclopacdia
of Islam (new edition).
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Plate 41. An anatomical study of the horse.
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essential component of that equilibrium which
virgin nature manifests so openly and which
[slamic art recaptures in its sacred structures.
They have known that animals must be studied
not only to be utilized but also to be better under-
stood for their own sake, so that through them man
may gain greater knowledge of the Divine
Wisdom and also come to know better his own
inner nature, which is a total reflection of the
Divine Names and Qualities as the animals are
partial but often more direct reflections. 'T'hrough
the study of the animal kingdom man 1s theretfore
more fully able to realize his vice-regal role and
become aware of the great responsibility he must
exercise as the central being in the terrestrial
environment 9vis-a-vis the animal and plant
kingdoms.

Natural History and the Gradation of Being
One of the recurrent themes in Muslim
studies on natural history is the gradation of
beings within the three kingdoms, which in fact
re-echoes a universal traditional doctrine,*! and
along with the correspondence between the
microcosm and the macrocosm forms the basic
doctrinal background for the study of the various
forms manifested within nature. Such authors as
the Ikhwan al-Safa’ and Ibn Sina go to great pains
to divide and sub-divide each kingdom according
to a scale which reveals an ever greater degree of
perfection. The mineral world ranges from the
most opaque substances to those which resemble
plant life, and plant life likewise stretches from

41. See A. K. Coomaraswamy, ‘Gradation, Evolution and
Reincarnation’, chapter 6 of his Am I my Brother’s

Keeper? (The Bugbear of Literacy, LLondon, 1949),
New York, 1947.

42. See Nasr, An Introduction to Islamic Cosmological
Doctrines, p. 70.

Natural History

moss and algae, which resemble mineral growth, to

palm trees, in which there is a differentiation of

the sexes. The same holds true for the animal

kingdom, at whose apex are creatures which re-

semble man in certain aspects of their intelligence.

Muslim authors studied this gradation from the

point of view of the reflection of cosmic qualities

rather than just anatomical resemblances. That is

why the Ikhwan al-Safa’ considered the elephant

and not the monkey as the creature which stands

just below man in the scale of being.**
Furthermore, Muslim authors were also

aware that 1n the ‘great chain of being’ certain life

forms preceded others in tzme on the surface of the

earth. But they never believed 1n the theory of

evolution 1n the modern sense according to which

through some mysterious fashion the greater

‘evolves’ from the lesser.*? Evolutionary theor

usually understood 1s a means to fill the

created by modern man’s cutting off th:

God from His creation. For i

however, any form of deism 1s ab

never ceases to act within the wx«

brought into being. The scale of creat

gradation of being has been, thereio:

beginning considered by Mushm au!

vertical hierarchy ‘always’ presen

which is above temporality while als:

manifested in time at different

cosmic history through what might

successive dreams of the World Sou!

chain of being’ was formulated not

away the Divine Cause but to enable

ascend towards the Source while being fully w3

of the total cosmic equilibrium of which natura:

forms provide such striking evidence.

43. Some Western scholars have, however, tried to read
19th century evolutionary 1deas into Islamic texts. See
for example, Fr. Dieterici, Der Darwinismus im X. und

X1. Yahrhundert, Leipzig, 1878; see also J. Z. W"illcz.}'n—
ski, ‘On the presumed Darwinism of Alberuni eight

hundred years before Darwin,’ Isis, vol. 50, part 4,
Dec., 1959, PP- 459—466.
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Mathematics and the Islamic Perspective

Any first-hand knowledge of Islamic c1vi-
lization and particularly the Islamic sciences
reveals the ‘privileged position’ of mathematics
in the Islamic tradition. There are crystalline and
geometric aspects to Islamic art and architecture,
a love of arithmetic and numerical symbolism in
both the plastic and auditory arts — especially
poetry and music — an ‘algebra’ of language and of
thought so clearly reflected in Arabic and also in
many other Islamic languages, and numerous
other tangible manifestations which make plain
the central role of traditional mathematics 1n
Islamic art and civilization and on the highest
level in the spiritual ‘style’ of Islam so directly
reflected in i1ts sacred art.

This love for mathematics, especially
geometry and number, i1s directly connected to
the essence of the Islamic message, which is the
doctrine of Unity (al-tawhid). God is One; hence
the number one in the series of numbers is the
most direct and most intelligible symbol of the
Source. And the series of numbers themselves 1s a
ladder by which man ascends from the world of
multiplicity to the One. As a treatise summarizing

1. Risalat al-jami‘ah, ed. Dj. Saliba, Damascus, 1949,
vol. I, p. 9. For the philosophy of mathematics among

the views of the Ikhwan al-Safa sa

form of numbers in the souls of men

to the forms of existents in the /2v/e.

from the upper world. Through its &
ascetic reaches gradually the other

and natural sciences and metaphysic

of numbers is the root of the science |
of wisdom, the origin of the divine scic
pillar of meaning, the first elixir and th:
alchemy.’

Thereis indeed a profound affinity between
the Pythagorean concept of numbers and of geo-
metric figures and certain intellectual perspectives
within Islam. Pythagoras was Islamicized rapidly,
for there existed already in the Islamic universe a
dimension which could be described as ‘“Abrahamic
Pythagoreanism’, one in which the symbolic role
of numbers and figures appeared In dazzling
clarity, illuminated by Islamic gnosis which 1s
precisely a blinding message of the One. Here we
are not concerned so much with a question of
historical borrowing as with spiritual and mor-
phological affinity. 'T'he numerical symbolism‘ut‘
the letters of the Arabic alphabet connected with
the sacred and esoteric science of al-jafr 1s said to

Muslims see also Mir Damad, FYadhawat, Tehran, 1302
(A. H. lunar), pp. 81ff.
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Figure 21. Geometric and numerical patterns used as the basis for the
construction of various devices and instruments.

Figure 20. Cosmological and magical schemes relating Quranic verses to
the symbolism of numbers according to Shams al-Din al-Biini.
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have been codified by ‘Ali ibn Abi Talib and 1s
inseparable from the form and inner meaning of
certain passages of the Holy Quran. The tradi-
rional mathematics of the Pythagoreans only pro-
vided a powerful aid for the expression of a
message which comes from the source of the
Islamic revelation itself and a spiritual and
dialectic style which is also inseparable from its
sacred form.

That is why, from sublime treatises on
metaphysics to pottery used in homes, one 1s faced
everywhere in the Islamic world with an order and
a2 harmony directly related to the world of mathe-
matics understood in its traditional sense.- Like-
wise, it is because of this element within the total
spectrum of Islamic spirituality that Muslims
became attracted to the various branches of mathe-
matics early in their history and made so many
contributions to the mathematical sciences for
nearly a millennium.

The major sources for Islamic mathe-
matics were Greek, as well as Persian and Indian.
These sources, especially the Greek, included
moreover the rich Babylonian tradition of mathe-
matics, which bestowed upon the world the
sexagesimal system. The Persian sources reflected
mostly the Indian ones and were embedded In
astronomical treatises. Likewise the knowledge
which Muslims received from India in the domain
of mathematics was contained for the most part
within the astronomical compendia known as the
stddhantas and referred to in Muslim sources as
sindhinds. Of these, perhaps the most important
for both Islamic mathematics and astronomy are
the Brahmasphutasiddhanta of Brahmagupta and
the Aryabhatiya of Aryabhata which systematizes
the earlier siddhantas.

2. There is of course a principial difference between
traditional mathematics, which is concerned with the
symbolic and qualitative aspects of numbers and
figures as well as their quantitative aspect, and modern
mathematics, which is limited to the latter aspect. On
traditional mathematics see S. H. Nasr, An Introduction
to Islamic Cosmological Doctrines, pp. 45ff.; Fabre
d’Olivet, The Golden Verses of Pythagoras, New York,
1917; and the numerous works of H. Kayser, such as
Bevor die Engel sangen, Basel, 1953; Der horende
Mensch, Berlin, 1932; and Akroasis, die Lehre von der
Harmonik der Welt, Stuttgart, 1947, which applies
Pythagorean mathematics and music to various sciences
of nature. For a summary of the views of H. Kayser see
S. Levarie and E. Levy, ‘The Pythagorean Table’,
Main Currents in Modern Thought, March—April, 1974,
pPp. 117—1209.

Marfat.com
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As for the Greek sources, they include
most of the major works of Greek mathematics
such as the Elements and Data of Euclhid; the
Conics, The Section of the Ratio, and the Deter-
minate Section of Apollonios Pergaeus; the
Spherics of Theodosius of Tripoli; the all-import-
ant Introduction to Arithmetic of Nichomachus of
Gerasa® and the Spherics of Menelaus, along with
the works of Heron, Theon and other important
Alexandrian mathematicians and commentators.
Also of special significance for Islamic mathe-
matics 1s Archimedes, almost all of whose
writings, such as The Sphere and the Cylinder, 1 he
Measurement of the Circle, The Equilibrium of
Planes and Floating Bodies, were translated into
Arabic. In fact there are many works 1n Arabic
either by Archimedes or attributed to him for
which there is no original Greek.* Altogether, i
may be said with safety that the Mushims imneri?
nearly all the important mathematica:
developed in ancient Mesopotamia, g7
and the Hellenistic world as well :

India and made of this vast heritag
the development of Islamic matict

Numerals

Whenever Westerners
civilization, one of the first element:
to mind is the Arabic numerals, whic
West in the 4th/1oth century from:
world and brought about such a profo
formation in the West that some histo
compared their far-reaching significance to o
the new methods of harnessing the power and
speed of the horse and the settling of the no rthern
regions of Europe. It is, therefore, essential to

3. This work, translated by Thabit 1bn Qurrah 1nto
Arabic, had a particularly deep influence on the
formulation of the philosophy of mathematics among
Muslims, especially upon the first epistle of the
Brethren of Purity. See R. Goldstein’s translation of
this epistle in ‘A Treatise on Number Theory from a
Tenth Century Arabic Source’, Centaurus, vol. 10,

1964, pp. 129—134.

4. On the sources for Islamic mathematics see J. Vernet,
‘Mathematics, Astronomy, Optics’, in J. Schacht and
C. E. Bosworth (eds.), The Legacy of Islam, Oxford,
1974, pp. 461ff.; also F. Sezgin, Geschichte c?er Ara-
bischen Schrifttums, vol. V, Leiden, 1975, PP- 11T
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unravel the complicated history of these 1‘fumerals

hefore delving into various branches of mathe-
atics.

e Anvone who travels through the Islamic

world today realizes that in the eastern lands of

[slam extending as far West as Egypt, the numer-

als used are, with slight variations, as follows”:

; | Y ¥ g & 1T V A 14

In North Africa, however, the numerals are the
same as those which Westerners call Arabic
numerals, whose forms reveal their historical
relation with the numerals now in use in the
eastern Islamic countries.

The Muslims originally used finger com-
putation (hisab al-yad)® before learning of the
Indian numerals and the ‘dust-board’ system
hisab al-ghubari) early 1n the 2nd/8th century
from Indian and Persian sources.” But even after
iearning of these new methods of reckoning the
method of finger computation continued.- More-

the Muslims 1nherited the sexigesimal

rom ancient Babylonia, which continued
, especially by astronomers, even after
' svstem had been adopted. The hisab
ising letters to symbolize numbers and
e sexigesimal system, spread widely
the Islamic world over the centuries.
'mal system 1n fact came to be known
‘hmetic of astronomers’ (hisab al-
and as late as the gth/15th century
iridini wrote an entire work in this
itled Raga’ig al-haga’iq fi ma‘rifat
a'l-daqa’iq (Delicacies of Truth Con-
owledge of Degrees and Minutes). As far
imal system 1s concerned, the Muslims
-cd various methods of reckoning into a
vhich was based on the Indian numerals
¢ place-system.

5. I'hese numbers are of Indian origin and therefore
called Indian numbers (al-argam al-hindiyyah) in
Arabic. See the classical study of D. E. Smith and

L. C. Karpinski, The Hindu-Arabic Numerals, Boston,
I9I1.

6. Se::: A. Sa‘dan, Abu’l-Wafa’ al-Buzjani, ‘Ilm al-hisab
al-"arabi ( Hisab al-yad ), Amman, 1971.

7. Qn the dust-board system, which is thus called because
It made use of a board on which dust was spread so that
numbers could be traced upon 1t, see M. Souissi,

oo N S
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Figure 22. The development of the Arabic numeral.

The means whereby the Indian numerals
became transformed into the Arabic numerals,
which themselves are based on the ghubari system,
1s not known in detail. But it is known that the
Muslims gradually developed the ‘Arabic num-
erals’ from the Indian numerals they had learned
from Sanskrit sources early in the Islamic period

- in Persia and other eastern lands of Islam and then,

having developed this system, went back for the
most part to the Indian system, while the newly
developed system spread to the Maghrib and from
there to the West.8

The work in which Indian numerals were
used and transmitted to the West for the first time
18 al-Ffam‘ wa’l-tafrig bt hisab al-hind (Addition and
Subtraction in Indian Arithmetic) of Muhammad
1bn Musa al-Khwarazmi, the original of which is

‘hisab al-ghubar’ in the Encyclopaedia of Islam (new
edition).

Nasir al-Din al-Thusi in fact wrote a treatise
entitled Fawami® al-hisab bi’l-takht wa’l-turab (Sum-
maries of Arithmetic through Board and Dust). The dust-
board method still survives as a ‘folk’ practice in certain
regions along with other popular methods of calcula-
tion such as the siyag system which is still fairly
prevalent in the bazaars of Persia.

8. See R. Irani, ‘Arabic Numeral Forms’, Centaurus,
vol. 4, no. 1, 1955, pp. 1—-12.
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lost but which survives in translation. The Toledan
translation of this work known as Algorismi de
wumero indorum had a profound effect upon the
West and bestowed upon Western languages such
terms as algorithm in English (from the name of
al-Khwarazmi himself) and guarismo in Spanish,
as well as the word cipher (from the Arabic sifr or
Zero).

In the 4th/10th century Abu’l-Hasan al-
Uglidusi wrote his Kitab al-fusul fr'l-hisab al-
hindi (The Book of Chapters Concerming Indian
Arithmetic),? in which he applied Indian schemes
of calculation to methods of finger reckoning and
tried to change dust-board methods so as to
make them applicable to ink and paper. Con-
temporary with him Abu’l-Wafa’ freed the
Indian numerals from the dust-board techniques,
while in the following century Abu’l-Hasan
al-Nasawi wrote another important treatise on
Indian numerals entitled Kitab al-mugni® fi’l-
hisab al-hindi (The Satisfying Book on Indian
Arithmetic) first in Persian and later in Arabic.'’
By the sth/11th century, therefore, the decimal
system and the two methods of reckoning con-
nected with it had become fully established
among Muslims and through them had reached
the West, bringing about a transformation which
influenced nearly all aspects of life and thought
from pure mathematics to commerce and trade.'’

Number Theory and Computation

Interest in the science of numbers and
reckoning among Muslims goes back to the

earliest Islamic centuries. At the beginning the

Muslims distinguished between ‘“i/m al-‘adad
(science of numbers) and ‘ilm al-hisab (science of

reckoning), following the Greeks, but the latter
often included for Muslims the science of algebra,
which they themselves developed.'> During the
later centuries the two names were used almost

9. On this important and recently discovered author see
A. Sa‘dan (ed.), Abu’l-Hasan al-Uqlidusi, al-Fusul
fUl-hisab al-hindi, Amman, 1973; also idem, ‘“The
Earliest Extant Arabic Arithmetic’, Isis, vol. §7, 4, 1966,
PP- 475—490.

10. Nasawi 1s also well-known for his treatise on falconry
in Persian entitled Baz-namah. See Abu’l-Qasim
Qorbani, Nasawi-namah, Tehran, 1351 (A.H. solar).

11. On the development of numbers and the history of

Mathematics

interchangeably while the name arithmatigi de-
rived from the Greek was also employed by
certain authors. In any case most Muslim
mathematicians wrote of the science of numbers,
but relatively few treatises were devoted solely to
this science.

‘The concern with the science of numbers
among Muslims was closely connected with the
study of magic squares and amicable numbers,'?
which were also applied to various occult sciences
from alchemy to magic. As far as magic squares
are concerned, they entered into alchemical
speculation in the writings of Jabir ibn Hayyan
and were studied mathematically by the Ikhwan
al-Safa’, who knew squares up to 36 components.
The celebrated authority on the occult sciences.
Shams al-Din al-Buni, carried out further
on them and found the general
larger squares. As for amicable nur
general rule was discovered by
Qurrah.

From such preoccupatons c:
of numerical series, with which s
maticians were concerned. bor ¢
4th/10th century al-Karaji in his K
(The Book Dedicated to Fakhr al-i
notable section to numerical serie
near contemporary al-Biruni wrot:
studies on them. The best known
Birtuni on the subject 1s the famous cr
problem which is as follows: the mar
vented the game of chess was commanda:;
ruler to whom he presented it to demand a fave
The man asked to be given the amount of grain
which would correspond to the number of grains
on a chess-board arranged in such a way that there
would be one grain in the first square, two in the
second, four in the third, and so on up to the 64
squares. The ruler first accepted, but soon
realized that there was not that much grain in his
whole kingdom. This problem, whose form 1S

mathematics among Muslims see A. P. Yuschkgwitsch,
Geschichte der Mathematik im Muttelalter, Leipzig, 1964

(original Russian version, 1961 !

1> See A. I. Sabra, “ilm al-hisab’, in the Encyclopaedia of
Islam (new edition).

13. Two numbers are called amicable if one of them is equal
to the sum of the divisors of the other, such as the

numbers 220 and 284, which were known to the
Ikhwan al-Safa’.

‘Y
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in al-5Safa’ (Brethren of Purity).

mathematical problems found in

, was solved by al-Birtni. In modern
64

it would be ) 2i—1=264—71, Al-

Ifht‘ answer to be 18, 446, 744, 073,

B T

ne study of numbers and numerical
_ s well as computation reached its peak with
hivath al-Din Jamshid al-Kashani, the out-
‘tanding Persian mathematician, whose amazing
contributions to the science of numbers are only
now becoming known after centuries of neglect.

4. This problem is cited as an example by al-Birtni in
his Chronology of Ancient Nations. See E. Sachau,
‘Algebraisches iiber das Schach bei Biruni’, Zeitschrift
der deutschen morgenlondischen Gesellschaft, vol. 29,
1876, p. 148; see also A. Qorbani, Biruni-namabh,
T'ehran, 1353 (A.H.solar), pPp. 234f1F.

I5. Al-Uqlidusi seems to have invented them, but they
were forgotten for centuries until re-discovered and

1nt_mc!u{_:ed into the mainstream of mathematics by
Kashani.

80
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Figure 23. Magic square of 36 squares.

Kashani not only invented the decimal fraction,!?
the approximate method for calculating problems
which have no exact solution, and the iterative
algorism, and made a remarkably accurate calcu-
lation of m; but he must also be considered the
first person to have invented a calculating
machine.'® He was also the first to have solved the
binomial known by the name of Newton. The
solution of the binomial
(a+b)"=a" +cn'a" 'b+cn2a” %b?...+cn"b"

i1s found in his Miftah al-hisab (Key to Arith-
metic), which 1s perhaps the most important

16. See E. S. Kennedy, ‘A fifteenth-century planetary
computer: al-Kashi’s Tabaq al-manateq’, Isis, vol. 41,
1950, pp. 180—-183; vol. 43, 1952, pp. 42—50. A word
must also be said concerning the abacus. This instru-
ment, which is in wide use in the Islamic world and
which differs from the one used in the Far East and
elsewhere, 1s probably also a Persian or Arabic inven-
tion, whose origin in time, however, is not known. It
may be very ancient; in fact some have suggested that
the Babylonians may have had some form of abacus.




Muslim work on the science of numbers.'”
Kiashani is also the author of al-Risalat al-
muhitiyyah (The All-Embracing Treatise on the
Circumference) which is a masterpiece in arith-
metic based on the sexagesimal system.'®

Interest in the science of numbers was not

limited to Persia, although most of the activity
there was concentrated into the Safavid period,

with the appearance of the works of such figures as
Shaykh Baha’ al-Din ‘Amili and Mulla Muham-
mad Bagqir Yazdi. ‘Amili was particularly influen-
tial because he was a truly universal genius, at
once mathematician, architect, theologian, poet,
Sufi and alchemist, and his works were widely
read. It is not accidental that Suter concluded his
now classical work on Islamic mathematicians
with him and noted the importance of his
Khulasat al-hisab (The Summary of Arithmetic)
for number theory."

Elsewhere in the Islamic world a series of

important figures appeared almost contemporary
with Tusi and Kashani. Foremost among them
was Abu’l-‘Abbas ibn Banna’ al-Marrakushi who
lived in the 7th/13th century and produced some
seventy books on all branches of mathematics,
foremost among them the Talkhis a‘mal al-hisab
(Summary of Arithmetic Operations), which 1s
among the best Muslim works on the subject.?
Also from the Maghrib one may mention Ibn
Hamzah al-Maghribi, who lived in the 1oth/16th
century and wrote the Tuhfat al- i‘timad (Gift of
Confidence) in Turkish on number theory. He laid
the foundation for the invention of the logarithm
through the study of numerical series, as had
Mulla Baqgir Yazdi, his contemporary in Persia.

As for the middle part of the Islamic world,
there, too, several notable figures devoted studies
to the science of numbers. Abu’l-‘Abbas ibn al-
Ha’im al-Misri, who lived in the 8th/14th century,
wrote on both arithmetic and algebra. A century

17. For an analysis of this important work see P. Luckey,
‘Die Rechenkunst bei Gamsid b. Mas‘ad al-Kasi, mit
Riuckblicken auf die altere Geschichte des Rechnens’,
Abhandlungen fiir die Kunde des Morgenlandes, XXXI, I,
1951; the extensive commentary on this work along
with its translation into Russian by Rosenfeld, Segal
and Yuschkewitsch, Moscow, 1956; and A. Qorbani,
Kashani-namah, Tehran, 1350 (A.H. solar), part three.

18. This work was translated and commented upon
extensively by P. Luckey in his ‘Der Lehrbrief tiber den
Kreisumfang’, Abhandlungen der deutschen Akademie
der Wissenschaften zu Berlin, no. 6, 1953.

Mathematics

later Badr al-Din al-Maridini composed his
Tuhfat al-bab fi “ilm al-hisab (Gift of the Gate con-
cerning the Science of Arithmetic), which contains a
discussion of number theory and fractions.

When we glance over Muslim works in
number theory and computation we observe
several important achievements. One i1s the de-
velopment of the philosophy of numbers and of
mathematics 1n general, which unveils a concept
of mathematics very different from that prevalent
today. Secondly there 1s the new definition given
by Muslims to number itself, expanding the
definition provided by Eudoxos through re-
course to continuous fractions by means of which
a ratio 1s expressed. For example,

A/2:T=T1-+1
21

2+1.

In such a procedure, it
terminated, the ratio 1s rational, an
irrational. Khayyam, who discuss
almost made of the irrational its
saying that the irrational can be
number. Also Tusiasserted tha
regarded as a number.*’
Finally the Mushims a:
of computation far beyond whz
fore. This’is to be seen especiaily in ti
Nasir al-Din al-Tisi at Maraghah, wher
cision of one in ten million was attained for tf
table of tangents. To have a large number

mathematicians work on problems together, tO
coordinate their computation and fnally to
develop a means of checking error as one pro-
gresses is no easy task. But this is precisely what
was achieved in Persia in the 7th/13th century,
although the means whereby it was done are not as
yet fully known. Be it as it may, it represents a
major achievement of Islamic mathematics.

19. See H. Suter, Due Mathematiker und Astronomen der
Araber und thre Werke, Lelpzig (Abhandlungen zur
Geschichte der mathematische Wissenschaften, vol. 10),
1900; ‘Nachtrage und Berichtigunger’, vol. 14, 1902,
pp. 155—185; reprinted Ann Arbor, 1963.

20. See Qadri Hafiz Tuqgan, Turath al-‘arab al-‘1lmi
f’l-riyadiyyat wa’l-falak, Cairo, 1963, pp. 429—432.

>1. See E. S. Kennedy, ‘The Exact Sciences in Iran under
the Seljugs and Mongols’, in Cambridge History of Iran,
vol. V, ed. by J. A. Boyle, Cambridge, 1968, p. 663.
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Geometry i _
The study of geometry among Muslims

begins with the classical Greek sources, especia}ly
Fuclid and Apollonios, with which Muslim
mathematicians became acquainted early in the
Abbasid period. Interest in geometry in Baghdad
was incited most of all, however, through the
works of the sons of Musa, or Banu Musa,
especially their Kitab ma‘rifah misahat al-ashkal
(The Book of Knowledge of the Area of Figures),
upon which Nasir al-Din al-Tasi was later to
write a commentary. This work was also trans-
lated into Latin and influenced Fibonacci and
Thomas Bradwardine. The Banu Maiuasa also
wrote an mmportant recension of the Conics of
Apollonios. Also in the 3rd/g9th century Thabit
ibn Qurrah wrote on cubatures and quadratures
and used the method of exhaustions in a manner
which anticipates the development of integral cal-
culus. Thabit also advanced the study of para-
bolas and in his Quadrature of the Parabola used
integral sums to find the area of a segment of a
parabola.

During the 4th/10th century Abu’l-‘Abbas

Nayrizi, the Latin Anaritius, followed the

- I'habit and also that of Aba ‘Abdalldh

ni, writing an important commentary

clid, which made use of the works of

‘mplicius and other Alexandrian mathe-

\nother important work on geometry

vd 1s the Fima yahtaj ilayhi al-sani min

disah (What the Artisan Needs of Geo-

rations) of Abu’l-Wafa’ al-Buzjani in

various applications of geometry are

Iy discussed. Also of importance during

lod are the works of Aba Sahl al-Kiihi,

'ght to solve those problems posed by

nedes and Apollonios which lead to equa-

ugher than the second degree, and Ibn al-

~taytham, the great physicist, who worked on 1SO-
perimetry.

In the sth/11th century the great impetus
given to geometry during the previous century
continued. Abu’l-Jad, who corresponded with al-
BirGini on mathematical questions, devised a geo-
metric method to divide the circle into nine equal
parts. His contémporary Abu Sa‘id al-Sijzi

22. See E. S. Kennedy, op. cit.; also B. A. Rosenfeld and
AP Yuschkewitsch, Omar X auiam, Traktati, Moscow,
1961, where the text of the treatise appears with transla-
tion and commentary in Russian. See also the extensive
analysis of this problem in J. Homa’i. Khayyami-

82 /Béb%’?

Figure 24. Steel compass made for the Persian king Shah ‘Abbas.

studied conic sections and trisected an angle by
means of the intersection of a circle and a hyper-
bola.

A new chapter was opened in the study of
geometry when Khayyam, and following him
TGsi, re-examined the fifth postulate of Euclid
concerning the parallel line theorem, which
concerns the very foundation of Euclidean geo-
metry. Khayyam in his treatise Fi sharh ma
ashkala min musadarar kitab Uglidus (Concerning
the Difficulties of Euclid’s Elements)? considers the
quadrilateral ABCD with sides AB and DC equal
to each other and both perpendicular to BC, which
i1s the birectangular quadrilateral associated in the
history of Western mathematics with Saccheri. In
this quadrilateral, angles A and D are equal and

namah, vol. I, Tehran, 1346 (A.H.solar). T1asi preceded
Western mathematicians in the discussion of yet
another problem. His Fawami* al-hisab contains the
earliest reference to what has come to be known as
Pascall’s triangle.
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Plate 43. The opening page to the commentary on the Elements of Euclid by
Nasir al-Din al-Tasi.

Figure 25. Rectangle related to the fifth postulate of Euclid.
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must be acute, obtuse or right angles. Khayyam
proves that only the third can be true, thus
asserting the fifth postulate of Euclid. Both
I?h.ayyﬁm and Tusi realized that if the first pos-
Slpllity were to be true, the sum of the angles of a
triangle would be less than 180°. Neither Khay-
yam nor Tusi followed their research in this

Mathematics
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Figure 26. Final page of al-TusI's commentary on the Elements of Euclid

domain to its end, and non-Euclhidean geometry,
including that of Lobachevskil, was left for
Western geometers to deal with. But Khayyam
realized the special character of the fifth postu-
late and pointed to the principle which defines
this geometry as a coherent and distinct system,
corresponding because of its symbolic nature to
the profoundest aspects of physical reality.

Altogether, in the domain of geometry,
both plane and solid, Muslims followed the path
laid out by the Greek mathematicians, solving
many of the problems which had been posed but
remained unsolved by their predecessors. They
also related geometry to algebra and sought geo-
metric solutions for algebraic problems. Finally,
they devoted special attention to the symbolic
aspects of geometry and 1ts role in art and archi-
tecture, keeping always in view the qualitative
geometry which reflects the wisdom of the ‘Grand
Architect of the Universe’.
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Plane and Spherical Trigonometry '
Although Greek mathematicians, €speci-

ally Hipparchus, had calculated a Fable of chords,
trigonometry — both plane and solid and l:fased on
the relation of the sides and angles of a right tri-
angle — was invented by Muslims. It was Muslim
mathematicians who for the first time formulated

the trigconometric functions explicitly. In fact the
word ‘sine’ is the direct translation of the Arabic
word jayb.*’ |

Already in the 3rd/g9th century trigo-
nometry was used by al-Battani in his astro-
nomical works. He also helped advance spherical
trigonometry. Habash al-Hasib, another astrono-
mer of the period, was the first to use tangents
~7I]) and also had knowledge of the sine, cosine
and cotangent functions. The most notable
advance in trigonometry during the early period
was made, however, by Abu’l-Wafa’ al-Buzjani
whose Almagest, not to be confused with that of
Prolemy, was concerned mostly with trigo-
nometry. Abu’l-Watfa’ was the first person to give
a demonstration of the sine theorem for a general
pherical triangle. He knew the equations:

sin(a—+~b)=smacosb—cosasinb

N

e SN~ S | COS d

) a

5

2 sin COS a

he who first invented the secant
and not Copernicus as is usually
suzjani was also the first to discover

sina __ sinb  sinc
sinA  sinB  sin C
erpendicular spherical triangle.
tense interest 1n trigonometry existed
ong other mathematicians of this period
Abu Nasr al-‘Iraq, Abi Mahmiid al-
fujandl and Ibn Yianus, each of whom made
contributions to the field, the last having
discovered that
cosa cos b=y [cos (a+b)+ cos (a—Db)].
But it was again al-Birtini who wrote the most
masterly work on the subject. Despite its title, his
Magalid “ilm al-hay’ah (Keys to the Science of
_Aszronnmy), as recently discovered, is the first
independent work on spherical trigonometry.24

Al-Birani also calculated the approximate value of

23. See Sabra, 0p. cit.

24. Qorbani, Birani-namah, pp. 402fF.

34

a diagonal of one degree and in his Mas‘idic
Canon was the first to give a demonstration that
for a plane triangle
a b e
sinA  sinB  sinC

Trigonometry, like most other branches of
mathematics, underwent an eclipse in the 5th/
11th and 6th/12th centuries and was fully revived
by Nasir al-Din al-Tusi, whose Kitab shikl
al-qita® (Book of the Figure of the Sector) is of
fundamental importance to the history of trigo-
nometry. Tisi synthesized the works of the
earlier masters such as Abu’l-Wafa’ and al-
Biruni and gave all the six trigonometric functions
based on a triangle and independent of the |
Menelaus Theorem. He also presented those '
functions independent of astronomy. In fact until
the recent discoveries by Qorbani concerning al-
Biruni’s Magalid . . . the work of Tisi was con-
sidered the first independent treatise on trigo-
nometry.

In any case whether it be the works of
Tusi or Birtini, there i1s no doubt that trigo-
nometry as studied even now was developed
completely and established as an independent
science by Muslim mathematicians. It is, there-
fore, strange indeed that in many Muslim coun-
tries today even the names of the trigonometric
functions, which were originally Arabic, are

' changed into their French or English equivalents,

and this science 1s presented in the schools of the
Islamic world as if it were imported along with
gun powder and modern physics from the
Occident.

Algebra

As In trigonometry so in algebra Muslims
must be considered as the founders of this
science whose very name (from the Arabic al-jabr)
reflects its origin.?® Muslims made use of Greek
(mostly Diaphontos) and Indian sources as well
as Babylonian ones, which had reached them
through Hebrew works, especially the Mishnat
ha-Middot, but it was the early Muslim mathe-
maticians of the 3rd/g9th century leading to
Muhammad ibn Miusa al-Khwarazmi who firmly
established this branch of mathematics, which is
closely related to certain metaphysical principles
so central to Islamic doctrines. The first Muslim

25. Likewise the unknown in an algebraic equation, which
to this day is called x, is derived by means of Spanish

from the Arabic word skay’, which is used for the
unknown in Arabic treatises on algebra.

et
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work on algebra, the Kitab al-mukhtasar fi
hisab al-jabr wa’l-mugabalah (The Book of Sum-
mary Concerning the Process of Calculating Com-
pulsion and Equation) of al-Khwarazmi in fact has
given this science 1ts name, the word jabr 1n the
ritle meaning restoration and amplification of
something incomplete and mugabalah the balanc-
ing of two sides of an equation.* This work was
translated into Latin by Robert of Chester and
was responsible for the introduction of algebra
into the West.=’

In the 4th/10th century the brilliant start
made by al-Khwarazmi was pursued by a number
of outstanding mathematicians. Abu Kamuil al-
Shuja‘ resolved equations with up to five un-
knowns. Abua ‘Abdallah al-Mahani studied a
problem posed by Archimedes in his The Sphere
and the Cylinder: ‘To cut a sphere by a plane 1n
such a way that the two parts are in a given
proportion to each other’.?® He tried to solve the
equation x®-+a—cx? resulting from this problem,
an equation which has become synonymous
with his name. Abu Ja‘far al-Khazin solved this
equation after al-Mahani by means of the inter-
section of conics.

Another important algebraist of the 4th/
roth century, al-Khujandi, wrote a treatise show-
ing that it is impossible to solve the equation x* +
y3—2z3 where X, y, and z are whole numbers. This
is a special case of Fermat’s proposition. Abu’l-
Jad followed this work and was the first to solve
third degree equations through geometric solu-
tions. Al-Karaji, who lived a few years earlier,
had in the meantime written one of the foremost

26. See G. Anawati, ‘Science’, in P. M. Holt, A. K. S.
Lambton and B. Lewis, (eds.), The Cambridge History
of Islam, vol. 11, Cambridge, 1970, pp. 750ff. See also
the already cited histories of mathematics of Yusch-
kewitsch, and Rosenfeld as well as ‘1 ugan.

27. See L. C. Karpinski, Robert of Chester’s Latin Transla-
tion of the Algebra of al-Khwarizmi, New York, 1915.
See also F. Rosen, The Algebra of Muhammad ben
Musa, London, 1831. There were other early Muslhim
works on algebra such as that of Ibn Turk but none had
the influence of al-Khwarazmi’s famous treatise.

28. See J. Vernet, op. cit., p. 468.

29. Selections of this book were translated and thoroughly
analyzed by F. Woepcke in his Extrait du Fakhri, Paris,
1853. Al-Karaji’s other major mathematical work, the
Kafi fi’'l-hisab (The Sufficient Book in Arithmetic) also
includes sections devoted to algebra. See A. Hochheim,
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Muslim works on algebra, the already mentioned
Kitab al-fakhri (The Book Dedicated to Fakhr
al-Din).?* Woepcke, who first introduced this
book to the West, showed that most of Fibonacci’s
works were influenced by al-Karaji. In al-Karaji
one finds a discussion of indeterminate algebra as
well as indeterminate analysis. As an example one
can cite the following problem with four un-
knowns discussed by al-Karaji (using modern
notations):

X4 1=2(y—1)
y+2=3(z—1)
z+3=4(v—3)
V+4=5(x—4)

Several centuries of the development of
algebra culminated in the well-known Algebra ot
‘Umar Khayyam, the most famous Oriental poe:
in the West thanks to the imaginative transiat:
of his quatrains by Fitzgerald, but rarelyv
the public at large as one of the
mathematicians of history. Khayy:
algebraic equations up to the thirc
rigorous and systematic manner and sc
through geometric means.*’ In its thos
clarity and manner of exposition as
mathematical content the Algebra of |
must be counted as one of the masterpic
[slamic mathematics and is still of valueas a v
for the way that algebra should be taught to yo:
students.

After Khayyam the study of algebrs
gradually declined among Muslims and although
works continued to be written on the subject they
never reached the level of al-Karaji and Khayyam.

Kafi fi'l-Hisab (Genugendes uber Arithmetik), Halle,
1878—1880.

For a summary history of algebra, including
Muslim contributions and those of al-Karaji, see D E.
Smith, History of Mathematics, vol. I, New York, 1951,
pp. 283ft.

30. This work has been translated into European languages
and analyzed several times. See I. Woepcke, L’algebre
d’Omar Alkhayyami, Paris, 1851; W. E. Story, Omar as
a Mathematician, Boston, 1918; D. S. Kasir, The
Algebra of Omar Khayyam, New York, I193I; and
H. J. J. Winter and W. ‘Arafat, “The Algebra of ‘Umar
Khayyam’, Journal of the Royal Asiatic Society of
Bengal, vol. XV1, 1950, no. I, pp. 27—78. See also Nasr,
Science and Civilization in Islam, pp. 160ff. A thorough
study of the mathematics of Khayyam has been made 1n
Persian by Gh. Musahab in his Hakim - Umar Khayyam
bi ‘unwan-1 ‘alim-1 jabr, Tehran, 1339 (A.H. solar).

55
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D

solution of an algebraic problem by Khayyam. ‘The
‘e point R on the quadrant AB in such a way that

Al :RH = EH : HB
triangle ERT, ET = ER + RH. Then the triangle ERT
se hypotenuse is equal to the sum of one of its sides and
the hvpotenuse. Khayyam assumes that if the height of
d the hypotenuse is taken to be 10, then

X* + 200X = 20%x? 4+ 2000
igh conic intersections.’
-eworthy work of the later period one
mention the Kashf al-asrar ‘an itlm gl-
[ 'he Unveiling of Mysteries Concerning the
of the ‘Dust-Board’) of Abu’l-Hasan al-
nown as al-Qalsadi, a gth/15th century
from Andalusia. This work is the first

nich revealed to Europeans the fact that Mus-

I. Numerous treatises in Arabic and Persian deal with the

mathematical aspect of poetry and music. Music in
particular, in its theoretical aspect, was always con-
sidered as a branch of mathematics, much as in the

Quadrivium of the mediaeval West. Many leading

Muslim philosophers and scientists, such as Ibn Sina,
Khayyam and Qutb al-Din al-Shirazi, devoted treatises
to music, and some like al-Firabi were leading theoreti-
cians of music, Unfortunately limitations of space do
not allow us to devote a separate chapter to this subject.

’ Concerning music among Islamic peoples see
R. D’Erlanger, 14 musique arabe, 5§ vols., Paris, 1930-

86

lims used algebraic signs such as > for root
(7adhr), o for unknown (shay’), ¢ for square (mal)
etc. In the eastern lands of Islam also a few
treatises on algebra of some interest were written,
but most of the new developments in the late
centuries were in the domain of number theory
rather than algebra. In fact with Khayyam
algebra reached a perfection beyond which a step
could not be taken until the invention of descrip-
tive geometry and the opening of a new chapter
in the science of algebra in the 17th century, a
chapter which, however, was based on the for-
getting of the very metaphysical principles which
have always dominated the horizon of all Islamic
mathematics.

Mathematics and Islamic Art and
Architecture

Anyone who has gained some familiarity
with Islamic art and architecture realizes that
mathematics plays a special role in these art forms,
a role which is more central and extensive than
what is found in other living traditions. Not only
do the music and poetry of the Islamic peoples
follow strict mathemdtical principles®! similar to
other traditional forms of these arts, but also the
plastic arts — from patterns on carpets to the
ornaments of mosques — have a relation to the
world of geometry and numbers which is more
direct than that found in the sacred art of other
traditions. In fact some have denied that Islam
has developed an art of any importance because
it has produced neither painting nor sculpture
to compare with what is found in mediaeval
Christendom or India. And to most modern
Westerners geometric patterns and mathematical
rhythms hardly appear as having any relation with
sacred art.

Figure 28. A flute player. From an Arabic treatise on music.

Figures 29, 30 and 31. Pages from the section on music of the Persian
encyclopaedia Durrat al-taj of Qutb al-Din al-Shirazi.

1939 (which deals, however, mostly with Persian
rather than Arabic music); the numerous works of
H. G. Farmer such as The Sources of Arabian Music,
Glasgow, 1940; N. Caron and D. Safvat, Iran (collec-
tion Les traditions musicales, vol. 2), Paris, 1966;
A. Shiloah (ed. and trans.), Ibn ‘Ali al-Katb, La
perfection des connaissances musicales, Paris, 1972; and
the translation of the important treatise of the Ikhwan
al-Safa’ on music including its effect on the body and
the soul by A. Shiloah, ‘L’épitre sur la musique des
[khwan al-Safa”, Revue des Etudes Islamiques, 1965,

Pp. 125-162; 1967, pp. 159—193.
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. I'he division of the chord from a treatise on music.

swctually this judgement is due to a com-
rgetting of the Pythagorean doctrine of
tics as summarized especially by Nicho-

nd reflected even in the writings of cer-

- Christian theologians such as Clement
ciria.”® If one studies these traditional
hich express the same truths concern-

rld of mathematics as those that deter-

¢ Islamic vision of things, it becomes
nat number and figure exist on three
reality: in the Divine Intellect as arche-

0 the principial domain; in the inter-
te world of the mind, which Nichomachus
‘¢ as "scientific’; and in the external world,
ponding to ‘concrete’, quantitative numbers

11

32. e three kinds of Pythagorean number are treated
fully in the existing works of Nichomachus, which
include his Manual of Harmony, Introduction to
Arithmetic and parts of the Theologumena Arithmetica
which have survived in the compilation of Iamblichus
of Rome.

The three meanings of numbers have also been
dealt with in several contemporary works. In addition
to the writings of H. Keyser mentioned above see
R. Allendy, Le symbolisme des nombres, Paris, 1048 ;
M. Ghyka, Le nombre d’or, Paris, 1931; and L. Bosman,
T'he Meaning and Philosophy of Numbers, London, 1932.

33. As one of the foremost Western students of Islamic
architecture in its relation to mathematics, Keith

88

and figures. The modern world knows only the
second and third levels, whereas Islam has re-

mained always aware of all three. The use of
mathematics in Islamic art and architecture is not
only the result of an ‘aniconic’ tendency away from
the ‘concrete’ toward the ‘abstract’. Rather, it is
also a means whereby the archetypes are reflected
upon the material plane, making the material
transparent and capable of acting as a ladder to-
ward the spiritual realities, which are the most
concrete realities of all, realities compared to
which physical realities are no more than abstrac-
tions. The use of mathematics in Islamic art is a
way whereby the material is sacralized by virtue of
reflecting the archetypal world. It is also the
means whereby man becomes aware of the origin
as well as the fundamental structure of the
physical world that surrounds him and is able to
penetrate into the very mystery of God’s creation.33

Mathematics in Islam has not been bound
to the world of ‘matter’ as is modern mathematics.
It has in fact been related more to the world of life
forms and beyond that to the archetypal world. As
a result it has been able to reveal the principle of
the physical world rather than the structure of its
constitutive parts as in modern physics. More-
over, it has been able to aid in the realization of a
harmony, balance and awareness of the effusion of
multiplicity from Unity and the return of all
multiplicity to Unity which characterize Islamic
spirituality and are manifested in the most direct
manner in Islamic art and architecture. No-
where is the sacred character of mathematics in
the Islamic world view more evident than in art,
where with the help of geometry and arithmetic
matter 1s ennobled and a sacred ambience created
wherein is directly reflected the ubiquitous
Presence of the One in the many.

Critchlow, has shown, certain complicated patterns of
Islamic art are identical with the internal structure of
various natural substances discovered by modern
science. Critchlow has said that it seems that Muslims
discovered the inner structure of matter without split-
ting molecules and atoms. This can in fact be easily
explained if one understands the traditional role of
number and figure, the hierarchy of universal existence
and the principle that the ‘heart’ of physical objects can
only be understood in an ultimate sense through a
knowledge of their archetypes, rather than by means of
indefinite analysis and division, although every ana-
lytical study of a legitimate nature reflects again the
archetype of the object in question on its own level of
reality.
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Plate 44. Colour, form and geometry in Islamic art.

Plate 45. The use of geometry to depict the spatial and temporal
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Figure 33. Ars sine scientia nihil.
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Chapter VI

Astronomy and Astrology

‘And He it is Who hath set for you the
stars (al-nujiim) that ye may guide your course by
them amid the darkness of the land and the sea’
(V; 98, Pickthall translation).

‘It is not for the sun to overtake the moon,
nor doth the night outstrip the day. They float
each in an orbit (falak)’ (XXXVI1; 39).

‘Lo! in the creation of the heavens
(samawat) and the earth, and the difference of
night and day . . . are signs (of Allah’s sovereignty)
for people who have sense’ (11 164).

‘He it is Who created for you all that 1s in
the earth. Then turned He to the heavens and
fashioned it as seven heavens (samawat) (11;29).

‘And We have made the sky (al-sama’) a
roof withheld (from them). Yet they turn away
from its portents’ (XXI; 32).

‘And when the sun 1s overthrown,
And when the stars (al-nujwm) fall,
And when the hills are moved’ (LXXXI; 1—3).

These verses from the Holy Quran are
only a few among numerous references made 1n
the Holy Book of Islam to the heavens and

1. ‘One of the characteristics of the Quran as the last Revel-
ation is that at times it becomes as it were transparent in
order that the first Revelation may shine through its
verses; and this first Revelation, namely the Book of

celestial phenomena in general.

religion in the present cycle of humanity, :

also in a fundamental sense a return o |
mordial tradition (al-din al-hanif). | his
truth is naturally reflected in the Holy Qur
many of whose verses point to a return to the pr
mordial revelation which is none other than the
‘book of creation’ or virgin nature itself. 'The
‘signs’ (ayar) of this ‘Book’ become transparent
once again in the pages of the Holy Quran.
Hence, there is continuous reference to the world
of creation to complement the verses, which
specifically concern man on the one hand and the
purely principial domain on the other. And Mus-
lims speak of the created world as the ‘Quran
of creation’ (al-Qur’an al-takwini) and of the
written Quran as the ‘recorded Quran’ (al-
Qur’an al-tadwini).! None of the sacred texts of
the various traditions speaks as often of the ‘signs’
of God manifested in the natural order as does the
Holy Quran, with the possible exception of the
Vedas, which are also a direct reflection of the
primordial revelation. Moreover, the Quranic
references pertaining to nature are concerned

Nature, belongs to everyone’. M. Lings, Whar 1s
Sufism?, London, 1975, p. 23. On the relation of the
‘two Qurans’ mentioned above see S. H. Nasr, 1 'he
Encounter of Man and Nature, p. 95.

0 1
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mostly with the heavens. This confirmation on the
part of the most sacred source of Islam combined
with the natural inclination towards the study of
the heavens of Arabian nomads, who roamed
over vast deserts with the help of the stars, gave a
powerful impetus to astronomy from the begin-
ning of Islamic civilization and created for tl'.ns
science and its ancillary disciplines a special
position among all ‘intellectual sciences’, so that
even jurisprudents and theologians opposed to
some of these sciences respected astronomy
while some went so far as to hold it in high

esteem.

Of course the cosmic dimension of the
[slamic rites, especially the daily prayers, also
brought into focus the practical importance of
astronomy for the religious community. The
rimes of the daily prayers have to be determined
throughout the year for every geographical lati-

rude and longitude where there are faithful,
nractising Muslims, and the direction for the

S
"kl
4

facing Mecca has to be determined again
7 iocality where the prayers are performed.

P .

figure 342, One of the methods of finding the direction of the giblah, by

] D= -
di=-D I 1N,

=

"We transform the direct sine and the versed sine of the longitudinal differ-
ence in order to obtain from the ordinary sine the sine of the modified
lt‘;rngntgde. Further, we multiply the transformed versed sine by the sine of
the latitude of our town, and we divide this product by the total sine; then we
ad-:;l the quotient obtained thereby to the versed sine of the sum of Mecca’s
!amud: and the colatitude of our town. We obtain thereby the gauge. If this
1S 1&55f than the total sine, the azimuth of the giblah 1s south of the east-west
line: tf_the gauge 1s equal to it, the azimuth coincides with that line, and if the
Eil;ge Is more than the total sine, then the azimuth is north of the east-west
‘Further, we square the difference between the gauge and the total sine, and
WE square the sine of the modified longitude; then we divide the product of

the sine of the modified longitude times the total sine by the (square) root of

th».f: sum of the two squares. The quotient obtained thereby is the sine of the
azimuth displacement from the meridian line

"Proof of this method: Again, we let

L ]

the semicircle ABG represent the

02

western horizon of Ghazna, and let us imagine that AKG represents a semi-
circle of its meridian. We mark off arc AK equal to the colatitude of Ghazna
[taken as example by al-Biruni] and arc KH equal to the latitude of Mecca.
We join KE and draw HT parallel to it; then we draw HY perpendicular to
EK. Itis obvious that KE is the line of intersection between the plane of the
meridian of Ghazna and the plane of the celestial equator, and that HT is the
line of intersection of the plane of the meridian of Ghazna and the plane of
the parallel of Mecca, and that HY is the sine of the latitude of Mecca, and
EY 1s the cosine of its latitude. Further, we mark off arc FK equal to the
longitudinal difference, and we join FE. With E as centre and with radius
EY we draw the arc YN ; then we drop NO perpendicular to KE, and we
produce NO to meet the line TH at M. It is known that arc YN lies on a
circle which is equal to the parallel of Mecca, because it was drawn with a
radius equal to the cosine of its latitude, and since YN is similar to arc FK,
arc YN is a measure of the longitudinal difference in the parallel (of Mecca).
So NO 1s the sine of the modified longitudinal difference, measured in that
circle, and YO 1s the versed sine of the longitudinal difference, which is also
measured 1n that circle. Hence YO is the transformed amount, and HM is
equal to 1t and i1s really in an analogous position in the meridian circle of
Ghazna.

‘We drop both HD and ML perpendicular to AEG. Then HD is the sine of
the sum of AK, the colatitude of Ghazna, and KH, the latitude of Mecca.
Therefore AD is the versed sine of this sum. Further, we draw MC parallel
to AG: then the triangle HMC is similar to the triangle HDT, the triangle of
daylight. So the ratio of HM, the transformed versed sine, to MC is as the
ratio of the sine of angle HCM, the right angle, to the sine of angle HMC, the
colatitude of Ghazna. Hence MC is known. Now, DL is equal to MC, and
AL, the gauge, is the sum of AD and DL. (It is called the gauge) because
point L 1s on the line through the foot of the vertical from Mecca parallel to
the east-west line. Whenever it falls between the two points A and E, the line
that 1ssues from E to the point which 1s supposed to fall on it, ends up on the
southern quadrant AB, but if it falls beyond E, towards G, then that line
ends up on the northern quadrant BG.

‘Moreover, 1t 1s known that the segment between L and the foot of the
vertical from Mecca is equal to the sine of the modified longitude, I mean
NO. So if we separate LLZ, which lies on the prolongation of ML — though it
really makes with 1t a right angle, but if the semicircle AKG is revolved about
the axis AEG until it coincides with the eastern half of the horizon, then ML
would coincide with the said line and LLZ would fall on the prolongation of
ML - and if we join EZ and produce it to S, then ES will be the line of the
qiblah. Now ZE 1s the hypotenuse of a right triangle with legs ZL. and LE;

_ therefore ZE 1s known. But the ratio of ZE to ZL is as the ratio of the sine of

angle ZLE, the right angle, to the sine of angle LEZ whose magnitude is
that of arc AS, the displacement of the azimuth line from the meridian line.

Therefore the azimuth 1s known from this proportion, and that is what we
wanted to prove.

‘Otherwise, if we like, we divide the product of the sine of the modified
longitude times the total sine by the difference between the gauge and the
total sine. The quotient obtained thereby is a measure of the tangent of the
displacement of the azimuth from the meridian line.

‘For example, 1n the last computations for the city of Ghazna, the product of
the sine of the modified longitude times the total sine was 1538;17,0. We
divided this product by the difference between the gauge and the total sine,
which 1s 8;5 [6,6], and obtained the quotient 172 :9,50, which 1s the tangent
of the displacement of the direction of the ¢giblah at Ghazna from the south.
The arc (tangent) of this displacement is 70347, 9".

‘Proof: We draw AW, a tangent line to the circle at A, and we produce ES
until it meets the tangent line at W. Then AW is the tangent of arc AS.
Further, the ratio of EL, the difference between the gauge and the total sine,
to LZ, the sine of the modified longitude, is as the ratio of EA, the total sine,
to AW, the tangent. Hence it (the tangent) 1s known.

‘If we wish to find the cotangent function, we muluply the difference
between the gauge and the total sine, and we divide the result by the sine of
the modified longitude, and what results is the cotangent for the distance of
the azimuth from the south point.

“The practical method for the termination of the azimuth of the giblah is
evidently as follows: if AHG is the meridian line in a circle whose plane is
parallel to the horizon, and if we take arc AK equal to the colatitude of our
town, arc KH equal to the latitude of Mecca, arc KF equal to the longi-
tudinal difference between them, and if we join the segments FE and KE,
and if we construct HT parallel to KE, and HY perpendicular to KE, and if,
with centre E and at a distance EY, we draw the arc YN, and if we construct
NO perpendicular to KE and extend NO to meet TH at M, and further, if
we construct MLZ perpendicular to AG, and we make LZ equal to NO,
and if we produce EZ to meet the circumference of the circle at S, then ES
will be the line of prayer.’




That is why, from unknown astronomers to
figures such as al-Birini and Ibn al-Haytham (the
Latin Alhazen), Muslims devised means for find-
ing the direction of Mecca (the giblah) and up to
recent times (as seen in the treatise of the almost
contemporary Persian traditional mathematician
Sardar Kabuli) new methods were sought to
facilitate the calculation of the direction of the
giblah. Practical religious need therefore sup-
plemented profound metaphysical reasons con-
nected with the nature of the Quranic revelation
to make astronomy a main concern of Muslim
scientists and to enable them to produce a vast
corpus which has hardly been studied even now

after decades of research by scholars of the East
and the West.

Figure 34b. On finding the direction of the giblah according to Sardar
Kabuli.

‘Concerning finding the direction of the giblah with the aid of the “Indian
circle”* (da’ara-yi hindi).
‘Concerning this problem our words are the same as those of Shaykh-i
Baha’i [Baha’ al-Din ‘Amili] — may God sanctify his inner mystery — at
the end of the first chapter of the sixth part of his book Habl al-matin. He first
describes how to draw the “Indian circle”, to divide it into four parts and
each part into 9o degrees. Then he adds that if the longitude of the city in
question is more than the longitude of Mecca, mark the difference between
the two longitudes from the point of south or north; and if the longitude of
the city in question is less than that of Mecca do the same in the direction of
the east. From the point found in this way on the circle draw a line parallel
to the north-south line. Do the same for the latitude of the city in question
and that of Mecca from the point east or west. If the latitude of the city in
question is less than the latitude of Mecca mark the difference between the
two latitudes from east or west toward the north and if it is more toward the
south. From the point thus found on the circumference of the circle draw a
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line parallel to the east-west line. These two lines, one of which 1s parallel to
the longitudinal line and the other to the east-west line, intersect each other
at some point. Connect a line from the centre of the circle to this point of
intersection. This line will point in the direction of the giblah. [Of course
from the point of view of astronomers this method gives only an approxi-
mate answer! But the jurisprudents (fugaha’) consider its accuracy to be
sufficient.] As an example let us try to determine the direction of the qiblah

for the city of Kermanshah [a city in Western Persia which was the city from
which the author of this treatise hailed].

Longitude of Kermanshah 46" 59
Longitude of Mecca 39 50
Difference between the two longitudes 77 9
Latitude of Kermanshah 34" 19

Latitude of Mecca 21" 28
Difference between the two latitudes 12° 54

‘Now we draw the “Indian circle”, divide it into four quarters and each
quarter into ninety equal parts. Then from the ppint north, 1.e., a we marx
7° 9" towards the west d and from the point south ¢ we also mark 7 9
towards the west and then draw the line zz, parallel to the longitudinal linz.
Then we mark from each of the two points east and west (b and J) 1
the south and draw the line //, parallel to the east-west line. 1 hes
intersect each other at the point m. From the centre cf the circ

a line to m and continue it until it intersects the circumieran

at D. The line kD is in the direction of the giblas and the
direction of the giblah from the south towards the wes

D)

e

*The ‘Indian circle’ is one in which a gnomon is placed at the centre and

according to the change of the shadow of the gnomon before and after noon
the longitude and the east-west line perpendicular to it are found.
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Astronomy in its traditional Islamic set-
ting is referred to either as ‘“ilm al-hay’ah,
;Im al-nujwm or ‘tlm al-falak and is concerned
with observation of the fixed stars and planets,
calculation of planetary motion and construction
and use of astronomical instruments but, follow-
ing Aristotle, not such phenomena as comets and
shooting stars, which were relegated to the sub-
lunar region. Muslims also developed the science
of ‘fixed moments’ (for prayers), ‘t/m al-miqat,
as well as finding the direction of the giblah
which as mentioned formed part of astronomy as
understood by Muslims.?

It is also important to note that as in
Greek where for the most part astronomia and
astrologia were used interchangeably and almost
synonymously, in Arabic and Persian there was
no clear distinction between the two terms,
although some philosophers classified astronomy
as a branch of mathematics and astrology as part
of natural philosophy or occasionally the ‘occult
sciences’ (al-‘ulitm al-khafiyyah or gharibah). For
example, when reference is made in classical texts
to the munajjimun it is difficult to determine
whether it means astronomers or astrologers. In
most cases it means both. Although there were
some authorities who accepted astronomy and
condemned astrology, by and large the two inter-
mingled and there was never in Islam the clear
distinction that exists in the West today between
astronomy considered as a science and astrology
as a pseudo-science (with the embarrassing
consequence that the supposedly pseudo-science
seems to be attracting more Westerners than the
science of astronomy itself in this supposedly
most rational age of human history).

2. See Anawati, ‘Science’, in Cambridge History of Islam,
vol. 2, pp. 757—765; also A. 1. Sabra, ‘‘ilm al-hay’a’ 1n
the Encyclopaedia of Islam (new edition).

3. To this day the Arab world uses a form of the Julian
calendar with ancient Syriac names for the months
which have survived into Arabic, while Persia uses the

Astronomy and Astrology

Sources of Islamic Astronomy

In astronomy as in the other sciences the
main sources were Greek, Indian and Persian,
except that in this field some Arabic influence of
the pre-Islamic period is also to be observed. The
pre-Islamic Arabs had had a long tradition of
observing the heavens and to this day the nomads
of Arabia as well as other parts of the Islamic
world know more about the stars and wvarious
constellations than most modern educated city
dwellers.

The Arabs had divided the trajectory of the
moon Into twenty-eight stations (manazil al-
gamar), a system which was later adopted in both
Muslim astronomy and astrology. Moreover, they
developed a whole ‘science’ related to the man-
sions of the moon and the first appearance of th:
light of each mansion and each lunar mont
‘science’ with the help of which the
meteorological phenomena as well
events. This ‘science’, which 1is
anwa’ —naw’ being the appearance of
of the moon as it enters each mansios
into the Islamic period and in fact w
by Muslim scientists such as ibn
Dinawari, whose Kitab al-anwa
known source on the subject in Arabic.

Islam also adopted the Arabi
calendar, which determines the rhythm
ous life for Muslims to this day. Moreover, s
form of solar calendar has also been in

throughout Islamic history for agricultural and
administrative matters.? But the Holy Quran for-
bade the intercalation of the lunar year into tiae

solar one according to the well-known verse:’
‘Postponement (of a sacred month) (al-nasi’ —
meaning also intercalation) is only an excess of
disbelief whereby those who disbelieve are mus-
led...” (IX;37).

This injunction is itself an explicit proof
of the non-human origin of the Holy Quran, 1if
proof be needed, for it means that the Holy Book
foresaw long before the problem arose that the
only way to preserve justice among Muslims
was to forbid intercalation. The major Muslim

Jalali calendar with names of the months derived from
Mazdaean angelology. In Afghanistan the Jalali calen-
dar is also used but the names of the months are those

of the twelve Zodiacal signs.

4. On the question of intercalation see C. A. Nallino,
‘Ilm al-falak “ind al-‘arab, Cairo, 1911, pp. ]711.
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sites. such as the daily prayers and fasting, are Seljug scientists — including Khayyam - who
related to the times of sunrise and sunset. More- were responsible for its creation produced the
over, Islam is a world-wide religion with ad- most exact and perfect solar calendar to be used

widely to this day. Muslim astronomers also

herents living in various geographical locations
devised more popular calendars used by farmers

where the length of day and climactic conditions

differ greatly. Had the lunar year been fixed within of which the best known in the West is the
the solar year — as some modernized Muslims un- calendar of Cordova. These calendars served as
aware of the consequences of their proposals models for the Western farmers’ almanac. In fact
suggest it should be — a grave injustice would be the word almanac itself, from the Arabic al-
incurred in that some people would have to fast munakh (meaning climate), reveals the influence
longer days or perform other religious rites under of Islamic works in this field in the West.?
more difficult conditions throughout their lives. Returning to the sources of Islamic
Only the forbidding of intercalation could ensure astronomy, it must be mentioned that Muslims
divine justice for all believers. In this verse the first became acquainted with Indian and Persian
Holy Quran took into consideration the future sources and only later with Greek ones. Because
state of the Islamic community far beyond the of their interest in determining the times of day
ceographical confines of that small community in and the direction for prayers Muslims became
Arabia to which the message was originally attracted early to foreign sources of astronomy
addressed. ~and 1n fact the first extant scientific texts in Arabic
[n any case concern with the calendar con- are concerned with astronomy and astrology.
rnued as a major pre-occupation of Muslim Already in the 2nd/8th century Sassanid works
astronomers until with the Jalali calendar the had been translated into Arabic. Sassanid astro-

Figure 35. Miniature depicting the Holy Prophet preaching against intercalation.

. E ides ' 1gati
S phex?endes of the sun and the moon as functions of used later for navigation across the oceans by Western
annual dates were discovered by Muslims in the sailors.
7th/13th century and were the origin of the almanacs
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nomy and astrology were themselves deeply 1n-
fluenced by Greek and Indian sources® and there
‘s some disagreement among authorities of the
subject, such as van der Waerden and Pingree,
as to the degree of originality of Sassanid works.
This matter is complicated by the fact that Indian
astronomy and astrology had themselves been
influenced earlier by Greek theories and that there
was an extensive exchange of ideas in this field
between Greece and India with Persia standing in
between.? In any case there are certain Sassanid
theories such as the use of the flood as the begin-
ning of cosmic cycles, emphasis upon the Jupiter-
Saturn conjunction, beginning the day at mid-
night and of course the Yazdigird calendar,®
which can be distinguished as distinct Persian
elements.

Besides several Pahlavi treatises on astrol-
ogy, most of whichwere themselves translated from
the Greek and based largely on the popular treatise
of Dorotheusof Sidon,? the capital work of Sassanid
astronomy was the Royal Astronomical Tables,
Zij-i shah or Zij-i shahriyar, assembled 1n the 6th
century (A.D.) during the rule of Anushirawan
but itself based on earlier tables. This Zij, the
original of which is lost, is quoted extensively by
such later astronomers as Masha’allah, Abu
Ma‘shar al-Balkhi and al-Khwarazmi and in-
fluenced Islamic astronomy greatly through
them. In fact even after it was supplanted by
Ptolemy in the eastern lands of Islam it continued
to exercise influence in Andalusia for several
centuries. Research in the last decade has revealed
much more about Sassanid astronomy and its role
in Baghdad during the early days of Islamic
astronomy!’ and it is now recognized that this

influence was greater than earlier scholars had
suspected.

As for the Indian sources, such works as
the Khandakhadyaka of Brahmagupta, the Aryab-

hatiya of Aryabhata and the Mahasiddhanta
based mostly on the Brahmasputasiddhanta, most

6. See D. Pingree ‘Astronomy and Astrology in India and
Iran’, Isis, vol. 54, 1963, pp. 229—246; also Pingree,
‘Masha’allah: Some Sasanian and Syriac Sources’, in
G. Hourani (ed.), Essays on Islamic Philosophy and
Science, Albany, 1975, pp. 5—14.

7. See also Pingree, ‘On the Greek Origin of the Indian
Planetary Model Employing a Double Epicycle’,
Yournal for the History of Astronomy, vol. 2, 1971,
pp. 80—85.

8. On the old Persian calendars and their historic im-
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of them already noted for their role in the rise of
mathematics among Muslims, were also funda-
mental for the spread of Indian astronomy.
Again as early as the 2nd/8th century Muslims
became thoroughly acquainted with Indian as-
tronomy thanks to the translations of Ibrahim
al-Fazari and Ya‘qub 1ibn al-Tariq. Al-Fazari
himself composed a work entitled al-Sindhind al-
kabir (The Great Sindhind) which was based on
Indian parameters and means of calculation. The
Sindhind tradition thus became dominant for a
few decades until the translations of Ptolemy
became known, but even then 1t continued to 1n-
fluence certain astronomers, as for example the
Andalusian al-Zargali.

The appearance of works by Ptolemy in
the 3rd/oth century added a basic new element
and laid a solid foundation for Islamic astronomy
as a distinct school. The major astronomical
of Ptolemy the Megale syntaxis math
(REYAAN GUVTAELS PAOMPOTIKT) Wi
several times into Arabic by such
Hunayn ibn Ishaq and Thabit ibn Qurr
known to this day in the West in its Aral
Almagest. Moreover, other works of Ptole:
as the Geography (containing elements pes
to astronomy), 7abulae manuales, H

planetarum. Planispherium and the astro;

work the Tetrabiblos were also rendered

Arabic. As for other Greek astronomers,

writings of Hipparchus, Aristarchus, Geminius,
Antolycus, Theodosius, Hypicles, 1heon and
many others also became known (0 Muslims
either in part or as a whole. As a result by the
3rd/gth century Muslims became thoroughly
acquainted with the astronomical traditions of the
Indians, Persians and Greeks and of course,
through them, with those of the ancient Baby-
lonians and Egyptians. The ground was thus well
prepared for the remarkably intense activity in the

field of astronomy which Muslims undertook
from the 3rd/gth century onward and which they

portance see S. H. Tagizadeh, Old Iranian Calendars,
[L.ondon, 1938.

9. The astrological 1deas of Dorotheus had a wide dis-
semination from India to Europe and appeared in
numerous languages. D. Pingree 1s now preparing a
basic work on the original text of Dorotheus and 1ts
various recensions.

10. See for example the recent works of Pingree, Kennedy
and van der Waerden.
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continued on a high level until the time of Tycho

Brahe and Johannes Kepler and on a more 51_113-
dued level even during the centuries which

followed.

Islamic Works on Astronomy |
The works in Arabic and Persian and even

other Muslim languages, such as Turkish, on

astronomy and allied subjects are of such great

quantity that, despite two centuries of study by

Western scholars, much of the material has re-

mained nearly untouched while a great many

works have been only partally analyzed. This

vast corpus consists of works of several different

types. Some are treatises devoted to a single facet

of the science, such as the fixed stars or a particu-

lar instrument. Some are descriptive accounts of

astronomy without mathematical treatment of the

subject. These range from simple descriptions

civen often in general works on philosophy to the

adhkirah (Memorial of Astronomy) of Nasir

»in al-"1usi, which 1s one of the major works in

'|d of astronomy but without recourse to

| Yet another genre consists of

works of one kind or another which

d with chronology, length of days of

tc. Then there are the zijes or tables

umerous in the annals of Islam!! and

nde results of observations in tabular

xtensive mathematical analysis and

nally discussion of mathematics

of the greatest Islamic works on

uch as the Hakimite, I1-Khanid and

tables are in this form. Finally, men-

oe made of astronomical compendia

© to embrace the whole of the field in an

2edic but at the same time thoroughly

«cal manner. To this class also belong some

- major works of Islamic astronomy such as

© Uanun al-mas‘ddi (Mas‘adic Canon) of al-

ciruni and the Nihayatr al-idrak (The Limit of
Comprehension) of Qutb al-Din al-Shirazi.

T'o gain full knowledge of Islamic astron-

1. The word zij entered into Arabic from Pahlavi and into
Pahlavj from Sanskrit. It means originally ‘straight
lines’ and is connected with the lines created on a field
when the field is ploughed with the help of a cow or a
bull. Most likely it came to be used in conjunction with
astronomical tables because of the lines drawn in such
works to tabulate the results of observation. There are
numerous Muslim zijes, some of great significance and
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omy it would be necessary to study all these types
of writing thoroughly. But unfortunately today
even some of the most basic works, such as those
of al-Biruni and al-Shirazi, have been only
partially studied, not to speak of many which
remain forgotten in manuscript form in various
libraries. That is why almost every day there are
still important and sometimes major discoveries
made in this field, and what can be given as a
history of Islamic astronomy today is incomplete
to an extent even surpassing most of the other
fields of Islamic science, which also suffer from
the same fate to some degree or other.

The Major Figures of Islamic Astronomy
Upon foundations laid in the 2nd/8th
century major astronomical figures began to
appear in the 3rd/g9th century associated mostly
with the city of Baghdad, but also including
Harranians, some of whom remained Sabaeans
while others converted to Islam only later in life.
The leader of the group of astronomers respon-
sible for observation, measurement and cor-
rection of earlier tables or zijes, which for this
reason were called ‘tested’ (mumtahan in Arabic
and probari in Latin), was Habash al-Hasib,
whose figure dominates the early 3rd/gth century
at the court of al-Ma’miin and who spent forty

* years observing various astronomical phenomena

including lunar and solar eclipses. Habash wan-
dered from place to place in order to take maxi-
mum advantage of each site for observation. In
this he was followed by the Banti Miisa, who also
began their observations in Baghdad but travelled
extensively. Altogether the astronomers of al-
Ma’mun made many original observations, one of
the most outstanding being the measurement of
the meridian near Mosul, which they found to be
111,814 metres.'? At the same time Abu Ma‘shar
al-Balkhi was spreading the study of both
astrology and astronomy relying heavily upon
Sassanid materials and the famous Kitab al-ulif

others of only local interest. They have been surveyed
by E. S. Kennedy in his A Survey of Islamic Astro-
nomical Tables, Philadelphia, 1956.

12. The actual value is 110,038 metres. See J. Vernet,
‘Mathematics, Astronomy, Optics’, Legacy of Islam,
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(The Book of Thousands), which had deep reper-
cussions in certain circles in the Islamic world.*”
Muhammad ibn Maisa al-Khwarazmi,
already mentioned for his contributions to geo-
graphy and mathematics, was also of importance
in astronomy. He left behind two zjes, the greater
and the lesser.!* The lesser zij was adopted by
Maslamah al-Majriti for the meridian of Cordova
and translated by Adelard of Bath into Latin and
thus exercised much influence in both Muslim
and Christian Spain. Other astronomers of the
period were also to be influential in the West. Al-
Farghani (the Latin Alfraganus) composed the
important Kitab fi’l-harakat al-samawiyyah wa

jawami® “ilm al-nujum (Principles of Astronomy),

which marked a new phase in the study of
Islamic astronomy. Al-Nayrizi, his near con-
temporary, also known to the West (as Anaritius),
composed a commentary upon the Almagest
showing special interest in the use of spherical
trigonometry in the solution of astronomical
problems. The Harranian Thabit 1ibn Qurrah,
who became a Muslim and who 1s among the most
outstanding scientists of his day, wrote several
works on astronomy and was especially con-
cerned with the question of the movement of the
solar perigee and the exact measurement of the
precession of