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Technical Arts Related To Alchemy in Old

Egypt
Part 1:
Technical Arts Related To Alchemy in Old Egypt

One of the oldest civilizations all over the wowds that of ancient Egypt, which emerges from ps&aty into the
period of more or less precise chronological recird date perhaps not far removed from 3400 Bhi Aighly
developed civilization endured for over 3,000 yedrsing which it spread its influence far and wideme
archaeologists, indeed, claim to see in all othglizations the signs of an Egyptian origin. Hoveg\this may be, it
is universally agreed that in technical arts Egyptivorkers pointed the way to the rest of the watdl it is to
them that we must turn for the first discoveryhudge facts that make chemistry possible.

Of course, our knowledge of the very earliest depelents of chemical arts is dependent upon thewdisy of
products as far as some 3000 years B.C. tin bronees made.

Primitive arts that provide data of a chemical natare those of the metallurgist, the glass-makerdyer and the
like, many of which reached an astonishingly higiel of perfection in ancient Egypt.

Metallurgy

Metallurgy in particular was carried on with anteeate technique and a business organization meduiny of the
modern world, while the systematic exploitatiomdhes was an important industry employing many saols of
workers. Even as early as 3400 B.C., at the bemgnaf the historical period, the Egyptians hadramiate
knowledge of copper ores and of processes of ditgathe metal. During the fourth and subsequentdties (i.e.
from about 2900 B.C. onwards), metals seem to baea entirely monopolies of the Court, the manageioithe
mines and quarries being entrusted to the highistats and sometimes even to the sons of the &ifaWhether
these exalted personages were themselves profabksietallurgists we do not know, but we may attisasmise
that the details of metallurgical practice, beifig@xtreme importance to the Crown, were carefullgrgled from the
vulgar. And when we remember the close associ&iween the Egyptian royal family and the priestss we
appreciate the probable truth of the tradition temistry first saw the light in the laboratorgg€Egyptian priests.
Copper and Iron Extraction.

In addition to copper, which was mined in the eastiesert between the Nile and the Red Sea, irerkwawn in
Egypt from a very early period and came into genesa about 800 B.C. According to Lucas, iron appéahave
been an Asiatic discovery. It was certainly know\sia Minor about 1300 B.C., for one of the Kingfsthe Hittites
sent Rameses Il, the celebrated Pharaoh of theddinth Dynasty, an iron sword and a promise ofifansént of
the same metal . The Egyptians called iron 'thehwétheaven' or ba-en-pet, which indicates thaffittst
specimens employed were of meteoric origin, theyRaitian name has the same meaning. It was no dwubt
account of its rarity that iron was prized so hjghy the early Egyptians, while its celestial seuwould have its




fascination. Strange to say, it was not used feodaive, religious or symbolical purposes, whicoupled with
the fact that it rusts so readily - may explain véoynparatively few iron objects of early dynastigdave been
discovered. One which fortunately has survived gmesseveral points of interest: it is an iron tiooin the
masonry of the great Pyramid of Khufu at Giza, tng presumably dates from the time when the Pytravas
being built, i.e. about 2900 B.C. This tool wasjsuated to chemical analysis and was found to cortambined
carbon, which suggests that it may have been coscpoissteel. By 666 B.C. the process of case-handemas in
use for the edges of iron tools, but the story thatEgyptians had some secret means of hardeapyec and
bronze that has since | been lost is probably witfimundation. Desch has shown that a hammeredzbron
containing 10.34 per cent. of tin, is consideradidyder than copper and keeps a cutting edge mutsdr.be

Of the other non-precious metals, tin was usetdlémtanufacture of bronze, and cobalt has beentddtas a
coloring agent in certain specimens of glass aadegINeither metal occurs naturally in Egypt, armbéems
probable that supplies of ore were imported fromsiaeLead, though it never found extensive appiboa was
among the earliest metals known, specimens haweg found in graves of pre-dynastic times.

Galena (PbS) was mined in Egypt at Gebel Rasau@itdn of Lead'), a few miles from the Red Sea t@axl the
supply must have been fairly good, for when théridiswas re-worked from 1912 to 1915 it producedremthan
18,000 tons of ore.

The vast quantities of gold amassed by the Phamaehsthe envy of contemporary and later sovereighsugh
much was imported, received by way of tribute, aptared in warfare, the Egyptian mines themselveew
reasonably productive.

Over one hundred ancient gold workings have bestodered in Egypt and the Sudan, though withidithigs of
Egypt proper there appear to have been gold mingsmthe desert valleys to the east of the Ndamlkoptos,
Ombos and Apollinopolis Magna. Of one of these minpossibly near Apollinopolis - a plan has bemmfl in a
papyrus of the fourteenth century B.C., and theaiamof no fewer than 1,300 houses for gold-miaeesstill to be
seen in the Wadi Fawakhir, half-way between Kojgtas the Red Sea. In one of the treasure chambéhns of
temple of Rameses lll, at Medinet-Habu, are reprteskeight large bags, seven of which contained.gol

The Egyptian word for gold is nub, which survivagtie name Nubia, a country that provided a great df the
precious metal in ancient days. French Scientisingollion regarded it as a kind of crucible, wiiessellini and
Lepsius preferred to see in it a bag or cloth, \wihging ends, in which the grains of gold wereheds- the
radiating lines representing the streams of wéi@rran through. Crivelli has more recently advarite theory
that the gold symbol is the conventional sign faosatable furnace used for the fusion of gold, tvad the rays
represent the flames, which, 'as can be observietinse of this type of furnace, are unable terddecause the
wind inclines them horizontally'. In the later dgtias, the Egyptians themselves forgot the origsigaiification of
the sign and drew it as a necklace with penderdsebhough Elliot Smith says that this was the firte form and
became the determinative of Hathor, the Egyptiahrémlite, who was the guardian of the Eastern yalighere
gold was found.

The gold mines in Nubia and other parts of the Egypempire seem to have been very efficientlyglesil and
controlled, though with a callous disregard for fluenan element employed.

Alluvial auriferous sand was also treated, a diskim being made between the gold obtained inwlaig and that
extracted from the mines. The latter was called-entset, i.e. 'gold of the mountain’, while alli\gald was named
nub-en-mu, i.e. 'gold of the river'. Auriferous damas placed in a bag made of a fleece with thdlwsimle
inwards; water was then added and the bag vigoraiislken by two men. When the water was pouredtut,
earthy particles were carried away, leaving thevieegarticles of gold adhering to the fleece. Ehisra picture of
this operation on one of the buildings at Thebes.

Mercury

Mercury (Greek-hydrargyros, liquid silver; latinggntum vivum, live or quick silver) is stated toredeen found
in Egyptian tombs of from 1500-1600 B.C.

Metal and Mysticism.

In the early centuries of our era, however, theeglgally developed a mysticism among chemical vgitkie to
Egyptian and Chaldean religious magical ideas,thece developed a fanciful relation of the metalsich to the
sun and the planets, and as a consequence theestheobelieve that it was necessary to confinatineber of
metals to seven.

Thus Olympidorous-in the 6th century of our eraegithe following relation:

Gold.......cccoeeeees the Sun
Silver.....ccoeeeeeenn. the Moon
Electrum................. Jupiter



TN, Mercury

Lead....cccccceeerrnnnn. Saturn
Metallurgy was by no means the only art practicét wonspicuous success by the ancient Egyptiditsanan.
Glass was almost certainly the invention, not efBfhoenicians, but of the Egyptians, and was pextioa a large
scale from a very early date.
Art of Glass Making
This art is of very ancient origin with the Egyptia as is evident from the glass jars, figures@ndments
discovered in the tombs. The paintings on the tonaye been interpreted as descriptive of the psockglass
blowing. These illustrations representing smithmalihg their fires by means of reeds tipped withyclao can
conclude that glass-blowing is apparently of Egyptrigin, at the beginning of our era.
The remains of glass furnaces discovered by Fig8etrie at Tel-EI-Amarna (1400 B.C.) illustrate thanufacture
of rods, beads, and jars or other figures, formmwheently by covering clay cores with glass andrlatmoving the
cores.
Egyptian glass articles were of colored glass,dfteautifully patterned.
From analyses of ancient Egyptian glass artictestyow that generally the glass was a soda-limesghath rather
soda content as compared with modern soda-lims.glde given analyses do not differ from thoseoofis soda-
lime glasses of modern times. Lead was used irsgtafsom very ancient times. French scientist aealya vase of
the Fourth dynasty in Egypt which contained abaw quarter lead.
Artificial pearls, made of glass, were manufactureduch numbers that they formed an importantlartf export
trade, and the old legends of enormous emeraldstiwed precious stones are most reasonably explain¢he
assumption that the preparation of paste jewelry widely undertaken.
The earliest glass-works of which the remains Hseen found date from the eighteenth dynasty, amaldest
dated glass object is a large ball bead bearingaiteuche of Amen-Hotep |, now in the Ashmolearsblum at
Oxford. The invention of glass-blowing, as oppotethe older method of glass-molding, is compagedgivecent,
dating back only to about the beginning of the §tlan Era. Sir Flinders Petrie has shown thatelieves at Beni-
Hassan, which were formerly supposed to repredassdplowers are more probably to be interpretetetsl-
workers blowing a fire.
Textile and Dyeing Materials.
The begining of the art of weaving and the artydidg are lost in antiquity. Mummy cloths of vargidegrees of
fitness, still evidencing the dyer's skill, are ggered in many museums.
The invention of royal purple was perhaps as easl§600 B.C. From the painted walls of tombs, tesiphd other
structures which have been protected from expdasuneather, and from the decorated surfaces oépott
chemical analysis often is able to give us knowdedfithe materials used for such purposes.
Thus, the pigments from the tomb of Perneb (atregéd 2650 B.C.) which was presented to Metropolfaiseum
of New York City in 1913, were examined by Maxiraili Toch. He found that the red pigment proved todre
oxide, haematite; a yellow consisted of clay camtej iron or yellow ochre; a blue color was a finpbwdered
glass; and a pale blue was a copper carbonatealpsoazurite; green were malachite; black was aalror
boneblack; gray, a limestone mixed with charcoadi a quantity of pigment remaining in a paint pgedi in the
decoration, contained a mixture of haematite witlektone and clay. So many analyses results madadwn
scientists all serve to illustrate the charactethefevidence furnished by chemical analysis ofisimg samples of
the products of early chemical industries.

Part 2:
Earliest Chemical Manuscripts of the Chemical Artsin Egypt

In spite of Egypt is generally recognized as thehmoof the chemical and alchemical arts, but unfately her
monuments and literature have left little of theyeeecords which explain these arts.

Some of these ideas have been transmitted to asghiGreek and Roman sources but the characthesd t
sources do not enable us to discriminate betwemttter derived from Egypt and the confused imé&tgpion or
additions of the early Greek alchemists.

The stories told us that about 290 A.D. the EmpBiocletian passed a decree compelling the desbruof the
works upon alchemical arts and on gold and silkesughout the empire, so that it should not benta&ers of gold
and silver to amass riches which might enable tteearganize revolts against the empire. This deselted in



the disappearance of a mass of literature whiclbtieas would have furnished us with much of inteireshe early
history of chemical arts and ideas.

Discovery of earliest chemical manuscripts

Leyden Papyrus

However, fortunately there have been saved toimasttwo important Egyptian works on chemical peses; the
earliest original sources on such subjects diseavat Thebes (South Egypt), and both formed paataafilection
of Egyptian papyrus manuscripts written in Greedt eollected in the early years of the nineteentldiyann
d'Anastasy, vice consul of Sweden at Alexandria.

The main part of this collection was sold in 183&tfwe collector to the Netherlands government aad geposited
in the University of Leyden. In 1885, C. Leemanmpteted the publication of a critical edition oéttexts with
Latin translation of a number of these manuscritsl among these was one of the two works abovéioned.

It is known as the Papyrus X of Leyden.

The French chemist Marcelin Berthelot who was egézd in the history of early chemistry, subjedtesl Papyrus
to critical analysis and published a translatiomigfresults into French with extensive notes androentaries

On the basis of philological and paleography evigeme concluded its date is about the end ofhiing tentury A.
D. It is, however, manifestly a copy of a work poeisly written, as slight errors evidently due toogpyist, are
found. That the original is later than the firshizey A. D. is certain, as there are included iextracts from the
Materia Medicaof Dioscorides. The work is a collection of cheaticecipes and directions for :

1. Making metallic alloys,

2. Imitations of gold, silver or electrum,

3. Dyeing and other related arts.

In 1913 at Upsala, Otto Lagercrantz published theets text with critical commentary and with trarisla into
German of a similar Egyptian papyrus, the " Pap@teecus Holmiensis." This work like the Leyden omoript is
a collection of recipes for alloys, metal workiwyeing, imitations of precious stones and simités.dnvestigation
developed that this manuscript also came from thed&h vice consul at Alexandria, d'Anastasy, prestby him
to the Swedish Academy of Antiquities of Stockhohere it sSlumbered apparently unnoticed until 190@n it
was transferred to the Victoria Museum at Upsala.

Examination and comparison with the Leyden Papgrade it evident that the new papyrus was not aténtical,
but in all probability was in part at least writtby the same hand.

Both papyri were in remarkably well preserved ctindi Both gave internal evidence of having begpied from
other originals. Berthelot has suggested that #yRis X had been preserved in the mummy-case Bfjgiptian
chemist, and Lagercrantz agreed in the opinionisdnvinced that the two works were the propeftthe same
person, and that these copies were probably madelase copies for the purpose of being entombek thieir
former owner in accordance with a common customlading in the tomb articles formerly owned or ubgdhe
deceased.

The two manuscripts were taken together from arésting collection of laboratory recipes of thedd which
Diocletian ordered destroyed and which apparendlsewery generally destroyed. The date ascribdioketm is
about the time of the decree of Diocletian, andaly be presumed that, in the mummy case, they eddap
execution of that decree.

The laboratory manuals from which these copies waade, were written not for public information lhoit the
guidance of the workers. The recipes themselvesftea very detailed directions, but often alsoeverere hints or
suggestions, sometimes elliptical to such an exsiib give no clear idea of the process as caoried

The Leyden papyrus comprises about seventy-fivipeagertaining to the making of alloys, for soldgmetals,
for coloring the surfaces of metals, for testing tjuality of or purity of metals, or for imitatine precious metals.
There are fifteen recipes for writing in gold dier or in imitation of gold and silver writing. Ene are eleven
recipes for dyeing stuffs in purple or other coldrie last eleven paragraphs are extracts frorvtteria Medica
of Dioscorides, relating to the minerals or materigsed in the processes involved.

Berthelot notes that the artisan who used thesesmwtile a practical worker in metals, especidiby metals used
by the jewelers, seemed to be a stranger to te@benamels and of artificial gems. It is, therefaf great interest
to discover that the Stockholm papyrus supplemiietd eyden recipes in this direction. The Stockhoiamuscript
contains in all about a hundred and fifty recig@kthese, only nine deal with metals and alloysilevbver sixty
relate to dyeing and about seventy to the prodnafartificial gems. Some ten others deal withwhetening of
off-color pearls or the making of artificial pearls

It has been noticed that there is practically auplication of recipes contained in each of tluascripts, and
very similar recipes occur in both. The recipebadth are empirical with no evidences of any octhdories, nor



any of that obscurity of language which is so cbemastic of the later alchemists.

The parts dealing with the metals are largely come with transmutation of gold, silver or electrénam cheaper
materials, or with giving an external or superficalor of gold or silver to cheaper metal. Thegerss to be no
self-deception in those matters. On the contrdugre are often claims that the product will anstierusual tests
for genuine products, or that they will deceiveretige artisans. The vocabulary of materials usgdaistically that
of Dioscorides, with few changes in the meaninguafh terms as are used by him, although at tireekatin
equivalents of Vitruvius and Pliny have been empthy

There is little to be found in these manuscriptscWisuggests that there has been any advance prdbgcal arts as
known in the times of Dioscorides and Pliny andakittiad been less specifically described by thetntheupapyri
in the more definite and detailed directions theaegthrow a very interesting light upon the somatwlimited fields
of industrial chemistry, of which they treat.

Examples will best serve to illustrate the chanacfehe recipes and of the knowledge of practitemistry which
underlies them.

The following are some selections of the Papyrusegiden, as found in the previously mentioned fieit of
Berthelot:

Manufacture of asem (eleetrum)

Tin, 12 drachmas; quicksilver, 4 drachmas; eartGhibs, 2 drachmas. To the melted tin add the posdiearth,
then add the mereury, stir with an iron, and puitis use.

[This, then, is a tin amalgam intended to giveadhpearance of asem or silver. The earth of Chiaessribed by
Pliny appears to have been a white clay. Pliny #ayas used by women as a cosmetic.]

The doubling (diplosis) of asem

Take refined copper (chalchos) 40 drachmas, asdradhmas, button tin 40 drachmas. The copperssrfielted
and after two heatings the tin and finally the aseadded. When all is softened, remelt severadiand cool by
means of the preceding composition. Clean with bolifh (tale or selenite according to BerthelotheTtripling
(triplosis) is effected by the same process, thighte being proportioned in conformity with whatshaeen directed
above.

[This recipe would yield a pale yellow bronze camitag mercury if, as seems probable.]

Purification of tin

Liquid pitch and bitumen, one part of each. Throan and melt and stir. Of dry pitch 20 drachmatsirben 12
drachmas.

[This is manifestly a process of obtaining an ud@dd clean tin for further use.]

Manufacture of asem

Take soft tin in small pieces, four times purifidéke of it four parts and three parts of pure @/@bpper (or
bronze, "chalchos"), and one part of asem. Meltaftet casting, clean several times and make wdatll with
it. This will be asem of the first quality which lileceive even the artisans.

[Copper was whitened by the ancients sometimeslbyimg with arsenic. A recipe in this papyrus gwdirections
for this whitening of copper.]

Augmentation of gold

To augment gold, take Thracian cadmia, make théumgxvith the cadmia in crusts; or cadmia of Gaigynand
sinopian red, equal parts to that of gold. Whengibld has been put into the furnace and has beobigeod color,
throw in these two ingredients and removing [thielpket it cool and the gold will be doubled.

[Cadmia, it will be remembered, is the impure zZimade, containing sometimes lead and copper oxides) the
furnaces in which brass was smelted. Misy was #rdypoxidized iron or copper pyrites, essentif#lsic sulphates
of iron and copper. Synopian red was haematites firiikture, assuming the reducing action of the iiu¢he
furnace, or of any other reducing agent not spetiiin the recipe would yield an alloy of gold amacz with some
copper and perhaps some lead.]

To make asem

Carefully purify lead with pitch and bitumen, on tis well; mix cadmia and litharge in equal parith the lead. Stir
till the mixture becomes solid. It can be used likgural asem.

[Reduction in the furnace must here also be assuiedsoft white alloy so obtained must have beeheap and
poor substitute for electrum or silver.]

Preparation of chrysocolla (solder for gold)

The solder for gold is prepared thus: Copper ofrGy@ parts, asem 2 parts, gold 1 part. The cappeelted first,
then the asem and finally the gold.

[It will be recalled that the term "chrysocolla" svapplied also to malachite, verdigris and coppetade, all of
these being used for soldering gold.]



To determine the purity of tin

Having melted it, place paper (papyrus) underniathd pour it out.

[If the paper is scorched the tin contains lead.]

To make asem black as obsidian

Asem, 2 parts, lead, 4 parts. Place in an earthssel, throw on it a triple weight of native sulpfand having put
into the furnace, melt. After withdrawing from thenace, beat and make what you will. If you wishmake
figured objects of beaten or cast metal, polishartdt. It does not rust.

[This process yields a metallic mass blackened suthhides of lead and silver, similar to the blatker bronze as
described by Pliny.]

To give objects of copper the appearance of goldhat neither the feel, nor rubbing on the toumhstcan detect it,
to serve especially for a ring of fine appearance.

Gold and lead are reduced to a fine powder likerfl@ parts lead to 1 of gold. When mixed, theyranged with
gum and the ring covered with this mixture and &éaThe operation is repeated several times #lktticle has
taken the color. It is difficult to detect becausbbing gives the mark (or "scratch") of a genuarticle, and the
heat consumes the lead but not the gold.

[This is an interesting process of gold platingusing lead instead of mercury, the lead being erdiand
volatilized in the heating.]

Test for purity of gold

Remelt and heat it. If pure, it keeps its coloeafteating, and remains like a coin. If it becombger, it contains
silver, if it becomes rough and hard, it contaiopper and tin, if it softens and blackens it carddead.

To gild silver in a durable way

Take quicksilver and gold leaf, making to the cetesicy of wax. Clean the vase with alum, and takifigle of the
waxy material spread it on the vase with the pelisind let it stand to fix. Do this five times. Eathe vase with a
linen cloth so that it be not soiled, and removitrfgom the coals, prepare ashes, smooth with thishper and use it
as a gold vase. It will stand the test for reatigol

[The recipes for writing with letters of gold vamyuch according to the material upon which the vteree applied,
as also with respect to their relative durability.]

To write in letters of gold

Take quicksilver, pour it into a suitable vase add gold leaf. When the gold appears dissolvetamuicksilver,
shake well, add a little gum, one grain for examate letting it stand, write in letters of gold.

Cheaper imitations of gold writing were also ussdllastrated in the following:

Orpiment of gold color, 20 drachmas; powdered gldstaters; or white of egg, 2 staters; white gR@nstaters;
safran.....

After writing, let it dry and polish with a tooth.

[An animal's tooth used by jewelers for polishimmtili now. In other recipes, the yellow or goldaois obtained
by sulphur mixed with gum; the "bile of the tortejsor of the calf, "very bitter," serves also tbe color. These
may be secret trade names for some substanceffesédt character.]

Part 3:
Earliest Chemical Manuscripts of the Chemical Artsin Egypt

Dyeing Processes in Leyden and Stockholm Papyri

The processes of dyeing are treated much moreifutlye Swedish papyrus than in the Leyden one candcbetter
be discussed in connection with that work. Here willfind a comparison of dyeing processes in bodipyri***:
Leyden papyrus

Preparation of purple: Break in small pieces Ptaggbtone; bring to a boil and having immersed thelweave it
till becomes cool, then throwing into the vessed amina of algae, boil and throw in the wool antirigtcool, wash
it in sea-water to purple coloration. The Phyrygsémne is roasted before breaking.

Stockholm papyrus

Purple - Roast and boil Phrygian stone. Let thelwtay in till cold. Then take it out; put into aher vessel orseille
(sea-wood or algae) and amranth, one mina of émthand let the wool cool in it.

***|t is a pretty evidence (as Berthelot said) tiia¢ two recipes are practically the same, thehatgs us to
understand the other.



Phrygian Stone

-It is considered by Berthelot probably to haverbame alunite, or basic sulphate of aluminium angsium.
-While Pliny describes it as a porous stone resemiplumice which is saturated with wine and theoinad at red
heat and quenched in sweet wine-the operationéeg tiimes repeated.

-Its only use is in dyeing cloths.

-The algae used are manifestly the source of tlketd§f were probably lichens such as were formengh used
and which yield the dyestuff called archil or oligei

The notes on dyeing form an important part of tteckholm papyrus, and furnish more specific infotioraas to
methods and materials employed than any other smfrimformation as to the dyeing processes inituggypt in
ancient times.

The recipes are almost exclusively devoted to tfeéngd) of wool. The colours range from purple andsreo rose,
yellow, green and blue, though the greater numbezaipes have to do with purple. That term wité &ncients,
included deep red and even red brown as well gdgriproper.

Hints for testing the quality of dyestuffs

-Woad should be heavy and dark blue if good, titlignd whitish, it is hot good.

-Syrian Kermes—crush those which are best coloreddightest, those which are black or spotted wittitevare
bad. Rub up with soda and dissolve the fine colored

-Rub up the best colored madder and so make thPtegle colored and fast orseille is purple snalbred, but the
white spotted and the black is not good.

-When you rub up very fine colored orseille, take &old it in your hand. (A rough color test on gam of the
hand?)

-Alum must be moist and very white, but that whicmtains saltness is not fit.

-Of "flowers of copper" that fit for use should éigher dark blue, a very green leek-color or inggahpossess a
very fine color (Flowers of copper, the flos aaridliny, seems generally to be used for the copgigte)
Methods For Whitening Pearls

Method 1:

If the pearls have a brownish tint as if smokeds directed to make a solution of honey in wateidd fig roots
pounded fine, and to boil down the mixture. Spriéadh the pearls as and let it harden, then reniioaed wipe off
with a linen cloth. If the pearls are not yet whitepeat the process.

Method 2:

Mordant or roughen the pearls by letting them siarttie "urine of a young boy" then covering thefthwalum®
and let what remains of the mordant dry. They hea tput into an earthen vessel with "quicksilvert &resh
bitch's milk". Everything was then heated togethieeg, process being regulated. It was cautionegptyahe fuel
externally and to maintain a gentle fire.

Notice: Lippmann suggested that "quicksilver" abmentioned cannot be mercury, but was probably sorety
divided substance of pearly or silvery charactelgudated to give the pearly luster.

** A curious method given for whitening a peartigt of causing it to be swallowed by a cock, afds killing
the cock and recovering the pearl, "when it willfbend to be white."

Method of making Atrtificial Pearls:

One recipe of the Swedish papyrus that gives usahést account of methods of making artificiehfs is as
follows: Mordant or roughen crystal in the urineaojoung boy and powdered alum, then dip it in Egsilver” and
woman's milk.

The word "crystal" often meant with the ancientamng crystal, but it is very evident that with @athors of these
notes the term was used in a more comprehensige sefnclude other transparent or translucentestonhis use is
very evident in the many recipes for imitation oégious stones, where the processes involve a @efmorosity
or absorbent power towards colored solutions nesessed either by quartz crystal or by glass, wekitain agates,
micas, alabasters or other stones possess thisrpyoln case of the above recipe, it is doubtfuktier any such
mordanting would in a reasonable time roughen tinfase of real quartz crystal adequately. The 'kgileer" here
mentioned is evidently the same substance of passigr previously referred to.

A more elaborate process for making artificial pe&r the following, suggesting the modern "Romaars.":
"Take a stone easily pulverized, as glimmer, ardguize it. Take gum tragacanth and soften it &r days in
cow's milk. When it is softened, dissolve it tilhecomes thick like glue. Melt Tyrrhenian wax. €also the white
of an egg and "quicksilver."

There must be two parts of "quicksilver" and thpeets of stone, but of all other materials one padh. Mix (the
stone and wax), and knead the mixture with theckgiiver. " Soften the paste in the solution of gand the
contents of the egg.



Mix in this way the whole liquid with the paste.&fhmake the pearls which you wish according teepatfThe
paste will soon be like stone. Make deep round @sgions and bore them while moist. Let the peatidify and
polish them well. Treated as they should be, thigyexcel the natural. "

Trade Names of Materials used in the Recipes

The use of the trade names for the purpose of etingethe character of the substance used wherecseseemed
desirable was not unknown at that period.

There is a passage in Leyden papyrus concerniagutid says that: "Interpretation drawn from theeshoames,
which the sacred writers employ for the purposputfing at fault the curiosity of the vulgar. Thamts and other
things which they make use of for the images ofgibds have been designated by them in such a vahjothlack
of understanding they perform a vain labor in foflog a false path. But we have drawn the interpiateof much
of the description and hidden meanings."

The secret names in this manuscript which are gladth the real names are thirty-seven in numbbaeyTare such
names as the later alchemists used extensivelyothdf the serpent,” "blood of Hephaistos," "bladd
Vesta,"'seed of the lion," "seed of Hercules," "baf the phyasimian,” etc.

It is very probable that the term "quicksilver'tive preceding recipe takes its name from a simyjlariappearance
rather than from the deliberate attempt to mysfdy these recipes are for the artisan himself foothe public, but
it is also possible that some special constituehtlese recipes were intentionally so named avéid advertising
unnecessarily the more valuable secrets of thainkess.

The "blood of the dragon” for the red resin of pherocarpusdraco is doubtless a surviving remnfttiteofanciful
names used for mystification. The Swedish papyassehfew other names of the same character, thouggneral
its vocabulary is plain and direct. Thus the Greekd for garlic is used to designate human feaasiesimes used
in mordanting wool. The manuscript itself givesstiranslation.

The term "blood of the dove" used in the papyrusy Yippmann has identified from other sources aanimgy red
lead or sometimes cinnabar.

Part4
Alexandria-Egypt and Early Alchemists

Introduction

1-When Alexander the Great conquered Egypt in 33 Bnd his general Ptolemy became
King of Egypt, the Greek city of Alexandria was faled, and soon became not only the
most important city of Egypt, but through the foatidn of schools and the

accumulation of libraries became the acknowledgeder of the intellectual world.

2-The collection of manuscripts is estimated atfré00,00 to 500,000 works. Scholars
from all parts of the then civilized world throngdtre to take advantage of its

books and its teachers. The culture which develoyesia blending of Greek, Egyptian,
Chaldean, Hebrew and Persian influences. Greeksgaiphy, Egyptian arts, Chaldean and
Persian mysticism met and gave rise to strange it@tibns not always conducive to
improvement upon the relative clarity of the Grémkndation.

3-As the power of Rome grew, Greek and Egyptiangyaeclined. Egypt became a Roman
province in 80 B. C. A fire, started, it is recoddérom ships burning in the

harbor during Caesar's conquest of Alexandria, dmiiam important part of the

collection of manuscripts of the Alexandria libesi

4-Under the Roman Empire, Alexandria, however, exiérted great influence and in the
reign of Augustus was a metropolis second onlydmR itself, but in the succeeding
centuries when Rome was suffering from internahtiégration and the Roman Empire was
crumbling from successful barbarian invasions; Aledrian culture also yielded to the
general demoralization.

5-In the third century, the conditions throughdwe Empire were such as to justify
the statement of competent critic—"In the tempestrefrchy during the third century



A.D. the civilization of the ancient world sufferéidal collapse. The supremacy of
mind and of scientific knowledge won by the Greigkthe third centur B.C. yielded to
the reign of ignorance and superstition in thestasdisasters of the third century
AD."

Alexandrian Alchemical Mystics

In the light of present knowledge, it was in theipe of the first to the third

centuries that the mystical cult which cultivated fantastic ideas of that kind of
chemical philosophy which later came to be calletiemy, first developed. The
beginning seems to have been the developmenteaxratcult of Alexandrian mystics
bound by oath never to reveal to the uninitiatedrttysterious knowledge which they
claimed to have. That the members of the cult weiginally of the Egyptian

priesthood or foreign scholars initiated by theegras probable, for Egyptian deities

or mythological personages are prominent as aui®in their writings. That the

cult was of comparatively late development is enil by the prominence of Persian,
and Hebrew authorities which were also frequeritdcin their early writings. All

this points to the cosmopolitan influence of thex&ndrian schools the melting pots

of Greek, Egyptian, Hebrew, Persian and Chaldedoguphies, sciences, religions and
superstitions. The universal sway of the Roman p@nd the pax Romana had also the
effect of spreading the various cultures and natiogligions, but at the same time

of weakening their authority.

In the early centuries of our era, Rome and Atleamgained temples of Egyptian Isis,
and shrines to Mithra, the Persian sun god, weguint in Greek and Roman cities,
symptoms of a decline in the power of the ancieligions in the centers of
civilization under the Empire.

Fate of Alexandria University

There was rising the new and at first persecuteticfeChristians destined soon to
supplant the old faiths. Reconized and protectelg eathe fourth century under the
Emperor Constantine, the new sect as it gainedriné waged war upon the schools of
ancient pagan philosophies.

In 389 A.D. the Serapion of Alexandria was desteasyand its library destroyed or
scattered under an edict of Theodosius callinghferdestruction of all paean temples
within the Empire, an order executed with much sévand cruelty. In the same year,
Zeno, Emperor of the East, closed the importamaicat Edessa and its Nestorian
teachers were banished, findingg refuse in Asia Miseum of Alexandria, a real
university, still maintained a precarious existenoél 415 when in riots incited by

the Christians, the last remnants of Alexandridiosets of philosophy and science were
swept away and the last notable teacher and plpif@smf that school, Hypatia(370 -
415) fell a victim to the violence of the mob.

Hypatia fttp://www.astr.ua.edu/4000WS/HYPATIA.htjnl

Alexandria In Times Of Muslims

When the Muslim State ruled Asia Minor, the Syrigholars were patronized by the
Caliphs, were employed in influential positiongpagsicians, as tronomers,
mathematicians, engineers, etc., and the Syriamusaaipts of Greek and Alexandrian
authors were translated into Arabian. The earlylNMusulture was more hospitable to
these ancient sciences and philosophies than the@aistian, and thus Arabians
became in medieval times the best trained schilarathematics astronomy, medicine
and chemistry. As the wave of Muslim culture in sfeventh and eighth centuries

swept over Egypt and Morocco to Spain, Spain bedameeat of a high degree of Muslim
culture which endured until the final expulsiontieé Moors in 1492 put an end to the
Muslim rule in Western Europe. From Spain, howette,classical culture preserved by



Syrian scholars and by them transmitted to Aralplseh, found its way to Europe, and
Arabian mathematicians, physicians, alchemistseweid in high esteem as scientific
experts. Arabian translations, elaborations andneentaries from ancient Greek and
Greek-Egyptian authors received from Syrian versiamd finally translated into Latin
in the twelfth and thirteenth centuries, becamegtieat authorities in natural

science. So completely had the original Greek mg#idisappeared from sight in the
middle ages of Europe that later centuries quiteegdly assumed that the Arabians
were originators of very much that they had acquaed transmitted from original
Greek and Alexandrian writers through Syrian andbie translations. Particularly was
that true in the field of chemical knowledge, thbugodern research has made it
clearer that the additions in that domain to thevkedge possessed by Alexandrian
writers of the third and fourth centuries is ofwsubordinate significance. In the
history of chemical science in Europe, Arabianuafice is of importance because it
was through this channel that interest in the sgemas again introduced to Latinized
Europe.

The Earliest Alchemical Writers In Alexandria

At about the beginning of our era, it was in Aledda, so far as we can ascertain,

that that phase of chemical activity and speculatibich we call alchemy originated.
The earliest alchemical writers whose writings hagen in part at least preserved to
us were manifestly Alexandrian Greek-Egyptians.yTieote in Greek and their writings
contain allusions and traditions connecting with éimcient Greek philosophy of
nature, with Plato and Aristotle, but also allusi@md ideas related to Persian and
Egyptian culture. In so far as these writings contaferences to the devices and
methods of experimental chemistry, these earl ahi$ts allude to just such practical
operations as we have seen in the Egyptian pamyr Thebes (see Part 2 Lyeden and
Stokohlom Manuscripts in this site), although theg rarely so definite and clear as
the latter descriptions and directions, and areglathwith a confused mass of obscure
allegorical narratives and descriptions. These fivadr analogies in the fantastic
notions of the later Alexandrian neoplatonic philolsers and related mystical cults
belonging to the transition period of the fall bétEgyptian and Greek culture and

the rise of the Christian philosophy with its miseof traditions and ideas from many
different ancient cults and religions.

Internal and external evidence are to the effeattie phase of chemical activity

and interest which so long held the stage not onurope but in Arabia and Asia,
spreading even to India and China, had its origithé practices of the metal workers
of Egypt (see Part 1 of this section) and in tleothes of matter and its possible
changes as developed in the neoplatonic schodtafal philosophy.

In so far as the neoplatonic philosophy as appbiemichemy possessed a basis in
ancient Greek philosophy, it was based mainly uUplamo's conceptions as formulated in
his work entitled "Timaeus."

This metaphysical physical science of Plato, imatiwe and fantastic in itself,

became even less logical and more fantastic bgldi®rations and interpretations of
the later neoplatonists who "based their philosopiyevelations of Deity and they
found those in the religious traditions and ritéslbnations."

As the Timaeus of Plato appears to have furnishedrtore fundamental concepts which
dominated the ideas of matter and its changestedhly and later alchemists, it

will be of help in understanding some of these &déhis work is explained in some
detail.

In the form of dialogue, though substantially a wlogue, Timaeus is represented as
explaining to Socrates his formulation of the gatien and development of the
physical universe.



A study of the treatment and Conservation of Coptidcons

With the Applications on Some Icons from Museums, Churches and Monastes in Lower
Egypt

A new thesis submitted by: Abdel-Rahman MohamedeARhhman EI-Serogy To Faculty of Archaeology,
Conservation Department at Cairo University for Mhester Degree in Archaeology 1997.

Summary

This thesis deals with the treatment and consenvatiethods of Coptic icons. It consists of thedwihg Studies:
1-Introduction on Coptic Art

Coptic art was introduced in Egypt since the intrettbn of Christianity in Egypt. It is an art thass influenced by
several factors and had it is own features. Thist@arfeatures that preceded the Coptic icons maudsed. Also the
demolition of Coptic icons, the most famous Coptitists and the main subjects painted on the iaomslealt with.
2-Different kinds of icons and their preparation

Icons vary in materials and methods of preparatgpgcially the wooden or linen supports and th®ws ground
layers such as calcium carbonate "Chalk" or calcuiphate hydrate ‘gypsum"” or kaolinite or zinothrer painting
grounds. Adhesives and binding media were also numseand differed in their methods of preparatidmey were
mainly used to bind the previously mentioned fgléFhe main adhesives or binding media were anhugl, fish
glue, gelatin, rabbit glue, albumin, casein, etc...

Also, the various painting techniques, e.g: Tenfpog - white, gum Arabic, animal glue), encausdmfing and oil
painting were discussed.

3-The different colourants used on icons

The most important colourants that were used ftouring the icons were discussed. Colouring thesoasied
properties of colourants such as refractive indexgrage, particle size, specific gravity and re¢atlensity are
mentioned. In addition to that, the groups of ratarineral colours and organic dyes are dealt witt,:

**White colourants: gypsum, zinc, titanium.

**Red colourants: red ochre, kermes

**Yellow colourants: yellow ochre, osfor

**Blue colourants: Egyptian blue, indigo. and otleetourants such as: violet; brown and black.
4-Deterioration Factors of Icons:

The physical deterioration factors that affectw®den support, the gesso layer and the colour Egethe change
of relative humidity in the environment around tben. The different layers contract and expand ating to the
changes. As a result the icon may deteriorate.

In addition to that an increase on relative hurgiditcourages biological attack. Heat, which is heophysical
factor causes embrittlement and weakening of thedeo support, the gesso layer and the binding nfaedienal
glue), as a result the surface of the icon andvteden support deteriorate.

Light, another physical factor, causes fading oakeming of colourants. The chemical deteriorataetdrs, which
decay the support layers for the colourants, dphsuoxide, ozone, nitrogen oxides, gases, etc....

Insects and fungi are the major biological detation factors, that attack icons under certain ¢eor.

Last, but not least, man-made deterioration facdoesa major problem. They could be due to destnucn
purpose, touching the icon as a blessing or incorestoration within the Egyptian church.

5-Investigation and Analysis of an Icon.

The importance of using modern scientific methdalisinvestigating and analyzing the ground layecalour layer,
is considered.

I.R., U.V. and X.ray radiography are sources useetteal the condensed layers which are not evidethie naked
eye, cracks or previous restoration.

I.R. and U.V. spectroscopy are used to identifyltimeling media in the ground layer or colour layer.

Scanning electron microscopy is used to study étertration forms of all the layers of an icon.

6- Methods of Treatment and Conservation of Icons.

There are various methods and materials that carsdxe for cleaning wax, soot or fly secretions framicon's
surface. Also, old and new varnish layers may bared or removed when blooming occurs. In casesevdnacks,
pitting or separation of the icons layers are evideeatments may be applied. In some cases, vthen@ooden
support is badly deteriorated, the linen suppotihall the drawings may be removed. After thatwlred may be
completely treated and consolidated.

Another point of treating Coptic icons is the retbing or repainting of colours and the use of nawishes after



cleaning an icon, in order to retain its ol glamour

The last step of treating an icon in a museum arathis to exhibit it under suitable conditions.

7-Practical Part

The various methods for preparing an icon accortbrtge old techniques were applied by the researdihese
new icons were artificially aged and treated. Tfoers it was possible to choose the most suitabktinent for
ancient icons, before application.

Several painting grounds were prepared, accordimifferent references. These grounds were theyuced by
using organic or mineral colours. They were altpthin a drying oven at high temperature and highitity, as a
means of artificial ageing.

Alchemy In Islamic Times

History of Botany Part 1: The Date Palm in AncientHistory

This study is made by Dr. Wafaa M. Amer, Botany @2ejment, Faculty of Science, Cairo University,G12613,
Egypt.

These pages are edited by Prof. Hamed Abdel-relfsem

Professor of Chemistry at Faculty of Science-Ursitgrof Cairo Giza-Egypt and director of Scienceitédge
Center

Web site:http://www.frcu.eun.eg/www/universities/html/shalgx.htm

Introduction:

Date palm has given the latin name Phoenix daetgit..

The part L.: denoting Linnaeus (1707-1778), the Swedish betamino brought this binomial name.

Phoenix: There are three explanations as to the etymolodgho&nix:

1. In Ancient Greece: It was the name of a legentad which haunted people's minds throughoutgauity and
still exists in the religious and artistic tradit®of the Far East. The Greeks described Phoemlxabia wonderful
bird which lived through periods of many hundrednge It was said that before dying, this bird bitsltown
funerary pile, setting fire to it by fanning it Wiits own wings and eventually arose again fronoits ashes.

2. In Ancient Egypt: The date palm was known frdma first Pharaonic dynasties. The Egyptian leggnidid was
the greedy heron which was so widespread in the Willey and they called it 'Bennu' bird Fig (1hi§ bird was
found on the mural paintings which decorate theb®wof the kings and the nobles, this bird was atatieal to the
great 'Sun-God' 'Ra' and the sun itself. The teBmasnu’, 'bnr', 'bnr.t' were also applied to theegelm fruit and to
every thing sweet. The date palm was linked inemdEgypt to the sun-bird and they giving bothghme name
indicating the importance of this tree to theie [{Bircher,1990).

3. In Theophrastus' days: (The famous botanist;ZBRBC): There was Phoenicia which was the nacoastal
strip between the Mediterranean sea and the Jeadky which is now ‘Israel’ and a part of '‘Lebandihis region
was inhibited with a population with famous purp@dour from the Murex shellfish, this colour call&hoenix' in
their language. Theophrastus may derived the viRitdenix' and gave it to date palm fruits which apgrirple on
ripening (Bircher,1990).

Dactylifera: This latin term was derived from the Greek wordc#s' which means finger. According Linnaeus
this was meant tall and slender form. This word usedd by ancient 'Hebrew' and Syrian names forpkdlta itself.

DATE IN ANCIENT EGYPT

Date palm has special religious, feeding and indlstalues in Ancient Egypt. It was probably cudtied in the

Nile Valley several thousand years before the Histroglyphs marks appeared. Date palm was giveiowsnames
in Ancient Egypt, These names were cited in Higrplgic symbols (Darby, et al 1977 and Bircher, 199®png of
them: 'Buno’, 'Phuno’, 'Bni', 'Bnr', 'Benrt', '"AmBnrit' and 'Bniw' for date juice. .

1. Old stone-age periodThe earliest date palm finds recovered from Egygs & date palm trunk found in Kharga
Oasis (western desert). The sample was dated bdbk bld stony period.

2. Predynastic period:In Ruzikate (Sharkia province ) the excavation®eded a mummy robed with date palm
leaves, in a site dating back to Predynastic peidcd@b00 BC; Bircher, 1990). Fleshy part of datkrpfiuits was
detected among the plants, identified from a beektail excavated from a vat in Hierakonpolis $itpper Egypt).



The site dated back to Predynastic period (3450Q.B®is was the earliest sample used as referemagshge of
date palm for beer sweetening (Amer, 1994). How®agby, et al (1977) mentioned that date palm vezsiun
Ancient Egypt for Beer sweetening.

3. Dynastic period: "In a clean place shall | sit on the ground. Belng¢la¢ foliage of a date palm of the goddess
Hathor..." The Egyptian Book of Dead.

Date palm seeds were excavated among the botaeinains recovered from Abu Sir (Giza) tombs. Thesee
used as mortuary offerings; the site dating badkedking's 'Down' family belonging to the firstrdhsty (c. 2950
BC; Annual report, 1992). The columns' crowns aitkiSahure' in Sagqara were decorated with palwesehig
(2). A small date palm tree was found in Saggamebtdating back to the first and early second dyn@s2850 BC.
). Date was mentioned under the name 'Bnrit' antb@glecoration of ‘Nfer-Mehat' tomb in Midoum datimack to
fourth dynasty (c.2600 BC.). Rocky stones decoratitl palm tree were found in 'Ra Or' tomb in Gézal 'Betah
Hotop' tomb in Saqqara from the fifth dynasty (@BC; Nazir, 1970). Date palm trees were cultigaeound a
rectangular swimming pool in 'Rakh Me Ra' gardais tlecoration was depicted on his tomb walls (Nd£&70).
In Tel-El Amarana eighteenth dynasty (c.1580 Btg;garden in the magnificent temple of priest INR&', was
decorated with various types of trees; the mosdlsietones were: date palm, dome palm, in additdigtand
pomegranate (Nazir, 1970). Date palm trees wetevatéd in the nobles and kings gardens. Annaésrglyy who
was the keeper of cereal storage bins in 'Amon biake first era (New kingdom). The walls of hisnio were
decorated with a paints representing his houseegaithe names and the numbers of the cultivated tnere
written too. There were twenty plant species amafithem: seventy three fig trees; thirty one pérsas; one
hundred and seventy date palm trees; one hundrethemty dome-palm trees all these were cultivaredind a
large rectangular swimming pool( Nazir,1970). Soe@resentative drawings are outlined in Figs(3&8)5

4. Graeco-Roman period:Date palm seeds were excavated from Douch Nedsofitdiarga Oasis-western desert);
the site was dating back to Graeco-Roman period AT» (Wagner,1982 and Barakat 1986).

5. Roman period: Large number of date palm seeds were excavatedAtmrSha'ar site (Red sea coast); the site
dating back to Roman period (c.500 AD.). The extatvaeeds were morphologically sorted into fivegaties it
was believed that these seeds were belongingferait desertic date palm cultivars.

ANCIENT RELIGIOUS TRADITIONS

Ancient Egyptians used date palm leaves as an emifléongevity; the excavations revealed a kneefivan
holding in his hands a bunch of palm leaves fogéuity. Date palm was an emblem of the greatest'Gounon
Ra'. Hathor' the goddess of life, joy, music, dagand fertility had the date palm as one of helbblems. At
Denderah (upper Egypt), a beautiful palm groveasurded her famous sanctuary (Bitrcher,1990). "Tthetgod of
science and time (they believed that he who segmtahe into months and years had also the date gsione of
his attributes.) Whenever a pharaoh king celebrdtedhirtieth jubilee of his reign, the so calleiéb Sed'
ceremony; he helds in his hands a bunch of palmring(Fig 7). It was believed that into these vetig-ribs the
god that had carved the notches correspondinguimder of years that were still allowed to the reagl life of the
king (Nazir,1970 and Bircher,1990).

Date fruits were among the wages paid to the workatdier EI-Medina temple (Darby, et al, 1977)the
dynastic period palm leaves were carried to thebwas mortuary offerings Fig (8). The mortuary hesymade of
date palm leaves were still used till the GraecoaRo period (Barakat, 1982).

Date palm preservation:

Date palm fruits were preserved in Ancient Egyptwg methods:

1- The simplest method: It was by drying the frints direct sun light for two or three days arftl & shaded place
till become completely dried to be in "'Tamr' forfnrepresentative sample of this method was depbsite
Agricultural Museum, Cairo; the sample dating btkighteenth dynasty and excavated from Tibbpp@y
Egypt).

2- The second method: It was applied to date palitsfwith higher moisture content than the presiowethod.
This method was performed by pressing a large nuoibeate fruits in basket made of date palm ledveseveral
days. The resulted date was called '‘Agua’. A regpitasive sample was deposited in Agricultural MuseGairo
(No. 39897); the sample dating back to the New Horg. Both methods are still used in Arab countitesiate
preservation.

Ancient date industries

Ancient Egyptians used palm trunks for roofing ¢éemles for basket making (Fig 9; Nazir,1970; Da#dyal,
1977). Leaves were used for manufacture of sarjgalsl0) especially for the priests and the temspledrkers to
whom animal substances were not allowed (Nazir,L9tere were three hundred and sixty date palrdymts
mentioned by Wilkinson (1854). Among of these pridua special type of wine known as 'Arage’, wiscstill



manufactured in rural areas of Egypt (Nazir,19D@te palm wine was mentioned on two ostraca ofitheteenth
dynasty in the Cairo Museum. Pliny was cited tlaegalm wine was made throughout all the countrigke
East; which probably was meant to include Egyptésuand Harris,1962).

MEDICINAL USES OF DATE PALM IN ANCIENT EGYPT

Date palm fruit or their juice were used in Anci&glypt in many medicinal remedies. Some of there her
mentioned based on Darby, et al (1977) and Mann(it®89):

1. A remedy for swelling of any limb of a man: Fratates, date kernels, dry myrrh, wax were combiaedpaste
and bandage for four days.

2. A remedy made for swollen and aching legs: Retbn was mixed with fermented date juice and ¢igs were
bandaged therewith.

3. A remedy to suell cough in a child: Dried crusldate are ground in a 'hin' of milk and drunk leg ¢hild.

4. A remedy to kill worms: Date kernels, carob padp, sweet beer were mixed, boiled, strained andld the
remedy had instant effect.

5. Aremedy to cure heat of the heart: Fresh datawy, sweet beer were mixed and administer tanlus for four
days.

6. A remedy for sneezing: Date juice fill the openbf the nose with it.

7. A remedy to accelerate hair growth: Bone of g, diate kernels, donkey's hoof, boiled well inrawih oil or fat
and used as an unguent. Date beer was mentioneadnaity writers (Lucas and Harris,1962; Darby, el@¥7; and
Nazir,1970) that it was used in mummification.

DATE IN JEWISH RELIGION , TRADITIONS AND LEGENDS

The Ancient explanations of Tawrah (The Law ) wieeteved that the fermented juice (Le Skiar) which
permitted to Jewish monks was made of date palneyhtiabas'. Jewish children were offering this kitmthe
ever persistent God from the earliest productiodaté trees. Date palm tree was depicted amonigeheew's
drawings (Qudama,1985). Jews were given the naarmadfa’ (the word derived from the word Tamr); tirtlyirls.
They dreamed that their girls became smart, tedtty and fertile like date palm tree (Qudama,1985)

DATE PALM IN CHRISTIANITY, TRADITIONS AND LEGENDS

1. RELIGION: Date palm was known in Coptic EgyptBsne’. Christians of Jerusalem were carried fsasfcate
palm as they went out to meet their Prophet wheldteannounced "On the next day people that were ¢o the
feast when they heard that Jesus was coming tealem took branches of palm trees and went fortheet him..."
Gospel of St. John. "....A great multitude whichame could number of all nations and kindred's pawble and
tongues stood before the throne and before the, lelmthed with white robes and palms in their hatasl cried
with a loud voice:" Salvation to our God who sittenn the throne, and unto the lamb." RevelatioStoflohn.

2. TRADITIONS: Christians have never ceased to adoeir churches with palm leaves for the celebratif the
last Sunday before Easter. Beneath the domes déAnCoptic churches or the double towers of meoent ones,
palm Sunday still commemorated with rituals datwagk to the first centuries of Christian faith. iRdtonds are
everywhere: In the sanctuary above the screena@pgthe officiating priest from the faithful aglvas in the
hands of the worshippers. Palm leaves were als@dary every attendant of the solemn morning pseica, along
with fragments of fronds the leaflets of which hmpainted into various decorative shapes (BiréB8Q). Palm
groves surround the fortress-like desert monastesieme of them were the sites of the very firsivemts ever built
and where the embittered monks had faced consteugfed of pillage, depredation and death. Dates merioned
sparsely as Coptic remedies, once in a poultick ettter ingredients for stomach ache (Darby, &é8al7).

3. LEGENDS: There are some charming legends coimgethe Divine Child and the date palm based on
Bircher(1990): One of them is connected with tlightl of the Holy Family to Egypt. They having Igffteir country
in great haste and utter anguish. Saint Josepkthandrgin Mary had taken no food with them on theay. As they
entered the palm groves of Egypt. One of thesedaie bearing trees gently bent its head towams tinclining it
so deeply that could feast on the delicious frwitde the cherubs who were seated on the frondsomstd them by
singing and wishing them peace.

Another legend is connected with Saint Christophptite patron-Saint of travelers and car-driversthfe Holy
Family was preparing to cross a river, a man calladstophorus took the infant Jesus on his bolhodlslers and
carried him safely across the water. But the timjydcproved to be so heavy that he would have bral@vn under
its weight... for with him he was carrying the bemdof the entire world... had he not been ableaa lon his staff
which was made from the midrib of palm frond ...tAsy reached the shore the Divine infant told &bphorus to



thrust his staff into the soil. The man obeyed #edsticks sprouted into a wonderful date palmnttioat time
Christophorus become a convert and lived a sdiif¢lyver after.

THE DATE PALM IN ISLAMIC RELIGION, TRADITIONS AND
LEGENDS

|. Date palm in Qora'n:

Palm tree was mentioned in Qora'n (the book of bptkenty times. On fifteen occasions it is mergidmmong
other plants in a God's bounty towards the humee. r@ora’'n statements will mentioned accordingli¢1%34)
and verified with ( English copy by Internationabgp for computer systems,1995 ).

----"It is He who sendeth down rain from the skievith it We produce vegetation of all kinds: fraame We
produce green (crops), out of which We producengtaéaped up (at harvest); Out of the date palnitarstheaths
(or spathes) (come) clusters of dates hanging lwvreear". (An' &m 99)

---"It is He who produceth gardens with trelliseslavithout, and dates, and tilth with produce dkaids and
olives and pomegranates, similar (in kind) andedéht (in variety). ((An'am 141)

---"Set forth to them the parable of two men: Foe @f them We provided two gardens of grape vimek a
surrounded them with date palms; in between theWeaplaced corn-fields." (Kahf 32)

---(Pharaoh) said:"Believe ye in him before | gix® permission ? Surely this must be your leader hds taught
you magic ! be sure | will cut off your hands aeétfon opposite sides, and | will have you crudifi@ trunks of
palm trees: So shall ye know for certain, whiclusttan give the more severe and the more lastinglpment” (Ta
-Ha 71)

---"And corn-fields and date palms with spathes feaaking (=with the weight of fruit ( Shu'araa8)4

---"And tall (and stately) palm trees, with shoofdruits stalks, piled one over another". (Qaf):0-"Plucking out
men as if they were shoots of palm trees torn gpn(fthe ground)". (Qamar 20)

---"Therein is fruit and date palms, producing bgat(enclosing dates)". (Rahméan 11)

---"In them will be fruits, and dates and pomegtasa(Rahman 68)

---"So that thou couldst see the (whole) peopledyprostrate in its (path): As if they had beentsad hollow palm
trees tumbled down!" (Haqga 7) ---"And produce dieicorn And grape and nutritious plants And oliged dates"
(Abasa 27-29)

---"And the pains of childbirth drove her to tharik of a palm tree: She cried (in her anguich):! Avould that |
had died before this ! would that | had been agHiorgotten and out of sight ! (Maryam 23)

---"And shake towards thyself the trunk of the patee it will let fall fresh ripe dates upon the@Varyam 25)
---"Does any of you wish that he should have a glandith date palms and vines and streams flowirdgrmeath,
and all kinds of fruits". (Bagara 266)

---"And the earth are tracts (Diverse though) nbaying and gardens of vines and fields sown witimcand palm
trees growing out of single roots or otherwise: &vead with the same water ". (Ra'd 4)

---"With it He produces for you corn, olives, dg@i@m, grapes and every kind of fruit". (Nahl 11)

---"And from the fruit of the date palm and the &jiye get out whole some drink, and food: be holthis also in a
sign for those who are wise". (Nahl 67)

---"Or (until) thou have a garden of date treed @nes, and cause rivers to gush forth in thedsincarrying
abundant water" (Bani-Isra'il 91)

---"With it We grow for you gardens of date palnmslavines: In them have ye abundant fruits: Ancheit ye eat
(and have enjoyment) (Mu-minun 19)

---"And We produce therein orchards with date paémg vines and We cause springs to gush forthitiie & a-
Sin 34)

---"A good word like a goodly tree, whose rootiisrly fixed, and its branches (reach) to the heaVéhtbrahim 24)
Annas said that the Prophet Mohammed said abaugtudly tree that: This tree is the date palm tide
Nadawi,1994).

II. Date palm in the Prophet Mohammed's speeches aHlife:

---Abd Alla Ebn Omar Said that "Prophet Mohammeid $laat: Among the trees there is one with nonefaleaves,
it's similar to the muslim; think about it" .The Blims said that:That is date palm tree.

---Salama Bent Kais said that "Prophet Mohammedi theit: Feed women with Tamr after their delevany (
puperium stage); whose feeds on Tamr her child gnewmost merciful; it was the food of virgin Many Juses
birth. If the God knows other best one 'He' hatéed her on it"

---Soliman Ebn Amer El Dabbi said that "Prophet Motmed said that:: If one eats one eats afterifast,
preferably to eat Tamr if not available, her drisksne water it is cleared and pure”.



---Annas said that " Prophet Mohammed had eatealRafter fast and before his prayers, if no Rueledts Tamr
if no Tamr, he drinks some water ".

---Eisha (Prophet Mohammed's wife) said that: "Aisefree from Tamr their owner hungry".

---Eisha said that " Prophet Mohammed said thatel&nt Agua has a curative effect".

---Eisha said that "Prophet Mohammed had named BawchiMilk, the two best(best among all food)".

---Emam Musleim was mentioned that:" Abd Alla Ebhf& had seen the Prophet Mohammed eats cucumtier wi
Rutab".

---Ebn Ody said that: Ali was mentioned that:"Prepklohammed Said that: The best of your Tamr isiB# is
curative". Or Abi Hourira Said that " Prophet Mohaed said that: '‘Berni' is curative and free frofieation”.
---Saad said that "Prophet Mohammed said that: Whkas seven fresh Tamr fruits at breakfast, heaests magic
and poison on that day" .

lll. Date palm and the Prophet Mohammed legends:

Based on Gaber Ebn Abd Alla who said that: "thepRed Mohammed was standing next to a date palnk trun
during his prayers. One day a woman offers a seidiiet Prophet to sit on it; when Mohammed is gjttm this seat
the date palm trunk was crying sadly for missirg Bmophet's support" (Sawan,1993). Another interg$tgend
was mentioned by Abn Abas who mentioned that "Aabdan man came to the Prophet Mohammed and said to
him, 'how can | know that you are the Prophet ofl&s@rophet Mohammed answered that: 'l can caliiate fruits
from that tree to come down', and so he did; dftat he ordered the date fruits to return up agathbe
reconnected to the tree; the fruits did. Then thebfan man believed that the Prophet Mohammedi®tbphet of
God" (EI-Nadawi,1994).

IV-Ancient Islamic traditions and habits:

1. A great multitude of Ansar (Madina inhabitantso believed with Mohammed) were celebrating thepRet
Mohammed coming and met him in Madina border tesagith palm leaves; they cried with load voice'laA
Akber" (Allahu Akbar).

2. Qura'n was written in Ancient times on palm leages: After the death of Prophet Mohammed; OmarAdou
Baker (the Prophet friends and his followers) wengered Zeid Ebn Thabet to collect Qura'n wordsd Zaid that:
| started to collect it from the date palm leavied hose know it .

3. Madina mosque: The Mosque in it the Prophet Mohad was buried, it was the first Islamic Mosquit lru
Madina after Prophet Mohammed and his followersratgg to it. The earlier achitectures of this Masauere
made of mudbricks and palm fronds, the columns weade of palm trunks, the area in which Prophet atamed
was buried is still surrounded with decorated psilitks. The houses of Prophet Mohammed's wives meace of
palm leaves and palm trunks in addition to mudlsri@k-Nadawi, 1994).

Many authors were treated of the uses of date pafolk medicine; some of these preparations wészdn old
medicinal dictionaries, some others still handledural areas everywhere in Arab region. Amongelasghors
were Qabani (1973); Darby, et al (1977); El Gartie9i83); Qudama (1985); Manniche(1989); Aref(1991);
Famuyiwa, et al (1992); Abd El Hamed (1994) and Ab&alam and Askar (1994). Based on these refesesmme
common folk preparations of dates are cited here.

The decoction of the fruit was used to treat braig;rcough and colitis as well as its uses as etquant. In
addition to its uses as an emollient, in gout alodd pressure cases.

1. Tamr is remedy for potassium deficiency diseaBasr is a general restorative if eaten as a dadg. Tamr
treats the cardiac disorder especially after desrlind vomiting or after diuretic medications.

2. Tamr as lactagogue: Tamr containing Potassiuggi and Threonine; which activate the milk hormao
(prolactin). Tamr acts as lactagogue if it is usedaily feeding of a woman in her lactation period

3. Tamr as aphrodisiac:

i. Remedy of tamr mixed with milk and cinnamon jgheodisiac and activates the formation of sexuairde

ii. A breakfast meal composed of black bread araked yolk (seven eggs) with 100 gram Agua (or t@and 15
gram margarine is aphrodisiac food. This breakfastt followed with a cup of milk or carrot juiceuthactivates
the sexual behavior.

4. Date and tumors: Feeding on tamr increase tHg imomunity and resistance to cancer diseasesoiitbtsrmone
is extracted from date kernels (seeds) and tredtedhically to obtain 'stradiol’ which can be useddancer
treatment.

5. Date and abscesses: A remedy of warm Agua fastamr paste) and margarine is applied exterrallyhe
abscesses. The remedy is analgesic and a locayaatit.

6. Date and skin allergy: Remedy of tamr pasteatewis antihistaminic, the remedy is externallplagal to the
skin. Food containing tamr is sedative to allei@gnc is the active ingredient inducing allergic iinition.

7. Date and poisonous bites: Prophet MohammedtisaidThe direct external use of tamr past on thisqgnous



bites gets rid of its poisonous effect.

8. Date and muslim's fasting: Muslims in the fagtinonth (Ramadan) start their meals with tamr soékevater
for a period ranging from 3-12 hours. Soaked taomtaining a soluble sugars which are absorbedniinbites from
the soft tissues of the digestive tract. Tamr ssigacompansate the loss in the level of blood sdigang the
fasting period (Famuyiwa,et al .1992).

9. Date and delivery: The consumption of tamr gsddient of the daily meals of a woman after anfdigeher
delivery is acting as tonic for uterine musclesadidition to its help activating the delivery presas well as
prevent the post delivery bleeding due to the pres®f constricting substance in tamr; the quipicyl example
for this case Virgin Mary delivery and her feedmgtamr.

10. Date and pediatric anxiety: A child consumegralates (tamr) daily; is a remedy for anxiety aad/ous
disorders.

11. Date and ascaris: Daily dosage of seven dajea Before sleeping kills ascaris worms due tdysentery
effect.

12. Date stones and eyes: The burned date seedegktvere powdered and added to 'kohl' (50%/50%ait)v The
remedy improve the ophthalmia and activate the grafeye lashes.

13. Date and chest infection: A remedy used faydhand chest infections is: 50 gram tamr, 50 dignb0 gram
hibiscus and 50 gram dried grapes ( fruits). Thetuné boiled in one liter water. The remedy is dosage three
times daily; it is recommended as an expectorant.

14. Date and renal calculei:

i. A cup of hot tamr decoction (seven tamr) twodswaily for a period of 15 days; the remedy fwlitotryptic and
diuretic.

ii. A drink made from powdered date stones withadpsthree times daily, is lithonotryptic for hepatihd renal
calculei.

15. Date and dehydration: Tamr decoction free ffisnous material is added to some table salt tomgeensate for
water and mineral loss. This remedy used to theatiehydration resulting after vomiting and diag&o

16. Date and hemorrhoids: The continuous feedinguom relief the hemorrhoids pains and increasétity
resistance to this disease. The calcium, phosplaordisron of dates are active ingredients in tresatnof
hemorrhoids.

17. Date and obesity: A daily meal containing tamd almond or peanuts activate the person obesity.

18. Date and dermatitis: A medicinal soap madeosidered date stones, fats, alkali and antimicrchiaktance is
used for treatment of skin allergy and acroderisatit

19. Date and gout: A researches on tamr stonedqseere carried out in Egyptian Institute of Mewlid
researches. The researches revealed that a codfde from powdered tamr stones drunk twice dailgvek the
gout pains.

20. Date and bronchial asthma: Decoction of tandrfanugreek if drunk twice daily is recommendedhia
treatment of bronchial asthma.

21. Date and hyperacidity: Tamr or Agua when addatie food gets rid of stomach hyperacidity ad aglblood
acidity.

22. Date and general health: Mixture of 50 grans fpinus + hazel nut + almond + walnut) and 50 go&tamr
were added to 15 gram margarine. The mixture issage of one spoon (10 gram) before breakfastwfelowith a
cup of hot Chamomil decoction. The mixture has galngenefits for health and activity especiallydiac muscles
and nervous system in addition to its increaseodfyimmunity.

23. Date and renal disorder: Tamr is a renal ratita; its daily consumption prevent the formataimenal calculei
due to its diuretic and anti-inflammatory actions.

24. Date and night blindness: the daily consumptibtamr in meals and its decoction as eye-lotielp fin
maintenance of eye hygiene and remedy curativieetmight blindness and ophthalmia.

25. Date is a hygienic fruits: Date (tamr, Agua &udab) cannot transfer the infectious germs. Taerme mixed
with germs of Cholera (100-1000 times as noticetthinwaste of infected persons) after three dagysaimr under
investigation were completely free from Choleranger

26. Palm and stomach bleeding: A remedy composétedakerminal bud of palm tree (Gomar) and honed&ily
breakfast gets rid of stomach bleeding. The breakfaust be followed with a cup of Chamomile deawrti

27. Palm and depression: A decoction of palm Ieeaths (fibrous sheath) sweetened with fructosarsargd drunk
twice daily is efficient as an anti-depression drug
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First Farming settlements in Egypt.

The earliest agricultural sites in Egypt date biacthe fifth millennium B.C. and slightly earlier
(Wetterstrom,1993).

I-In lower Egypt:

(1) A series of Neaolithic sites in the Fayum whsgan the period 5200 B.C. to about 4000 B.C

(2) Merimde Beni Salama on the Delta which was p@mlifrom about 4800 B.C. to 4400 B.C. or probaatgr.
(3) The site of EI-Omari near Helwan which is ingety plased by a single radiocarbon data at 41260+Cal
B.C. (Hassan 1985).

[I-In upper Egypt:

Badarian region (Hemamieh site) 6050 + 300 BP rexyarded as the earliest manifestation of farmingroanities
in Egypt.

The above mentioned sites were cleared that thiegaagriculture in Egypt was started at Nile ¥gllwhich owes
its existence to the alluvial deposits (El-Hadiddd&osinova' 1971). Ancient inhabitant's in theeNiklley was
considered the year as three seasons based oproegssing:

1-Flooding season "Akhet" started from mid Juneid October.

2-Sowing season "Brt" meaning the reappearancanadf&gain after flooding season or the seed appeark
started from mid October to the end of February.

3-Harvesting season "Shmo" meaning the summer sestaded from February to July.

Crop processing in Ancient Egypt

Prior the cultivation in Dynastic period the lardoe cultivated was divided into plots with bankseaded parallel
to the Nile as well as other banks at right angté tine first (photos after Nazir 1970).

1 -Ploughing:

The cultivated land was subjected to an efficieatildboard plough by wooden axe"Ti" tomb SaqqarfithFi
Dynasty; Old Kingdom.

2-Sowing:

Cereal grains were hand-sown; goats walked ovesdfed area to press the grains down into theasaly from
the birds. "Ti" tomb Saqqara; Fifith Dynasty; Olihgdom.

3-Harvesting:

Cereal crops were harvested by sicklereaping uglsmed wooden sickles. "Meri Roka" tomb Six Dynasty
Saqgara; Old Kingdom.

4-Parching:

The reaped cereals were collected in bundles amigdan donkeys to an open dry-area to avoid gaathstraw
spoilage. 'Tibba" tomb 18 th Dynasty; flew kingdd®hik Sahid" tombs area: Old Kingdom.

5-Threshing:

In the dry Egyptian summer the parched cereal erapspread and trampled by donkeys hooves. Donkeres
used in the Old Kingdom. While cows were used alttiddle Kingdom. The process involve the fragm#ataof
spikelets and straw producing crop grains, liglafthrhreshing by donkeys in Old Kingdom.

6-Winnowing:

The process occurred by using simple wooden fdtkgas convenient to eliminate the light chaff aticaw from
the crop grains. The process was done by womeepastdd on "Neket" tomb 18 th Dynasty; New kingdom.
7-Sieving:

The process was done by coarse riddle sieves mawhepalm leaves or reeds. Sieving separate thegraips from
longer chaff and larger weed seeds or grains.

8-Storage:

The pure crop was stored in muddy bins until itsstonption. "Helwan" area First Dynasty, Old Kingdom
References:

El -Hadidi, M.N. and Kosinova'. J. (1971) Studiestbe weed flora of cultivated 3671and in EgypPfeliminary
survey. Mitt . bot Staatssamm| 10:354-367.

Hassan, F.A.(1985) A radiocarbon chrology of Néddiand Predynastic sites in upper Egypt and tHeaDafrican



Archaeological Review, 3:95-116.

Nazir, W. (1970) Plants in Ancient Egypt. :42-8ytian printing co. (in Arabic).

Wetterstrom, W. (1993) Foraging and farming in Bgipe transition from hunting and gathernig intoticulture
in the Nile Vallely: in The Archaeology of Afric&&ood metals and towns (eds: Shaw, T.; SinclairARdah, B.
and Okpoko, A.).Pp.165-226, London and New York.

Medicine In Old Egypt
Edited and prepared by Prof. Hamed A. Ead

These pages are edited by Prof. Hamed Abdel-relisemProfessor of Chemistry at the Faculty of Smen
University of Cairo, Giza, Egypt and director oétBcience Heritage Center
Web site:http://www.frcu.eun.eg/www/universities/html/hamelat2n

Medicine In Old Egypt

[Transcribed from thélistory of Sciencéy George Sarton
Edited and prepared by Prof. Hamed A. Ead at Heétgl Germany 10th, September 1998]

Introduction
It is not necessary to emphasize the antiquitygyfdian medicine; in every culture medicine devslopry early,
for the need of it is too universal and too preg&wer to be overlooked. We may be sure that sanekdf

medicine was already practiced in Egypt in theiestrprehistoric days, many millennia before Chiist quote an
example, the use of malachite as an eye paintaegesalve goes back to the Badarian age; thefuggena for
similar purposes was introduced later, thoughistifredynastic times. Circumcision is a rite ofiiemorial age;
bodies exhumed from prehistoric graves (as earlgas 4000 B.c.) show traces of it. A very clespresentation of
the operation was sculptured on the wall of a tafihe Sixth Dynasty (c. 2625-2475).

Imhotep

The earliest physician whose name has been recdrdbdtep,” was the wazir of Zoser, founder of Therd
Dynasty, in the thirtieth century. Imhotep was arfeed man, astronomer, physician, architect (he maag been the
builder of the first pyramid, the step pyramid efg§ara). In later times he was worshiped as a hsra,blameless
physician, and later still as the god of medicthe, prototype of Asclepios (even as the learned Guath was the
prototype of Hermes and Mercury). We know precidtls about Imhotep's medical knowledge but histaposis
is significant and we may well take him at the Bipgp valuation as the first great man in mediciftee people who
speak of Hippocrates as the father of medicine lshoear in mind that Hippocrates comes about half etween

Imhotep and us. That would improve their perspecti’ancient science.

Egyptian Physicians

Not only were there many physicians in the Pyrafdeé, but there were very specialized ones. Thé akén early
dentist is beautifully illustrated by a mandibleifl in a tomb of the Fourth Dynasty (2900-2750)wviich an
alveolar process was pierced to drain an abscetes time first molar. From the tombstone of Iry,efhphysician to
a pharaoh of the Sixth Dynasty (2625-2475), wenl¢hat he was also "palace eye physician" and &patbomach
bowel physician" and bore the titles "one undeditagnthe internal fluids" and "guardian of the afitis

Egyptian Papyri

The medical papyri that have come to us, sevenase nare relatively late. They date from the Tweynasty to
the Twentieth (2000 to 1090), but most of themerafprofessedly earlier knowledge, going back &@id
Kingdom, as far back as the Fourth Dynasty. Thedadiest papyri, the Kahun and the Gardiner fragméc.
2000), deal with diseases of women, children, aitlec The two Most important ones, the so-caedthand
Eberspapyri, date from the seventeenth and sixteenitudes B.C.. The Smith one is of the same agbéeRhind
mathematical papyrus. Roughly speaking, we maytsaythe outstanding, mathematical and medicalise=aithat
have come to us are of the same period, the thdl®kingdom and the beginning of the NewKingdont jusor
the imperial age, when Egypt dominated the world.



Smith and Ebers Papyri

Let us consider more carefully the two outstandihgSmithand theEbers both of which are much larger than any
others. On the basis of the figure given by Sartiom.seven medical papyri listed by him include@lides, the
Smithhas 469 lines and ttiebers2289, so that together they have 2758 lines, wisielmost 74 percent of the
total. As all the manuscripts are ultimately dedifeom similar Old Kingdom sources, we may safedguane that
the study of the Ebers and tBenithpapyri will give us a fair knowledge of ancientypgian medicine.

We shall begin with the younger one, fHegerspapyrus, because it is by far the largest (alrfiestimes as large as
the Smith) and was the best known until very retiemts. The difference in age is small anyhow, alaocentury,
and negligible if one bears in mind that both ter{zresent older traditions. We are sure thaEtherspapyrus was
written somewhat later than the Smith one, butotild be unwise to conclude that the contents ofdhmer are of
later date than the contents of the latter.

Ebers Papyrus
The Eberspapyrus is a roll 20.23 m long and 30 cm high;téhe is distributed in 108 columns of 20 to 22kn
each. It contains 877 recipes concerning a gre#tyaf diseases or symptoms. Spells are recometeadly in
twelve cases and in other cases the therapeuté&srdi seem irrational, though we are seldom ablederstand
either the trouble or the remedy. The contentsaeanged in the following order:

1. Recitals before medical treatment, to increaseittiee of the remedy.

2. Internal medical diseases. Diseases of the eye.

3. Diseases of the skin (with an appendix of sundries)

4. Diseases of the extremities. Miscellinea (especitiieases of the head, for example, of the
tongue, teeth, nose, and ears, and cosmetics).
Diseases of women (and matters concerning housiekgep
Information of an anatomic, physiologic, and patigad nature, and explanation of words.
. Surgical diseases.
That order is open to many objections, but the@atglintention is clear enough. He wanted to pgétoer as well
as possible all the information that a physiciaghhineed; he wrote a medical treatise, one of dnkest ever
written (thirty-six centuries ago!).

Smith Papyru

The Smithpapyrus is much shorter. It is 33 cm high and pradably 5 m long, but the beginning has beendast
it now measures 4.70 m. It is a copy of a muchraiebet, dating back to the Pyramid Age, perhapsi@aly in that
age, let us say the thirtieth century. After it liédulated for some generations it was found itisaerms were
antiquated.

Toward the end of the Old Kingdom, say in the twesikth century, a learned physician had the idea o
rejuvenating it by the addition of glosses (691l axplaining obsolete terms and discussing dubimatters. (N.B.
the Papyrus Ebers has also some glosses, 26 buathey have been badly messed up). These glossestute
the most valuable part of the papyrus.

The text as we have it now comprises two verymistparts - 17 columns (377 lines) on the front aridcolumns
(92 lines) on the back. The latter part contairly cgcipes and incantations and need not detaififus.main part is
a surgical treatise, informed by a scientific ¢dai superior to that of the Ebers papyrus.

To be sure, the field of surgery is much less jikbhan that of internal medicine to be contamindtgdrrational
ideas, for in most surgical cases dealt with byeari@hysicians the cause of the injury was tooals/to require
the insertion of magical antecedents. On the contem internal disease is always mysterious dahlito breed
superstitious ideas in the patient's mind, evethénphysician's mind. THemithpapyrus consists not of recipes but
of definite cases. It was planned to deal withaih@ents in the order of the bodily parts from héaébot, but
unfortunately it stops a little below the shouldevhether because the scribe was interrupted @usecthe end of
the manuscript got 1ost. That ordesis podas ec cephales, a capite ad caloemained the one throughout the
Middle Ages, but it was so natural, as a first agpnation, that we should not assume it was detsthby the
Egyptian example.

The forty-eight cases dealt with in the papyrudt bas come to us, are classified as follows:

The discussion begins with the head and skull,gzding thence downward by way of the nose, facesans to
the neck, clavicle, humerus, thorax, shoulderssmaial column, where the text is discontinued, ilegthe
document incomplete. Without any external indiaatid the arrangement of the text, the content efttbatise is
nevertheless carefully disposed in groups of cassed) group being concerned with a certain redgibese groups
are as follows:

No o



A. Head (27 cases, the first incomplete): Skull, overlying soft tissue amg Bases 1-

10. Nose, Cases 11-14. Maxillary region, Cases 15-17. Temporal region, Cases 18-22.
Ears, mandible, lips and chin, Cases 23-27.

B. Throat and neck (cervical vertebrae), Cases 28-33

C. Clavicle, Cases 34-35.

D. Humerus, Cases 36-38

E. Sternum, overlying soft tissue, and trueribs, Cases 39-46.

F. Shoulders, Case 47.

G. Spinal Column, Case 48.

The incompleteness of Case 48 confirms our sugpitiat the rest of the treatise is lost. The disiausof each case
is done systematically in the following way:

1. Title.

2. Examination.

3. Diagnosis.

4. Treatment (unless a fatal case, considered untreatable).

5. Glosses (a little dictionary of obscure terms, if any, employed in the siccwd the
case

The title of Case 4 reads, "Instructions concer@irggping wound in his head, penetrating to thezpand splitting
his skull"; that of Case 6, "Instructions conceghingaping wound in his head, penetrating to thmepsmashing his
skull, and rending open the brain of his skull."

The examination regularly begins thus-. "If thoaenest a man having . . ."

The form adopted is that of a teacher instructipgiail that he shall do so and so. The methodbsérvation
expressly stipulated or implied are answers eticitem the patient, ocular, olfactory, and tactileservations,
movements of parts of the body by the patient eectiid by the surgeon. Strange to say, eight oeleetn surgical
operations are classified with the examinationegathan with the treatment. This would suggest tiratsurgical
work was considered a preparation to the medieattnent, independent of it.

The diagnosis is always introduced by the word&idI'should say concerning him [the patient] .and ends with
one of three statements:

1. An ailment which | will treat.
2. An ailment with which | will contend.
3. An ailment not to be treated.

Three diagnoses consist of this final hopelessiotatd nothing more; but in forty-nine diagnosesir treatise
the three verdicts are preceded by other obsenstia the case. In thirty-six of these forty-nitegthoses the other
observations are nothing more than a repetitiahetitle of the case, or of observations alreadglenin the
examination; but in the remaining thirteen, thegdiasis adds one or more conclusions based ondte fa
determined in the examination. These are the sadigviving examples of observation and conclusioa oldest
known evidences of an inductive process in theohyatf the human mind.' Parallel with the systemate of these
three verdicts is a similar series of temporal sémubearing more directly on the condition of thgdnt although
not so regularly employed, and placed at the enleofreatment. These read:

A. "Until he recovers."
B. "Until the period of his injury passes by."
C. "Until thou knowest that he has reached decisive point."

The matter-of-factness and soberness of those e@dyjcal texts is very impressive. The doctor winotevthem
down was not only an experienced man but a wisewhese general point of view sometimes adumbthtesof
the Hippocratic writings. For example, he recomngeaid expectant attitude, trusting in the healinggyoof nature,
or he recommends waiting "until thou knowest thafthe patient] has reached a decisive point";rigmsinds us of
the Hippocratic notion of crisis.



Did the Egyptians study Anatomy?

There is no reason to believe that the ancient ayyp had studied anatomy, by means of delibeiagections, but
they had taken advantage of the accidental expatgialling under their eyes and had accumulatechmu
knowledge. Of course, the mummification of deadiesdf men and animals, which had been practiced fime
immemorial, might have taught them many things,|kauh rather skeptical about that; the embalmerre wen
much concerned about their own difficult art to patgntion to irrelevant anatomic details. It isgible that the
practice of mummification made it easier later, miater, in Ptolemaic times, for Greek scientistadertake
systematic dissections, but that is another stsyfar as ancient Egypt is concerned there is ieeee of the
influence of mummification on anatomic knowledge.

The author whose work is recorded in the Smith papitad meditated on anatomic and physiologic tqrestHe
was aware of the importance of the pulse, andaoinmection between pulse and heart. He had somevdga of a
cardiac system, though not of course of a ciromtatwhich nobody clearly understood before Hanand(before
him the Muslim physiacin Ibn Al-Nafis). His knowlgd of the vascular system was made hopelesslguliftoy his
inability to distinguish between blood vesselsdiams, and nerves. Yet consider these astoundirenai®ns of
the brain :

"If thou examines a man having a gaping wound $nhieiad penetrating to the bone, smashing his stadlrending
open the brain of his skull, thou shouldst palgasenvound. Shouldst thou find that smash whichignskull like
those corrugations which form in molten copper, smighething therein throbbing and fluttering underfingers,
like the weak place of an infant's crown beforfgeitomes whole- when it has happened there is nblihrg and
fluttering under thy fingers until the brain of litee patient's] skull is rent open and he dischardgood from both
his nostrils, and he suffers with stiffness in mésk."

He had observed the meninges, the cerebrospindl 8uod the convolutions of the brain (comparethaprevious
guotation to the rippling surface of metallic slagoreover, he had realized that the brain wasé#a of the
control of the body, and that special kinds of colnivere localized in special parts of the brain.

Conclusion

To conclude, th&mithpapyrus, and to a lesser extent EHieersone, give us a very favorable idea of the medijcine
anatomy, and physiology of the Egyptians, and efdtientific outlook that they obtained at least thousand
years before Hippocrates.

Mummification in Ancient Egypt

Preservation of human bodies after death is usdakygnated by two expressions, namely, "embalmang!'
"mummification”. To embalm literally means "to péaim balsam or resin". which is actually one of ldmt steps of
the whole process of the preservation of the b@tig. word "mummification" is derived from the Latirord
(perhaps of Persian origin) "mumia" which was nmemd by Dioscorides (first century A.D.) as a bladlkimen
found oozing from the earth in certain places. Tsd was applied at a late date to the embalmeitban Egypt,
probably due to the fact that from the Twenty-siR§mnasty onwards, bituminous materials were largskd in the
presevation of the body.

Mummification is undoubtedly the most distinctiezhnique or art which developed in Ancient Egypgréatly
affected the habits and customs of the ancient #ayypand, through it, much knowledge was gainezhatomy,
chemistry, and many arts and industries.
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Cosmetics
Cosmetics are as old as vanity. In Egypt theiraasebe traced back almost to the
earlist period of which burials have been found] eontinues to the present day.



Cleanliness and personal appearance were highdyded by the ancient
Egyptians. For the priests in the service of thésgdeanliness was strictly
prescribed. Not only did they have to wash seuvaras a day, but they also had to
be clean shaven all over, to keep at bay parasiies, as lice, eggs of which have
been found in the hair of mummies. Water was figintout there is little evidence
that the ancient Egyptians used natural soapsotin fmwder. In a hot climate
deodorants were much in demand. To repel body oaearand women alike
were advised to rub pellets of ground carob(?) héoskin, or to place little balls
of incense and porridge where limbs met.

Around 1400 BC three ladies of the court of Tuthimdié were buried with costly
royal funerary equipment, which included cosmefiaso of the jars contained a
cleansing cream made of oil and lime. Some pretsong for body 'scrub’ are
given in the medical papyri

The 'red natron' was presumably natron tinted biyancompound in the earth
where the natron was extracted.
An allegedly successful remedy to treat wrinklessisted of'gum of frankincense
| wax [; fresh moringa oil I; cyperus grass |; mgnd finely and mixed with
fermented plant juice. Apply daily.

A simple remedy of gum applied to the face afteanking had a similar effect. If
the skin was marred by scars caused by burningg@ad ointment was used to
treat them and make them less obvious, as for eearag ochre and kohl, ground
and mixed with sycamore juice. An alternative tmeait was a bandage of

carob(?) and honey, or an ointment made of framkise and honey.
Because of 'their healthy diet and the lack of stiga Egyptians did not suffer
from tooth decay, but their bread contained pasidf sand from the grain and grit
from the grinding stone, which caused their teethécome excessively worn No
evidence has been recovered to suggest that th#i&gy used a toothbrush in the
manner of the miswak, a natural brush-cum-tootlgpetm Salvadora persica, a
tree native to southern Egypt and the Sudan. Toiehas been used for dental care
by the Muslims since the days of the Prophet (PRPUB)mprove on their breath
the Egyptians chewed herbs, or they gargled witk.Bierhaps they also chewed
frankincense like their descendants in the lasturgn
As in other civilizations, the appearance of thig Was of paramount importance
not only because of the visual effect, but alsahbse of 'the erotic symbolism
conventionally conneted with hair. Men and womekealvore wigs made of
'human hair on festive occasions, but they algal tio keep their natural hair in
good condition. Jars of what could be compared tsétiing lotion' have been
found to contain a mixture of beeswax and resireséhwere remedies for



problems such as baldness and greying hair. Tottredatter, blood of a black ox
or calf was boiled in oil to transfer the blacknesthe animal to the greying hair,
or the black horn of a gazelle was made into amengwith oil to prevent grey
hairs from appearing. These remedies are slightiseragreeable than another
consisting of putrid donkey's liver steeped in thugh they all had the same
magic effect. A far more efficient remedy wouldd®eointment made of juniper
berries and two unidentified plants kneaded inp@aste with oil and heated. The
natural colouring matter in the plants would rubasf the hair, and the astringent
properties of juniper stimulate the scalp. In ordemake the hair grow, chopped
lettuce was placed on a bald patch, if the baldoessrred after an illness, or the
head was anointed with equal parts of fir oil andther oil or fat.
The toilet casket of any man or woman would conéarazor for removing body
hair, although a number of creams were sometimed ias the purpose. One such
consisted of the boiled and crushed bones of a tirced with fly dung, oil,
sycamore juice, gum, and cucumber; this mixtureld/be heated and applied,
presumably to be pulled off when cold, with therfzmihering to it.
The almond shape of the black Egyptian eyes wasrlindd by the application of
black kohl or green malachite. Eyepaint was alswittered as a treatment to cure
or prevent eye diseases. A great number of preégorgpdeal with preventing
ingrowing eyelashes.
To cool the eyes a finely ground green minerab@a®r serpentine) mixed with
water was applied to the lids. Alternative preparet were ground carob(?) and
fermented honey, or emmer grains steeped in watnmht. An eye wash was
prepared from ground celery and hemp.
Eyepaint for an overnight treatment made of kold goose fat or a paste was
mixed from kohl, green eyepaint, lapis lazuli, hpaed ochre in equal parts,
applied to the lids. The green eyepaint was usuadiiachite, a green ore of
copper; kohl was made of galena, a dark grey oleadf. It w as kept in lumps in
little bags of linen or leather and was ground qralkette to a fine powder. The
powder was poured into vases or tube-shaped censafiom which it was
extracted with a thin stick. It was applied eitiagéth the moistened stick, as is done
by Egyptian women today, or, for medicinal purposgsgjuoted above, mixed with
some fatty matter.
Malachite was brought to the Nile Valley from theuntainous regions of Sinai,
whereas galena was obtained either near Aswan peiUpgypt or at the Red Sea
coast. But both were also imported as luxury comtiesdfrom Asia and Arabia.
However, no matter which remedy was employed, tpgians knew that nothing
made the eyes brighter than falling in love: 'Lég@paint is my desire. When | see
you, it makes my eyes sparkle’, says a girl inva jpoem.
Some Egyptians appear to have dyed their fingexnauit the nature of the red



colour used is unknown. It may have been hennawrRedalso required to paint
the lips. The lip gloss, possibly made of fat wigd ochre or with one of the plants
used for dyeing, was applied with a brush or spafed colour was used to give
glow to the cheeks. A rouge consisting of red oeme fiat, possibly with a little
gull resin, has survived: it was some four thousgsats old. Rouge in the form of
powder was marketed a few years ago as a prodactopént Egyptian origin. The
recipe which inspired the manufacturers was prebljnane of those used for the
purpose of camouflaging a burn.
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INTRODUCTION

On 8 June, A.D. 632, the Prophet Mohammed (Peat®eayers be upon Him) died, having accomplished th
marvelous task of uniting the tribes of Arabia iatbomogeneous and powerful nation.

In the interval, Persia, Asia Minor, Syria, PalestiEgypt, the whole North Africa, Gibraltar anda®phad been
submitted to the Islamic State, and a new civil@ahad been established.

The Arabs quickly assimilated the culture and kreadgle of the peoples they ruled, while the latté¢uin-Persians,
Syrians, Copts, Berbers, and others-adopted thei@language. The nationality of the Muslim thusdme
submerged, and the term Arab acquired a lingusetitse rather than a strictly ethnological one.

As soon as Islamic State had been establishedrti®s began to encourage learning of all kindsostsh colleges,
libraries, observatories and hospitals were blithighout the whole Islamic State, and were adetyusataffed and
endowed.

In the same time, scholars were invited to DamaaadsBaghdad without distinction of nationalityopeed. Greek
manuscripts were acquired in large numbers and stadged, translated and provided with scholarly an
illuminating commentaries.

The old learning was thus infused with a new vigmd the intellectual freedom of men of the destimulated the
search for knowledge and science.

In early days at least, the Muslims were eageressdhr knowledge, and Baghdad was the intellecterater of the
world. Historians have justly remarked that theosttof Baghdad was characterized by a new sciergffirit.
Proceeding from the known to the unknown; takinecige account of phenomena; accepting nothingiasathich
was not confirmed by experience, or establishedxXpgeriment, such were fundamental principles taaght
acclaimed by the then masters of the sciences.

Cultural Background

Three of the 'Abbasid Caliphs distinguished themesebreatly in this respect: the second, al-Ma(i&bd-775),
who founded Baghdad, and, even more so, the fftinun-al-Rashid whose fame has been immortalizeahdoyy
legends and the seventh, Al-Ma'mun (813-833). Athem encouraged the work of the translators wkaevibusily
unlocking the treasures of Greek knowledge.

First of all the word 'alchemy', as the articleiatlicates, is Arabic (al-kimya'). The origin oftlwvord kimya', pre-
Arabic, is arguable. Several more or less plausiblegendary hypotheses have been advanced. fear the word
came from the Egyptian kemi (black), whence thee®iemia which might indicate two things:

Egypt, 'the black land' according to Plutarch haloy would be preeminently the science of Egype Black', the
original matter of transmutation, i.e. the artrefting 'black metal' to produce precious metals.

For others, the word 'chemy' could have come frioenGreek khymeia, 'fusion’, i.e. the art of meltjodd and



silver. A Byzantine text states that Diocletianenatl the destruction of Egyptian books relatinghtpmeia, to the
'fusion' of gold and silver.

Islamic Alchemy In Western Writings

Following the work of French chemist Marcellin Begtot on alchemy, many researchers on the basisgihal
texts discovered and published, became interestdteistudy of alchemy with the Arabs: Lippmanng@émann,
Ganzenmuller, Stapleton, Holmyard, Plessner andogsify Paul Kraus whose work about Jabir ibn Hawyigastill
a classic in this subject. More recently Henry @oih his research on Shiism has tried to givesoteric
interpretation of the great alchemy texts. His &gle@ated a school of thought and some contempatdahyrs,
Roger Deladriere and Pierre Lory for instance,rdilescape his influence. Arabic alchemy is no éoribe ‘terra
incognita’ which, a century ago, challenged th&ghsof historians of science.

The large quantity of accumulated facts suggestghthetic presentation to Fuat Sezgin and Marifiédann.
The former produced his in the frame of his se@eschichte des arabischen Schrifttuthe fourth volume,
appearing in 1971, dedicated several pages toralch@ his turn, Ullmann, in his bod&ie Natur- und
Geheimwissenschaften in Islaappearing in 1972, presented in about a hundagdgthe whole of Arabic
alchemic literature studying successively the tetiths and pseudoepigraphs from Greek authorgptigy
Indian, Persian, Jewish and Christian sources, dl@dremy theories, the research of the elixir, tatary
experiments and the material employed, and theevisatopiously documented.

THE SOURCES OF ALCHEMY AMONG MUSLIMS

Pythagoras (Fithaghurus)

Pythagoras is often mentioned in Arabic philosophg in gnomic literature. Jaldaki calls him al-nfliraal-awwal
because he acquired the science from hermetic tkadtg refers to him as an alchemic author andlspef Ta'ifat
Fthaghurus, the school of Pythagoras, and of hi& K@tab almu'sahhahatBook of Adjustments). Other
guotations refer to Pythagoras's theory of numBarghra'i mentions him several times and refefsgdreatise
about 'natural numbers'. The fragments of textckvhrie attributed to him could have come eithemfiaurba
philosophorumwhere he is among the participants, or from otévets.

Archelaos

Archelaos is mentioned in thghrist (p. 352, 25) and by al-Kindi in hisada'il Misr (p. 191, 11). He is considered
as the disciple of Anaxagoras and the teacher ofafes. He should not be confused with his Byzantmmesake,
author of an alchemic poem of 336 verses. The Acabsider him as the author Béirba philosophorum
(Mu.shafal aljama'a) and attribute to him Risalat madd al-ba hr dhat al-ru'ya text which had been revealed in
a vision about the tide and which was translatéal liatin with the titleVisio Arislei This text is introduced as the
continuation ofTurba philosophorum

Socrates

Socrates is considered not only as a wise manldata an alchemist. Jabir calls him 'the fatherranther of all
philosophers' and considers him as the prototypkeofeal chemist. From Socrates to Jabir, theaecsntinuous
tradition which attributes entire treatises to hilabir affirms that Socrates was opposed to thiéngriown of
alchemic knowledge to avoid its exposition to tiiearance of the masses. Most references to Socedgzdo his
arithmetical speculations (theory of the balanee) also to artificial generation.

Plato (Aflatun)

Olympiodorus already (at the end of the sixth centoonsidered Plato as an alchemist and Ibn alkiNaxentions
him in the list of alchemists. Butrus al-limiml ntems an alchemic device called ,hammam Aflatuat@$ bath).
Among the books attributed to him by the Arabs &e mention th&umma Platonisf which we only have the
Latin version. There is a commentary to this botheKitab al-Rawabi- whose Arabic text was edited by Badawi
and whose Latin translation is known by the namber quartorum The contents of this work are mainly alchemic
but it contains also information on geometry, pbisgy and astrology. The ancient authors citedPdaéo,

Aristotle, Ptolemy, Hipparchus, Proclus, the Sogshi®stanes, Hermes, Asclepius and Hippocrates.

We note also that Plato takes up the story indhig-fifth discourse infurba philosophorunthis speech ends with
the phrase al-tabi'a tulzimu-ltabi'ata wa-I-tabi'ttqharu-i-tabSata wa-i-tabi‘ata tafra hu li-IFetb (nature
necessarily accompanies nature, nature overconeenaature rejoices in nature), an aphorism aftentioned in
Arabic alchemic literature under the name of Ptatanonymously. It comes from tRdysika kai Mystikaf
Democritus.

Aristotle (Aristu)

Aristotle is considered as an alchemist authorsnahuch because of his fourth bddkteorologicabut because of
his reputation as an all-round scholar. He wrdbeaek on alchemy for his disciple Alexander. In 6k order of
Heraclius, the book was translated into Syriachgyrhonk Jean, and the Bishop of Nisibis, Eliyya®ainaya,



made sure of its orthodoxy. Finally Abdishu' baikBy Bishop of Sinjar, and later of Nisibis, madeanmentary
on it in Syriac of which there still exists an Aralranslation. The text contains an introductinmiich Abdishu
reports the legendary history of the text follovisda letter from Alexander to Aristotle where tloerher poses
guestions to which the latter responds. This dizdog calledsahifat kanz Allah al-akbaEpistle of the Great
Treasure of God). it includes three chapters: (19w the great principles of alchemy; (2) Alchemjerations; (3)
The elixir. Pythagoras, Democritus, Asclepiadegnhtss, Plato, Ostanes and Balmas are mentionee itext

We also have a dialogue between Aristotle andril&h Yuhin sent by the Indian king as messengétdgander.
Ibn al-Nadim reports this dialogue to Ostanes. IKiria the Jabirian corpus there i&k#ab Musahhaha Aristutalis
Porphyry (d. c. 303)

Porphyry is often mentioned, especially by Jabiowattributes artificial generation to him. The tadchemists
such as Tughra'i and Jaldakl also mention him.

Galen (Jahnus) (d. c. 199 AD)

According to a note iKitab al-hajar 'ala ra'y BalinasGalen was interested in alchemy before dedicdtingpelf to
philosophy. In fact, he is sometimes mentionednaawghority on alchemy' and fragments of alchenxyste
attributed to Galen can be found in the Nationaraiy of Cairo.

Bolos the Democritean of Mendes

Bolos the Democritean lived in the second centafpie Christ. The work of this scholar is varieidhamy,
astrology, medicine. He is probably at the oridithe alchemic tradition transmitted by the workpstudo-
Democritus:Physika kai MystikaHe expounds there the four traditional brancledatnemy: gold, silver, precious
stones, dyes. One can find the famous formula wiicts to synthesize the quintessence of the alcharhi‘'one
nature is charmed by another nature, one nature@ves another nature, one nature dominates anuhae'.
How can this axiom be explained in practical teriig€imus, commentator of the fourth century, exgalwe can
proceed with the transmutation of common metal imdble metal by working alloys or by purifying thetals,
basing ourselves on the affinity between metalewkng their "sympathies and antipathies”. Raw naler
sympathy, transmutation by qualitative change lfefdolours), we have thus the principles that ¢tutstalchemy.'
Thus the school of Bolos brings to the Egyptiattégue a philosophical reasoning which will opea tay to the
science of the Great Work. 'Once again', says Gest) 'we see the union of the Greek spirit aedQhiental art.’
The art exists, from ancient times; the goldsmithEgypt work metals, stones and purple. But altfiothey have
innumerable recipes transmitted from father toaaa kept in temple archives, they lack a reasomiathod. No-
one has yet joined these practices with the priesiprhich explain and justify them. There is preetout not
theory. This is what the Greek spirit provides. Tierit of Bolos of Mendes was to join theory angemxment and
thus found a pseudoscience which would cross the ag to modern chemistry.

About the same time alchemy was practiced in mggptan towns. This first alchemy is a mixture efimetic or
Gnostic elements and old Greek philosophy: HeragliEmpedocles and their speculations about threefements,
Parmenides with his theory on the unity of the whtthe Platonic cosmogony of Timaeus.

Zosimus

The most famous character of this time is ZosinfuBamopolis (Akhmim, in Upper Egypt). He probabilyed at
the end of the third and beginning of the fourthtoey; he wrote an encyclopedia with twenty-eigboks on
alchemy which he dedicated to his sister TheoseBeime sections are original but most of it repoedwold texts
lost to the present time. His name in Arabic, beeanf the ambiguity of the writing, is often tranked under
different forms: Risimus, Rusim, Rusam. Al-Qiflfiafns that he lived before Islam.

Some of his aphorisms and anecdotes are reportéddiyauthors such as Jahiz, Ibn Durayd, al-Tawhioin Arfa’'
Ra's calls him 'the universal wise man and thdidomtl flame' (al-hakim aljami' wa-i-shihab al-lajnibn al-Nadim
mentions four books from Zosimusitab al-mafatih f-I-santaKitab al-sab'tuna risalaKitab al-'anasir, Kitab ila
jamb alhukama' fi-lsan'a

The epistle from Zosimus to Theosebeia has theMitishaf al-suwafThe Book of Images). The name of
Theosebeia is often rendered as Atusabiya, Amtiydnadthasiya, etc. Zosimus can be placed at theoéan
evolution in alchemy. With Bolos, it became philpbal; with Zosimus it becomes a mystical religighere the
idea of salvation is predominant. In fact, the pénivhich separates Bolos the Democritean from Zosisaw
intense alchemic activity. Vastly different elemenEgyptian magic, Greek philosophy, neo-PlatonBabylonian
astrology, Christian theology, pagan mythologyn ba found in Zosimus' texts. He is full of gnostitd hermetic
books, he knows the Jewish speculations about lthd €&tament. He gives to alchemy a religious attaravhich
will remain forever, at least in its traditionaluree, since with the Arab alchemists it will retéagconcrete
technical character before meeting the Ismaeli imepeculations.

Zosimus and his contemporaries who collected tireidecessors' traditions insist on their conneactiibin the
Egypt of the Pharaohs or with the Persia of Zoraamhd Ostanes. We can find texts under the name of



Agathodaimon compared with Hermes. Some writtengseven say that alchemic texts were engraved in
hieroglyphs on steles but it was absolutely forbiultb divulge them.

This Greek-Egyptian alchemy survived in Alexanddeseveral centuries. From here it will go to Ctansinople,
where several recensions of the ‘collection of &sdehemists’ were compiled, and to the Arabs wheg

conquered Egypt in the seventh century.

Hermes and Hermetic literature

According to lbn al-Nadim (351, 19) Arab alchemistéisidered the Babylonian Hermes as the firsttorave
mentioned the art of alchemy. Exiled by his couméeyn, he came to Egypt where he became king. Heevarot
certain number of books on alchemy and was eqirgkyested in the study of the hidden forces ofireat

TheFihrist gives a list of thirteen books of Hermes aboutafoi but in fact some of them are about magic. Other
texts have been tracefitfalakiyya al-kubra(The Great Epistle of the Celestial Spheres) bynids of Denderah;
Risalat al-sirr, Kitab Hirmis ila Tat f-I-santaRisalat harb al-kawakEb al-barbawiyy@adblr Hirmis al-Haramisa
sahlfat Hirmis al'ugmacommentated by JaldalRjsalat Qabas al-gabis fi tadbir Hirmis al-Haramisa

Sirr al-Khaliga of Ballnas

TheKitab Sirr al-khaliga wa santat al-tabialso has the titlKitab al-'ilal (The Book of Causes); it was sometimes
called simpli-lashya’ In the introduction a certain Sajiyus is introddca priest from Nablus who commented on
the story of Bal.

Muslim Alchemists

The Arabs appeared in history in the seventh cgnAllchemy had by then gone through a long patte flist
contacts took place in Egypt, in Alexandria, whigne traditions went back several centuries befdnes@anity.
Muslim alchemy was derived from the Greek. The diltcy with which Greek authors are quoted, the maose
theories that are common to both Greek and Ardbleany, and the large number of Arab technical sectaarly
taken over from Hellenic treatises (e.g. hayulgyats, athalia, iksir, gambar,S) prove beyond ddlbtaffiliation of
Muslim and Greek alchemy. The transmission was mpadity through direct contact in Egypt, partlyadhgh the
medium of Syrian Christian translators, and pdstiyway of Persia. There are unmistakable trac&eodian
influence, manifested distinctly by linguistic afiies in technical names and usage and in namesnafrals. These
traces are sufficiently well marked to render lpable that Persia was, indeed, one of the mainnghsa through
which alchemy came to Islam; and it is not withimtiérest to note that many of the principal Muséilcthemists
were Persians.

It has already been observed that Chinese alchasgdmuch in common with Greek and Arabic alchamio
afford support to the hypothesis that all three @a@mmon origin; and there is some reason to\etleat the
Chinese practiced a kind of alchemy long beforedifgs of Islam. The remote origins of Arabic alclyeare
therefore still to some extent uncertain, but theneery little to recommend the suggestion thatAlabs received
any direct introduction to alchemy from the Chinéa#natever may be the cause of the similarity betw&hinese,
Greek and Muslim alchemical ideas.

JABIR IBN HAIYAN (721-815)

The greatest chemist of Islam has long been famdiavestern readers under the name of Geber, viditte
medieval rendering of the Arabic Jabir. Since tluelknof Paul Kraus we are on more solid ground \@ébir ibn
Haiyan.

He is Abu Musa Jabir ibn Haiyan al-Azdl (al-Tudk~artusl, al-Harram meaning that he was a SabialRSufi).
Flourished mostly in kufa. The most famous Arahlichemist; the alchemist Geberu of the Middle Adts.may
be the author of a book on the astrolabe, butdmefrests on his alchemical writings preservedrabit: the '‘Book
of the Kingdom', the 'Little Book of the Balanceke 'Book of Mercury', the '‘Book of Concentratjahe 'Book of
Eastern Mercury', and others. According to thetisea already translated (by Berthelot), his aldeahtoctrines
were very anthropomorphic and animistic. But otheatises (not yet available in translation) shonv im a better
light. We find in them remarkably sound views ontinoels of chemical research; a theory on the geolmgmation
of metals; the so-called sulphur-mercury theorynetals (the six metals differ essentially becadsdifferent
proportions of sulphur and mercury in them); pratian of various substances (e.g., basic lead catkparsenic
and antimony from their sulphides). Jabir deale algh various applications, e.g., refinement otale preparation
of steel, dyeing of cloth and leather, varnishewater-proof cloth and protect iron, use of mangargioxide in
glass making, use of iron pyrites for writing inidjadistillation of vinegar to concentrate acetiida He observed
the imponderability of magnetic force.

It is possible that some of the facts mentionetthénLatin works, ascribed to Geber and dating fthentwelfth
century and later, must also be placed to Jabgtitc It is impossible to reach definite conclusiantil all the
Arabic writings ascribed to Jabir have been prgopedited and discussed. It is only then that wdl Slesable to



measure the full extent of his contributions, brgreon the slender basis of our present knowlethygr appears
already as a very great personality, one of thatgst in mediaeval science. Jabir admits the Adkém theory
about the composition of matter-earth, water,fai;but he develops it along a different pathsgithere are four
elementary qualities, or natures: heat, cold, dsgnbumidity. When they get together with a sulzstahey form
compounds of the first degree, i.e. hot, cold, drgt. The union of two of these qualities gives

hot + dry + substance -------------- fire
hot + wet + substance -------------- air
cold + wet + substance ------------- water
cold + dry + substance ------------- earth

One of his chief contributions to the theory of cligry lies in his views upon the constitution oétals. To
understand his conceptions properly, we must hack bo Aristotle, whose philosophy of nature waiversally
accepted in its main principles by the scientistslam. According to Aristotle, it still be rememited, all
substances are composed of the four elementsafirayater, and earth, which are themselves interertible. The
immediate constituents of minerals and metals\aoestxhalations, one an 'earthy smoke' and the ethextery
vapour'; the former consists of small particlegaifth on the way to becoming fire, while the latiensists of small
particles of water on the way to becoming air. Netitexhalation is ever entirely free from some adinne of the
other. Stones and other minerals are formed whetwb exhalations become imprisoned in the ednthdty or
smoky exhalation predominating; metals are formadien similar circumstances if the watery exhalation
predominates.

Jabir accepted this theory of the constitution etats, but appears to have regarded it as tooiimtiefo explain
observed facts or to afford a guide to practicahmes of transmutation. He therefore modified isirch a fashion
as to make it less vague, and the theory he sugestvived, with some alterations and additions) the
beginning of modern chemistry in the eighteenthtwsn The two exhalations, he believed, when ingred in the
bowels of the earth, are not immediately changsanminerals or metals, but undergo an intermediateversion.
The dry or smoky exhalation is converted into sulpdind the watery one into mercury, and it is dnhthe
subsequent combination of sulphur and mercuryrtteals are formed. The reason of the existencéfefent
varieties of metals is that the sulphur and mereweynot always pure, and that they do not alwayshine in the
same proportion. If they are perfectly pure andlgp, they combine in the most complete naturalliégium, then
the product is the most perfect of metals, namelg.doefects in purity or proportion, or both, riéso the
formation of silver, lead, tin, iron or copper, lsince these metals are essentially composed shiine constituents
as gold, the accidents of combination may be reghdyesuitable treatment. Such treatment is theobloje
alchemy.

The idea that the transmutation of the metals wasiple had the excellent merit of provoking inesss
experiment, but unfortunately the alchemists wénags prone to theorize to an inordinate extentrédoer, at
Alexandria, the mystical beliefs of the Gnosticd #ime Neo-Platonists - however admirable and diteam
themselves - had a very detrimental effect uporeBrental science. Alchemy thus became less asdilesatter
for experimental research and more and more thecutf ineffable speculation and superstitiouscpice, not to
say fraudulent deception.

The practical applications of chemistry were najleeted. Jabir describes processes for the prépasatsteel and
the refinement of other metals, for dyeing clotld &ather, for making varnishes to waterproof ckti to protect
iron, for the preparation of hair-dyes and so oa.dgies a recipe for making an illuminating ink foanuscripts
from 'golden’ marcasite, to replace the much mapeesive one made from gold itself, and he mentibasise of
manganese dioxide in glass-making. He knew hoveteentrate acetic acid by the distillation of viaggand was
also acquainted with citric acid and other orgawibstances.

Abu Bakr Muhammad ibn Zakariyya al-Razi (866-925)

After the death of Jabir, nearly a century elagsefdre Islam produced a worthy successor. Histecpnds a few
alchemists in the interval, but it is only with tRersian chemist and physician Abu Bakr MuhammadZékariyya
al-Razi (known to the West as Rhazes) that Japie'at example is successfully followed.

According to one of his biographers, Razi was borA.D. 866 at Ray, an ancient town on the soutlstopes of
the Elburz Range that skirts the south of the GasBiea. In his early youth he devoted himself ¢ostiady of
music, literature, philosophy, manichaeism, magi alchemy.

After his first visit to Baghdad, when he was ad€30 years of age, that he seriously took ustindy of medicine
under the well-known doctor Ali ibn Sahl (a Jewisinvert to Islam, belonging to the famous medichbs| of
Tabaristan or Hyrcania). Razi showed such skithnsubject that he quickly surpassed his magteryaiote no
fewer than a hundred medical books. He also contp®3dreatises on natural science (exclusive dfeatty), on



mathematics and astronomy, and more than 45 oasahy, logic and theology. On alchemy, in additmhis
Compendium of Tweltne TreatisasdBook of Secretde wrote about a dozen other books, two of whiere
refutations of works by other authors in which plessibility of alchemy had been attacked.

As to the man himself, one of the inhabitants of R&o recollected Razi described him as a man avitirge
square head. He used to take his seat in the éectom, with his own pupils next him, and the psipil these men
behind them, and, behind these again, other pipienever any one came with a question, he usstddiask the
back row. If they could answer, he went away; Butot, he used to pass on to the others, and thekgir turn, if
they could give a correct answer, tried to satisfy; otherwise Razi would speak on the subject Bifnkle was a
liberal and generous man, and so compassionalte fooor and sick that he used to distribute alntkém freely
and even nurse them himself. He was always reasticgpying, and "I never visited him" (said thenasor)
"without finding him at work on either a rough ofar copy". His eyes were always watering 'on agdaf his
excessive consumption of beans', and he becanetblivards the end of his life. He died in his natiown on 26
October, A.D, 925, at the age of 60 years and 2tihson

Razi is of exceptional importance in the historych&mistry, since in his books we find for thetfiime a
systematic classification of carefully observed aadfied facts regarding chemical substances ti@wasand
apparatus, described in language almost entirel/filom mysticism and ambiguity.

Razi's scheme of classification of the substansed in chemistry shows such a sound, it is thetfire that we
find such a systematic classification. The listrefse products as mentionedsinr al-asrarbook is as follows:

A. The earthly substances (al-'aqaqtr al-turabiyyaderal substances

1. The SPIRITS (al-arwah)

Mercury, sat ammoniac, arsenic sulphate (orpimedtraalgar), sulphur

2. The BODIES (al-ajsad)

Gold, silver, copper, iron, lead, tin, Kharsind

3. The STONES (al-ahjar)

Pyrites (margashita), iron oxide (daws), Zinc oxXjtlgiya), azurite, malachite, turquoise, haemattsenic oxide,
lead sulphate (kohl), mica and asbestos, gypsuassgl

4. The VITRIOLS (al-zajat)

Black, alums (al-shubub), white (galgadzs), gregigand), yellow (qulqutar), red

5. BORAX (al-bawariq)

6. The SALTS (al-amlah)

B. Vegetable substances

Rarely used, they are mainly employed by physicians

C. Animal substances

Hair, scalp, brain, bile, blood, milk, urine, eggsrn, shell

To these 'natural substances' we need to addarcetmber of artificially obtained substancesRakl mentions
litharge, lead oxide, verdigris, copper oxide, zixéde, cinnabar, caustic soda, a solution of pdpsur of calcium
and other alloys.

The insistence of al-Razl in promoting researchkwioithe laboratory brought its fruits in pharmacy.

Razi gives also a list of the apparatus used imistey. This consists of two classes: (i) instrutseamsed for
melting metals, and (ii) those used for the mamipoh of substances generally. In the first classawncluded the
following:

Blacksmith's hearth

Bellows

Crucible

Descensory

Ladle

Tongs

Shears

Hammer or Pestle

File

Semi-cylindrical iron mould

The second class included:

Crucible Flasks
Alembic Phials
Receiving flask Cars

Aludel Cauldron



Beakers Sand-bath

Glass cups Water-bath
Shallow iron pan Large oven
Sieve Hair-cloth
Heating-lamps Filter of linen
Cylindrical stove Potter's Kiln
Chafing-dish Mortar

Flat stone mortar Stone roller
Round mold Glass funnel

It will be observed that the list was comprehensiwg Razi completes the subject by giving detfilsiaking
composite pieces of apparatus, and in general geethe same kind of information as is to be foumdadays in
manuals of laboratory arts.

Like Jabir, Razi was a firm believer in the podgpbf transmutation, and Stapleton describesshigeme of
procedure approximately as follows:

The first stage consisted in the cleansing and purification &f sabstances employed, by means of distillation,
calcination, amalgamation, sublimation and othecpsses. Having freed the crude materials from timgiurities,
The next stage was to reduce them to an easily fusible conditidris was done by an operation known as aeration,
that resulted in a product which readily meltedhauit any evolution of fumes, when dropped upoeatéd metal
plate.

The third stage was to bring the 'berated' products to a furtitate of disintegration by the process of solution.
The solutions of different substances, suitablyseimoin proportion to the amount of 'bodies’, 's@jr&c., they were
supposed to possess, were brought together bydoegs of combination.

Finally: the combined solutions underwent the proces®afalation or solidification, the product whictwias
hoped would result, being the Elixir. This, as poegly explained, was a substance of which a squalhtity, when
projected upon a larger quantity of baser metaljldigonvert the latter into silver or gold.

From a general study of his chemical works, Stapleays that hence forward Razi must be acceptedeasf the
most remarkable seekers after knowledge that thielviaas ever seen - not only ‘unique in his agelwaratjualed in
his time', but without a peer until modern sciehegan to dawn in Europe with Galileo and Robertl8oyhe
evidence of his passion for objective truth thdtisished by his chemical writings, as well as gle@ius shown by
the wide range of books he wrote on other subjéatse us to the conclusion that - with the possibtception of
his acknowledged master, Jabir - Razi was the mastvorthy intellectual follower of the Greek phi@phers of
the seventh to fourth centuries B.C. that mankiratipced for 1900 years after the death of Aristdtlie supreme
merit lay in his rejection of magical and astrotdipractices, and adherence to nothing that coatide proved, by
experiment and test, to be actual fact.

Later Arab Alchemists

No account of chemistry in Islam would be even agpnately complete which omitted to mention fourAsfb
Alchemists: Abu'l-Qasim of Iraq, Aidamir al-Jildaldl-Tughra‘i and Al-Majriti.

The first of these men lived in the thirteenth ceynt probably at Cairo, and has left us severakbawghich, apart
from their intrinsic interest, serve to indicate tinend of alchemical thought and practice in Is&dtar the process
of transmission to Europe had been in action foneseonsiderable time. It is very obvious that iruM@asim's
time the reaction of European scientific thoughdrugslam had not yet begun, and the contrast betteetwo
intellectual worlds could not be better exempliftedn in the persons of Abu'l-Qasim and his contaeny Roger
Bacon. The driving force of Islam was beginningtow weak, while the new stimulus that Arabic léagnhad
given to Europe had resulted in a scientific reseise which was to reach its full development o lafterwards.
Abu'l-Qasim's outlook is that of his predecessdithiee or four centuries earlier, and althougheheas
unquestionably some advance in empirical practihamistry, the theoretical views expressed aretigpg by
guotations not merely from Jabir but from the gtéklier alchemists of the Alexandrian school. AQgdsim
himself seems to have been a good experimentalisha&omparatively logical thinker, but his genetaivs often
represent a retrograde movement upon those of. Jabir

Aidamir al-Jildaki (?-1342)

Who also lived for part of his life at Cairo, isiaiportance chiefly on account of his extensive dedp knowledge
of Muslim chemical literature. He apparently spinat major portion of his existence in collectingl axplaining all
the books upon alchemy that he could discover Ja@maurs are now beginning to receive their rewtodwritings
form an indispensable source of a great deal oknawledge of chemistry and chemists in Islam. fava
instances it is possible to observe that he must barried out experimental work himself, but foe most part his
books are commentaries upon the works of earligesst Thus his gre&nd of the Searcls a commentary upon



Abu'l-Qasim's boolKnowledge acquired concerning the Cultivation ofd;and although his explanations are not
seldom more obscure than the passages they agmééddb illuminate, he had the admirable habit akimg
innumerable and lengthy quotations from Khalid,iddbazi and many other authors, and his booksharg a rich
storehouse of information upon Muslim chemistrys ltherefore necessary to inquire into the quastibether his
guotations and historical facts are authentic,whether his reliability is to be accepted or dodbteortunately, it
often happens that a book from which he quotestang and his quotations in such cases can okedoe checked.
A test conducted on these lines has shown thatkiildas conscientious and although he does notyalaame
through unscathed, his general trustworthinesdeasafely assumed. He thus deserves the warmegstbéall
who are interested in the history of chemistry.

Al-Tughra'i (1063-1120)

This alchemist, who was a civil servant under thguRs Malik-shah and Muhammad, has great impodasa
poet and a writer. Hisamiyyat al'ajamis very famous. He was executed in 1121.

In hisNihaya Jaldakl tries to appraise the scientific valualeTughra'l: he was the most important alcheniistes
Jabir; his style has become perfect but his boaksonly be read by those who are already advamcggtigreat art.
In hisKitab al-Masabt,h wa-I-maf tecfThe Lamps and the Keys), he reports the teacHitigeoAncients; he is
more theoretical than practical. He declares irpbism that he has inherited his alchemy knowledya Hermes.
According to Jaldakl, his most important book ochaimy isMafAti,h al-rahma wa masabl,;h al-,hikma

Al-Majriti ( -1007)

In Andalusia, under the Caliphat of al-Hakam 1119865) flourished scholars in all the domains, idahg alchemy.
One of these was Maslama b. Ahmad, from Cordokeddeown under the name al-Majriti because hedifor a
long time in Madrid. He assimilated Muslim scienaeghe Arab Orient where he seems to have hae @costacts
with the originators of the famotpistles of Ikhwan al-Safade brought to Spain a new edition of this
encyclopaedia. He is known in particular for his@somical work: a revision of the Persian astrommaitables in
Arabic chronology, a commentary on tRknispheriunof Ptolemy and a treatise on the astrolabe. Thewas
were translated quite early into Latin and wereyserccessful .

An important alchemy worlRutbat' al-Hakzm wa mudkhal al-tathiRank of the Wise Man and Isagoge oh!
Teaching), is attributed to him, and an astroldgigark calledChayat al-HakimThe last was translated into
Spanish in 1256 by order of Alfonso the Wise, KaigCastile and Leon (from 1252 to 1284), and létbecame
popular in Latin under the name Bicatrix. Rabelais irPantagruelmentions it when he speaks of the "Reverend
Father of Devil Picatrix, rector of the diabolictdty in Toledo". The attribution of the book teMhjriti was
considered false as the internal critique showstttis work could only have been written after 10@8ile al-
Majriti died in 1007.

Holmyard redeveloped an interest in Rutbat al-HaKiire author first expresses his views on the wegspiring
alchemist should be educated: by study mathemdutizxks from Euclid and Ptolemy, natural scienceh wi
Aristotle or Apollonius of Tyana; then he needstguire a manual ability and practice precise ofagiem,
reasoning about chemical substances and theiligaacin his research he needs to follow the lafwvsature, like a
physician: a physician diagnoses the disease améhistiers the medicine, but it is Nature who acts.

General Review of Muslim Chemistry

Until the time of Jabir, chemistry was 'withoutfoand void'. The solid technical knowledge of thaftsmen was
lost in the vapourings of occultists, and if therere any men with a more reasonable view of chdmaiance, its
aims, its objects and its methods, we find no adithem. By the efforts of Jabir and Razi, the Muslim
chemical geniuses, much of the vast accretion bfidled speculation was cleared away, and chemiisstybegan
to take shape as a true science. Experimentaiiastat last informed with the beginnings of reabtméheory,
while on the practical side a workmanlike schemelagsification was evolved and a divide rangeubistances
was carefully investigated and systematically cti@rized. The common laboratory methods of disitlig
sublimation, calcination, reduction, solution amgstallization were improved and their general psgs well
understood. The refinement of metals, by cupeltesiod in other ways, was brought to a high degfeeidection,
and the careful assay of gold and silver was acemiegd by extraordinary accuracy in methods of wieigiland in
the determination of specific gravity.

On the theoretical side, the idea that 'base’ setalld be transmuted into gold or silver overshaxbevery other.
The generally accepted belief was that elixirs ddog prepared which, by an action we should nowrdesas
catalytic, would convert practically unlimited anmis of lead, mercury, tin, copper, or even irow isitver first and
then into gold. There were alternative theorietbadhe means whereby transmutation could be efletiat as we
may more conveniently study these in their latefettgoments a mere reference to them in passinghaayfficient
at the moment. The philosophical justification fioe almost universal credence in the possibilitfrafismutation is



to be found ultimately in the Aristotelian conceyptiof the Four Elements and proximately in Jaliiery that all
metals are composed of sulphur and mercury. Itstipea justification lay in the elegant manner ihiah it
explained numerous phenomena and stimulated umcpassearch.

Chemistry, in the work of the great chemists frahidto the time of Avicenna, was concerned chiafly so much
with alchemy but with concrete technical mattershsas the development of apparatus, the prepasatiomand the
study of their reactions. The development of chémis the period, although almost entirely emptjavas of
great importance in that a new high level was iat@iin the accumulation of chemical data. The pevperiod of
such great growth had taken place long before JWDB.C., in Mesopotamia. In many ways, Muslim clstm
grew in the same manner as it did in Mesopotamih thie difference that the Arabs were more careftteir
larger number of experiments, made careful notatafrtheir laboratory results, and developed tladioratory
apparatus to a high point of perfection. This wesreal beginning of scientific method in the scenf chemistry.
Not only did the Muslims organize their scientitisowledge as did ancient Mesopotamians before theirthey
used experiments to gain scientific data. Becafif@oaccent on experiment in later times, thersmuch more
practical discussion of the categories of matteh@Muslim literature than may be found in the blastamian
literature where appearances were of prime coreider

Alongside experiment, logical speculation tookpigce in chemical science as an important adj#ittiough
Muslim theorizing was grossly inadequate, it wasyéver, carried out by important chemists in aorefio explain
results of laboratory work and not necessarilydd & the so-called 'natures'. This was a distifucslim
advancement over their Greek, Egyptian, and Mesapian predecessors.
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(1332-1395 C.E.)

Abd al-Rahman Ibn Mohammad Ibn Khaldun was born in Tunis in 732 A.H. (1332 C.E.) to apepclass
family that had migrated from Seville in Muslim $paHis ancestors were Yemenite Arabs who settie8Bgain in
the very beginning of Muslim rule in the eighth tiey, but after the fall of Seville, had migratedftunisia.

He received his early education and where, stifliinteens, he entered the service of the Egyptilen Sultan
Barqug. His thirst for advanced knowledge and éebeicademic setting soon made him leave thiscs=and
migrate to Fez. During his formative years, Ibn Klua experienced his family's active participatiothe
intellectual life of the city, and to a lesser degyrits political life. This was followed by a lopgriod of unrest
marked by contemporary political rivalries affectihis career.



The uncertainty of his career still continued, wiiypt becoming his final abode where he spenliakis?24 years.
Here he lived a life of fame and respect, marketiibyappointment as the Chief Malakite Judge aatliting at the
AL-Azhar University, but envy caused his removalnfr his high judicial office as many as five times.

Ibn Khaldun led a very active political life befdne finally settled down to write his well known starpiece on
history. He worked for rulers in Tunis and FezNlorocco), Granada (in Muslim Spain) and Biaja (iortk
Africa). In 1375, Ibn Khaldun crossed over to Maoslspain (Granada) as a tired and embittered mafydok the
reasons of escaping the turmoil in North Africaféftunately, because of his political past, therdaf Granada
expelled him.

Ibn Khaldun's chief contribution lies in philosopbf/history and sociology. He sought to write a Mydristory
preambled by a first volume aimed at an analyshistbrical events. This volume, commonly known as
Mugaddimah or 'Prolegomena’, was based on Ibn Kinddinique approach and original contribution badame a
masterpiece in literature on philosophy of histangl sociology. The chief concern of this monumewtak was to
identify psychological, economic, environmental aodial facts that contribute to the advancemehiuofian
civilization and the currents of history. In thisndext, he analyzed the dynamics of group relakigmssand showed
how group feelings, al-'Asabiyya, give rise to #seent of a new civilization and political poweddrow, later on,
its diffusion into a more general civilization ite$ the advent of a still new 'Asabiyya in its fnis form. He
identified an almost rhythmic repetition of risedafall in human civilization, and analysed factoomtributing to it.
His contribution to history is marked by the fdwat, unlike most earlier writers interpreting histtargely in a
political context, he emphasized environmentaliaddogical, psychological and economic factors goueg the
apparent events. This revolutionized the sciendgsdbry and also laid the foundation of Umranif@dciology).
Apart from the Mugaddimah that became an impoiitadgpendent book even during the lifetime of théhawy the
other volumes of his world history Kitab al-I'nagal with the history of Arabs, contemporary Mustimfers,
contemporary European rulers, ancient history afbar Jews, Greeks, Romans, Persians, etc., Iskistary,
Egyptian history and North-African history, espdlgithat of Berbers and tribes living in the adjoig areas. The
last volume deals largely with the events of hisidife and is known as Al-Tasrif. This was alsottem in a
scientific manner and initiated a new analyticatlition in the art of writing autobiography A book mathematics
written by him is not extant.

Ibn Khaldun's influence on the subject of histqiyilosophy of history, sociology, political scienaed education
has remained paramount ever since his life. Hikbbave been translated into many languages, bdtieiEast
and the West, and have inspired subsequent develdprfithese sciences.

Alchemy in Ibn Khaldun'$iugaddimah

Definition: Ibn Khalddun defines alchemy as "thésce that studies the substance through whicigeheration of
gold and silver may be artificially accomplisheddacomments on the operation leading to it". Tiohemists
acquire knowledge of the tempers and powers afralited things, and they hope that they may coroa the
substance that is prepared to produce gold anersiflhey even investigate the waste matter of dsimsach as
bones, feathers, hair, eggs, and excrement, noetdgion minerals.

Alchemy in Ibn Khalddun's opinion, comments on diperations through which such a substance mayftraned
from potentiality into actuality, as for example, the dissolution of bodies (substances) into thatural
components through sublimation and distillation sy solidification of meltable substances throuagleification,
by the pulverization of solid materials with thdphef pestles and mullers and similar things, tohemists assume
that all techniques lead to the production of airstsubstance which they call "the elixir", andemtsome mineral
substance, such as lead, tin or copper is heat&® iand some quantity of the elixir is addedttdhie substance
turns into pure gold. The alchemists used speeiatd for the purpose of mystification - they gikie tover name
of 'spirit' to the elixir and that of 'body' to tBabstance to which the elixir is added.

The science that comments on this technical tedmgyoand on the form of the technical operationihjch
proposed substances are turned into the form ofgud silver, is the science of alchemy.

The chief systematic writer on alchemy, accordmglthemists, is Jabir ibn Hayyan. Alchemists ev@msider
Jabir's alchemy a special preserve and call itstence of Jabir". He wrote seventy treatiseslcimeany, all of
them read like puzzles. It is thought that onlyséaavho know all that is in Jabir Ibn Hayyan's fisesst can unlock
the secrets of alchemy.

Al-Tughrai, a recent Eastern philosopher, wrotdesystic works on alchemy and disputations with aoists and
philosophers.




Maslamah al-Majriti, a spanish philosopher, wrateatchemy in th&kutbat al-HakimHe wrote théRutbahas a
counterpart to his work on sorcery and talismaglediGhayat al-HakimHe thought that the two arts (alchemy and
sorcery) were both the results and fruits of plufiisy and science, and that those who were not axtgdavith
them would miss the fruit of scholarship and ploldsy altogether.

Maslamah's discussion in the Rutbah and the diemsssf all (alchemists) in their respective woekaploy
puzzling means of expression which are difficulttalerstand for those who have not familiarizednbaves with
the technical terminology of alchemists.

Works on alchemy are attributed to al-Ghazzili, thig attribution is not correct, because al-Ghlzzafty
perceptions would not have permitted him to studyeventually, to adopt the errors of alchemibabties.

Some alchemical theories and opinions are occadbjat&ibuted to Khalid b. Yazid b. Mu'iwiyah, éepson of
Marwan ibn al-Hakam.

Ibm Khaldun passes on here an epistle on alchenttewby Bakr b. Bishrun to Ibn as-Samh. Both waugils of
Maslamah. The discussion of (Ibn Bishrun) will shidaw Khaldun's attitude toward alchemy.

Ibn Bishrun's Treatise - [Extracts]

Ibn Bishrun said that: "The premises of this nadrigft were mentioned by the ancients. All of thesreweported
by the philosophers. Such premises are knowledtfeeafeneration of minerals, of the creation ofk®and
precious stones, and of the different natures giores and localities."

Ibn Bishron explains what one needs to know ofdta?

"It has been said: The students of this sciencd firasknow three things: (1) whether exists, {&)at brings it into
being, and (3) how it comes into being. If the studf alchemy knows these three things well, heeges his
object and knows as much as can be known abowdlgace."

As to the problem of the existence of alchemy la@gbtoofs for the (forces) that bring alchemy iatastence, the
elixir that we have sent to you is a satisfyingvegrs "The question of what brings alchemy into femplies,
according to alchemists, search for the stone thakes the (alchemical) operation possible."

Potentially, the operation may be performed witly &onceivable) thing, because the (potentialitpedform the
operation) comes from the four natures (elemefttgyiginated from their composition at the begingiand will
revert to them at the end.

However, there are things that might be used ferdperation (only) potentially, not actually. Tlsismes about as
follows: There are some things that can be decosthoBhere are others that cannot be decomposedeTthat
can be decomposed can be processed and treateylafdéhe things that can be transformed from padéity into
actuality.

On the other hand, the things that cannot be decsexhcannot be processed and treated, becauséaivey
nothing but potentiality in them. They cannot beameposed, in order to give some of the elemenyscitvgtain an
advantage over the others and to have the powtredbigger (elements) predominate over the lesses.o

You - may God give you success - must therefons mmost suitable of the decomposable stonesmabe
used for the operation. You must know its genusgpaaction, and which kind of dissolution or sdlihtion,
purification, calcification, absorption, or trangfmation it may be able to effect. People who dokmatwv these
basic principles of alchemy will never be succdssfachieve any good results.

You must know whether (the stone) can be aidedrogthing else or is sufficient by itself, and wbkethis one
(thing by itself) at the beginning or is associateéith something else and becomes one (thing bif) itkeing the
treatment, and is therefore called 'stone’. Youtrals® know how it works; how much its componentstiweigh
and what times need for it; how the spirit is irtedrand the soul made to enter into it; whethex an separate
(the soul) from (the stone) after it has been iteskrif not, why (not), and what makes it neces#aay it be that
way.

It should be realized that all philosophers havaiged the soul and thought that it is the soul taterns, sustains,
and defends the body and is active in it. For, wiensoul leaves the body, the body dies and géds It cannot
move or defend itself, because there is no lifeand no light. | have mentioned the body andsikal only because
this alchemy almost is similar to the body whichudt up by regular foods and which persists angeérfected by
the living, luminous soul, which enables the badgd the great and mutual things that only thenlivpower of the
soul can do. Man suffers from the differences etthbimponent elements. If these elements were iple@m
harmony, it will not affected by accidents and cadictions, so the soul would not be able to lehigebody, as a
result man would then live endless. Praised be He governs all things, He is exalted.

It should be realized that the natures (elememntsjipcing the (alchemical) operation constitute alify that
pushes forward at the beginning, and must reach ¥ftten they have reached this limit, they cannot be



transformed (back) into the (state) that (formeel sharting point of) their composition, as we stiaét the out-set
with regard to man.

The natures of the substance had been separatephuthey adhere to each other and have becoméhorg
similar to the soul in power and activity, beconme @nd similar to the body in having compositiod pnlse.

An early alchemists has said that: "Decompositiad division mean life and duration, as far as thehamical
operation is concerned, while composition meangtdaad non being." This statement has a subtle ingafhe
philosopher meant by 'life and duration' its trasvshation from nonexistence into existence. As g remains in
(the state of) its first composition, it is, no #unon being. But when the second compositiorstplaee, non
being no longer exists.

Now, the second composition comes about only déeomposition and division. Thus, decompositiondinidion
are peculiar to the (alchemical) operation. Ifstapplied to the soluble body (substance), it sp¢en it, because it
has no form, since it has come to take in the ltloel\place of the soul which has no form. This tsalise it has no
weight as far as (the substance) is concerned.

You must know that mixing a fine thing with anoffivee thing is easier than mixing a coarse thinghvanother
coarse thing. This similarity in form among spirits the one hand) and bodies (substances, ontkies o
hand),because things related to their forms.. | tio@rthis to you, so that you may know that théeraical
operations is more easier and simpler if it is urtdieen with fine spiritual elements than if it isdertaken with
coarse substances. It is logical that stones a@ngfer in their resistance to fire than spiritskeivise, gold, iron,
and copper are observed to offer more resistandeddhan sulphur, mercury, and other spirits.

Therefore, | say: The substances were spiritsabtginning. When the heat of the natural procéfesis them,
they are transformed by it into coarse, coheretiistances and fire is not able to consume them,usectney are
exceedingly coarse and coherent. When an excegdingdit amount of fire is applied to them, it tuthem again
into spirits, as they had been when they were disated. If fire (then again) affects the fineriépj they flee and
are not able to endure it. Thus, you must know Wwhatight the substances to their particular coratitand (what)
brought the spirits to theirs. That is the mostamant knowledge you can have.

| say: The spirits are burned, because of their lpostibility and fineness. They became combustibalse of
their great share of humidity. When fire noticesnidity, it attaches itself to it, because humidstairy and similar
to fire, which does not stop eating it until is samed. The same applies to the substances whgrgpgheach of
fire, they flee, because they have little coherexrmkare coarse. But they are not combustible, beedhey are
composed of earth and water which offers resistaodie, in that the fine components of water enifth its
coarse components through a long cooking whictessfand mixes things.

"We are now going to speak about the stone thaem#ie alchemical operation possible, as mentidryethe
philosophers. They have held different opinionsuafito Some have thought that it is found in ansnabme have
thought, in plants; some have thought, in mineratgj, according to some, in everything. We do awtho
examine these claims and enter into a dispute gaoimgethem with the people who make them, becdatenould
be a very long discussion.

| have already stated that the alchemical operatitight potentially be performed with anything, besathe
elements exist in every thing. This is so. "We wakhow what produces the (alchemical) operatiootif)
potentially and actually. Therefore, we turn to #tatement of al-Harrini that all dyeing ™ conssif two types.
One may use a substance such as saffron, whigdeto dye a white garment. The (saffron) eventudlinges in
it, vanishing and being decomposed. While the sedyring is transformation of the substance oftbimg into the
substance and color of something else. Thus tfees)stance, transform the soil into themselves] animals the
plants, so that eventually the soil becomes plamtd,the plants animals. This can come about oitly tive help of
the living spirit and the active nature (kiyan) whihas the ability to generate substances and ahasgences.
Ibn Khaldun continues........

Here ends the discussion by Ibn Bishrun, one ofjtkat pupils of Maslamah al-Maj'riti, the Spargstihority on
alchemy, letter magic, and sorcery, for the thirdhth] century and later (times). One can see hibtha
expressions used by (alchemists) tend to be seictstand puzzles,difficult to explained or undecst. This is a
proof of the fact that alchemy is not a naturaftcra

The truth with regard to alchemy, which is to béewed and which is supported by actual fact, & #ichemy is
one of the ways in which the spiritual souls ex&@n influence and are active in the world of mat(it may)
belong among the (miraculous) acts of divine grddege souls are good. Or it may be a kind of soycif the souls
are bad and wicked.

It is obvious that (alchemy may materialize) asardculous) act of divine grace. It may be sorcbgcause the
sorcerer, as has been established in the propes, pteay change the identity of matter by meanssiriagic
power. People think that a (sorcerer) must use sarhstance (in order) for his magical activityake place. Thus,



certain animals may be created from the substaihearth, of hair, or of plants, or, in general nfrgubstances other
than their own. That, for example, happened tasthreerers of Pharaoh with their ropes and stitkadso is
reported, for instance, of the Negro and Indiawesa@rs in the far south and of the Turks in thenfath, that by
sorcery they force the air to produce rain, aneiothings.

Now, since alchemy is the creation of gold in assabce other than that of (gold), it is a kind afcery. The
famous sages who discussed the subject, men suabi@sMaslamah, and other non Muslim predecessors
followed this line.Therefore, they used puzzlingessions. They wanted to protect alchemy frondtkapproval
that religious laws express for the various kinfisavcery. It was not because they were reluctaobtmmunicate it
(to others), as was thought by people who did megstigate the matter thoroughly. One may compaedact that
Maslamah called his book on alcheRwytbat al-hakimwhile he called his book on sorcery and talism@hayat
al-hakim.He wanted to intimate that the subject of the Glhayg a general one, whereas the subject of thealRus
a restricted one, for final goal is a higher (stageesearch) than rutbah degree, rank. The prabteithe Rutbah
are in a way part of the problems of the Ghayaldleal with the same subjects. (Maslamah's) disonssithe two
disciplines clarifies what we have said. Laterwa,shall explain that those who assume that theeaeiments of
alchemy are the result of a natural craft are wrong

(Based on the English translation of the "Mugaddiitrtay F. Rosenthal)
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The status of Medicine in the Islamic World
The Scientific movement in the early Islamic cemsithas various aspects. One of them is the coiitsibof the
early Arab Scientists, which took different forrtteeir role in scientific progress, the theoriesythave provided us
with, and their methods and influence on the westasrld which started, as a result, viewing scieinca new light
during the middle ages.
In fact it is not easy to divide the whole unityszience, and claim that this science belongs cetlglto the
Greeks or the Arabs or the West. It is not posgibldivide science because it does not belong ¢onation, nor to
one race. It is the result of co-operation, andrmamication, among scientists and many other faclitris paper
considers the case of medicine in the Arab IslaMicld and investigates its nature and schools.
To understand the nature of Arab medical schoalBérArabic Islamic World, we have to deal with #tatus of
medicine before the 12th century; the Bimaristaimsir system and different purposes; medical edualt
assemblies: their role in configurating physiciangids and the method that was followed and thewclcde with
the results. It is worth noticing that examplesébeen provided.
Medicine was the first science that the Muslimsvkire their environment. The ancient Arabic soungesntion Al-
Harith 1bn Keladah (d. 634 A.D), the Arabian whavelled from the Arab peninsula to Persia to stugylicine in
Jundisabur where there was a well known Bimari@taspital). After he had finished his studies indisabur, Al-
Harith returned home to practise his science aricktd those who were in need of his knowledge.
The ancient sources inform us about Al-Harith egdlydbn Golgol , the most famous historian in floairth
century of Hijra (10th century), who said that Alith «studied medicine in Persia and Yemen andalvas in the
days of the Prophét). According to other sources (2) , the Prophetdvised Saad Ibn Abi Wag'gas when he
was sick to consult Al-Harith, the physician.
The power and authority of physicians began to ina@ase during the rule of Mu'awiyah (660-680), who
founded the Umayyad state. Mu'awiyah ordered his meto bring the best physicians from Jundisabur to
care for his health, specially that he was afraid ils enemies (3) might poison his food.
No doubt the successive physicians made great cobtrtions and were the pioneers of medicine duringhte
rule of Mu'awiyah and his sons. During the rule oflUmayyad Caliph Marawan lbn al-Hakam (d. 685), the



Persian physician Masarjawayh played a vital and ééctive role, when he started, by order of Marawanto
translate the Medical Encyclopaedia of the Alexandan priest Ahrun, from Syriac into Arabic.
Masarjawyh's translation of Ahrun's book is consideed to be the first translation of a medical booki Islam
from a foreign language into Arabic (4) .

The Abbasids represent a very strong and importanstage in the development of science, because they
encouraged scientists, and tried to establish a gblscientific movement in the Islamic world, espeeily after
they chose Baghdad to be the new capital, insteafi@amascus. As we know the Abbasids were rationatis.
Most of the Caliphs were among the "Mutazilah scietists. The adoption of rationalism led to the flourshing
of the sciences through the Islamic academy of soige "Bayet al-Hikma" (5) (the House of Wisdom).
Practising medicine in Baghdad during the Abbasidsule was the responsibility of two families: (1) T
family of Bukhtishu, and (2) the family of Masaway.

The Bukhtishu family came to Baghdad by the order bthe Caliph Al-Mansour who was sick and suffering
from pain in his stomach. He sent his men to bringseorges b. Jibril b. Bukhtishu to treat him in theyear
(148H. / 765). Georges was the chief physician (saal atibba) in Jundisabur (6) .

When Georges left to Jundisabur after four years herdered his son to stay in Baghdad to continue his
mission. Both father and son wrote medical books i8yriac which were later translated into Arabic by
Hunain b. Ishaq .

Hunain b. Ishaq (194-264 H.) who took the lead i official movement of translation, was one of thenost
important figures both in translation and medicine.He translated the books of Hippocrates and Galerand
wrote down many medical books among which is his faous one about the eye (Al Ashr Maqgalat fi al-'Ayn)
The Ten Treatise on the EyeMax Meyerhof verified and studied it critically (7) . The book of Hunain is
considered the first scientific attempt towards Opkhalmology.

While the process of translation was going on, TherAbs began to organise Medicine as a profession,
especially the bimaristans (hospitals) and practicig medicine among people.

Ancient Arabic sources - like al-Qifti (8) and IbnUsaibi'ah (9) - mentioned that the real organisatin of
medicine took place by the order of al-Mugtadir whowrote to Sinan Ibn Thabit b. Qurrah to examine these
who want to practice medicine and give them ljazacgrtificate). This was in the tenth century.

No doubt we have some good knowledge about the cobtition of the Arab Muslim physicians who took part
in the process of developing medicine (10) , suck al-Razi (Rhazes 850-923), Ibn Sina (Avicenna 98037),
al-Zahrawi (Abulcasis 1013) and lbn an-Nafis. let & look at the case of al-Razi and Ibn Sina, and threeffect
in medicine.

1- Al-Razi was one of the well known Muslim physieins in the West during the Middle Ages. Ibn al-Nadim
enumerated the works of al-Razi among which are tts® major works: (1) Kitab al-Asrar The Book of Secrets
(2) Kitab al-Tib al-Mansuri Liber Almansouris (3) Kitab al-Hawi (11) The Comprehensive Booland (4) A
Treatise on al-Judari wa al-HasbahSmall pox and measles

Kitab al-Asrar was first translated into Latin by G erard of Cremona (d. 1187), while Kitab al-Tib al-
Mansouri appeared in the Latin translation in Milan in 1480, and so did the treatise on al-Judari wala
Hasbah. As for al-Hawi (Continens) its translationhad been made by Faraj Ibn Salim in 1279, and repnited
many times in Latin. This book had a great influene in Europe. Montgomery Watt, while dealing with al-
Razi said "His greatest work is one translated intd_atin as the Continens,The Comprehensive Boolt was
an encyclopedia of all medical science up to thaitie, and had to be completed by his disciples aftéiis
death. For each disease he gave the views of Gre8krian, Indian, Persian and Arab authors, and then
added notes on his clinical observations and expresd a final opinion.” (12)

2- Ibn Sina was known as a philosopher and physiaia His fame in these two fields was the cause ofhi
influence in the West. Here we are dealing with himedical contribution that became so evident in hifamous
work Kitab al-Qanun fi al-Tib. The Organon in Medicine This book was translated by Gerard of Cremona
into Latin and published in Europe several times. Tie importance of al-Qanun came from two things:

a) Its well organized data, its method and scientif style. This is because Ibn Sina was a good plstgpher and
had an organized logical mind.

b) His description of some diseases such as mediagis and pleurisy. Also he mentioned the nature b
phthisis and the spreading of diseases by water arsil, and gave the right diagnosis of ankylostomsas (13) .

-11-
Bimaristans in the Islamic World



Those who learn and study medicine and practias & profession must work in hospitals to get eégpee and
practice the medical profession, so that they tfamexperience from the cases they examine uheéesupervision
of master scientists. Von Grunebaum says aboutebessity of hospital visits for medical studeritee' medical
student must always visit the hospitals and musteng careful of the conditions and situationstef persons found
there, while he is accompanied by the most intetiignedical teachers, and must ask about pateanditions,
their symptoms, remembering what he read aboutgg®and their significance whether good or bale If
understands these things he will achieve a higk irahis professiorf14) .

So, it is evident that the medical - teaching it time - had bases and rules and was practicée iBimaristans.
To be acquainted with the rules of the processeadioal teaching that dominated. The Islamic wonld,have to
study first the origin of the Bimaristans and tha#wvelopment in order to know their importancerfexdical
teaching generally.

Ibn Abi Usaibia'h said: "Hippocrates cared greathput his patients and their treatment. It is Hzéd he was the
first to invent and build the Bimaristan and thstfto renew it, by allocating - near his housart pf his garden for
the patients and assigned some servants to petti@tneatments. He called this the «Akhssendokia»a patient
complex. Also the word Bimaristan-which is of Parsorigin-has the same meaning as (Bimar) in Fersgans
disease and (stan) is location or place, i.e. locar place of diseagd5). This is the text we find in the «Uyun al-
Anba» of Ibn Abi Usaibi'ah about the historical dpment of the Bimaristans or hospitals. But Masyarhof
(16) mentioned that the first hospital to be builthie 1slamic world is that which was based in Baghiohathe
order of Harun al-Rashed; then hospitals were Buittessively everywhere. Does Meyerhof's opiniesent the
absolute truth, or does this opinion contain soleardallacies?

Ibn Qutayibah al-Dainuri was interested in his baekdership and Politic§17) in throwing light on some
important matters relating to Islamic history. Hentioned that the first Bimarastan or hospital tmaitt for the
Muslim army-after Abdallah Ibn al-Zoubair when hasiblockaded in Mecca, built a tent on one sidbef
Mosque, so that when one of the Sahaba (Propb#tsvérs) was wounded he would be brought insigetéimt to
be treated and to be cared for by skilled persbhat is how the first type of Bimarastan (hospitad)s built in
Islam. This is the Arab Bimarastan (hospital).

Moreover we find other proofs in (Ibn al-Atheer)ahKamel (18) and al Magrizi ifMagrizi Plans(19) which
denote that al-Waleed ibn Abdel Malik was the ficsbuild a Bimaristan it the real meaning of therdvin Islam in
88 Hijri. Noushirawy(20) in his new book oifslamic Brimaristans in the Middle Ageseemed to adopt this
opinion and he mentioned that the first Bimaridtaiit in Islam was in Damascus, by al-Waeed b. Alhigik
(705-715 A.D) and built in 86 Hijri (706-707 A.DJhe aim of its building was treating patients #mel care of
affected chronic patients-as lepers and blind peoptc. The leprotics were imprisoned, treatedljrand given
money. In the Bimaristan there were more than dnsipian. It is obvious that Noushirawy adopted twhas
mentioned in(al-kamel) of Ibn AL-Atheer on this poing specifically. A ggm has great importance and
consideration on this subject, is Ahmed Bey &9 who was the first to write clearly about the deypehent of the
Bemaristan and its history in Islam, and he messtibiat the Prophet Mohamed (may peace and praygvdre
him) was the first to order the establishment obileomilitary Bimaristans. It is natural that th&st opinion has its
importance and consideration, because Muslims westeed in many invasions in which they were attelcked
injured. There was lots of chaos, and men were dedror killed here and there. It was normal thatdélshould be
those who cared for these people and looked dfér treatment, and hence complete care was provatehe
fighters. This last opinion agrees with what Ibnt&oa al-Daynuri mentioned.

1- The Bimaristan system:The people who are interested in establishingiastitution must set an
administrative or technical system to be follow®d course the physicians in the Islamic world putnind to
follow a precise system inside the hospitals sbithaould be based upon academic graduation whilfitls two
amis: First, the welfare of the patients to be teih their treatment according to the update@swf medical
treatment. Second, Bimaristans used for teachirgjaime to the newly graduated physicians respoegibtreat
patients successfully. Therefore the Bimaristarthénislamic world were followed all the technicales that
fulfilled the two purposes together.

Ibn Jubain(22) mentioned what he observed in the hospitals conugmork. Also Ahmed Bey Issa mentioned in
his book(23) Bimaristans in IslamAmin Assaad Khayrallat24)in his bookArab Medicineand Nushirawy(25)

in his bookislamic Bimaristans in Middle Agesnentioned the administrative, technical and teagbrganization
existing in that period in the hospitals.

Concerning the technical choice of bimaristanie #iey used to choose the best location with retgatide health
conditions. They preferred to build the Bimaristamsr hills or by rivers. Al Adoudi's bimaristanasgood example



of this; it was built by Adoud al-Dawla b. Bawgi®6) in Baghdad by the River Deglah and the water efriieer
flowed through its courtyard and halls and returteedour into Deglah.

Concerning organization, it was natural that thesptians comprehended the necessity of separatimand
women, therefore they took into consideration ashras possible to divide the Bimaristan into twetisas, one
for men and the other for women. Each section wdspendent, each having large halls for the patient
Concerning the administrative organization of the&istan, it was as follows: each section conthiadall for
each type of disease, while each hall had one playsor more and each group of doctors in a setizmha chief
doctor. The halls were specialized: a hall forrins diseases another for splinted patients, anéh@culists, and
another one for delivery a special hall for eagietgf disease including communicable dised2&}.

Ibn Abi Usaibi'ah discribed in his book Uyun al-/An{28), the halls of internal medicine which frequentigluded
a section for the patients affected by fever arattear one for patients having mania. All sectiohthe Bimaristan
were equipped with all the medical instruments applaratuses necessary for the physician.

Ibn Abi Usaibi‘ah tells ug29)that Adoud al Dawla set a test for a hundred lgss, when he decided to build the
Adoudian Bimaristan on the Western side of Baghdad, he chose twenty four physicians out of thedheshto
work in the Bimaristan.

The chief of all physicians in the hospital wadexh(Al Saoor). The administrative and medical egsin the
hospital was based upon using boys who worked gdogees or health workers, assistants or dressense of
them were servants and they cleaned the Bimargstdrcared after the patients when necessary.

According to this order and system the Bimaristas werforming its medical job from a diagnosticrpaif view,
disease definition and prescription of treatmentrédver, they understood the necessity of adjoiaipparmacy to
the Bimaristan to give out the drugs, which wenreegiaccording to the physician's prescription, éwedpharmacy
was called «Al Sharabkhan#30).

And as it is the case today, they used to insfxecBtmaristan. This was the responsibility of arpkaypee assigned
by the minister or the Caliph and given the autiydo enter the hospital to be acquainted withghgents' status
and the care offered to them, the food given tonthed whether the boys were serving them or noetidér the
physician is performing his duty perfectly or hegleeting it. This system assured the stay and woiti of the
Bimaristan in a serious way that allowed it to waiikh a high competence technically, scientificallyd
administratively.

It is worth mentioning that each patient had his@ard on which the physician recorded his obsematwhile
treating the patient. Also the phsician had his ep@cial register to record his observations ordibeases he was
treating. The physician performed his experimentstasts according to his observations. If the folys faced any
problem in any matter of diagnosis, he went tohtbad of his division or the chief physician. Fraglethe
physicians held meetings to discuss cases. Unddiyliteese discussions and consultations were ceresidas a
small scientific conference of physicians. We do $hme today.

We notice that the historians of Arab medicine wrgpecial long pages on the medical personalitieatavhom
discussions were held to set the work system imtispital, or the Bimaristan between the physicidhere were
shifts for the doctors, some worked in the morrdng others at night, some worked a certain tinthénrmorning
and another period at night, so that they carethipatient. At the same time they could get ehaegt to allow
them to continue working in the Bimaristan, supsevihe treatment system and medical care of thenpat
Al-Magrizi mentioned in his plan@1) that the patients were registered at the admisgeitire Bimaristan, their
clothes were taken away and their money put it rughe Bimaristan guardian. The patients recentedn clothes
instead of those taken from them, and they werergdrugs and food under the supervision of theipiays freely
till they were cured.

Ibn al-Okhowa described in his book (al-Hisba) éinérance of the patient to the outpatient clinisde the
physician. He said in a very important text «thggitian asks the patient about the cause of nigss#i and the pain
he feels. He prepares for the patient syrups amer atrugs, then he writes a copy of the prescriptiiothe parents
attending with the patient. Next day he re-examthegpatient and looks at the drugs and asks hiva feels better
or not, and he advises the patient according tadmslition. This procedure is repeated on the ttiad and the
fourth... till the patient is either cured or deHdhe patient is cured, the physician is paid.

If the patient dies, his parents go to the chiaftdig they present the prescriptions written byghgsician. If the
chief doctor judges that the physician has perfaririe job perfectly without negligence, he tells garents that
death was natural; if he judges otherwise, he tie#is: take the blood money of your relative frdva physician; he
killed him by his bad performance and negligennehls honorable way they were sure that medi@rgacticed
by experienced well trained persqB) .

2- Bimaristan Varieties according to different Purposes



In the early Islamic state, Muslims comprehendeddifferent form and purposes that should be censitlin
Bimaristans. Normally, they should deal with thnt seriously, precisely due to its importancéh® patient and
the physician as well as the desired degree offoatbe patient. Certainly the Bimaristan estdidis to serve the
fighters in the battle field during the hustle & thattle must differ from that built for the patie affected by mental
disease who do not have to hustle, but doctorstrhigétle away from them but this is different, lnode built for a
commercial caravan or the pilgrimage to Al-Kaaband so on.

Each type of diseases might require a special B&taar for a group of patients. This can be notiaelgast by
specialization of Bimaristans for leprotics and tadly affected patients.

a) Mental Disease Bimaristan

Muslims realised the importance of the care for taignaffected patients. They frequently addedhim big
Bimaristans special places isolated by iron barscislly for patients with mental diseag88), to avoid the
aggression of these patients on the others.

Muslim physicians knew that psychiatric and medtaéases required a special type of care andtbatttysician
must be acquainted with the etiology of the disdas® which the patient is suffering.

It is worth mentioning that Ibn Abi Usaibi'gB4) tells us in his book (Uyun al-Anba) about someesasf this type
of disease and how the skilled doctor Waheed alifamcould treat them. One of the patients thotiggit he had a
tun over his head that never leaves him; he wasdafinat the tun might break while he was walkithgrefore he
walked carefully to avoid breaking it. Some doctiviesd to treat him but they failed. Lastly he s&l@heed al-
Zaman who realized that the man was suffering filrsions. He told his family: «bring him to the ¢pital.
Waheed al-Zaman ordered one of his boys to brinig atick and hit the head of the patient-while \&fdh al-
Zaman talks to him-as if he wants to break thetham the patient pretends having on his head,drséme time he
asked another boy to throw a tun- that he prepiarelim-from the house top, the moment the firsg hiis above
the head of melancholic patient, to the ground. kthe patient came, Waheed al-Zaman started taddikn,
disapproved he was carrying the tun, he gave thealsignal and he started to hit over the heati@patient with
the woody stick, in this moment the other boy ththe/tun from the house top which caused a grdaéramd
broke to many pieces. When the patient saw whatévagd to him and saw the broken tun he did not thivalb it
was the tun he was carrying -in his imaginatiolis influenced him and he was cured from his ilines

b) Leprotic Bimaristan:

This was built specially for leprotics. At the dtaf our talk about Bimaristans we referred to wiashirawy
mentioned about al-Waleed b. Abd al-Malek sayirgg tte was the first who was interested in estaibljsbuch
types of Bimaristans.

According to Ibn al-Qifi(35), the first who wrote a book on «Leprosy» was YohaMasaway. The cause of
interest in such a disease arises from the Musides of isolating the patients who had communieaideases
from the rest of the society. We find the same bieha with the doctors of today towards such ligsas

¢) Road Bimaristan:

Arabs knew this type of Bimaristans and they realiits importance, because the pilgrimage to Htzggs or the
commercial caravans that travailed for long distsmequired care for the travelers, such as tgatounded
persons or saving a person asking for help.

Therefore, they equipped the caravans with meditsgions where physicians worked and had boyslfothem.
Ibn al Qifti presented to us an important test ehié was talking about «Al-Hakam b. Ali al-HakarDalmaski»,
he said «he was a doctor in the beginning of «Ab#dsid state», Mu'awiyah b. Abi Sofian sent hira dsctor with
his son Yazeed to Mecca when he sent Yazeed asriifige pilgrimage in that epoch. Al-Hakam saick id the
doctor my father sent with Yazeed when he went ézd4 and | was the doctor who went with Abd al ShmaAli
b. Abd Alla b. Abbas to Mecc6).

Undoubtedly, Ibn al-Qifti's text we just mentioniegbt the oldest idea about this type of Bimaristéms Katheer
(37) pointed out in his book (The Beginning and the Bhdt road Bimaristans were conducted by a wisecthr
who knew how to give treatment: The rich peoplepWwhad the ability to equip the caravans with mdditiasions
supported those Bimaristans financially.

d) Prison Bimaristan:

The Muslims cared medically for the imprisoned shene way they did for people outside the prisoris Ehclear
from the letter the minister, Issa b. Ali al-Gar(@8) Minister of al-Moktader, to Sanan b. Thabit al-€#bal-
Natassi who was distinguished in Arab medicine whd embraced Islam at the hands of Al-Qaher. Afiea b.

Ali had visited the prisons, he found it was neaeg$o treat the patients and preserve their hutyani he sent his
famous letter to Sanan in which he said: «I thoiday God prolong your life-of the imprisoned anéytare
exposed, due to their big number and their hatégdn, to diseases; they are incapable to deblthéir excretions
or to meet doctors to seek their advice about desayou have - May God grant you honor - to agsigsicians to



visit them daily and they should carry with themigh and syrups and all they need to treat thematand cure
illnesses with God's will. Sinan followed this ack®» Also according to what Ibn al-Qifti mentiondarektader
asked Sinan b. Thabit to build a Bimaristan ane gfiviis name. He ordered one at Bab Al-Sham aleldcia The
Moktader Bimaristan and financed it with 200 Dinargnthly(39) This was in 306 Hijri and Sanan b. Thabit was
assigned as chief doctor. When al-Moktader wastt@tone of his physicians had killed a man bytahis, he
ordered Sinan to perform a test for the physici&as.they were tested in Baghdad and their numbeatrbe eight
hundred physician&0).

It was Sinan b. Thabit who financially supporteésalyeda Bimaristan, according to what Ibn al-Giftid «On the
first of Moharam 306 Hijri, Sinan b. Thabit inaugted Bimaristan al-Sayeda in the Yahia Market amdtayed in
it and he organized the work of physicians in @&ck month 600 Dinars were spent on the Bimarisyavidussef b.
Yahia al-Monajem because Sinan did not contributtaé expenditure of the bimaristédi).

e) The Mobile Bimaristan:

This type of Bimaristan visited villages, periplesriand cities caring for the health of people videdl away from
the state capital and allowed the state servicesach anyone who needed treatment in the state.

Ali b. Issa al-Garrah - al Muqgtadir's minister dered the first state physician Sinan b. Thabig written letter, to
let doctors travel to the peripheries of the st said in his letter «I thought of people whelim the peripheries
and that among them are patients who do not reegiyenedical care because there are no doctomes. ther assign
- May God prolong your life-some physicians to wike peripheries; also a pharmacy containing damgssyrups.
They have to travel all through the peripheries stag in each region enough time to perform treatroépatients,
then they move to another o).

It was the state's responsibility to care for thmd@istans. The senior physicians were aware abéishing work
rules and bases to teach the students who caraartorhedicine from everywhere. Therefore, medistoi®ols
were established in the Islamic world, in whichctdiag was performed by two methods:

1- The theoretical method in the medical schoald, 2 A practical method for training and practideere students
gathered around the doctor in chier to see and iexatine patients and the treatment he prescribéukrvthe
students finished the studying period they appiiedin exam, took an oath and got their certifisat@hen they
started to practice medicine, they always workedluthe state's supervision. This means of cohedethe
Bimaristans were institutes for teaching medicind o complete the study for junior doct¢48) . From a practical
point of view, the professors prescribed the treainfior the patients, they examined them in thegqmee of the
students who received their learning through psifes they writing their instructions. They perfedrihese
instructions in an organized way and they did bbWlup to the patients and hence they acquirecdoessary
practical experience for a medical student. Musglontribution in the field of medicine can be expmbf®roughout
three main points which are, (1) the medical as$ies(2) Al-bimaristan, and (3) the method thagttollowed.

-111-
Medical Educational Assemblies

Educational assemblies spread throughout the Islamild through a methodological system. They were
sometimes sponsored by the state but most ofteéhebgcientists. This has always been their systéenknow that
a scientist is known by his assembly, his studemtd,followers, as well as by the influence hedrathe following
generations, as each of his pupils reflects himretore scientist are always careful to teach pupitheir
assemblies in a special way different from othachers.

The Arab Historian Ibn Abi Usaibi'ah, recognizedi arrote down many things related to science arghsisis in
his book (Uyun al-Anba Fi Tabagat al-AtibtBgurces of Information on the Classes of Physiciakie mentioned
many characteristics concerning scientists assesibline medical assembly of Amin al-Dawla b. alifrteeed who
knew many languages specially Syriac and Pahlawetlsas Arabiq44), devoted himself to teach new
generations, with the condition that they shouldt@athe Arabic language, and if any of his stuslentnmitted
grammar mistakes or if his Arabic seemed not goazbnstruction he sent him to a grammarian to take of and
examine him after that. The assembly of Amin al-Izali al-Thalmeed was probably the biggest asseotbly
science held at that time. Ibn Abi Usaibi'ah mamia quotation by Mowafak al-Deen Abdel Latif b.ugsef to
have said: «A man entered upon him bleeding in seintime so he asked his pupils who were approximéifey
and they did not know the illnes§45) .

Scientifc assemblies between physicians sometinees held in the Bimaristans, we find Zahed al-Ulamha
established al-Farki Bimaristan assembling his Isupere to answer their querigss) .



Most educational assemblies acquired the formdelate. Seif al-Deen al-Amidi's assembly adoptedftihm and
eventually people praised «his eloquence in depatim researchi7) . So did the assembly of Shams al-Deen Ibn
Al-Laboudi who «became strong in arguments, goadeagting»(48).

Sometimes during science assemblies, a physiciatewooks for the students who had graduated urider
teaching and who had become themselves teachscgeofe. The writing of books in this case wasmeant for
teaching or dictating but they were meant to urgestudents to more studies and compreher{d@n

Arab physicians' way of teaching had its charasties and Abou Bakr al-Razi, maybe the physicitagler and
one of the best physicians of his time to preséwes in their writings the essentials that a jtige should know
well, and that teachers should engrave in the pupihd.

These teachings were not just theoretical, but taeye out of experience and practice, Abou BaReai was the
best clinical physician, had no competitor in tiédd, beside being a good teacher of medicineingriting. His
book (The Guide or al-Fusul) is a good example.if@uhis teaching sessions pupils crowded aroundiicircles
according to the precedence of their joining treessions. He used to present them patients atitehatask about
the illness and try to diagnose it; if they faileel would intervene and give the final decisi¢s®).

This quotation refers to many things in the fiefdr@dical education by these professors and tisserablies either
in the Bimaristans or outside them. Al-Razi's ediocal assembly was of two kinds, one for theogdtieaching
the other for the practical orfg1) . Theoretical teaching took the form of debatdsvben three groups of students;
the group in the circle nearest to him were theenamlvance in learning and practice. Next camedbersl group
of those with less experience and last came the ticle in which new students were grouped. Helr® them,
explained, argued and listened to their debateseritgy their queries. Whenever he detected animgeit pupil he
moved him to a circle nearer to him in which he tadpend three years. So he spent one year incerath

During this period he was taught anatomy, physiplogorgan properties and pathology.

As for the practical teachings, like during hisdtetical ones, students placed themselves in siarleund the
patient's bed in the hospital. He explained to thara cases one after the other. In this way al-&sed the patient
as a book to be read daily and continuously todbe ® understand the symptoms of his illnész) .

The most important thing in this matter, is that thacher explained to his pupils in the assembhieb case he
examined and noted his questions and his obsengaitica special page. He started by asking themtatnd the
pupils around him, asking his name, age, countrigfin, trips and his illness, the date it startgldce of pain and
symptoms. He assured that the patient was thepkestn to explain the extent of what he feels. lde asked the
patient about his family and its members, and wdretiey felt the same symptoms.

To achieve all that, al-Razi examined his pupild graduates. He asked first in the field of anatoamy if the
pupils failed to answer, he did not continue theichl examination because their failure in thibjeat made them
unworthy even if they passed the clinical ex@?3) .

Mohazb al-Deen abd Al-Rahim b. Ali al-Dakhwar'seambly in the second half of the sixth century Hajnid the
first quarter of the seventh century Hijri, was Hzene. Students used to gather around him in timastans while
he examined patients. He taught them and expldhreedases in front of them. One of his students Abi
Usaibi'ah, says: «I saw him once in the hall offthered; doctors felt the pulse of one patient diadnosed
weakness and prescribed chicken soup to give mgngth, he said that his speech and the look afyes denoted
weakness, then he felt the pulse of his right ltard of the other and said: Feel the pulse ofdiishand, we found
it strong, he then said: look at his right hand bhaa near his elbow the vein divides in two brarscbee remains
and can be felt the other moves over the ulna tdsvire fingers, which we found true. He then sthiid: is a rare
case but some people show this phenomena, and phgsicians diagnose it wrong as weak pulse batjiist that
they are feeling half the ve({4) . This is the scientific point of view of al-Daklawhe had inherited from his
medical ancestors who had laid the foundation afioa practice in the Islamic world. This is natestge, as al-
Dakhwar studied al-Razi's writings and understaaekll. He absorbed the instructions and descmigtiof clinical
cases that al-Razi mentioned in his book (Al-Hawi).

When al-Dakhwar finished in the Bimaristan he deddtis time first to transcription, studying andding, then to
his pupils. He asked them in «They came in anddgmbups of doctors and practitioners, each résdekson,
discussed it with him explained it as much as hédcthen if there was need for further explanatioif there was a
problem he would discuss it with the best of theratantg55) . This was his system, and he explained the
introduction of medicine in the same way, explagnits meanings and construction facilitating istadents.
Al-Dakhwar's system in theoretical teaching hagecwl character. He scrutinized the next he had t@ed as
much as possible to bring out a text without misgakvhenever someone read to him, "he would haepy of the
text in his hands, he looked at it, and compargfltie found a mistake in the copy being read beld order its
correction"(56) . Al-Dakhwar persisted in the accuracy and preaisif the copy, Ibn Abi Usaibi'ah says: Sheikh
Mohazab al-Deen's copies that were read to him wemgaccurate, most of them were in his hand mgitHe



surrounded himself with all he needed of medicalksdanguage books Abou Hanifa al-Danoury's botarok

(57) . These are the tools that a scientist needsrfeqtdiis research. After Al-Dakhwar's assembly waer and
the attedants left, he returned to his privatedife something then spent the rest of the day stgdynd reading and
stayed a good part of the night workifis) .

This was al-Dakwar's scientific assembly, wheretdught many pupils and physicians. He wanted ssisno
remember him and commemorate him, therefore hefsemed his home into a school for medicine, avais
considered one of the best known schools in Dansascul was known in the history of Arab medicin¢has
Dakhwarian school the reputation of which in theesgeenth century Hijri spread all over the woAdd from it
graduated many well known doctors who spread @t cive world presenting mankind their knowledge stodlies.
Al Dakhwar succeeded in inspiring his students whthcorrect scientific doctrines which he himgelfl learned in
his teacher, Tag al-Deen al-Kindi's assembly. Was very clear in his other interests besides neslic

Actually, Ibn Abi Usaibi'ah preserved for us a grieaasure in his book (Uyun al-Anba fi Tabagaftba). In this
book he deals with physicians not history, buhatgame time he praises the interest in histofpahwar was not
only a great figure in medicine during Ibn Usaibildetime, nor was he only a Sheikh who taught thistorian
doctor, nor only did he establish a school wellwnan the Islamic world, and that became a truersm institute
attracting researches from all places, but hewtste the history of medicine in consecutive pesiaglating to his
pupils among whom was Ibn Abi Usaibi'ah what heestbhered, and what he heard from his elders abeut th
science and views of his predecessors. This istraige as al-Dakhwar the scientist and doctoraxgescendant of
Tag al-Deen al-Kanadi, who taught him how to lookthe truth and seek its origin, this is the chtmastic of a
true scientist who ascribes sayings to their owaarsnot take the credit himself for science aadni|mg and
diminish others' abilities, as some ignorant peaii@owadays pretending to know everything and die@ymerit to
others.

We have many examples of what Ibn Abi Usaibi'ahteyravhich show al-Dakhwar's views who connecteddgoo
ideology to good morals and so spoke truthfully hodestly(59) .

-|V-
The Fundamentals of Method

The method is considered to be the core idea Hahcterizes any science. Scientists who work withamethod
will never achieve a scientific discovery and wilver get the chance for any scientific additiod hence will
repeat opinions of others. Arab scientists and iplarss realized the importance of concluding treaglafter
following a clear method in their researches atidfiong certain rules. Therefore they brought bséimse and
reason (intellect), they discussed intellectuatig &gically what sense exposed in the light of iravious
scientists had recorded.

Though it is difficult to claim that Muslims hadealrly written about method - as it is the caseyoedais obvious
from their writings that they followed a preciséestific method in studying and teaching when ttediged about
the topics they wrote and wanted people to learn.

Scientists and physicians in the period of therfkhing Islamic state achieved brilliant scientifesults, which - for
certain - were transmitted to the Western world,atn Europe, and European science benefited fram, during
the Renaissance epoch. This made Ali Sami al-NasHeen speaking about influence of the Islamic métbn the
West, assert while writing his introduction "I knéev sure that | am in front of the greatest dissmgvthat the
European world had ever known which is the discpedérexperimental methods of the Islamic worldtsmost
perfect form"(60).

The talk about method could be divided into twotgar

A- The steps followed during research and study.

B- The characteristic and general features thatacerized the method and allowed it to serve tirpgses of
scientific research and reflection upon the sciientiorks, the character and the nature of gengiaes!
seriousness, and hence allowed them to achive tamgascientific discoveries by which they went aheéthe
European world for many centuries.

A- The steps followed in the research:

As previously mentioned, the method is the corscténtific research so that if you start the staflgny topic
without following a specific method to treat th@imthrough it, or without following a specific plauring your
research, you will achieve nothing, i.e. you witt get any useful research result to be used ttiealtg and
practically.



Though scientists in the capital of the Islamidestand in its peripheries did not have specialidedr writings -
which we call method - the rules and regulatiors we steps were clear in their minds and they tseldaw the
attention of the reader and the student to its mapce from time to time.

We can conclude from their several writings, theegal rules followed in the medical researchesldthto the
flourishing of that science in a way that astonistiee Latin world.

1- Observation and Description

It is familiar to find some diseases that have linsymptoms to the extent that makes the distindtietween them
require a highly skilled physician. Muslim physiegahave dealt frequently with such matters. We ktiosv
through several examples and observations foutitkimistory of Arab Medicine. Here is al-R4@&il) who was
known by his medical and scientific skills an iteet whom European medicine acknowledged befora dvabic
medicine. He described in his study (Small Pox ldeasles) the symptoms of small pox - which he semsélf -
as follows: "the appearance of small pox is preddmea continuous fever that causes back achetemidg in the
nose and shivering during sleep”.

Scientists have comprehended the steps of obsemyalscription, comparison and detection of pafits
similarities and differences. They realized thatr¢hare qualitative observations that explain tthedifferent sides
of what we are studying.

Example 1: Qualitative ObservationAl-Bughdady was interested in the study of Diabetellitus symptoms. He
mentioned in two successive paragraphs "while exengithe urine you must observe the amount whethigtle or
a lot, the colour of urine, its taste, and consisyd.e. whether it is thin or thick...". In anothmaragraph he said
«while examining the urine we should examine thh@egs: the colour, the consistency and weighaddition we
have to examine the odour, the temperature bynmuytur finger in it, as well as its sour tasté3) .

Example 2: Comparative observation and the relatiorbetween sensation and intellecAl-Bughdady did not
stop following his observation. He proved that Gademmitted mistakes. Galen mentioned that the fi¢gawe in
human beings consists of two parts attached togbtha joint at the chin, but al-Bughdady coultirough his
precise observation - describe the real situatibithvis: the lower jaw in the mammalians consistsmo parts
which unite together sooner or later, the degrasn@n increases or decreases to form strong sysigphy the
middle of the chin in different types of mammalialmshigh mammalians and human beings the unidioog at the
middle of the chin occurs strongly immediately aftee delivery so that the lower jaw forms a sirgbme(63) .
Al-Bughdady was acquainted with the reasons of Bglepinion on this point, but his observationstradicted
what Galen assumed and hence he could, througleetating his attention on what he observed, redfie point
of similarities and differences of what he hadromt of him, being provided with an ability of pise distinction
and understanding.

Al-Bughdady found in a certain place near Caircomi full of human bones where he counted more tivan
thousands skulls. When he examined the shape tiothes and joints and the way of their articulatios proved
that the lower jaw is formed of one piece rathenttwo as Galen assumed in the sixth chapter dfdok «The
Children Bones» where he said that: «The lowerigafermed of two parts which is proved by the fiuztt it can be
cracked at its middle when it is crumbled».

But according to the precise observations of alflagly «if the lower jaw was formed of two attacipedts by a
joint, we could see that joint at least in thetlaitlecayed bones, because the crumbling of bdass §rstly at the
joints» (64).

We can notice from all these examples, the impao#gani the step of precise scientific observatiothoArab
scientists and the degree of correlation betweemliservation and the continuous description diréim reality,
and the extent of their thinking to correlate betwehe parts of the observed subjects that thegrides This is
proved by the example given by al-Bughdady whick juat mentioned, that shows how just one empirical
observation acquainted him with a wrong opiniort tteminated for a long period and was adopted by th
physicians since Galen. We will ascertain more ipeeabservations while we review some importanb{soi

But we are concerned mostly to demonstrate thBughdady-and other scientists also-did not relyru@alen and
other persons sayings. This will become evidetise of Ibn al-Nafis. The sensational observatifrikose
scientists were accompained with good works of niingthat the sense was exposed to. The sense lréghtong
but the mind should correct this mistake.

2- Experimental and Testing:

Muslim physicans were concerned with referringxpegiment because it is the best witness to theectiress of an
opinion. That is why al-Razi mentioned in his bg@ke Characteristics of Things) many texts on expent, "we
add what we know by experiment and people knowuleatio not give our confidence to anything excéigr ats
test and experimentatiot(65) .



Al-Razi believes also that the skilled physicianstitave two characteristics together "one, he shioeilskilled in
the scientific art of medicine and the other, hestiave at the same time a lot of experien(gs).

From this point of view, we find that al-Razi wasmmitted always to experiment as it is considehedptrincipal
criterion in judging things. As long as experimenthe criterion that the physician always restwt4o distinguish
between the truth and the falsehood in what coscérese caracteristics that might be submittetlg¢alenial of
those who could not understand the aims of scie(@®".

Such texts and others reveal to what extent, tieatists of that epoch were concerned with thebdistang of
science upon correct scientific basis. It is imddego use standards through which the scienc&smday in the
twentieth century as a basis to judge a sciencdused by the Islamic mind more than a thousandsyago
approximately.

Muslims were skilled in the art of medicine andytlaehieved important achievements, they attribingtie way of
distinction between one disease and another andetiition of many of communicable diseases whiah be
called epidemics. They did not only distinguishviln communicable diseases, but they describeddisedse
separately from the observations they made andigims of disease occurrence and progress. Theraarg
examples to demonstrate this fact. For examplRaai-was the first to describe precisely and clesmall pox and
measleg68) . Ibn Zahr was the first to describe mediastinaiqture, dry peritonitis and peritoneal effusig¢f9) .
We can notice the precision of that descriptionochtdl-Razi presented in the distinction betweenllgnox and
measles where he says "the appearance of smait pogceded by a continuous fever which causesaohekand
itching in the nose and shivering during sleep. imgortant symptoms that denote its occurrencekdigee with
fever and burning pain all over the body, faciatigestion and sometimes facial contractions, a@dress of the
cheeks, eyes pressure sensation in the body wkiehds to the muscles, throat and chest pain acaoiexb with
difficulty of breathing, cough and restlessnesstalility, nausea, anxiety are more pronouncesh@asles than in
small pox(70). Al-Razi mentioned the cough of hereditary ini@es. The opinions presented by al-Razi were not
only the results of his own efforts, but when Hked about many of the diseases, he gatheredtHisbpinions
mentioned on the disease, by the Greeks, Syrid@ns, Persians and Arabs, then he presented hispiwvion and
the experiment he performed and the observatiorshieved after the process of diagnosis and teyatrin
surgeries, he was a head of his contemporarieubede treated renal and bladder stones surgiéallifitti
descriped him in the field of surgery he was ontheffirst to use the seton.

Among other examples we find Avicenna who "distisped between pneumonia and pleurisy, acute armhdacy
meningitis, intestinal and renal colicg™1) . Also, there were some important additions preegskhy Avicenna,
where we find" the first description of anthrax ainithe Arabs called "The Persian Hif) . Avicenna mentioned
that the infection occurs through water and dustdescribed the life cycle of Ankylostomiaér8) and he showed
its effect on the body. Anatomically, Avicenna diésed all the organs, even the anatomy of teethjamndones.
When talking about the nerves and muscles he ieditide nerves of the face, forehead, eye globdjdsjecheeks,
lils, tongue as well as the nerves of the marrod/@rest. When he talked about "the nerves", héestuzhses of
paralysis. He described hemiplegia and distinguisgietween two main types: the first is the facalbp resulting
from a central cause in the brain and the secordala local or peripheral cauggt) . It seems that the treatment
of the causes of paralysis were familiar to thespdigins of the Islamic world of that epoch. Thisswhke result of
their interest in treating skillfully mental disess They specified particular words in the Bimarist - as for
example they used one of three methods to treatcases (we mean caes of paralysis and neurogssgses). In
cases of paralysis they resorted to cooling drag®ntradiction with the familiar Greek method, ehhiused the hot
methods of treatment; or they resorted to method#es to electricial shocks used in our days, &shave been told
by some contemporary historians. Muslims were iils¢ tb use electricity to treat epilespy and neertc diseases
by using a certain type of fish called Torpedommnap fish, which was put alive in water which whasrt connected
to two straps of steel. When the patient held th&hich he could not do but for a short time, hesetéd and would
throw them to the ground. After some days of théatment he was cured from epilegg$) . The third method was
based on psychiatric treatment and there are meamjes for this. Harun al-Rashed had a slave aitédhed by a
certain type of hysterical paralysis. When sheedhiser hand upwards, the hand stayed hanging @pfysicians
were perplexed in her treatment, therefore al-Raisineught Gabriel Ibn Bachtishou to treat her. Klieed for his
safety while he performed the treatment in fronhiofi and he said "if the Caliph will not be angritwme | have
some tricks for her" al-Rashed said" and what laeg?2" the doctor said "the slave must come hetieepresence
of everyone till | do what | want and you must gime time and not be angry with me quickly. Al-Rasbedered
to bring her, when Gabriel saw her, he walked duitwards her and bent her head and caught theftaer dress
as if he wanted to undress her in front of allgkeple; she was shocked and worried by this bebagiod her
shyness obliged her to drop her hand downwardsltbiter dress and to cover her body. At this morrtéet
physician turned towards the Caliph and said: 'iSteeired now'(76) .



These three examples reveal the intelligence ophiysicians in the Islamic World and their insighbut the cases
presented to them and the way of giving successfatment to such diseases after they examined ¢aesfully
and recognized its etiology and the facts and tag of its progress through scientific observations.

We find also that Muslims knew in detail other imjamt diseases whose diagnosis was not known iolthe
medicine(77). They were "the first to write about leprosy dhe repair of the not known in the old medicineeY¥h
were " the first to write about leprosy and theaiepf the teeth closure defects and tooth archiesy correlated
piles with gastric contraction and recommendedtdlaods for its treatment”. They were also "thstfio draw
attention to the shape of the nails of the tubenesilthey described treatment of jaundice and chpthey used
opium in certain doses to treat haemorrhage, agyttieated shoulder disclocation by the surgicahowknown as
sudden resistance reducti(f8) . Moreover, al-Tabari was the first to discover thsect causing scabies.

Among the medical features of Muslims worth mernitigris Surgery. They were the first to use anas&ihe
surgical operationr9) . Abu al-Kaseem al-Zahrawi (Abulcasis) is consadietthe greatest one to perform manual
works skillfully in surgical operations and to us#gical instruments. His book presentation toehehko failed to
write consists of three parts: the first in medégithe second in pharmacology and chemistry, am¢hibhd in
surgery(80) .. The previously mentioned reference of al-Zahriawionsidered to be one of the most important text
books in the description of instruments used iriguering surgical operations and the way to use tHemith the
detailed description of each instrument througlstilations and he acquired a great importance bedaiwas the
first in this subjec{81). Al-Zahrawi was the first to succeed in tyingesies to stop haemorrhaf®?). The Arabs
knew in this epoch the anatomy of pulmonary arteaied veins. Not only this but Iban al-Nefis preéedrio us for
the first time in history a complete descriptiortleé blood circulatory system.

The belief that predominated since the epoch oé&tll the time when lbn al-Nafis first appearedsathat blood
originates in the liver from which it is transpatt® the right ventricle in the heart, then it flow the veins to the
different body organs to nourish them, some ofdlbed enters the left ventricle through pores ediephragm,
where it is mixed with the air coming from the lsn@ut, Ibn al-Nafis found that the process of diparification
occurs in the lungs due to its union with the aid &ence it is purified, then it is transportedtte left ventricle
hence the small blood circulation discovered bydbhafis. As the historians of science assert @bNafis,
described precisely the blood circulation eightdred years before the Portuguese Servit to whishdikcovery is
attributed(83) . Muslims were skilled also in another medicalnofawhich is Ophthalmology. The nature of hot
environment of their countries encouraged thenmudysthis branch of medical specialities and totdbate to it in
an evident way which called for astonishment. Thekboof Salah Ibn Yousif al Kahhal on the eye migatthe
greatest reference that gathers all eye diseaseardte chapters on: eye description, sight desanpeye diseases
and their etiology, their symptoms, the care fer ¢lye, eyelid diseases and diseases of the canddesa and those
diseases far from the senses, also eye treatm@as»

B- The Characteristics of the Methods

There were general characteristics ascribed tontitbod used by the different scientists and phgsgiduring the
flourishing of Islamic development. These charastiess can be described as follo{®5) :

1- Debating and not accepting ideas without proof.

2- Conscious and accurate analysis.

3- Scientific honesty. This feature characterigertiooks written by Arab scientists through thesa@eientific
honesty can be put in the following order:

a) Refer opinions to their owners.

b) Not to take credit for others' creativity.

c) Arab scientists used some statements that itredicamplete uncertainty such as: «Some physittddsne» or
«Aleppo citizens told me» or «| copied from som&dry books» or «I found in some books».

4- Freedom of opinion and stating observations auttadhering to ancient theories.

5- Arab scientists were self confident and esteetiedbold scientific opinion, and their writings mwecharacterized
by fluent style and accuracy of presentation andgbftee of contracdictions and they sometimes dépd on using
equivocations.

Results

It cannot be said that the study of the history dexelopment of Arab medicine has been completedieacannot
also say that Arab physicians were just copiennftioe Greek medicine heritage they had studieduadérstood.
In reality they were aware of the details of meldibaories specially those reached by HippocratelsGalen. This
did not stop them from having their own participatiand of correcting some mistakes in old theories
Although many Orientalist studies deprived Arab &idmic share in the medical heritage from itsaemness and
originality in relation to theory and applicatidhjs opinion was mainly due to racism or misunderding.



This study we cannot be considered to have covatedpects of the problem, or to have definediheelopment
in a decisive manner. We cannot ascertain thatttiBsistudy gave us some important results, wHialkdded to the
results of other studies could help in better vmgtthe history of the development of Arab medidineoretically
and from the view point of application.

The indications of this study could be stated @ fibllowing points.

1- Scientists throughout the Islamic world undesdtthe Greek medical heritage, first they trandldte
magnificently by the care of Hunain b. Ishaq wravéiled the nations in all directions searchingnf@nuscripts
and lost pieces (shreds of them. Ibn Al-Nadim, Gwigol, Ibn al-Qifti, and Ibn AbiUsaibi'ah, confessthat
Hunain's translations and his school played a gréatin understanding this heritage. These wriialgo
transferred to us some of Hunain's pupils trarshati details of the translations and whether tededlfrom Greek
or Syriac. It is clear that there were medical adsies, the most famous of which was that of «Y utzahb.
Massoyweh» Hunain b. Ishaqg's teacher. These asssidtiyed a good role in increasing the growth edical
knowledge. Al Razi's assembly was a real schodidaching pupils. These assemblies of teachingaimegiwere
propagated between the fifth and the seventh cgpfuthe Hijri. After the translation era, startegberiod of
flourishing and development as physicians had gmodunity to study from text books and to makaichl
observations.

2- The period between the twelfth and thirteentituwey was characterized by the propagation of nadic
assemblies. These assemblies were usually helysigian's homes. These can seen by the assembli@s al-
Thalmeed and al-Dakhwar, students read with theifegsors important books and teachers explaireditficult
parts.

3- The practical side of the study took place & Bimaristan under the supervision of great phgsii In this light
the bimaristans could be considered as true fasultir medicine paractical study.

4- In different periods of Islamic development, pityans encouraged Caliphs and men of influencepamger to
build hospitals which were called Bimaristans. Fnohat we reviewed, we see that the building of Bistans
started in an early stage of the history of thartét nation. They were built in all parts of thiatsic world.
Physicians also understood, in those times, thdigime needed to be practiced in hospitals witltigee
organization both in management and treatment. pleygicians were subject to pass an examinationtrend
profession itself was controlled by the governm#émugh a man called Al-Mohtasib (Health Inspectdhey had
to pass examinations and get certificates. Thigggdhe precision used in the practice of mediwirtae Islamic
world. The Bimaristans were of different types elifhg according to the type of disease treatecam gthis shows
us the precise understanding of the nature of sésea

5- Study in the bimaristan meant the presenceiniteal cases (the patient) in front of the studehb osculated him
and noted the course of the illness and observedl@amge in the symptoms. There were differentioid
bimaristans throughout the Islamic world, and theeee under strict control.

6- Students attended physicians' teaching sessidhe bimaristans, after having completed theiegidrhey were
examined theoretically and practically by the pbigsi and were given certificates of graduationiad to practice
medicine in the bimaristans under the professawision.

7- Physicians taught in a scientific way, so, fur theoretical part of the study, there were aethaioks a student
had to read and understand under the surpervisibis teacher, these books were those of Hippoer&alen,
Hunain, al-Razi and Ibn Sina. The student alsothatbte the teacher's lectures, and that, ledetartany versions
for one writing. For the practical part, the studenatched the teacher's way of diagnosis, andaélended the
debates between the professors on some diseases.

8- Scientific method was systematically the mogiarmtant pillar for medical practice and for undamgting it in a
scientific way. The different writings of physicgof that time show this clearly, as we find theatofving the trial
rules of scientific method in its best form everobe this method was discovered or created in tlestWn this
field the study points out that the many partidipaé had special common characteristics that coeldummarized
as follows:

a) Medical study depended on observing and desgiilbis we found detailed descriptions of illneshas
physicians teated.

b) Physicians made comparisons between differkmgisises specially that some of these had similaifestations.
c) Cases were diagnosed after a meticulous clieicaination of the patient and after a proper tstdading of
the illness.

d) Physicians often turned to experiments, and wemany texts refereing to this fact.

e) Descriptive comparison of some studies showesthikés made by the Greek physicians, speciallyrGaled this
drove Muslim physicians to correct them.

f) They used instruments and tools in the manyesieg they performed.



g) Physicians studied and criticized the Greekthgei.

h) We, often, find that physicians followed the imelous analytic system in using the heritage tteaype about.
i) The studies that were done in the Islamic wavéte strictly scientifically honest. Never did gplyysician claim
the merit for another's work, but always quotededshideas using precision in referring them tartbener, this
gave them greater self confidence and a free ceotegopinion.

9- The Arabic writings and inventions were transddrfrom the Arab world to Latin Europe. This gereiand
diversified transferred heritage, led to the depaient of medicine in Latin Europe.
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Definition:
Arabic, or what we may be called Islamic, sciencgérms of location in space and time denotes thistific
activities of individuals who lived in a region thanight extended chronologically from the eighthrateiry A.D. to
the beginning of the modern era, and geographicditgm the Iberian Peninsula and north Africa to théndus
valley and from the Southern Arabia to the Casiar&that is, the region covered for most of that joer by what

we call Islamic Civilization, and in which the re$ts of the activities referred to were for the mgsirt expressed
in the Arabic Language. [A. |. Sabra, Isis, 19967 %54-670]

Introduction:

The west has not done justice to the the influenad the Muslim on the historical development of mediine.
Western writers have given little prominence to Islanic' Scientific and intellectual contributions to this field.
But the fact is that the Muslims carried the torchof science and thought in an age when no other dization
was cabbala of doing so. At one time, learning wasgarded as heresy, and the Eastern Christian Chutc
persecuted all scientists. They fleeing from persetion, found no refuge but the Islamic empire, whib look
them in and acquired from them the scientific heriage of the time. They were given a great deal of meration
and respect by the Muslims, who endeavored to enseifor them a congenial atmosphere in which to work
and to develop learning. That was the beginning & universal cultural revolution which enlightened the
ancient world, and which the West later embraced, iheriting from the Muslims their scientific and
intellectual achievements.

Medical Knowledge Pre Islamic Times:

The medical knowledge in the pre Islamic times wasegligible, due to the unsettled, nomadic, desert
environment the Arabs lived in. It is understandabé that the only the only settlement was in towns sh as
Mecca, Medina and Al-Ta' if, in the vicinity of oass. The only contact of Arabs with the civilizatiorof other
countries came by the way of the trade caravans wtth made bi-annual trips from Mecca, traveling to Syia
in the north and to Yamen in the south.

There were some medical practitioners in pre-Isalna times, such as Ibn Huzeem, Harith Ibn Kalda al-
Thaqafi, Ndr ibn Harith and others.

The only drugs the Arabs knew at that time came frm plants and the leaves of trees, certain pods, anal
bones, and spice and incense. By and large, theynded to live frugally, and to eat a simple diet, adh this may
well have protected them against many diseases.idthappened that in the first days of Islam, the rler of the
Copts in Egypt once sent presents, including an Egtian doctor, to the Prophet Mohammed. The Prophet
kept the presents but sent the doctor back, with ils message: "We have no need of doctors, for we goeople
who eat only when we are hungry, and when we eatig never to excess".

The Sources of Medical Knowledge for the Arabs:
The Arabian peninsula was bounded by several stateghich had ancient civilizations, such as Egypt anthe
Byzantine and Persian empires:

» Physicians among the ancient Egyptians had certagpecialties: ophthalmology, gynecology, surgery
and internal medicine. There were also medical sclots attached to ancient Egyptian temples, and
the physicians used to combine medicine with the @sthood. Medical knowledge was not all written
down, and there were parts of it which were consided secret, not permitted to be revealed, and
each generation used to inherit this secret knowlegt. In museums and in the drawings on tombs and
in papyri, much has been discovered of what the arent Egyptians knew about the practice of
medicine. Physi-cians used to be attached to templand used to examine and treat ordinary people
without fee, and the state rewarded the physiciarof his services. The pharaohs had physicians
attached to their courts. Medical knowledge flouribed in ancient Egypt, and some of the drugs
which were used then are still used now. There aiia the medical papyri accurate descriptions of
some of the drugs which were used then are still @d now. There are in the medical papyri accurate
descriptions of some diseases, their progress anctthod of treatment.



Among the ancient Greeks the first physician of prminence was Hippo crates, he considered to be
the father of medicine; his descriptions of diseasand his clinical talents earned him that title. Hppo
crates was held to be the model physician, and tieghics practiced by him are reflected in the so-
called "Hippocratic Oath" that doctors swear on stating their medical careers.

Egypt was the center of medical learning once againom the year 271 BC when the School of
Alexandria was set up. Here Herophilus and Erasistitus taught, dissected, and investigated the
functions of organs; they were particularly interesed in the central nervous system, and they were
able to distinguish the sensory from the motor nerss.

Greek medicine did not make its appearance in Italyntil 124 BC, and this was largely due to
Asclepiades, who became famous for his interest imental diseases. Galen (AD131 to 201) is
considered to be, without exception, the greatest the Greek physicians after Hippo crates. It is sd
of him that he was the initiator of experimental plysiology, and he was known to be widely traveled.
He became the chief physician in Rome in AD164 amdas renowned as a skilled physician and as a
scholar. He built a medical system which allowed hi to suggest an answer to every question and an
explanation for every phenomenon. The comprehensiness of this system, and possibly also of
Galen's teleology, were very appealing to the gereions who succeeded him. As a result, there was a
tendency for later physicians to neglect originalrivestigation and to rely solely an the authority of
Galen instead. For instance, Galen taught that blabpassed from the right to the left ventricle of tle
heart through invisible pores, and was unaware. ahe pulmonary circulation; this, Ibn al-Nafis was
to describe much later.

The Nestorian sect, founded in AD428 by Nestoriuthe Patriarch of Constantinople, was an
heretical sect. The Nestorians were persecuted asd they emigrated to the Syrian city of Al-Ruha
(Edessa), where they founded their medical schod@ut persecution followed them, and the Byzantine
Emperor expelled them in AD489. So they emigratedtPersia, where they were welcomed and
treated well by the emperor, and they settled therand penetrated eastwards until they reached
Jundi-Shapur. And so it was that the Nestorian cemr of learning moved from Syria to Jundi-Shapur
in Persia, and there the Nistorians established alge hospital. Jundi-Shapur became the most
prominent cultural center at the time of the Persim Emperor Kisra Anushirawan, who attracted to
the city the most famous Indian, Jewish, Syrian an®ersian physicians. Kisra used to send his
physicians to India to look for medical books to tanslate from Sanskrit to Persian and Syriac, also
the Greek books were translated; and so Jundi-Shapuwacquired a large scientific library.

This is merely a brief sketch of the development aincient times and of how medical knowledge was
transferred to the lands bording on the Peninsulafrom which the Arabs were to draw their Medical
knowledge when Islam appeared.

Development of Medicine in Islam:

Islam spread and the Muslims were keen to collectlahat was available to them of manuscripts and
books of the ancients; such things were frequentlhe only booty they prized as conquerors.

When the phase of active conquest was over, the Arablirected their energies to various branches of
learning with great eagerness, and they translatedll that they acquired of Greek, Persian and
Indian manuscripts. The Christians, Jews, and Nest@ans played a large part in this work.

Within one and a half centuries of the appearance dslam, Baghdad came under the rule of the
Abbassids and Cordova under the Umayyads, and thedecame world centers for learning and
particularly for medicine. Among the famous physicans of Ummayyad times werdbn Uthal and
Abu al-Hakam al-Dimashqi. Ibn Uthal was a Christian, and physician to theifst Umayyad caliph,
Mu'awiyah. He was skilled in the science of poisonand during the reign of Mu‘awiyah many
prominent men and princes died mysteriously. Ibn Utal was later killed in revenge Abu al-Hakam
al-Dimashqi was a Christian physician skilled in therapeuticsHe was the physician to the second
Umayyad caliph, Yazid.

Translation into Arabic began under the rule of theUmayyads in the time of Prince Khalid ibn
Yazid. Prince Khalid was interested in alchemy, ando he employed the services of Greek
philosophers who were living in Egypt. He rewardedhem lavishly, and they translated Greek and
Egyptian books on chemistry, medicine and the stars

A contemporary of prince Khalid was the great Arabchemist Jabir Ibn Hayan (Geber), who was
born in AD705 and died sixty-four years later. He lecame expert in chemical and al-chemical
procedures, and was the first to discover mercury.



Another medical achievement during the rule of theJmayyads was the hospital for lepers which was
built in Damascus. This was the first of its kind ad enjoyed many endowments. This should be
contrasted with European practice which, even sixanturies later, condemned lepers to be burnt to
death by royal decree.

The Umayyad Caliphate lasted for about ninety yearsand during that time Islam spread from

China in the east to Spain in the west. Translationf scientific books into Arabic had already begun,
but under the Abbassids, who succeeded the Umayyadiswas greatly accelerated. An important
factor which facilitated the work of translation was the flexibility of the Arabic language, the
richness of its terminology, and its capacity for xpression.

The center of the world in all the arts and sciencebecame Baghdad, which the first Abbassid Caliph,
Al-Mansur, took for his capital. The age of Harounal-Rashid, the ninth-century Caliph renowned in
the Arabian Nights, was among the most golden of $tiorical ages. He surrounded himself with the
fore-most physicians of the age, who had studied Bgan, Greek and Indian medicine.

It is said that the Caliph Al-Abbas asked his physiian Isa ibn Yusuf to prepare an examination of
medical competence. Those doctors who did not patse examination were debarred from medical
practice. Some 860 men were successful, and hundseadf charlatans were thus expelled from the
profession.

The Caliph Al-Mansur invited Jurjis ibn Jibrail, a Syrian physician and the head of the hospital in
Jundi-Shapur, to attend him. This man was a membeof the family of Bakhtyishu which produced
many famous physicians through several generation$hey served at the Abbassid court for about
three centuries, where they attained great wealthral positions which were sometimes higher than
those of princes or ministers. Some of them werednslators of scientific texts and authors of a
number of books on medicine.

Yuhannah ibn Masawayh was a physician at the timefddaroun al-Rashid. At the Caliph's request,
he translated Greek medical books purchased in Bymium and was himself the author of books on
fevers, nutrition, headache, and sterility in womenAl-Mu'tasim the successor to Harnoun al-Rashid,
was so interested in Yuhannah's work on dissectiaihat he made a special dissection room available
for his use, and he used to have apes specially bght for hirn from Nubia in Africa.

Hunain ibn Ishaq (Johanitius), was probably the gratest translator in Arab history. He had a
superlative knowledge of Syriac, Greek, and Arabicand carried out a large number of translations
from Greek scientific and philosophical manu-scrips into Arabic. These included most of the works
of Hippo crates and Galen. After his death, much ofhis work was continued by his pupils and by his
nephew Hubaish. This man Hubaish also wrote booksnamedicine, among which was a treatise on
nutrition.

There are many other translators who were prominentvriters and philosophers. Thabit ibn Qurrah,
who wrote many books on a variety of medical topicas well as on philosophy and astronomy; Qusta
ibn Luga, a contemporary of Al-Kindi, who translated many books into Arabic. There was also
Mankah the Indian, who translated from Sanskrit into Arabic, and translated a treatise on poisons
written by the Indian physician Shanagq.

The Abbassid Caliphs were not only concerned withranslation. They were also interested in public
health, and it was an Abbassid minister, Ali ibn 18, who requested the court physician, Sinan ibn
Thabit, to organize regular visiting of prisons bymedical officers. The first hospital in the Muslim
empire was built in the ninth century in Baghdad, ly the Abbassid Caliph Haroun al-Rashid; after
that many other hospitals were built in the Muslimworld. The first hospital to be built in Cairo was
at the time of the governor of Egypt, Ibn Tulun, inAD872. These hospitals were remarkably
advanced in design, for they contained pharmacie8braries, lecture-rooms for medical students, and
separate wards for men and women.

The age of translation paved the way for the age abmposition and innovation. The latter half of the
ninth and the tenth centuries form the most creatie period in the history of Muslim science and
learning.

Al-Tabari was a native of Tabaristan who was physian to two of the Abbassid Caliphs. He wrote an
encyclopedic work on medicine, philosophy, zoologgnd Astronomy, and was greatly influenced by
the writings of Aristotle and Galen.

Ai-kazi (Rhazes), AD865 to 925, was a Persian anke pupil of Al-Tabari. He was one of the greatest
of Muslim physicians and a most prolific writer. Hetook a great interest in chemistry and is said to



have prepared absolute alcohol from fermented sugar and to have invented a scale for measuring
the specific gravity of fluids. But his great farmerests on his supreme abilities as a clinician, aris
descriptions of the clinical signs of many illnessewere unsurpassed. He investigated women's
diseases and midwifery, hereditary diseases, andeegliseases. He wrote an account of smallpox and
measles, and books on chemistry and pharmacy, buté most famous of his bnoks is Al-Hawi, "the
Continence", aq large encycopaedia on medicine iMdsolumes. It was translated into Latin by
Sicilian Jewish, it made a great mark on the Europan thinking in medicine.

Al-Majusi was also born in Persia. He wrote a medal book called Al-Maliki, known asLiber

Regius in Latin translation. It was widely used as a refeence work in the Middle Ages. Al-Majusi
was the first physician to explain that the foetusloes not leave the uterus by its own efforts, but
rather that it is extruded by the contractions of he uterus.

Ibn Sina (Avicenna) was born in 980 and died agedifty-three. He wrote copiously and on many
subjects, but the most famous of his books was Ti@anon of Medicine. This is an encyclopedic work
in fourteen volumes, and embodies the combinatiorf @reek and Arabic medical systems, with the
addition of Ibn Sina's personal experience. It dealwith diseases, their classification, descriptiorand
causes; with therapeutics and the classification agimple and compound medicines; with hygiene, the
functions of parts of the body, and with many othettopics. In particular, Ibn Sina noted the fact tha
pulmonary tuberculosis was contagious, and he thoing that it spread through soil and water. He
also described accurately the symptoms of diabetesellitus and some of its complications. He was
very interested in the effect of the mind on the bdy, and wrote a great deal on psychological
disturbance. The Canon was translated into Latin ad published many times. It had the most
fundamental influence in Europe during the Middle Ages, and was a standard reference book in
universities right up until the seventeenth century

The other major cultural center of the Muslim world was Cordova in Spain. The library was reputed
to have over 600,000 books. Among the greatest ma#hom Spain produced was Abu al-Qasim al-
Zahrawi (Albucasis), who was born in Al-Zahra in AD936. He is regarded as the most famous of the
Arab surgeons, but he was also skilled in the usd simple and compound remedies, and was thus
sometimes described as "the pharmacist surgeon". Herote the famous manual on surgery, called
Al-Tasrif, although it also includes sections on té preparation and dosage of drugs, nutrition, pubk
health, and anatomical dissection. The celebrateastions on surgery are illustrated with drawings of
about one hundred surgical instruments. There are escriptions of techniques for operating to relieve
various conditions, including the amputation of linbs, the removal of foreign bodies, and the
crushing of bladder stones. He invented many of thiastruments in his book, and in particular ge
devised a pair of forceps for use in midwifery. AlZahrawi was no mean dentist either; it is said that
he per-formed cosmetic operations to correct dentatregularities. His book became famous in the
universities of Europe in the Middle Ages. It wasranslated into Latin by Gerard of Cremona in
1187, and it was the chief reference work for surge in the universities of Italy and France.

Ibn Rushd (Averroes) was a twelfth-century physicia, philosopher, and astronomer of Cordova. He
was primarily concerned with philosophy and wrote a extensive commentary on the philosophical
works of Aristotle. But he also practiced medicinend wrote a medical work entitled Al-Kulliyat,
which became known in the Latin West a€olliget. Among his many original contributions was the
observation that smallpox can only infect once.

The family of Ibn Zuhr produced through six consective generations a number of famous
physicians, men and warnen. The most celebrated tffem was Ibn Marwan ibn Zuhr (Aven-zoar).
He was a contemporary of Ibn Rushd and an extremelgble clinician. His book Al-Teisir was among
those which were translated early on into Latin andhus passed into Europe.

Two other physicians who belonged neither to Baghdbnor to Cordova are worthy of note in this
survey. Ibn Abi Usaybi‘ah was born in Syria and praticed medicine for a while in Cairo. His major
contribution to medicine was his large biographicalwork on the physicians who had preceded him.
The second physician of note is Ibn al-Nafis, aldmrn in Syria; he too practiced medicine in Cairo.
He refuted what Galen had said about the passage blood through invisible pores in the septum
which separates the right and left ventricles of th heart. He described the lesser (pulmonary)
circulation for the first time in history before th e English Harvy. It is a regrettable fact that this
signal achievement of Ibn al-Nafis received verytlie notice through the ages and his views were
ignored for centuries.



This has been a brief survey of the medical contritions made by some of the
most prominent people in Arabic Muslim cultural history.
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Introduction:

The medical school of the western Caliphate was both medically and philosgphicall
antagonistic to Ibn Sina (1037) Avicenna, who is usually regarded as the chief
representative of Islamic Medicine. The Arabic physician that enthirata the
Cordova center of Islam showed a modification, owing to its intimate contdrctheit
Christian West, and the medical and philosophical literature issued by theaDbrastd
Jews of Moslem Spain is based more on the practical realities and attaoiplesance
to dialectic vanities.
The eminent Arabic writers of the western Caliphate are small in numbemasued to
those of the Eastern, but their influence on the Latin West was far-reachingoshef
the Western Moslem physicians who reached any degree of eminence datkdong
Razes and Avicenna: the four most eminent of these were Albucasis, AvenzeagsAve
and Maimonides, all of whom exercised a great influence over the Scholashes of
Latin West.
Muslim Spain has produced some of the brightestledtual luminaries of the Middle Ages. One ofrthevas Ibn
Rushd known in the West as Averroes, who is unalbraknoweldge as the great philosopher of Islah@ne of
the greatest of all times. George Sarton in hiahiction of history of science said that " Avesaeas great
because of the tremendous stir he made in the minaen for centuries. A history of Averroism woutatlude up
to the end of the sixteenth-century, a period af fienturies which would perhaps deserve as muenwasther to
called the Middle Ages, for it was the real traiesitbetween ancient and modern methods."
Abul Waleed Muhammed Ibn Ahmed Ibn Muhammed IbnhRius

* He was born in Cordova, the metropolis of MoslemiBjin 520 A.H. (1126 C.E.). Both his father and
grand father were prominent judges. His family wed known for scholarship and it gave him fitting



environment to excel in learning. He studied religi law, medicine, mathematics, and philosophy and
(according to Leo Africanus) he was a friend of Azear, the great Moslem clinician. He studied
medicine, philosophy and law from Abu J'afar Haama from Ibn Baja (1138) and he learned 'Figh'
(Islamic jurisprudence) from Hafiz Abu Muhammed Rizq.

» |bn Rushd under Islamic protection centered omthsterworks of Plato and Aristotle as preservedrby
evolving series of lengthy and often innovative caemtators, ideas that by now had been banned for
centuries and virtually forgotten in the adjoinidgly Roman Empire.

» Like his father and his grandfather, he too becarglge, first in Seville and then Cordova, thobgh
main love was philosophy. Supposedly, one night dugner, he entered into a discussion with Almohad
prince Abu Ya'qub Yusuf over the origin of the wbénd the nature of the mind.

» Averroes' ruminations on Aristotle's account ofsgamce and the nature of the soul so impresseulire
that he commissioned Averroes to write an entit@eommentaries. A few years later the prince
appointed Averroes as his personal physician; undesiuspices, Averroes spent the rest of hisiiféng
commentaries on virtually all of Aristotle's workspducing detailed and original reconstructive
commentaries on Aristotle's Metaphysics, Physiostétior Analytics, De Caelo, and De Anima, as asll
Plato's Republic.

» |bn Rushd was a genius of encyclopedic scope. Ertspgreat part of his fruitful life as a judgelas a
physician. Yet he was known in the West for belmgdgrand commentator on the philosophy of Aristotle
whose influence penetrated the minds of even th& namservative of Christian Ecclesiastes in thdd
Ages, including men like St. Thomas Aquinas. Peayat to him for consultation in medicine just ey
did for consultation in legal matters and jurispgnde.

» Atthe age of twenty-seven, Ibn Rushd was invitethe Movahid Court at Marrakesh (in Morocco) téphe
in establishing Islamic educational institutiongadd the ascendancy of Yousuf, he was introducéidhto
by another great Muslim philosopher Ibn Tufail lghin translating, abridging and commenting onsom
works of Aristotle (in 1169 C.E.).

» |bn Rushd was appointed a judge (Qaadi) in Seatlkhe age of forty-four. That year he translated a
abridged Aristotle's book "de Anima" (Animals). $hiook was translated into Latin by Mitchell thetc
Two years later he was transferred to Cordovabinibplace where he spent ten years as judge in tha
town. During those ten years Ibn Rushd wrote comarers on the works of Aristotle including the
Metaphysics. He was later called back to Marrakeshork as a physician for the Caliph there, befuse
return to Cordova as Chief Judge.

» |bn Rushd was well versed in the matters of thi fand law, which qualified him for the post of @aa
(judge), but he was also keenly interested in gbitdy and logic. So he tried to reconcile philogophd
religion in many of his works. Besides this areatofly, he was deeply interested in medicine ak asl
was his predecessor Ibn Sina (Avicenna). Accortbrifpe French philosopher Renan Paris 1866), Ibn
Rushd wrote seventy-eight books on various subjects

» A careful examination of his works reveals that Aves was a deeply religious man. As an example, we
find in his writing, "Anyone who studies anatomylhmcrease his faith in the omnipotence and ongrodés
God the Almighty."

* In his medical and philosophical works we see tetld of his faith and knowledge of the Qur'an and
Prophetic traditions, which he often quotes in suppf his views in different matters.

» |bn Rushd said that true happiness for man cartysbeeachieved through mental and psychological
health, and people cannot enjoy psychological heaitess they follow ways that lead to happineghén
hereafter, and unless they believe in God and kiéess.

* |bn Rushd commented that Islam aims at true knayded/hich is knowledge of God and of His creation.
This true knowledge also includes knowing the wasimeans that lead to worldly satisfaction and
avoidance of misery in the Hereafter. This typgmaictical knowledge covers two branches: (1)
Jurisprudence which deals with the material or itaegaspect of human life and (2) the spirituakscies
which deal with matters like patience, gratitud&imd, and morals. He compared spiritual laws to
medicine in their effect on human beings physicatyone hand, and morally and spiritually on thHeent
He pointed out that spiritual health is termed Waqrighteousness and God-fearing) in the Qur'an.

* |bn Rushd made remarkable contributions in philbgoogic, medicine, music and jurisprudence. 1bn
Rushd's writings spread more than 20,000 pagesndise famous of which deal with philosophy, medicin
and jurisprudence. He wrote 20 books on medicine.

In Philosophy:



His most important worRuhafut al-Tuhafutvas written in response to al-Ghazali's work. Irsil was
criticized by many Muslim scholars for this bookyiah, nevertheless, had a profound influence on
European thought, at least until the beginning oflern philosophy and experimental science. His siew
on fate were that man is in neither full controhed destiny nor it is fully predetermined for him.

He wrote three commentaries on the works of Aflisi@s these were known then through Arabic
translations. The shortest Jami may be consideredsammary of the subject. The intermediate was
Talkhisand the longest was tA@fsir. These three commentaries would seem to correspatitferent
stages in the education of pupils; the short one meaant for the beginners, then thintermediatéhier
students familiar with the subject, and finally tbagest one for advanced studies. The longest
commentary was, in fact, an original contributigntavas largely based on his analysis including
interpretation of Qur'anic concepts.

Ibn Rushd wrote many books on the question of tggglwhere he tried to use his knowledge of
philosophy and logic. It is not surprising thentthis works greatly influenced European religious
scholarship, though Averroes is innocent of mameyvgi of Western so-called Averroism.

Professor Bammate in his booklet "Muslim Contribatto Civilization" quotes Renan: St. Thomas
Aquinas was "the first disciple of the Grand Comtaéor (i.e., Averroes). Albert Alagnus owes eveiyth
to Avicenna, St. Thomas owes practically everythim@wverroes." Professor Bammate continues: "The
Reverend Father Asin Palacios, who has carrieéthterisive studies of the theological Averroism of S
Thomas and, in no way classifies Averroes withi.@tverroists, takes several texts of the Cordovan
philosopher and compares them with the Angelic Broot (St. Thomas). The similarity in their thougét
confirmed by the use of expressions similar to tfdbn Rushd. It leaves no room for any doubt dtibe
decisive influence that the Muslim Philosopher (&kges) had on the greatest of all Catholic theealogi

In Medicine:

The philosophical, religious, and legal works af Rushd have been studied more thoroughly than his
medical books, since he was primarily a theologihitesopher and scholar of the Koranic sciences.
Among his teachers in medicine were Ali Abu Ja'lfer Harun al-Tarrajjani (from Tarragona) and Abu
Marwan ibn Jurrayul (or Hazbul, according to al<gHy.

Ibn Rushd's major work in medicinal:Kulliyyat ("Generalities"), was written between 1153 and9116
Its subject matter leans heavily on Galen, andsionally Hippocrates' name is mentioned. It is $viddd
into seven bookstashrih al-a'lda ("Anatomy of Qrgans™)al-Sihha("Health"),al-Marad ("Sickness") al-
'‘Alama ("Symptoms") al-Adwiya wa 'l-aghdhiyg"Drugs and Foods"Hifz al-sihha("Hygiene"), and
Shifa al-amrad"Therapy")

Ibn Rushd requested his close friend Ibn Zuhr titkever book on al-Umur al-juz'iyya (particularities.,
the treatment of head-to-toe diseases), whichdheadid called his book al-Taisir fi '[-muddawat Wwa
tadbir ("An Aid to Therapy and Regimen").

Ibn Rushd'sal-Kulliyyat and Ibn Zuhr'sal-Taisir were meant to constitute a comprehensive medical
textbook (hence certain printed Latin editions preéghese two books together), possibly to sersteaud
of Ibn Sina's al-Qanun, which was not well receiiredndalusia by Abu '1-,Ala’ Zuhr ibn Abd al-Malik
ibn Marwan ibn Zuhr (Ibn Zuhr's grandfather).

Two Hebrew vesions of al-Kulliyyat are known, onean unidentified translator, another by Solomon be
Abraham ben David.

The Latin translation, Colliget, was made in Paishub25 5 by a Jew, Bonacosa, and the first editian
printed in Venice in 1482, followed by many othditions.

Ibn Rushd wrote a talkhis (abstract) of Galen'sk&pparts of which are preserved in Arabic manpssri
He showed interest in Ibn Sina's Urjuza fi 'I-tidBoem on Medicine," Canticum de medicina . .an),
which he wrote a commentary, Sharh Urjuzat Ibn Sina

It was translated into Hebrew prose by Moses bébdn in 1260; a translation into Hebrew verse was
completed at Beziers (France) in 1261 by SolomanAye/ub ben Joseph of Granada.

Further, a Latin translation of the same work waslenby Armengaud, son of Blaise, in 1280 or 1284, a
a printed edition was published at Venice in 1484.

Another revised Latin translation was made by Aadk§pago, who translated Ibn Rushd's Maqala fi '1-
Tiryaq ("Treatise on Theriac,” Tractatus de thejaca

Ibn Rushd's unsuccessful attempts to defend philees against theologians paved the way for arecli
in Arabic medicine.



The great image of the Hakim (physician-philosophehich culminated in the persons of al-Razi doml |
Sina, has been superseded by that of fagih mustdkkiulum (a jurist who participates in sciers}e
among whom were physician-jurists and theologiaysians.

Because Ibn Rushd'frame as a physician was eclipséds frame as a philosopher, his bdatab al-
Kulyat fi al-Tibbstands no comparison @ontinentsof Rhazes antanon'of Avicenna.

Averroes wrote a commentary on Avicenna's p&anmticum de Medicinéranslated into Latin by
Armengaud). and also mentioned lgilosophia Orientali®f the latter.

His commentary of the Canticum was published atcéitin 1484 under the titlacipit translatio
Canticor. Avi. cum commento Averrhoys facta ab A@in Latinum a mag. Armegando blassi de
Montepesulaano.

The German physician Max Meyerhof remarked that:Spain, the philosophical bias predominated
among medical men. The prototypes of this combonadire the two Muslims, Ibn Zuhr (Avenzoar) and
Ibn Rushd (Averroes).

In Astronomy:

He wrote a treatise on the motion of the spher@iKii-Harakat al-Falak.

According to Draper, Ibn Rushd is credited with tligcovery of sunspots. He also summarized Almagest
and divided it into two parts: description of thgheres, and movement of the spheres. This sumnh#ng o
Almagest was translated from Arabic into Hebrewlagob Anatoli in 1231.

His book on jurisprudence 'Bidayat al-Mujtahid w#d/at-al-Mugqtasid' has been held by Ibn Jafar Baha
as possibly the best book on the Maliki SchoolighF

General:

Ibn Rushd's writings were translated into variarguages, including Latin, English, German and e\br
Most of his commentaries on philosophy are preskemvehe Hebrew translations, or in Latin transiag
from the Hebrew, and a few in the original Arabic.

His commentary on zoology is entirely lost. Ibn Raislso wrote commentaries on Plato's Republic,
Galen's treatise on fevers, al-Farabi's logic,rmady others. Eighty-seven of his books are stithietx

Ibn Rushd has been held as one of the greateketkiand scientists of the twelfth century.

According to the Western writers, Ibn Rushd infloeth Western thought from the twelfth to the sixthen
centuries.

His commentaries were used as standard texts farpree to the treatises of Aristotle in the foentd
and fifteenth centuries.

His books were included in the syllabi of Paris attter Western universities till the advent of mode
experimental sciences. Ibn Rusd was studied itJtheersity of Mexico until 1831.

The intellectual movement initiated by Ibn Rushdtawed to be a living factor in European thougttilu
the beginning of modern expermintal science.
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George Sarton's Tribute to Muslim Scientists in"tnéroduction to the History of Science,"

"It will suffice here to evoke a few glorious naméthout contemporary equivalents in the West: déddi Haiyan,
al-Kindi, al-Khwarizmi, al-Fargani, al-Razi, Thahibn Qurra, al-Battani, Hunain ibn Ishaq, al-Farghbrahim ibn
Sinan, al-Masudi, al-Tabari, Abul Wafa, 'Ali ibn Bds, Abul Qasim, Ibn al-Jazzar, al-Biruni, Ibn Sifian Yunus,



al-Kashi, Ibn al-Haitham, 'Ali Ibn 'Isa al-Ghazahl-zargab, Omar Khayyam. A magnificent array ofes which
it would not be difficult to extend. If anyone $efbu that the Middle Ages were scientifically iejust quote these
men to him, all of whom flourished within a shaetipd, 750 to 1100 A.D."

Preface

On 8 June, A.D. 632, the Prophet Mohammed (Peat®eayers be upon Him) died, having accomplished th
marvelous task of uniting the tribes of Arabia iathomogeneous and powerful nation.

In the interval, Persia, Asia Minor, Syria, PalestiEgypt, the whole North Africa, Gibraltar anda®phad been
submitted to the Islamic State, and a new civilmahad been established.

The Arabs quickly assimilated the culture and krealgle of the peoples they ruled, while the latteuin -
Persians, Syrians, Copts, Berbers, and othersptadithe Arabic language. The nationality of thesMu thus
became submerged, and the term Arab acquired @idiigsense rather than a strictly ethnologica.on

As soon as Islamic state had been establishedrties began to encourage learning of all kindso8Ish colleges,
libraries, observatories and hospitals were blithighout the whole Islamic state, and were adetyustaffed and
endowed.

In the same time, scholars were invited to DamaaadsBaghdad without distinction of nationalityaveed. Greek
manuscripts were acquired in large numbers and stadded, translated and provided with scholarly an
illuminating commentaries.

The old learning was thus infused with a new vigod the intellectual freedom of men of the destmulated the
search for knowledge and science.

In early days at least, the Muslims were eageresadhkr knowledge, and Baghdad was the intellecteater of the
world.

Historians have justly remarked that the scho@afhdad was characterized by a new scientifictspiri
Proceeding from the known to the unknown; takinecpge account of phenomena; accepting nothinguasathich
was not confirmed by experience, or establishedxXpgeriment, such were fundamental principles taaght
acclaimed by the the masters of the sciences.

The Islamic Empire At Its Greatest Extent 750 c

George Sarton in his introduction, marks the tinoenfthe 2nd half of eighth century to the 2nd lodithe eleventh
century into:

* The time of Jabir Ibn Haiyan which covers the 2atf bf eighth century

* The time of Al-Khwarizmi which covers the 1st haffninth century

» The time of Al-Razi which covers the 2nd half ofithi century

* The time of Al-Mas'udi which covers the 1st halftefith century

* The time of Abu-I-Wafa which covers the 2nd halterfith century

e The time of Al-Biruni which covers the 1st half edémth century

* The time of Omar Khyyam which covers the 2nd hékleventh century

The Time of Jabir Ibn Haiyan

Second half of Eighth Century
The intellectual relaxation which characterizedgbeond half of the seventh century and the fatftdf the eighth
was followed by a period of renewed activity whigas entirely due to Muslim initiatives, that is wthys period
gave an Arabic name marking the beginning of Muslgience. The name Jabir Ibn Haiyan came fromitjtayh
important contributions by him in this period. Jabiexts, whether in Arabic or Latin, are oneh#f thost urgent
and promising tasks of scholarship. He will remewery impressive personality.

Imaginative portrait of Jabir Ibn Haiyan
(Photograph, A. Chelazzi, Florencédflakers of ChemistryE. L. Holmyard)

Cultural Background of this Period in the East

Two rulers of the Abbasid caliphs used their atitiido promote the intellectual welfare and progresthe
peoples, and distinguished themselves greatlyignréispect; the second, al-Mansur (founded Baghaiadithe
fifth, Harun-al-Rashid (whose fame has been imntiaed by many legends). Both caliphs encouragenid of
translators who were busily unlocking the treasofeSreek knowledge.




Abu Ja'far 'Abdallah al-Mansur , i.e. the victorious. Died in 775 at Bir Maimurgar Mecca, at the age of 63 - 68
Muslim years (Hegra), i.e. 61-66 Christian years.ws the second 'Abbasid caliph and ruled fromt@34s

death.

He was a great statesman and the founder of BagMiadorable because of the many translations fl@rByriac,
Persian, Greek, and Hindu languages into the Anahich were accomplished in his reign.

Harun al-Rashid, born in 763 or 766 at al-Ray; died at Tus in 8D8liph from 786 to his death; the fifth and one
of the greatest 'Abbasid monarchs. Magnificentqratf science, art, and literature. Many more Greekks were
translated by his order. In 807 he presented aneamarkable water-clock to Charlemange (King offha@nks since
768; crowned Emperor of the West on Christmas 80Ddw 11l in Rome)

Islamic Mathematics and Astronomy

All of the mathematical and astronomical work agtperiod was done by Muslims. It is interestingeoall that the
mathematical work of the previous period had bemredalmost exclusively by Chinese. Some amount of
stimulation had come from India. In addition tonsanission of some Hindu mathematics.

Ibrahim al-Fazari is said to have been the firsshfo to construct astrolabes.

Ya'qub ibn Tariq andMuhammad, son of Ibrahim al-Fazari, are the first to be mentioned in connection with
Hindu mathematics: Ya'qab met at the court of ahMa, a Hindu astronomer called Kankah (?), whaaitged
him with theSiddhantaand Muhammad was ordered to translate it. Theipiayn al-Batriq translated Ptolemy's
Quadripartitum Two astrologers, one of them a Jew named Mashalie other a Persian called al-Naubakht,
worked together to make the measurements necdssahe building of Bagdad. Al-Naubakht's son, adF;, wrote
astrological treatises and translations from thesiBe into Arabic.

Ibrahim al-Fazari

Abu Ishaq Ibrahlm ibn Habib ibn Sulaiman ibn SambraJundab. Died c. 777.

Muslim astronomer. The first to construct astrolliee wa the author of a poem (gasida) on astrcdogyof
various astronomical writings (on the astrolabett@enarmillary spheres, on the calendar). H. Sihier:
Mathematiker und Astronomer der Arak{8; 208, 1900)

Ya'qub lbn Tariq

Probably of Persian origin, flourished in Baghdad67-778 died c. 796. One of the greatest astren®of his
time. He probably met, c. 767, at the court of ardur, the Hindu Kankah (or Mankah?), who had bnothere
the SiddhantaHe wrote memoirs on the sphere (c. 777), on isidn of the kardaja; on the tables derived from
theSiddhantaH. SuterDie Mathematiker und Astronomer der Aral§pr 4, 1900)

Muhammad Ibn Ibrahim Al-Fazari

Abu 'Abdallah Muhammad ibn Ibrahim al-Fazari. Séthe astronomer Ibrahim dealt with above, for whioens
sometimes mistaken (he may be the author of tmelagical poem ascribed to his father). Died c. #®806.
Muslim scientist and astronomer. He was orderethbyCaliph al-Mansur in 772/3 to translate the 8ans
astronomical work Siddhanta. This translation wassfbly the vehicle by means of which the Hindu etats were
transmitted from India to Islam.

H. Suter:Die Mathematiker und Astronomen der Araljer4,1900).

Cantor:Geschichte der Mathematfk 3rd ed., 698, 1907).

D. E. Smith and L. C. Karpinski:he Hindu-Arabic Numeral@.92, Boston, 1911)

Mashallah

His real name was probably Manasseh (in ArabichijisLatin translators named him Messahala (withyna
variants, as Macellama, Macelarma). Mashallahasrdraction of ma‘aha Allah meaning "What wondeltalAhas
willed." (What hath God wrought.) Flourished undéMansur, died c. 815 or 820. One of the earlsstonomers
and astrologers in Islam, himself an Egyptian €2y.J0Only one of his writings is extant in Arabiaththere are
many mediaeval Latin and Hebrew translations. Trebit text extant deals with the prices of wares iarthe
earliest book of its kind in that language. He tpakt with the Persian astrologer al-Naubakht engtirveying
preliminary to the foundation of Baghdad in 762-B8 most popular book in the Middle Ages was e Scientia
motus orbis', translated by Gherardo Cremonese.

Text and Translation. THee scientia motus orbis probably the treatise called in Arabic "the miyeseventh;"
printed in Nuremberg 1501, 1549. The second edii@mtitled: 'De elementis et orbibus coelestibarsd contains
27 chapters. The De compositione et utilitate ¢&bibwas included in Gregor Reisdiargarita phylosophicded.
pr., Freiburg, 1503; Suter says the text is inauitethe Basel edition of 1583). Other astronomézad astrological
writings are quoted by Suter and Steinsehneider.

An Irish astronomical tract based in part on a medal Latin version of a world by Messahalah. Editéth




preface, translation, and glossary, by Afaula Paivish Texts Societyol. 14, 194 p., 1914. A relatively modern
translation of th®e scientia motus orhishe preface is uncritical).

Islamic Alchemy

It is noteworthy that the earliest alchemical témté\rabic and Latin are contemporaneous, thaf @jr dating of
them is correct. The most famous alchemist of Islzabir Ibn Haiyan, seems to have had a good expatal
knowledge of a number chemical facts; he was aisabée theoretician.

Jabir ibn Haiyan

Abu Musa Jabir ibn Haiyan al-Azdi (al-Tusi, al-Tast; al-Harrani meaning that he was a Sabian?ufi)-S
Flourished mostly in Kufa, c. 776, he was the nfastous Arabic alchemist; the alchemist Geber ofMiddle
Ages. He may be the author of a book on the asteollaut his fame rests on his alchemical writingserved in
Arabic: the "Book of the Kingdom," the "Little Boa¥ the Balances," the "Book of Mercy," the "Bodk 0
Concentration," the "Book of Eastern Mercury," artders. According to the treatises already traedléby
Berthelot), his alchemical doctrines were very esplomorphic and animistic. But other treatises gregtavailable
in translation) show him in a better light. We fimdthem remarkably sound views on methods of chaimi
research; a theory on the geological formation efais; the so-called sulphur-mercury theory of isdtae six
metals differ essentially because of different prtipns of sulphur and mercury in them); preparatbvarious
substances (e.g. basic lead carbonate; arseniandindony from their sulphides). Jabir deals alsthwarious
applications, e.g. refinement of metals, prepanatibsteel, dyeing of cloth and leather, varnisioesater-proof
cloth and protect iron, use of manganese dioxidgdas making, use of iron pyrites for writing iold, distillation
of vinegar to concentrate acetic acid. He obsethedmponderability of magnetic force.

It is possible that some of the facts mentionetthénLatin works, ascribed to Geber and dating fthentwelfth
century and later, must also be placed to Jabgtitc It is impossible to reach definite conclusiaintil all the
Arabic writings ascribed to Jabir have been prgpedited and discussed. It is only then that wdl Slesable to
measure the full extent of his contributions, begreon the slender basis of our present knowletigjgr appears
already as a very great personality, one of thatgst in mediaeval science.

Text and Translations:- M. Bertheldta chimie au moyen adeol. 3, L'alchimie arabe, Paris,1893. The Araleixtt
of a few of Jabir's writings is edited by Octaveudas. French translation, p. 126-224. See E. Iny#oid's
criticism inlsis, X, 479-499, 1924). Ernst Darmstaedtere Alchemie des Gebé212 p., 10 pl.; Berlin, 1922.
German translation of the Latin treatises ascribe@eber; reviewed by J. Ruskalsis, V, 451-455, concluding
that these Latin treatises are apocryphal); Libisernicordiae Geber. Eine lateinisehe ubersetzusgdesseren
Kitab al-rahma (Archive fur Geschichte der Medizio|. 17, 181-197, 1923sis, VIII, 737).
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The Time of Al-Khwarizmi
"First Half of Ninth Century"




The ninth century was essentially a Muslim centliybe sure, intellectual work did not cease ireottenturies;
but the activity of the Muslim scholars and merscience was overwhelmingly superior. They wereré¢iad
standard-bearers of civilization in those days.iTaetivity was superior in almost every resped.cbnsider only
the first half of the century, the leading men c&sace, al-Kindi, the sons of Musa, Al-KhwarzmiFarghani, were
all Muslims; Ibn Masawaih, it is true, was a chast but he wrote in Arabic.

Cultural Background

The seventh Abbasid caliph, al-Ma'mun (813-833% @2en a greater patron of letters and scienceHham al-
Rashid. He founded a scientific academy in Bagttaet] to collect as many Greek manuscripts as ptessand
ordered their translation; he encouraged schotars &ll kinds, and an enormous amount of scientifick was
done under his patronage.

al-Ma'mun

'‘Abdallah al-Ma'mun. Born in Baghdad in 786, die&nTarsus in 833. The seventh and greatest 'Abbakph
(813-833). His mother and wife were Persians, wiighlains his Persian and 'Alid proclivities. Hesvem ardent
Mu'tazil, tried to enforce his views by means aflence. He wrote four long letters to explain the'é@n was
created, and he cruelly punished those who daredtam different views (e.g., Ibn Hannibal). Hashcombined in
a remarkable way free thought and intolerance. 8drsecuting those who objected to Mu'taziliswsiand
Christians were very welcome at his court. He wasea greater patron of letters and science thaartHa-Rashid.
He took considerable pains to obtain Greek manptscaind even sent a mission to the Byzantine Empean the
Armenian (813 to 890) for that purpose. He orddtedltranslation of these manuscripts. He orgarsed@hghdad a
sort of scientific academy called the House of WimdBayt al-hilkma), which included a library and a
observatory. This was the most ambitious undertpkirits kind since the foundation of the AlexamagriMuseum
(g. v. first half of third century B. C.). He budnother observatory on the plain of Tadmor (Pa#tnyfFhe
inclination of the ecliptic was found by his astoomers to equal 230 33' and tables of the planatatjons were
constructed. He ordered two degree-measuremebtsntade to determine the size of the earth ornleeof ihear
Tadmor (a degree = 6,500 miles) hence circumferehtiee earth = 20,400 miles; diameter=6,500 milddarge
map of the world was drawn for him. He encourageitbpophers, philologists, traditionalists, andestfurists
mathematicians, physicians, astrologers and al@dtemi

Fihrist (116, 24.3 and passim). Gustav Weil: Gadghi (ler Chalifen (vol.2 198-994). J. T. RemaudoGraphie
d'Aboulfeda (vol. 1, 269 sq. 1848). J. L. E. Dreyistory of the Planetary System from Thales tpl€e (p. 245,
249 278 Cambridge, 1906) R. A. Nicholson: Literbiigtory of the Arabs (359 1907).

An Encyclopedic Scientist.... Al-Kindi

Abu Ysuf Ya'qub ibn Ishaq ibn al-Sabbah al-Kindig(i, of the tribe of Kinda) Latin name, Alkind@&orn in Basra
at the beginning of the ninth century, flourishedagdad under al-Ma' mun and al-Mu'tasim (81346)3
persecuted during the orthodox reaction led by atavakkil (841 to 861); died c. 873. "The philosepbf the
Arabs;" so-called probably because he was thedirdtonly great philosopher of the Arab race. hiisidedge of
Greek science and philosophy was considerable.

He made a deep study of Aristotle from Neoplatgaimt of view. Relatively few of his numerous worg707?) are
extant. They deal with mathematics, astrology sptsy music, medicine, pharmacy, and geographywidee four
books on the use of the Hindu numerals. Many tediwsls from the Greek into Arabic were made orgediby him
or under his direction. He considered alchemy ampnosture. Two of his writings are especially intpat: "De
aspectibus," a treatise on geometrical and phygiicdb optics (largely based on Euclid, Heron, Rioteno
dioptrics), which influenced Roger Bacon, Witelt;.g"De medicinarum compositarum gradibus," amexdinary
attempt to establish posology on a mathematicasbide is the earliest Muslim .writer on music wlaegorks have
come down to us; they contain a notation for therheination of pitch. Many writings of his were tidated into
Latin by Gherardo da Cremona. His influence wag lfaft and Cardano considered him as one of thés/éwve
greatest minds.

Text and Translation - The De medicinarum compasitegradibus investigandis libellus was published i
Strassburg (1531) Die philosophischen Abhandlurdg=nal-Kindi. Zum ersten Male hrg . von Albino N&g@eitr.
zur Gesch. d. Philos. des Mittelalters, II, 5, p18Vunster, 1897.

Islamic Mathematics and Astronomy




A very large amount of mathematical and astronohwicek was done during third period. chiefly by Miuss. It is
practically impossible to separate mathematics fastronomy, for almost every mathematician wassatmaomer
or an astrologer, or both. Some of the most impbitteps forward were made in the field of trigomtiyin the
course of computing astronomical tables. Thuslieiger to consider mathematicians and astronoaterse and
the same time, but they are so numerous that GrShave divided them into five groups, as follothe
geometers, the arithmeticians and algebraistdrainslators of the "Almagest,” the astronomers and
trigonometricians, the astrologers. It is hardlgessary to say that these groups are not exclusiveverlap in
various ways.

GeometersAl-Hajjaj ibn Yusuf was the first translator of &8lid's "Elements 'into Arabic . Al-'Abbas wrote
commentaries upon them . Abu Sa'id al-Darir wroteeatise on geometrical problems. Two of the Biiusa,
Muhammad and Hasan, were especially interestedamgtry; the third, Ahmad, was a student of measani
Books on the measurement of the sphere, the fioseat the angle, and the determination of two mean
proportionals between two given quantities areibsdrto them. They discovered kinematical methddesecting
angles and of drawing ellipses.

Arithmeticians and Algebraists The Jewish astrologer Sahl ibn Bishr wrote a iseain algebra. The greatest
mathematician of the time, and, if one takes atliehstances into account, one of the greatestediries was al-
Khwarazmi. He combined the results obtained byGheeks and the Hindus and thus transmitted a bbdy o
arithmetical and algebraic knowledge which exegetkep influence upon mediaeval mathematics. Hikswwere
perhaps the main channel through which the Hinduerals became known in the west. The philosophKrirall
wrote various mathematical treatises, including foaoks on the use of Hindu numerals. This may teen
another source of Western knowledge on the subijeeny ease, the Arabic transmission eclipsedindu origin,
and these numerals were finally known in the WesArabic numerals.

Translators of the "Almagest" The earliest translator of the "Almagest" into Aicalvas the Jew Sahl al-Tabari.
Another translation was made a little later (in 828 the basis of a Syriae version, by al-Hafjaj Yusuf.
Astronomers and TrigonometriciansAhmad al-Nahawandi made astronomical observatibdaradishapur and
compiled tables. The Caliph al-Ma'mun built an ebatory in Baghdad and another in the plain of Tadrhlis
patronage stimulated astronomical observationv@fyekind. Tables of planetary motions were conthithe
obliquity of the ecliptic determined, and geodetieasurements carefully made.

Al-Khwarizmi was one of the first to compute astarical and trigonometrical tables. Habash al-Hasibms to
have been one of the greatest astronomers workirg-Ma'mun. He edited three astronomical tatdesms to
have been the first to determine the time by dtudl, and introduced the notion of shadow (umiensa)
corresponding to our tangent.

He compiled a table of tangents, probably the estrtif its kind. Sanad ibn 'Ali was the chief ohd'mun's
astronomers. Astronomical tables were compiledibydnd by Yahya ibn abi Mansur, it is probable thaise
tables (and those of Habash already quoted) werdadthe cooperative efforts of many astronorr@tservations
were made by the geometers al-'Abbas, 'Ali ibnadlsasturlabi, Yahya ibn abi Mansur, al-Marwarrudéind al-
Khwarizmi; also the observations made by al-Dinaiwea845-50 in Ispahan.

The geometer Abu Sa'id al Darir wrote a treatis¢hendrawing of the meridian.

'Al. ibn 'Isa al-Asturlabi was a famous maker aftmments; he wrote 3 treatise on the astrolabebtar the most
notable of that distinguished company was al-Fargfialfraganus). He was apparently the first Mustonwrite a :
comprehensive treatise on astronomy. That treatésevery popular until the fifteenth century; itlienced not
only the Muslim, but also, through Latin and Hebteanslations, the Christian and Jewish astronomers
Astrologerst is safe to assume that every astronomer was ialidentally an astrologer. There are a few papul
men, throughout the Middle Ages, who were chieffiyat exclusively concerned with astrology, theytibuted
powerfully to its debasement, The main astrologéthis period were 'Umar ibn al-Farrukhan anddus
Muhammad Abu Ma'shar (Albumasar), Sahl ibn Bishd Abu 'Ali al-Khaiyat.

Muslim Mathematics and Astronomy

Al-Hajjaj ihn Yusuf

Al-Hajjaj ihn Yusuf ibn Matar. Flourished some tirhetween 786 and 833. probably in Baghdad. The firs
translator of Eucelid's "Elements"” into Arabic amk ef the first translators of the "Almagest.‘akital-mijisti,
hence our word almagest). Al-Hajjaj's translatiothe Almagest was made in 829-8.90 on the basisQ)friac
version (by Sergios of Resaina" (first half oftsigentury). A later adaptation of the Almagest weasle by Abu-I-
Wafa' (second half of tenth century) .

He twice translated the "Elements" of Euclid,tfirader Harun al-Rashid then again under al-Ma'mun.



Al-'Abbas ibn Sa'id

al-'Abbas ibn Sa'id al-Jauhari. Flourished undévialmun. Muslim mathematician and astronomer. Hé fmart in
the astronomical observations organized at Baghtd889.30 and at Damaseus in 832-833. He wrote camtamies
on Euclid's Elements.

H. Suter: :Mathematiker (12, 1900)

Abu Sa'id al-Darir

Abu Sa'id al-Darir al-Jurajani. who died in 845#8ys he flourished in the first half of the ningntury. Muslim
astronomer and mathematician. He wrote a treatiggeometrical problems and another on the drawinigeo
meridian.

H. Suter: :Mathematiker (12, 1900).

Al.-Khwarizmi

Abu 'Abdallah Muhammad ibn Musa al-Khwarizmi. Thsttmentioned name (his nisba) refers to his Hattey
Khwarizm, modern Khiva, south of the Aral Seasltinder that name that he was best knoxvn, adnesged by
the words algorism and augrim (Chaucer) derivethfito Flourished under al-Ma'mun, caliph from 8383, died
c. 850. Muslim mathematician, astronomer, geografee of the greatest scientists of his race hadjteatest of
his time. He syneretized Greek and Hindu knowletigeinfluenced mathematical thought to a greategraxhan
any other mediaeval writer. His arithmetic (lostdirabic; Latin translation of the twelfth centurytant) made
known to the Arabs and Europeans the Hindu sysfemmeration. His algebra, Hisab al-jabr wal-mudabis
equally important. It contains analytical soluti@fdinear and quadratic equations and its authay bre called one
of the founders of analysis or algebra as disfimech geometry. He also gives geometrical solutigwith figures)
of quadratic equations, for ex., X2 + 10X = 39 egjuation often repeated by later writers. The Lisagogarum
Alchorismi in artem astronomicam a magistro A. [Rdd of Bath ?] compositus!" deals with arithmetjepmetry.
music, and astronomy; it is possibly a summaryl-¢fravarzmi's teachings rather than an original watls
astronomical and trigonometric tables, revised asldma al-Majrti (Second half of tenth century)reviganslated
into Latin as early as 1126 by Adelard of Bath. ¥meere the first Muslim tables and contained noty the sine
function but also the tangent (Maslama's interpatét Al-Khwarizmui probably collaborated in thegtee
measurements ordered by al-Ma'nun. He improved/igs geography, both the text and the maps (aleat,
"The Face of the Earth").

General Studies Fihrist (p. 274 and comm.). H.1Siie2 Mathematiker und Astronomen der Araber {1800);
Nachtrage (158-160, 1902). L. C. Karpinski's editid the Algebra (1915.)

Sahl Al-Tabari

Also called Rabban al-Tabari, meaning the RabRiadfaristan. Flourished about the beginning of théhrcentury.
Jewish astronomer and physician. The first traoslat the Almagest into Arabic.

H. Suter: Die Mathematiker und Astronomen der Ardliz 1900); M. Steinschneider: Die arabische fatar der
Juden (23-34, Frankfurt, 1902).

Ahmed Al-Nahawandi

Ahmad ibn Muhammad al-Nahawandi. Flourished at ifilvaghur at the time of Yahva ibn Khalid ibn Barmedpo
died in 802-3; he himself died c. 835 to 845. Mustistronomer. He made astronomical observatiodsratishapur
and compiled tables called the comprehensive (Musit)

H. Suter: Die Mathematiker und Astronomen der Ardle 1900)

Habash Al-Hasib

Ahmad ibn 'Abdallah al-Marwazi (i. e., from MerviabBash al-Hasib (the calculator). Flourished in Rixgh died a
centenarian between 864 and 874. Astronomer utkdida'anun and al-Mu'tasim. (He observed from 8283&)

He compiled three astronomical tables: the firstenstill in the Hindu manner; the second, callesl'tbsted" tables,
were the most important; they are likely identiaéth the "Ma'munic" or "Arabic" tables and may bedlective
work of al-Ma'mun's astronomers; the third, caligbles of the Shah, were smaller. Apropos of ther slipse of
829, Habash gives us the first instance of a détetion of time by an altitude (in this case, of gun); a method
which was generally adopted by Muslim astronomidesseems to have introduced the notion of "shadomfra
(versa), equivalent to our tangent, and he comgileable of such shadow which seems to be thesetdf its kind.

Islamic Alchemy, Physics, and Technology




The astronomeBanad ibn 'Alis said to have made investigations on specifiwity. Al-Kindi wrote a treatise on
geometrical and physiological optics; he criticizdchemy. His writings on music are the earliegheifr kind
extant in Arabic; they contain a notation for tlegemination of pitch. Among the works ascribedh®Banu
Musa is one on the balance.

Islamic Geography, and Geology

Al-Ma'mun ordered geodetic measurements, to deterhie size of the earth, and the drawing of langp of the
world. The mathematician al-Khwarizmi wrote a gegrical treatise, entitled the Face of the Earthickvwas
essentially revised edition of Ptolemy's geograhncluded mapsSulaimanthe Merchant traveled to the coast-
lands of the Indian Ocean and to China; an accoiunis journeys was published in 851.

Some idea of Muslim views on minerals may be oleiim the so called "Lapidary" of Aristotle. Thamnapilation
is probably of Syriac and Persian origin, and oy tentatively place the Arabic version in thetflralf of the
ninth century. 'Utarid's lapidary, the earliest wof its kind in Arabic, dates probably from thersatime.

Arabic Medicine

There is nothing to report in this time on eithatih or Chinese medicine, and that my account afdBine
medicine is restricted to a reference to Leon a#sBalonica. Practically all the medical work o§tpheriod was due
either to Japanese or to Arabic-speaking physiciBogonsider the latter first, | said advisedlyrdhic speaking"
and not "Muslim," because out of the eight physisiwhom G. Sarton mentioned as the most imporsantyere
Christians, most probably Nistorians. Of the twmaéning, one was a true Arab, the other a Persigeat part of
the activity of these men was devoted to trangjaBneek medical texts, especially those of Hippesrand Galen,
into Syriac and into Arabic. All of these translateovere Christians, the most prominent beitathya ibn Batriq, 1bn
Sahda, Salmawaih ibn Bunan, Ibn Masawaih, and AgxiRuhawi.

Jibril ibn Bakhtyashu collected Greek manuscripts and patronized the tanslators, but he also wrote some
medical works. Salmawaih ibn Bunanshowed that the use of aphrodisiacs, always so pdar in the East, was
dangerous. The greatest of all these physicians weee Christian Ibn Masawaih Mesue Major). He dissected
apes and composed various anatomical and medical itings, notably the earliest ophthalmological treaise
extant in Arabic and a collection of aphorisms. Thehilosopheral-Kindi wrote medical works also, the most
important being one wherein he tried to establish psology on a mathematical basis. The PersiaAi'al-Tabari
completed, in 850, a medical encyclopaedia entitldRaradise of Wisdom.

Ibn Sahda

Flourished at al-Karkh (a suburb of Baghdad), pbbpabout the beginning of the ninth century. Ttatts of
medical works from Greek into Syriac and Arabiccéding to the Fihrist he translated some workilippocrates
into Arabic. According to Hunain ibn Ishaq, he skated the "De sectis" and the "De pulsibus achéist of Galen
into Syriac.

Max Meyerhof: New Light on Hunain ibn Ishaq (Isid]l, 704, 1926).

Jabril Ibn Bakhtyshu

Grandson of Jirjis ibn Jibril, g. v., second hdleghth century; physician to Ja'far the Barmakitien in 805-6 to
Harun al-Rashid and later to al-Ma'mun; died in-288 buried in the monastery of St. Sergios in Mada
(Ctesiphon). Christian (Nestorian) physician, whote various medical works and exerted much infbgempon
the progress of science in Baghdad. He was the pnostinent member of the famous Bakhtyashu' farkily took
pains to obtain Greek medical manuscripts and peted the translators.

F. Wustenfeld: Arabische Aerzte (15-16, 1840). bclere: Medecine arabe (vol. 1, 99-102, 1876). My#&thof:
New Light on Hunain (lsls, VIII, 717, 1926).

Salmawaih Ibn Buan

Christian (Nestorian) physician, who flourished endl-Ma'mun and al-Mu'tasim and became physiciasrdinary
to the latter. He died at the end of 839 or thdrirégg of 840. He helped Hunain to translate Galéfethodus
medendi and later he patronized Hunain's actitdgyand Ibn Masawaih were scientific rivals. Salmaimwealized
the perniciousness of aphrodisiacs.

Leclerc: Medecine arabe (vol. 1, 118, 1876). M. Mgyof: New Light on Hunain (Isis, VIII, 71S, 1926).

Ibn Masawaih




Latin name: Mesue, or, more specifically, Mesue daMesue the Elder. Abu Zakariya Yuhanna ibn Mashwor
Msuya). Son of a pharmacist in Jundishapur; cani@agghdad and studied under Jibrll ibn Bakhtyastiat] in
Samarra in 857. Christian physician writing in &graind Arabic. Teacher of Hunain ibn Ishag. His ovedical
writings were in Arabic, but he translated variéireek medical works into Syriac. Apes were suppieelim for
dissection by the caliph al-Mu'tasim c. 836. Mangtamical and medical writings are credited to hiatably the
"Disorder of the Eye" ("Daghal al-ain™), which et earliest Systematic treatise on ophthalmologgrexn Arabic
and the Aphorisms, the Latin translation of whickswery popular in the Middle Ages.

Text and Translation Aphorismi Johannis DamnseRaidgna, 1489. Translation of the al-nawadir abiyia).
Many other editions. In the early editions of threl other works, Joannes [Janus] Damascenu is nasribe

author.
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The Time of Al-Razi
Second Half of Ninth Century

The whole ninth century was essentially a Muslimtagy. This more clear in the second half tharheffirst, since
all the scientific leaders were Muslims, or at aatg were working with and for Muslims and wrotedirabic.

Cultural Background

Abbasid Caliph Al-Mutawakkil (847-861) continuedpootect men of science, chiefly the physicians|, la@
encouraged the school of translators headed byiHibvalshag.

Da ud al-Zahiri founded a new school of theologgsdrl upon a more literal interpretation of the &urhowever,
did not survive very long. Muslim published a nemliection of traditions, arranged according to legaics, like
Bukhari's, but more theoretical.

The Egyptian Dhul-Nun is generally considered thenfler of Sufism, that is, of Muslim mysticism.

Arabic Mathematics and Astronomy

G. Sarton clarify that when he said "Arabic" insté®luslim” he means that some of the most importeortk
accomplished under Muslim tutelage was actuallyedmynnon-Muslims but in Arabic language.

There were so many mathematical and astronoméstaim that is necessary to divide them into fourugs as he
did before: geometers; arithmeticians; astronorardstrigometricians; astrologers.

Geometers Al-Mahani wrote commentaries on Euclid and Arcades, and tried to vain and divide a sphere into
two segments, being in a given ratio. Archimediesbfem became a classical Muslim problem; it led tubic
equation which was called al-Mahani's equationalHil-Himsi translated the first four books of Ajpahos into
Arabic. Ahmed ibn Yusuf wrote a book on proportievisich are of special importance, because throtgfeistern
mathematicians became acquainted with the theofénepelaos. Al-Nairizi wrote commentaries on Ptojeamd
Euclid. Thabit ibn Qurra made very remarkable messents of parabolas and paraboids, but is bestikias the
leader of a school of translators which produceabdr versions of some of the mathematical clas&uslid,
Archimedes, Apollonios, Theodosios, Ptolemy, Thabitself was the foremost translator and revisedesof the
translations made by others. The two most impottanisiators of his school, outside of himself, sv¥usuf al-



Khuri and Ishaq ibn Hunain. A comparison of thieebaccount with the similar section in the prexdaihapter will
show that much progress had already been mademagey since the beginning of the century.

Arithmeticians: | mentioned in the previous chapter the writinfial-Kindi and al-Khwarizmi were in probability
the main channels through which the Hindu numédaadsvn in Islam and later in the West. The earliatlim
documents bearing such numerals date from 874 @dT&e propagation of these numerals may have been
accelerated by the fact that the Muslim trade wagedingly active in those very days and reachedygvart of the
world.

Thabit ibn Qurra developed the theory of amicahimbers. Qusta ibn Luga translated Diophantos.
Astronomers and Trigonometricians Al-Mahani made a series of astronomical obseowatirom 855 to 866. Al-
Nairizi compiled astronomical tables and wrote kaberate treatise on the spherical astrolabe; lieragstemic
use of the tangent. Hamid ibn Ali became famous esnstructor of astrolabes. Thabit ibn Qurra sigld solar
observations; he tried to improve the Ptolematgotk in planetary motions by the addition of a migphere to
account for the (imaginary) trepidation of the exquies. Qusta ibn Luga wrote a treatise on the g@ierstrolabes.
Jabir ibn Sinan, of whom we know nothing, but whayrhave been al-Battani's father, constructed reinical
instruments, notably a spherical astrolabe.

The greatest astronomer of the age and one ofrdatest of Islam was al-Battani (Albategnius). Hedma number
of observations from 877, on, compiled a catalogfugtars for the year 880, determined various astracal
coefficients with great accuracy, discovered the¢iomoof the solar apsides, and made an elaboratenasnical
treatise which remained authoritative until thet&ex Century. That treatise included naturallygotrometical
summary wherein not only sines, but tangents atahgents, are regularly used. It contains a tabt®atangents
by degrees and theorem equivalent to our formulmgithe cosine of a side of a spherical triangléuinction of the
cosine of the opposite angle and of the sines asithes of the other side.

Astrologers: The most famous astrologers were Abu Bakr (Alltidd, Ahmed ibn Yusuf, and Ibn Qutaiba.

The whole mathematical and astronomical work wasniare original than in the first half of the cemtand on a
relatively high level. It is true, Thabit ibn Qurirgroduced an unfortunate error of which a greahynlater
astronomers (including Copernicus!) remained pessnbut original research always implies the (i of

error. Thabit's error was no discreditable. Théalation of trigonometry was continued with grddll and
originality. Much attention was paid to astrononhicatruments and especially to a new one, therigdie
astrolabe, al-Battani's masterly work was a fittifignax to this wonderful activity.

So much for Islam. What was being done at the sameat the rest of the World? Nothing.

Muslim Alchemy and Physics

Al-Jahiz seems to have some chemical knowledganstance, he knew how to obtain ammonia from ahoffals
by dry distillation, but it would be absurd to chiin a chemist. On the other hand, the great playsial-Rhazi was
undoubtedly a genuine chemist: he wrote variousnite treatises, described a number of chemicalungents,
attempted to classify mineral substances, and &iazhto apply his chemical knowledge to medicajpmses. He
may be considered a distant ancestor of the iatroddts of the Sixteenth Century. He was also aipisyshe used
the hydrostatic balance to make investigationspatific gravity. The mathematician al-Nairizi wradreatise on
atmospheric phenomena.

Muslim Biology: The Muslims had little interest in natural histottyey were certainly not tempted to study it fsr i
own sake, but many of their current views on biaabsubjects may be found in their literary anstdiical
compilations. The most remarkable example is "ThelBof Plants" composed by the historian al-Dinawine
purpose of that book was primarily philologicalt sontains much valuable information for the higtorof botany.
Al-Jahiz's "Book of Animals" is also a mine of imfisation though most of it is folkloric rather thamological.

Muslim Medicine

So much medical work was accomplished in Islamithakpedient to divide the physicians into twougre: those
who were primarily practitioners and those who watienarily scholars and those who were engagerhimstating
the Greek medical classics into Syriac and Arabiccourse, those of the second group were, al@itwere for
foreigners, non Muslims,; but even in the firstiggpone-half of the physicians was christians. thesactivity was
christian rather than Muslim, but we must not fartpat by far the greatest of all of them, al-Razms a Muslim.
The Persian al-Razi was simply the greatest chnicif Islam and of the whole middle ages; he wss, &s we have



seen, a chemist and physicist. It would be diffitolchoose between him and his contemporary akBiatoth
were very great scientist who would have been dounsps in any age. | decide to call this periodéTme of al-
Razi" because the physician is known to the lapgdtic than the astronomer, and also because fhigite can be
traced more directly throughout many centurieswhln effort, East and West. | have already rematthatdal-
Razi might be considered to be one of the forertmagthe iatrochemists of the Renaissance. Heenantimmense
medical encyclopaedia called Al-hawi ("Continersfil a monograph on measles and smallpox whicleis th
masterpiece of Muslim medicine. Ya'qub ibn akhidfizwas the author of a treatise on horsemanshighwh
contains some rudiments of veterinary art, thaestnvork of its kind in Arabic.

The greatest of the translators was Hunain ibnggBaannitius). He collected great medical manpsgriranslated
many of them, supervised the activities of othérotars, and revised their translations. His roleegsrd to medical
literature was very similar to that of Thabit ibmi@a with regard to the mathematical and astronahtéxts. The
school of nestorian translators beaded by Hunaist fmave been quite considerable, for between themn t
managed to translate the greatest part of the Hipgio and Galenic writings into Syriac and intaBic. Hunain
wrote also original works, notably a treatise ohtbplmology and the introduction to Galen's Arsvparhich was
immensely medical writings: Hunain's son Ishaq, &lsh ibn al-Hassan, Isa ibn Yahia, Stephen sorasflBVusa
ibn Khalid, Thabit ibn Qurra, Yusuf al-Khuri. Humaivas a very great man, but he was more of a sctiea a
scientist proper and his activity, which alreadd bagun in the middle of the previous period, eridgtie middle
of this one; in other words al-Razi and al-Battaere one generation ahead of him. The time of Hyreitending
from 826 to 877, falls just between that of al-Klzai&imi and that of al-Razi.

AL-MAHANI

Abu Abdallah Mohammed ibn Isa al-Mahani, that ispi Mahana, Kirman, Persia. Flourished c. 860, dietl’4 to
884. Mathematician, astronomer. A series of obgiEma of lunar and solar eclipses and planetaryurmtions,
made by him from 853 to 866, was used by Ibn Yuhigswrote commentaries on Euclid and Archimeded, an
improved Ishag ibn Hunain's translation of Menekepherics. He tried vainly to solve an Archimediaoblem: to
divide a sphere by means of a plane into two setgiising in a given ratio. That problem led to hicequation,
X2 + ¢®b = ¢, which Muslim writers called al-Mahani's equation.

H. Suter: Die Mathematiker und Astronomen der ArgB6, 1900. His failure to solve the Archimedianlgem is
guoted by 'Omar al-Khayyami'). See Fr. Woepckdgklara d'Omar Alkhayyami (2, 96 sq., Paris, 1851).

AHMED IBN YUSUF

Abu Ja'far Ahmed ibn Yusuf ibn Ibrahim al-Daya akhl i.e., the Egyptian. Flourished in Egypt irtsecond half
and died about the Third Century H., c. 912. Mathtietan. Secretary of the Tulunids, who ruled iryEgrom 868
to 905. He wrote a book on similar arcs (De Simiilarcubus), commentary on Ptolemy's Centiloquanmd,a
book on proportions ("De proportione et Proportldgate™). The latter book is important becausaituienced
mediaeval thought through Leonardo de Pisa andadosiNemorarius (theorem of Menelaos about thegieacut
by a transversal; al-qatta, sector; hence figuta, cagula catta).

M. Cantor: Ahmed und sein Buch Uber die Proportio(Bibliotheca Mathematica, 7-9, 1888).

AL-NAIRIZI

Latin name: Anaritius. Abu-l-Abbas al-Fadl ibn Hatal-Nairizi (i.e., from Nairiz, near Shiraz). Flighed under
al-Mu'tadid, Caliph from 892 to 902, died c. 92&tdnomer, Mathematician. He compiled astrononigdales and
wrote for al-Mu'tadid a book on atmospheric phenoméle wrote commentaries on Ptolemy and Euclié. [atter
were translated by Gherardo da Cermona. Al-Naiised the so-called umbra (versa), the equivaletimetoangent,
as a genuine trigonometric line (but he was ardieig in this by Habash, g. v., first half of nic#mtury). He wrote
a treatise on he spherical astrolabe, which is gkalyorate and seems to be the best Arabic wotkegsubject. It is
divided into four books: (1) Historical and critiéatroduction; (2) Description of the sphericatratabe; its
superiority over plane astrolabes and all otheoasimical instruments; (3 and 4) Applications.

H. Suter: Die Mathematiker und Astronomen der Arg@8, 1900); Nachtrage (164, 1902).

THABIT IBN QURRA

Abu Hassan Thabit ibn Qurra Marawan al-Harranit thafrom Harran, Mesopotamia, born 826-27 (or-88%,
flourished in Bagdad, died in 901. Harranian phgsicastronomer, mathematician. one of the grettasslators
from Greek and Syriac into Arabic; the founder afchool of translators, in which many of his owmily we
remembers. apollonios (Books 5 to 7), Archimedeg|ilf, Theodosios, Ptolemy (geography), Galen, &oowere
translated by him or under his direction, or tratishs made by others (e.g., Ishaq ibn Hunain) wersed by him.



He published solar observations, explaining hishods. to the eight Ptolemaic spheres he addedta e
(primum mobile) to account for the imaginary treggidn of the equinoxes (he is chiefly responsibletfie
introduction of this erroneous theory). His mensiores of parabolas and paraboloids are very renbéekéie
improved the theory of amicable numbersp(i 3.2' - 1; q = 3.2"%1; r = 9.2°"~1; and ifp, q andr are prime
together2"pgand2’r are amicable numbers). Many mathematical, astragzedyalso anatomical and medical,
writings are ascribed to him (most of them in Aglsiome in Syriac).

Fihrist (272, and comment. by index). F. Wustenfelschichte der arabischen Aerzte (34-36, 1840oked by
notices on other members of the same family).

YUSUF AL-KHURI

Joseph the Priest. Also called Yusuf al-Qass (gaeening) or al-Sahir (the vigilant). He was stiling under the
caliphate of al-Mugqtafi (902 to 908). Physician andthematician. Translator from Syriac into Aralbie
translated Archimedes's lost work on the triangled Galen's "De simlicium temperamentis et fadbltst" That
the first translation was revised by Sinan ibn Titigim Qurra (g. v., first half of first centurythe second by Ishagq.
H. Suter: Die Mathematiker der Araber (52, 224, @pWax Meyerhof: NewLight on Hunain ibn Ishaqg]svill,
704, 1926).

HAMID IBN ALI

Abu-I-Rabi Hamid ibn Ali al-Wasiti. From Waist indwer Mesopotamia. Flourished in the ninth centprppably
toward the end. Muslim astronomer. According to Yamus, Ali ibn Isa and Hamid were the foremoststanctors
of astrolabes. Ibn Yunus compares them to PtolemdyGalen! This proves the importance which Muslattached
to good instruments.

H. Suter: Mathematiker (40, 1900).

MUSLIM (OR ARABIC) MEDICINE

SABUR IBN SAHL

Flourished at Jundishapur. Died Dec. 3, 860. Ghrighhysician. He wrote an antidotary (Aqrabadhdijided into
22 books, which was possibly the earliest of itelkio influence Muslim medicine, and other medigafks. This
antidotary enjoyed much popularity until it was ergeded Ibn al-Tilmidh's new one (g. v., first hafltwelfth
century).

F. Wustenfled: arabische Aerzte (25, 1840).

YAHYA IBN SARAFYUN

Separion the elder. Yahya ibn Sarafyun. Flourishddlamascus in the second half of the ninth cent@hyistian
physician who wrote in Syriac two medical compdat (Kunnash, pandects), one in 12 books, the atfiebooks.
the latter was translated into Arabic by variougevs and into Latin by Gherardo da Cermona (Pcactive
breviarium). It was very popular during the middfges. Its last book deals with antidotes. Ibn Surfttached
great importance to venesection and gave subtipptéions concerning the choice of the veins topened.
Fihrist (29; 303,1. 3; and comm. 296, note 1). Wofld: Geschichte der arabischen Aerzte (49, 1840)

AL-RAZI

In Latin: Rhazes. Abu Bakr Mohammed ibn Zakari®ati. Born in Ray, near Tehran, Persia, about tidelle of
the ninth century. Flourished in Ray and in Bagdheld 923-24. Physician, physicist, alchemist. §reatest
clinician of Islam and middle ages. Galenic in tlyedhe combined with his immense learning true ldigyatic
wisdom. His chemical knowledge was applied by lirmedicine; he might be considered an ancestdreof t
iatrochemists. Of his many writings, the most imtpot are the "Kitab al Hawi" (Continens), an enouso
encyclopaedia containing many extracts from Greektindu authors and also observations of his dm;'Kitab
al Mansuri" (Liber Almansoris), a smaller compitatiin ten books based largely on Greek sciencefiaally his
famous monograph on smallpox and measles "Kitahdari wal-hasba" (De variolis et morbiliis; de fesle
pestilentia), the oldest description of variola éimel masterpiece of Muslim medicine. many contidng to
gynaecology, obstetrics, and ophthalmic surgeryteatraced back to him.

He made investigations on specific gravity by meafithe hydrostatic balance, which he called alamial-tabi'i.
Various chemical treatises are ascribed to him,cedof them (Arcandorum liber, apocryphal?) corgai list of
25 pieces of chemical apparatus. He also madeempttto classify chemical substracts.

The al-Hawi has not been published, and there i®men a single complete manuscript in existendatir




translation, Liber dictus Elhavi, appeared in Brizs(1486), followed by various Ventian editionseTiber ad
Almansurem, in ten books was first published irall (1481) and was frequently republished.

HUNAIN IBN ISHAQ

In Latin, Joannitius. Abu Zaid Hunain ibn Ishadladi. Born in Hira, 809-10. Flourished at Jundaina then in
Bagdad, where he died in October 877. Famous Nastphysician; one of the greatest scholars artleohoblest
men of his tome. Pupil of Ibn Masawiah. Employediy Banu Musa to collect Greek manuscripts antstase
them into arabic, he became the foremost transtdtoredical works. These translations were mad#ypaith the
assistance of other scholars.

It is reported that the Abbasid caliph al-Mutawakikeated (or endowed) a school where translaticere made
under Hunain's supervision. It is not too muchayp that the translations made by Hunain and hisplises
marked a considerable progress in the historyloblacship. He took infinite pains to obtain manistsrof the
Greek medical texts; he collated them, examinea#isting Syriac and Arabic versions, and translabem as
accurately and as well as possible. His methodénceone of modern methods. to appreciate more ahee\of his
efforts, one must realize that the Syriac versiseee very unsatisfactory and the Arabic versionsaaly available
were hardly better. Hunain carefully compared thegsions with the great text to prepare his neabiar
translations. His activity was prodigious; it begamearly as ¢.826 and lasted till the end of hisdlt is typical of
his scientific honesty that he very severely ddtd the translations made by himself early in s his experience
increased, his scientific ideal became more exgctite translated a great many of Galen's works,\asious
writings of Hippocrates, Plato, Aristotle, Dioscisl and Ptolemy's Quadripartitum. The importarfdg@activity
can be measured in another way by stating thatanslations prepared by Hunain and his school weze
foundation of that Muslim canon of Knowledge whidminated medical thought almost to modern times.
Various medical and astronomical writings are &saito him (e. g., on the tides, on meteors, omahmdow). His
most Important work is his introduction to Galeiss prava"” ("lsagoge Johannitii ad Tegni Galeritich was
mensly popular during the Middle Ages and playedigame part in the teaching of medicine as Porfghyry
"Isagoge" in that of logic. Galenic classificatiextended and elaborated.

Fihrist (294 f and by index). Ferdinand Wustenfébk#schichte der arabischen Aerzte und Naturforscher

QUSTA IBN LUQA

Qusta ibn Luga al-Ba'labakki, i. e. from BaalbekH@liopolis, Syria. Flourished in Bagdad, died im#enia about
the end of the third century H., i. e, c. 912. WiStian of Greek origin. Philosopher, Physiciamtinematician,
astronomer, Translations of Diophantos, Theodogiaslycos, Hypsicles, Aristarchos, Heron were made
revised by him, or made under his direction, Hetesapmmentaries on Euclid and a treatise on thergth
astrolabe.

Fihrist (295 and by index). C. Brockelmann : Geshke der arabischen Litteratur (Vol. |, 204-205251898).

JABIR IBN SINAN

Jaber ibn Sinan al-Harrani is one of the makesstionomical instruments mentioned in the Fihtisha end of the
mathematical section. Nothing else is said of tiot,al-Battani's full name suggests that this Jatmey have been
his father. According to al-Biruni, this Jaber vihs first to make a spherical astrolabe.

Fihrist (p. 284). Sutre's translation (p. 41). Hit&r : Die Mathematiker (68, 224, 1900).

AL-BATTANI

In Latin: Albategnius, Albatenius. The origin ofitmisba is unknown. Abu Abdallah Mohammed ibn Jédi
Sinan al-Battani, al-Harrani, al-Sabi, born bef888 in or near Harran. Flourished at al-RaqqahénBuphrates,
died in 929 near Samarra. Of Sabin origin, thougfsblf a Muslim. The greatest astronomer of hig raied time
and one of the greatest of Islam. Various astrokdgiritings, including a commentary on Ptolemy'etrabiblon”
are ascribed to him, but his main work is an astnoigal treatise with tables ("De scientia stellayufrDe numeris
stellarum et motibus") which was extremely infliahtintil the Renaissance. He made astronomicarobtions of
remarkable range and accuracy from 877 on. Higsatintain a catalogue of fixed stars for the y886s81 (not
911-12). He found that the longitude of the suptsgee had increased by’48" increase since Ptolemy, that
implied the discovery the motion of the solar apsidnd of a slow variation in the equation of tilde.determined
many astronomical coefficients with great accurargcession 54.5™ a year; inclination of the ¢dj®335". He
did not believe in the trepidation of the equinoX@&opernicus believed in it!)

The third chapter of his astronomy is devoteditgtrometry. He used sines regularly with a clearscmusness of
their superiority over the Greek chords. He congalehe introduction of the functions umbra extegrsd umbera
versa (hence our contangents and tangents) andagatée of contangents be degrees. He knew tagael
between the sides and angles of a spherical taamigich we express by the formula



cosa=cosccosc+sinbsinccasA
H. Suter : Die Mathematiker und Astronomen der Arad5-47, 1900).

ABU BAKR

In Latin: Albubather. Abu Bakr al-Hassan ibn al-lsha Of Persian origin. Flourished probably in thied quarter
of the ninth century. astrologer who wrote in Pamnsand arabic and would hardly deserve to be qumietbr the
importance given to him in the middle ages. Thelkwu is best known by ("De nativitatibus") was siated into
Latin by one canonicus Salio in Padua 1218; it alas translated into Hebrew.

Fihrist (p. 276 and Commentary, p. 131). H. SutBie Mathematiker und Astronomen der Araber (329
Nachtrage (162, 1902); encycl. of Islam, II, 27816.
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The Time of Al-Mas'udi
First Half of Tenth Century

The overwhelming superiority of Muslim culture cionted to be felt throughout the tenth century. bdiét was
felt more strongly than over, not only the forema®n of science were Muslims, but also becauseralilt
influences are essentially cumulative. By the beigig, or at any rate by the middle of the centting, excellence of
muslim science was already so well established) avéhe West, that each new arabic work benefitezbme
extent by the prestige pertaining to all. To beesother languages, such as Latin, Greek, or Helmew also used
by scholars, but the works written in those langsagpntained nothing new, and in the field of stéemas in any
other, when one ceases to go forward, one alreagindto go backward. All the new discoveries dedrtew
thoughts were published in arabic. strangely enptighlanguage of the Qur'an had thus become temational
vehicle of scientific progress.

The development of Muslim culture was fostere iaiSy the eighth Umayyad caliph of the west, AbRahman

I, the advances of Muslim science continued t@ tplace almost extensively in the east.

Muslim Mathematics and Astronomy

Practically all the writings of this period werehbic. Let us consider these Arabic writings fildte mathematical
production of this period was less abundant and/leole less brilliant than that of the previous dmet, it was, for
the first time exclusively Muslim, and there wetdeast two very distinguished mathematicians, Klamil and
Ibrahim ibn Sinan. Ibn al-Adami and Ibn Amajur cdlag astronomical tables; the latter was said tote of the
best Muslim observers; he made a number of obsenslbetween 885 and 933, being aided by his sbantl a
slave called Moflih. Abu Kamil perfected al-Khwanmi?s algebra; he made a special study of the pentagd
decagon and of the addition and subtraction otedslj he could determine and construct the twd)(reats of a
guadratic equation. Abu Othman translated Book Euwdlid, together with Pappos's commentary upoAlit.
Balkhi and the physician Sinan ibn Thabit wroteimas treatises on mathematical, astronomical, atrdlagical
subjects. Al-Hamdani compiled astronomical tabtesYfemen, and his great work on archaeology otbimtry
contains much information on the scientific viewsh® early Arabs. Ibrahim ibn Sinan was primaglgeometer;
he wrote commentaries on Apollonios and on Almagesthis determination of the area of a parabokave of



the greatest achievements of Muslim mathematic$madni wrote astrological treatise and a commenter Abu
Kamil's algebra.

Muslim Physics and Alchemy

Ibn Wahshiya who will be dealt with more fully balpwas primarily an alchemist and an occultist. Wgks do
not seem to have any chemical importance, but tey help to understand alchemical symbolism.

Muslim Medicine

The newer medical ideas were, all of them, pubtisheArabic, but not necessarily by Muslims. Theajest
physician of the age was a Jew, Ishaq al-Isrégitigc Judaeus). We owe him, for instance, the maufiaeval
treatise on urine.

Two of the Muslim mathematicians dealt with abod%bu Othman and Sinan ibn Thabit, became famous as
organizers of hospitals; Sinan took pains to rdisescientific standards of the medical professidny Othman
translated Galenic writings into Arabic.

Muslim Mathematicians
IBN AL-ADAMI

Mohammed ibnal-Husain ibn Hamid. Flourished atehd of the ninth century or the beginning of thethe
Muslim astronomer. He compiled astronomical tallbgh were completed after his death by his pup@asim
ibn Mohammed ibn Hisham al-Madani. They appeare2Ri+21 under the title Nazm al-igd (Arrangementhef
Pearl Necklace"), together with a theoretical idtrction (lost!).

H. Suter: Mathematiker (44, 1920).

IBN AMAJUR

Abul-Qasim Abdallah Ibn Amajur (or Majur?) al-Turldle originated from Fargana, Turkestan, and fkhed c.
885-933. Muslim astronomer. One of the greatestioess among the Muslims. He made many observations
between 885 and 933, together with his son Abu-hl@diaand emancipated slave of the latter, namedliMu
Father and son are often called Banu Amajur. Sdntieedr observations are recorded by Ibn Yunus.€logr they
produced many astronomical tables: the Pure (aih#he Girdled (al-Muzannar), the Wonderful (aldd, tables
of Mars according to Persian chronology, etc.

H. Suter: Mathematiker (49, 211, 1900; 165, 1902).

ABU KAMIL

Abu Kamil Shuja ibn Aslam ibn Mohammed ibn Shujdaskib al-Misri, i. e., the Egyptian calculator. biéginated
from Egypt and flourished after al-Khwarizmi, hedlic. 850, and before al-Imrani, who died 955. \'deg@him
tentatively about the beginning of the tenth centiathematician. He perfected al-Khawarizimi's kon algebra.
Determination and construction of both roots ofdya#ic equations. Multiplication and division ofjabraic
guantities. Addition and subtraction of radicalsr(esponding to our formula

(@) + (b) =[a+ b+ (2ab) ).

Study of the pentagon and decagon (algebraic texgirHis work was largely used by al-Kakhi and haalo de
Pisa.
H. Suter: Die Mathematiker und Astronomen der Arg#8, 1900; Nachtrage, 164, 1902).

ABU OTHMAN

Abu Othman Sa'id ibn Ya'qub al-Dimashdi, (i. ee Bamascene). Flourished at Bagdad under al-Mugtédalifa
from 908 to 932. Muslim physician and mathematiclde translated into Arabic works of Aristotle, BidcGalen
(on temperaments and on the pulse), and porphysymidst important translation was that of Book X&oiclid,
together with Pappos's commentary on it which tamxonly in Arabic. The supervision of hospitaidBagdad,
Mekka, and Medina was intrusted to him in 915.



L. Leclerc: Medicine arabe (vol. 1, 374, 1876. Oalfew lines). H. Suter: Die Mathematiker und Astrmen der
Araber (49, 211, 1900).

AL-BALKHI

Abu Zaid Ahmed ibn Sahl al-Balkhi. Born in Shanyati, province of Balkh, died in 934. Geographer,
mathematician. A member of the Imamiya sect; dlsai al-Kindi. Of the many books ascribed to himtle
Fihrist, | quote: the excellency of mathematicscertitude in astrology. His "Figures of the Cliesit (Suwar al-
agalim) consisted chiefly of geographical maps.

The "Book of the Creation and History" formerly ased to him was really written in 966 by Mutahfifam Tahir
al-Maqdisi (g. v., next chapter).

M. J. de Goeje: Die Istakhri-Balkhi Frage (Z. duttechen morgenl. Ges., vol. 25, 42-58, 1871). kerSDie
Mathematiker und Astronomen der Araber (211, 1900).

IBRAHIM IBN SINAN

Abu Ishaq Ibrahim ibn Sinan ibn Thabit ibn QurrarBin 908-9, died in 946. Grandson of Thabit ibur@ (g. v.
second half of ninth century); his father Sinanpwetmbraced Islam and died in 943, was also a disshed
astronomer and mathematician (see medical sectitmvip Muslim mathematician and astronomer. He arot
commentaries on the first book of "Conics" and fm'tAlmagest”, and many papers on geometrical and
astronomical subjects (for example, on sundial.Quadrature of the parabola was much simpler thanof
Archimedes, in fact the simplest ever made befoedrivention of the integral calculus.

H. Suter: Die Mathematiker und Astronomen der Argb8, 1900).

Al-IMRANI

Ali ibn Ahmed al-Imrani. Born at Mosul in Upper Mgsotamia; he flourished there and died in 955056sIvh
mathematician and astrologer. He wrote a commemmtafbu Kamil's algebra and various astrologicadtises.
One of these, on the choosing of (Auspicious) daws translated by Savasodra at Barcelona in 143134 (De
electiobus) (g. v. first half of twelfth century).

H. Suter: Mathematiker (56, 1900; 165, 1902).

Muslim Agriculture

IBN WAHSHIYA

Abu Bakr Ahmed (or Mohammed) ibn Ali ibn al-Wahshigl-Kaldani or al-Nabati. Born in Iraq of a Nalesin
family, flourished about the end of the third cewtH., i. e., before 912. Alchemist. Author of adchistic and
occult writings (quoted in the Fihrist). He wrote904 the so-called "Nabataean agriculture” (Kakkalaha al-
nabatiya), an alleged translation from ancient Badmin sources, the purpose of which was to ekl t
Babylonian-Aramean-Syrian civilization (or more pisnthe "old" civilization before the hegira) agsirhat of the
conquering Arabs. It contains valuable informationagriculture and superstitions.

This forgery became famous because the great Russentalist Khvolson was entirely deceived byOf.course,
Ibn Wahshiya was as unable to read the cuneifoxts &es the Egyptian Arabs the hieroglyphic.

Fihrist (311-312, 358).

Arabic Medicine
ISHAQ AL-ISRA'ILI

Isaac Judaeus. Isaac Israeli the elder. (Not toibeken for the Spanish astronomer Isaac Istaelydunger; g. v.,
first half of fourteenth century.) Isaac ibn Solamébu Ya'qub Ishaq ibn Sulaiman al-Isra'ili. BanrEgypt;
flourished in Qairawan, Tunis, where he died, aemarian, about the middle of the tenth centur@82?). Jewish
physician and philosopher. One of the first to dithe attention of the jews to Greek science dnldgophy.
Physician to the Fatimid caliph "Ubaid Allah al-Mih(909 to 934), he composed at his request maggical
writings in Arabic. Translated into Latin in 108¥ Bonstantine the African, Into Hebrew, and int@@&ph, their
influence was very great. The main medical writiags: on fevers (Kitab al-Hummayat); the book afigie drugs
and nutriments (Kitab al-adwiya al-mufrada wal-alglyd; diaetae universales et particulares); oneufititab al-
Baul, by far the most elaborate mediaeval treatisthe subject); on deontology, the "Guide of thggician” (lost
in Arabic, extant in Hebrew under the title of Magh(or Musarha-rofe'im). He wrote also a medicdgsiaiphical
treatise on the elements (Kitab al-istigsat), amatlzer on definitions. Isaac was the earliest javaisilosopher (or



one of the earliest) to publish a classificationhaf sciences. This was essentially the Aristatediae as transmitted
and modified by the Muslims.
Wustenfeld: Geschichte der arabischen Aerzte (511:820).
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The Time of Abu-I-Wafa
Second Half of Tenth Century

The period which we have just tried to analyze, teah to reconstruct, was on the whole one of coaipe rest.
There was no retrogression, but the advance of manwhich had been so vigorously accelerated dutie ninth
century through the youthful energy of Islam, waant distinctly slowed up. It is not the first tirieat we thus
witness a momentary quieting down of human activitythe contrary, we have already had occasiabserve
many such periods of fallow. e. g., the first l&dlthe second century B. C., the second half ofittte the second
half of the sixth, the second half of the sevettih,first half of the eighth. But in each casegloaving up was
followed by a new acceleration.

In other words, when we study the creative actigitythe mankind as a whole, we find that humanégdves very
much as an individual man would do, that periodraisual achievements are generally followed byeksions,
and periods of rest and fallow by new efforts. Trtellectual progress of mankind would not be cctige
represented by a constantly increasing functiotrdther by a sort of sinusoidal curve moving silgagoward. But
how do we account for human tiredness, considehagthe burden is periodically taken up by newegations?
Leaving out of the question political and othereewal factors which must necessarily influence huergergy, we
may explain the periodical slowing up in two walysthe first place, the original flame of enthusimsvhich
stimulates intellectual advance, is bound to diegpadually unless new men of genius appear fram to time to
keep it alive; of course, there are no means dafiptiag when and where such men will appear. Inséeond place,
the very progress of knowledge is certain to fi#t itnore conservative minds with a growing anxiaty finally to
determine an orthodox reaction. For example, irfitsehalf of the tenth century an intellectuahction was led,
very successfully, by al-Ash'ari. Man kind does gotforward as a united body; on the contrary, eablance has
to be paid a protracted struggle between thoselarigpfor more light and those who are afraid oTie latter are
far more numerous than the former, but less igefit, and thus bound to be beaten in the endatieisunts at once
for the sinusoidal advance and its upward tendemgyn other words, for the slowness, but alsatlfi@r continuity
of human progress.

To come back to the second half of the tenth cgntue shall see presently that it was a periocenéwed activity
in almost every field; the partial fallowness oé ttirst half of the century was thus amply rewardgdnore
abundant crops and mankind was able to make a faw l@aps forward.

Cultural background: Mohammed ibn Ahmed al-Khwaiizwrote "The Key of the Sciences.”

Muslim Mathematics and astronomy:All of the creative work was done in Islam. Muslimathematicians were
so numerous that, for the sake of clarity, | musidé them into three groups - arithmeticians, bhgésts, and
geometers; astronomers and trigonometricians;lages.

Arithmeticians, algebraists, and geometerstt is well to begin this section with a brief acew of the progress of
the Hindu numerals. By the middle of the tenth agnt special form of them, the so called dust kginunumerals,
was already used in Muslim Spain. The eastern Arfioim was represented in an Egyptian grafittoed®60-61.



Mutahhar ibn Taher wrote a number of 10 figuresh®yr means. The earliest Latin example of thesearals is
found in a manuscript written in 976 near Logroinathe Christian part of Spain.

Abu Ja'far al-Khazin wrote commentaries on thehtdaatok of Euclid and other works and solved al-Makacubic
equation. Al-Shaghani investigated the trisectibthe angle. Nazif ibn Yumn translated the tentblbof Euclid.
The great astronomer Abu-I-Wafa wrote commentarieEuclid, Diophantos, and al-Khwarizmi, arithmatiand
geometrical treatises, and solved a number of ge@akand algebraical problems. Abu-I-Fath imprdvke
Arabic translation of Apollonios's Conics and conmteel upon the first five books. Al-Kuhi was espégia
interested in the Archimedian and Apollonian pratddeading up to higher equations and discoverawsgegant
solutions. which he discussed. Al-Sijzi worked @dhe same lines; he made a special study of teesegctions of
conics and found a geometrical means of triseaimges. Al-Khujandi, better known as an astronomeayed that
the sum of two cubic numbers can not be a cubicheunMaslama ibn Ahmed composed a commercial aetitm
and studied an amicable number. (This would conffrat he was acquainted to the writings of the &gt of
Purity, for these were very much interested intti@®ry of numbers - a natural consequence of Mheaplatonic
tendencies.)

Astronomical and trigonometricians: At the very beginning of this period we meet oh¢éhe best Muslim
astronomers: Abd al-Rahman al-Sufi, who compiledlastrated catalogue of stars, based upon his own
observations. Ibn al-A'lam was also a famous oleseaxd published astronomical tables. Al-Shaghargnted and
constructed astronomical instruments. The Buwagtiiers, especially Sharaf al-dawla, were deeplgragted in
astronomy; Sharaf built a new observatory in Bagd&e instruments were probably made by al-Shaglai the
great mathematician, al-Kuhi, was the leader ofatteonomers.

The foremost of the astronomers employed by Sheaiafthe Persian Abu-l-Wafa. It is true he was dreleeved to
be; he did not discover the variation of the mdmut,he continued in a masterly way the elaboration
trigonometry. Taken all in all, the fame of Abu-lafd is more solidly based upon his mathematical thgon his
astronomical contributions, but | placed him hezeduse, in those days, trigonometry was considel@dnch of
astronomy.

Al-Khujandi made astronomical observations in Rayu Nasr improved the Arabic text of Menelaos's Sjats
and dealt with trigonometrical subjects. MaslamaAthmed edited and revised al-Khwarizmi's astromairtiables,
and wrote a commentary on Ptolemy's Planisphere.

Astrologers: The main astrologers were al-Qabisi in Syria aadifbn Zaid in Spain; the latter was a Christian,
Bishop of Cordova under al-Hakam I1.

Muslim Alchemy and Technology

The earliest scientific treatise in modern Perghatherto the Muslim Persians had written in Arglliappens to be
one of the most chemical works written by a Mudlintil that time. It is really a treatise on matemadica, but it
contains abundant information upon the preparatmhproperties of mineral substances. It is obvibasits
author; Abu Mansour Muwaffak, was unusually stepipechemistry. More may be learned about the chalmic
knowledge of those days, in the Eastern Calipliatide encyclopaedic works dealt with in Sectidn Il

As to the Muslim West, the medical treatise of Aklpasim contains also various items of chemicanast; it
explains the preparation of drugs by sublimatiod distillation. two important alchemic writings teteen
ascribed to Maslama ibn Ahmed, but they are pogsiltiktle later.

Muslim Medicine

The subtitle of this section is a little misleadifgr the many adjectives tend to be the fact ¢éivarything was done
by the Muslims alone.

Muslim physicians were so numerous that it is ne&gsto divide them into groups, and the most eiquetdlivision
is, this time, a regional one. Thus | shall deaksssively with the physician who flourished in Eestern
Caliphate (reserving a separate place for oneashttvho wrote in Persian), in Egypt, in Spain, antlorth Africa.
The first group is the most numerous, as we woxjiket it. Ahmed al-Tabari wrote a medical treatiatted
Hippocratic treatments. Ali ibn Abbas (Hally Abbasho flourished a little later, was one of theajest physicians
of Islam. He compiled a medical encyclopedia, "Rugal Book", which was very valuable but superseayed
Avicenna's Qanun. It contains a number of origotadervations, under the patronage of Adud-al-Daavtagw
hospital was established in Bagdad in 979. Al-Hudan Ibrahim improved the Arabic text of Dioscard Abu
Sahl al-Masihi, who was, as his name indicateshigs@an, wrote a number of medical treatises. kras with al-
Qumri the fame of having been one of the teaché&wviafenna, the prince of mediaeval physicianss kven



possible that one of Abu Sahl's treatises gaveekia the first idea of composing his Qanun.

Note that all of those were Persians, but all wrasefar as we know, in Arabic. Another Persiany Masour
Muwaffak, had the idea of compiling a great medioatise in Persian. That treatise dealt with needica and
contains a general outline of pharmacological thelds intrinsic value is great, but it has alscomsiderable
extrinsic importance, because it is the oldesteresrk in modern Persian.

Two distinguished physicians of that time flourighe Egypt, al-Tamimi and al-Baladi. The formeclgefly
known because of his medical guide (Murshid), gtef wrote a treatise on the hygiene of preghamclinfancy.
Medical activity in Muslim Spain, was almost of th&me level as that which obtained in the Eastatipate; in
some respects it was even superior. One of the digtgiguished of the Spanish physicians, howewas not a
Muslim, but a Jew, the great Hasdia ibn Shapruttrbdeslated Dioscorides into Arabic with the aidleé Greek
monk Nicholas. Arib ibn Sa'd wrote a treatise onapplogy, obstetrics, and pediatrics. Abu-IQasirmylaasis)
was the greatest Muslim surgeon; he exerted adeep influence upon he development of the Europeegery
down to the Renaissance. |bn Juljul wrote a comargran Dioscorides and added a supplement todthan
compiled a history of the Hispano-Muslim physiciafidis time.

The last Muslim country to be considered, Tunigured also a great physician, Ibn al-Jazzar (Alyjzuthor of a
medical vade-mecum which obtained considerableesscthroughout the Middle Ages.

Muslim Mathematics and Astronomy

MUTAHHAR IBN TAHIR

Mutahhar ibn Tahir al-Maqdisi (or al-Mugaddasi)k|, the native or inhabitant of the Holy City. Frderusalem,
flourished in Bust, Sijistan, c. 966. Encylcopaediaithor of the book of the Creation and of Hist@Kitab al-
bad'wal-tarikh, a summary of the knowledge of his day basedmgply on Muslim, but also on Iranian and jewish
sources. He quoted as a curiosity a very large eumh320,000,000 (representing the duration ofatbed in years
according to the Hindus), in Hindu or Devanagareuals.

Cl. Haurt: Leveritable auteur du Libre de la creatiet de lhistoire (Journal Asiatique (9), vol. 18-21, 1901.
Concludind that Mutahhar was the author); Arabietature (284, 291, London, 1903).

ABU JA'FAR AL-KHAZIN

Alkhazin means the treasurer or the librarian. BorkKhurasan, died between 961 and 971. Matheraatici
astronomer. Author of a commentary on the Tenthklafd=uclid and of other mathematical and astrormaini
writings. He solved by means of conic sectionschigic equation which had baffled al-Mahani's effpthe so-
called al-Mahani's equation (g. v., second hathefninth century.)

Fihrist (p. 266, 282); Suter's translation (p. 3R).

NAZIF IBN YUMN

Nazif ibn Yumn (or Yaman?) al-Qass means the p(jeatticularly, the Christian priest). Flourishender the
Buwayhid sultan Adud al-dawla; died c. 990. Math#dain and translator from Greek into Arabic. Hagh
translated the Tenth book of Eucli. Suter: Mathematiker (68, 1900).

ABU-L-FATH

Abu-I-Fath Mahmud ibn Mohammed ibn Qasim ibn Fddk&ahani. From Ispahan, flourished probably c298
Persian mathematician. He gave a better Arabitoadif the Conics of Apollonios and commented om fitst
books.

The Conics had been translated a century befokdilblal-Himsi (books 1-4) and Thabit ibn Qurra @ks 5-7)
(see second half of ninth century).

H. Suter: Die Mathematiker und Astronomen der ArgB8, 1900).

AL-KUHI

Abu Sahl Wijan (or Waijan) ibn Rustam al-Kuhi. OtiK Tabaristan, flourished in Bagdad c. 988. Matéian,
astronomer. Many mathematical and astronomicalngstare ascribed to him. He was the leader of the
astronomers working in 988 at the observatory lwfithe Buwayhid Sharaf al-dawla. He devoted hisrdion to
those Archimedian and Apollonian problems leadmmgquations of a higher degree than the secondphted
some of them and discussed the conditions of silityall hese investigations are among the best aéhn
geometry.

M. Steinschnieder: Lettere intorno ad Alcuhi a IdB Boncompagni (Roma, 1863). Suter: Die Mathekeatind
Astronomen der Araber (75-76, 1900).



AL-SIJZI

Abu Sa'id Ahmed ibn Mohammed ibn Abd al-Jalil gzB{short for al-Sijistani). Lived from c. 951 t 1024.
Mathematician who made a special study of the sef&tions of conic sections and circles. He replalceald
kinematical trisection of an angle by a purely getin solution (intersection of a circle and anitgaral
hyperbola.)

Suter: Die Mathematiker und Astronomen der Aral@ér81, 224, 1900).

ABD AL-RAHMAN AL-SUFI

Abu-l-Husan Abd al-Rahman ibn Omar al-Fufi al-R&rn in Ray 903, died 986. One of the greatestlivius
astronomers. Friend and teacher of the Buwayhidis#ldud al-dawla. His main work is the "Book oé thixed
Stars" illustrated with figures "Kitab al-kawakibthabita al-musawwar", one of the three mastegsesf Muslim
observational astronomy (the two others being dubrt Yunus, first half of the eleventh centuryddsiugh Beg,
first half of the fifteenth century).

Fihrist (284). Suter: Die Mathematiker und Astroremtder Araber (62, 1900).

IBN AL-A'LAM

Abu-I-Qasim Ali ibn al-Husain al-Alawi, al-Sharif-#lisaini. Flourished at the Buwayhid court undetudi al-
dawla (g. v.,); died at Bagdad in 985. Muslim astnmer. The accuracy of his observations was praised
compiled astronomical tables which obtained musrfaluring at least two centuries.

H. Suter: Die Mathematiker der Araber (62, 1900).

AL-SAGHANI

Abu Hamid Ahmed ibn Mohammed al-Saghani al-Asturlake., the astrolabe maker of Saghan, near Merv,
flourished in Bagdad, died 990. Mathematician,aagimer, inventor and maker of instruments. He waike
Sharaf al-dawla's observatory and, perhaps, caettuhe instruments which were used there. Tiwmect the
angle.

Suter: Die Mathematiker und Astronomen der Aralpei66, 1900).

ABU-L-WAFA
Abu-lI-Wafa Mohammed ibn Mohammed ibn Yahya ibn I8hitan al-Abbas al-Buzjani. Born in Buzjan, Qutzist
in 940, flourished in Bagdad, where he died at @998. Astronomer and one of the greatest Muslim
mathematicians. One of the last Arabic translaami commentators of Greek works. He wrote commiestan
Euclid, Diophantos, and al-Khwarizimi (all lostgteonomical tables (zij al-wadih) of which we ha@ssibly a
later adaptation; a practical arithmetic; "the ctetgpbook” (Kitab al-kamil), probably a simplifiegrsion of the
Almagest. The book of applied geometry (Kitab aidesa) is probably in its present form, the work diisciple.
His astronomical knowledge was hardly superiorttePny's. He did not discover the variation, thiedtinequality
of the moon. He simply spoke of the second evictiba Ptolematic, essentially different from theiation
discovered by Tycho Brahe.
Solution of the geometrical problems with one opgrof the compass. Construction of a square earivab other
squares. Regular polyhedra (based on Pappos). Apmative construction of regular heptagon (takiagits side
half the side of the equilateral triangle inscriliethe same circle). Constructions of paraboladints.
Geometrical solution of
X*=aand X +ax' = b.

Abu-I-Wafa contributed considerably to the develepiof trigonometry. He was probably the first how the
generality of the sine theorem relative to sphétitangles. He gave a new method for construcsing tables, the
value of sin 30" being correct to the eighth detipface. He knew relations equivalent to ours far(a +b)
(though in an awkward form) and to

2sirfa/2=1 - cosasina= 2 sina/2cosa/2
He made a special study of the tangent; calculatadble of tangents; introduced the secant anccaaseknew
those simple relations between the sic trigonoméitres, which are now often used to define them.
Fihrist (1, 266, 283, Suter's translation, p. 39).

AL-KHUJANDI

Abu Muhamid Hamid ibn al-Khidr al-Khujandi. Of Kraijida, on the jax artes, or Sir Daria, Transoxatié c.
1000. Astronomer, mathematicain. He made astrorarolzservations, including a determination of théquity of
the ecliptic, in Ray in 994. He proved (impefectiyat the sum of two cubic numbers cannot be acaulninber> He
may be the discoverer of the sine theorem relativapherical triangles.

Suter : Die Mathematiker und Astronomen der Arg[@dr, 213, 1900).



ABU NASR

Abu Nasr Mansur ibn Ali ibn Iraq. Teacher of al-Baii; still active in 1007. Muslim mathematiciandan
astronomer; one of three to whom the discoveryefsine theorem relative to spherical trianglessigibed. He
gave in 1007-8 an improved edition of MenelaosseBipa. Various other writings on trigonometry aseribed to
him.

H. Suter : Die Mathematiker und Astronomen der &ral@1, 255, Leipzig, 1900).

MASLAMA IBN AHMED

Abu-I-Qasim Maslam ibn Ahmed al-Majriti. Of Madritlpurished in Cordova, died in or before 1007.rAsbmer,
mathematician, occulist. The earliest Hispano-Mugitientist of any importance. He edited and céebthe
astronomical tables of al-Khwarizmi, replacing Bersian by the Arabic chronology. He wrote a teeatin the
astrolabe (translated into Latin by Joan. Hispa#na commentary on Ptolemy's Planisphaerium lkated by
Rudolph of Bruges (g. v., first half of twelfth derny); a commercial arithmetic (al-mu'amalat); akon the
generation of animals (?). He may have introduogéa $pain the writings of the Prethren Purity, iIseehis was
done later by one of his disciples, al-Karmani.dgeke of the erotic power of amicable numbers (28@). Two
alchemic writings, the "Sage's step" (Rutbat alimdland the "Aim of the Wise", (Ghayat al-hakimje ascribed to
him. The second is well known in the Latin transkatmade in 1252 by order of King Alfonso under titie
Picatrix; the original Arabic text dates probably from thaldle of the eleventh century.

Ibn Khaldun: Prolegmenes. F. Wustenfeld: Geschidetearabischen Aerzte (61, 1840).

AL-QABISI

Abu-I-Sagr Abd al-Aziz ibn Uthman ibn Ali al-Qabig?upil of al-Imrani (qg. v. , first half of tentkentury) in
Mosul; after the latter's death in 955-56 he wasopézed by the Hamdanid sultan Sayf al-dawla, dieal in 966-
67. Famous Muslim astrologer. His main writings laiseintroduction to the art of astrologgl{madkhal ila sina'at
(ahkam) al-nujumand treatise on the conjunctions of planets; ln@he translated into Latin by Joannes
Hispalensis (first half of twelfth century). He, lois patron Sayf al-dawla, wrote a poem on thebi@wn

H. Suter : Die Mathematiker und Astronomen der &rgl60, 1900; Nachtrag, 165, 1902).

RABI IBN ZAID

Rabi ibn Zaid al-Usquf. Meaning the bishop (frora treek). He was Bishop of Cordova and Elvira umadier
Hakam Il. Flourished at Cordova c. 961. Spanishgiibn writing n Arabic. He coposed various astiogial
treatises and dedicated to Hakam Il a calendialy al-anwa’, liber anogentitled "The Division of times and the
Good of bodies."

Suter : Mathematiker (96, 212, 1900).

Muslim Alchemy and Technology

See notes on Abu-I-Qasim

Muslim Medicine

AHMED AL-TABARI

Abu-I-Hasan Ahmed ibn Mohammed al-Tabari. Of Tadtar; was physician to the Buwwayhid Rukn al-dawla,
970. Persian Physician. Author of compendium ofinied, called Hippocratic treatments, in ten bodkas it
written in Persian or in Arabic? It is extant oitlyArabic, Kitab al-mu'alaja al-bugratiya.

F. Wustenfeld: Arabschen Aerzte (56, 1840).

ALI IBN ABBAS

Ali ibn Abbas al-Majusi, that is, the Magian, whioteans that he, or his father was of the Zoroasfaih. Latin
name: Ali Abbas or Hall Abbas. Born in Ahwaz, soméistern Persia; flourished under thw Buwayhid Adlid
dawla; died in 994. One of the three greatest pieyss of the Eastern Caliphate. He wrote for Adldéwala a
medical encyclopedia called "the Royal BooKitéb al-Maliki, Liber regius, regalis dispositio; also calkeamil
al-sana 'a al-tibbiya)which is more systematic and consice than REzigi, but more practical than Avicenna'a
Qanun, by which it was superseded. The Maliki éd#id into 20 discourses, of which the first habtlwith theory
and the other with the practice of medicine. th&t parts of it are those devoted to dietetics andateria medica.
Rudimentary conception of the capillary systemet@asting clinical observations. Proof of the magiof the womb
during parturition (the child does not come outsipushed out).

Woustenfeld: Geschichte der arabischen Aerzte (8901



AL-HUSAIN IBN IBRAHIM

Al Husain ibn Ibrahim ibn al-Hasan ibn KhurshidTabari al-Natili. Flourished c. 900-91. Translatiam Greek
into Arabic. He dedicated, in 990-91, an improvexhslation of Dioscorides to the Prince Abu AliSdmjuri.

C. Brockelmann: Arabische Litteratur (189, 207).

AL-QUMRI

Abu Masur al-Hasan ibn Nuh al-Qumri. From Qum tmali Flourished probably at Bagdad, about the dreo
tenth century, and the begining of the eleventhslMuPhysician. Teacher of Avicenna. He wrote atise on
medicine, largely based upon al-Razi, called thekhaf life and deathKitab Ghina wa mang/’ divided into three
parts (internal diseases, external diseases, fevers

C. Brockelmann: Arabische Litteratur (vol. 1, 23808).

ABU SAHL AL-MASIHI

Abu Sahl Isa ibn Yahya al-Masihi al-Jurjani, i.the Christian, from Jurjan, east of the Caspiaan 8&d at the age
of fourty in 999-1000. Christian physician writing Arabic. Teacher of Avicenna. He wrote an encyalkedic
treatise on medicine in a hundred chaptat&(tub al-mi‘a fi-l-sana'a al-tibbiyg which is one of the earliest
Arabic works of its kind and may have been in soespects the model of the Qanun. He wrote a vasmadler
treatises: on measles, on the plague, on the migsegnstration of God's wisdom as evidenced irctbation of
man, etc.

C. Brockelmann: Arabische Litteratur (vol. 1, 13898).

ABU MANSUR MUWAFFAK

Abu Mansur Muwaffak ibn Ali al-Harawi. Flourished Herat under the Samanid prince Mansur | ibn Nufig
ruled from 961 to 976. Persian pharmacologist. lde apparently the first to think of compiling aatiee on
materia medica in Persian; he travelled extensiveBersia and India to obtain necessary informatite wrote
between 968 and 977, the "Book of the RemediedafKkal-abnyia ‘an Haga'iq al-adwiya), which is ¢ke#est pose
work in modern Persian. It deals with 585 reme@ésvhich 466 are derived from plants, 75 from maie, 44
from animals), classified into four groups accogdia their action. Outline of a general pharmacilalgtheory.
Abu mansur distinguished between sodium carbomeatieL(n) and potassium carbonate (gli); he had some
knowledge abot arsenious oxide, cupric oxide,isikcid, antimony; he knew the toxilogical effeofscopper and
lead compounds, the depilatory vertue of quicklithe,composition of plaster of Paris and its swagisse.

E. G. Browne: Arabian Medicine (92, Cambridge, 1921

AL-TAMIMI

Abu Abdallah Muhammed ibn Ahmed ibn Sa'id al-Tam&hMugaddasi (meaning, the native or the inhalitén
the Holly City). Born in Jerusalen; he moved, c09 Egypt and was still living there in 980. Pdilaian

physician. He made pharmaceutical experiments antewarious medical works, chiefly on materia nsadHis
main work is a guide (Murshid) on materia medichiol contains valuable information on plants, méatgretc.
Kitab al-murshid ila jawahir al-aghdhiya wa quwa-liftadat guide toward (the understanding of) the substante
food-stuffs and (of) the simple drugs.

C. Brockelmann: Arabische Litteratur (vol. 1, 23B898).

AL-BALADI

Ahmed ibn Mohammed ibn Yahya al-Baladi. Flourishe&gypt under the Wazir Ya'qub ibn Kils, who died
990-91. Egyptian physician. Author of a treatiselmn hygiene of pregnant women and the batkéal§ Tadbir al-
habala wal-atfa).

C. Brockelmann: Arabische Litteratur (vol. 1, 23898).

HASDAI IBN SHAPRUT

Alias shaprut, Shafrut, Bashrut, Shaprot. Abu Yusa#c ibn Izra. Born c. 915 at Jaen, Andalus;rithed at
Cordova at the court of Abd al-Rahman 1lI; die®ifD or 990 at Cordova. Hispano-Jewish physiciamdiator of
Greek into Arabic, Patron of science. Physiciathtocaliph. He discovered a panacea called al-fahabest).
A manuscript of Dioscorides having been presemeiiB-49 to Abd al-Rahman Il by the emperor Cantstas
VII, Hasdai undertook to translate it with the atmnce of the Greek monk Nicholas. This monk hashisent to
Cordova by the emperor upon the caliph's reque$51.

He wrote a Hebrew letter to the King of the Khazdiseribing Andalus. He was a great patron of jéveisience
and it was partly due to his initiative and actiibat the intellectual center of Israel was fipathnsfered from
academies of Babylonia to Spain.

Article by Rabbi Meyer Kayserling in Jewish encpeledia, vol. 6, 248, 1904.



ARIB IBN SA'D

Arib ibn Sa'd al-Khatib (the secretary) al-Qurtuiliourished at Cordova at the court of Abd al-Rahtigand al-
Hakim Il, who died in 976. Hispano-Mislim historiamd physician. Originally Christian. He wrote aatficle of
Muslim Spain and Afric some time between 961-97tisThronicle was extensively used by Ibn al-Idiariv.,
second half of thirteenth century). He wrote aldceatise on gynaecology, hygiene of pregnant woamehinfants,
and on obstetrid{halq al-janin Creation of the embryo, in 964-65), and a calelidiab al-anwa).

C. Brockelmann: Arabische Litteratur (vol. 1, 23898).

ABU-L-QASIM

Latin names: Abulcasis, Albucasis, Alsaharaviusalghibn Abbas al-Zahrawi, from Zahra, near Cordaviaere
he flourished and died c. 1013. The greatest Muslingeon. Physician to al-Hakam Il (961 to 976} tieat
medical encyclopedia in 30 sectioat,Tasrif (Vade-mecum) contains interesting methods of piegairugs by
sublimation and distillation. but its most impottgart is the surgical, in three books, largelydaaspon Paulos
Aegineta. Great importance attached to cauterigatial styptics. Parts of the surgery are devotethstetrics and
to the surgical treatment of the eyes, ears, agtth.td his work was illustrated with views of thegiaal
instruments. It was early translated into Latin Giyerardo Cremonese), Provencal and Hebrew. Mysigjudices
against surgery stifled Abu-I-Qasim's fame in Isldmt in the Christian world his prestigue was soomense.
Woustenfled: Geschichte der Arabischen Aersche85p1840).

IBN JULJUL

Abu Da'ud Suliman ibn Hasan ibn Juljul. Physiciathe Spanish Umayyad Hisham I, Mu'aiyad billaddjagh from
976 to 1009. Hispano-Muslim physician. He wroteCatdova, in 982, a commentary on Dioscorides,latet a
supplement to it, and a history of the physiciams philosophers of his time in Spaife(rikh al-atibba wal-
falasifd), often quoted by Ibn abi Usaibi'a (q. v., firsifrof the thirteenth century).

The aim of the commentary was to determine theddeglt with by Dioscorides; the supplement wastaf drugs
not mentioned by Dioscorides. As to the originhefde Dioscoridian studies, see my notes on Haikid&haprut.
It would seem that Ibn Juljul and others assisteithé translation of Dioscorides into Arabic.

C. Brockelmann: Arabische Litteratur (t. 1, 237 988.

IBN AL-JAZZAR

In Latin: Algizar, AlJazirah. Abu Ja'far Ahmed iltlorahim Ibn Abi Khalid Ibn alJazzar. FlourishedQairawan,
Tunis, died in 1009, being more than 80 yearsRhysician. Pupil of Ishaq al-Isra'ili (g. v., filsalf of the tenth
century). Of his many writings, the most importaatause of its enormous popularity, was his "Ttavsl

Provision" gad al-Musafij which was translated into Latin by Constantindsgcanus, into Greek by Synesios, and
into Hebrew - the titles of these translations Qeifiaticum pergrinantisZedat al-Derachimlt contains

remarkable descriptions of smallpox and measleswvitdée also on the coryza, on the cuases of plagEgypt, etc.
C. Brockelmann: Arabische Litteratur (vol. 1, 23898).
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The great leaders were so many - lbn Yunus, Ibtagham, Al-Biruni, Ibn Sina, Ali ibn Isa, al-KarkHbn Gabirol
(all Muslim except the last, who was Jewish) - tfiait a moment at least, the historian is bewildeiet, however
distinguished all of those men, and many others witidbe named presently, two stand out head andislers
above the others: al-Biruni and Ibn Sina (Aviceniayvas chiefly because all of them that this pénvas one of
such excellence and distinction. These two men, byhtihe way, knew one another, were extremely diffe Al-
Biruni represents the more adventurous and criipalt, Ibn Sina the synthetic spirit, al-Birunaesmore of a
discoverer, and in that respect he came nearbetmbdern scientific ideal; Ibn Sina was essegtei organizer,
an encyclopedist, a philosopher. Both, even therlatvere primarily men of science, and it woulddiféicult to
choose between them but the accidental fact tHairahi's life covered more fully the present periand thus may
be said to represent it more completely. Ibn Siaa wnly 20 at the beginning of the century, andifeisvas
ultimately cut short in 1037. Al-Biruni's first ingptant work appeared about 1000 and he lived w64B. Thus his
time of activity and the first half of the elevertbntury are not identical periods, and we arg fulstified (more
fully so than in almost every short case) in cgllinthe Time of al-Biruni.

Muslim Mathematics and astronomy

It is almost like passing from the shade to thenopen and from a sleepy world into one tremendoastive. For
the sake of convenience, | divide Muslim mathenmatis into three groups: those of the West, thodegept, who
occupied, so to speak, an intermediate positioth those of the East. This is also a logical divisior though
communications between the eastern and westernoétids Islam were frequent (there were a numbdéiradrant
scholars to whom the universality of Islam seemisatee been a continual provocation to move on fptane to
place), it is clear that local influences were falire constantly and to greater advantage.

The greatest astronomer and trigonometrician ofithe was Ibn Yunus, who lived in Cairo. Every thin
considered, he was perhaps the greatest Muslimnastrer, and the Fatimid rules of Egypt gave him mifagent
opportunities. Indeed, under the sixth Fatimiddakim, a sort of academy of science (Dar al-Hikimad been
established in Cairo, and, had been the casedadhdemy founded by al-Ma'mun in Bagdad two cergwarlier,
an observatory was an essential part of it. Iondéumade excellent use of these exceptional fadlih measure
more accurately the number of astronomical constamtl to compile improved tables nhamed after Hipathe
Hakemite tables. He contributed his share to tiveldpment of trigonometry, discovering new soluiarf
spherical problems and introducing the first of phesthapheretical formulas. His colleague in akilés academy,
Ibn al-Haitham, better known as a physicist, was al great astronomer and mathematician. He madeaus
attempt to measure the height of the atmosphethehasis of his knowledge and of the length ofigii. He
solved al-Mahani's equation and the so-called Adhazproblem by means of intersecting conics.

The mathematicians of the East were so numerodshaugh they could boast no man comparable ibfaisch of
learning to Ibn Yunus, their work was generallyaowvery high level and full of originality. Kushydm Labban
especially interested in trigonometry, he madeepdestudy on the tangent function and compiled new
astronomical tables which were sooner translatedRersian. He also wrote on astrology and arittamkan al-
Husain investigated the classical problems of theet geometry (for example, the duplication of¢hbe) and
tried to solve them by purely geometrical meanau-ABud was also a geometer; he made a special stuthe
regular heptagon and enneagon and of those prolviinh can not be solved by means of ruler and as®p
alone; he tried to classify equations with refeeetaconic sections, he is one of the mathemasommo prepared
the work of Omar al-Khayyam in the following peridithe greatest of them all, al-Karkhi was chiefty a
arithmatician and algebraist. He solved a numbé&iophantine problems and invented a series of oresv His
work contains many of the original features, bt thost extra-ordinary of these is the systematipeat of Hindu
numerals. No numerals are used, the names of thenals being written in full. It is as if al-Karkhad considered
the use of Hindu numerals as vulgar and non-sdienfil-Nasawi wrote a practical arithmetic in Piarsand later
translated it into Arabic. He explained the Hindathods and applied them to difficult numerical peots; in these
computations the sexagesimal fractions introdugedsronomical measurements were replaced by decima
fractions. Ibn Tahir wrote also arithmetical bodlagractical nature; he showed how to solve theplizated
inheritance problems entailed by the Muslim fondrfes juridical niceties. To al-Biruni we owe thedt mediaeval
account of Hindu numerals. He composed an astrara@drancyclopedia and a general treatise on mathesnat
astronomy, and astrology. He was deterred neithéoimidable computations nor by the most difficggtometrical
problems of his time, those called after him Albiuproblems. He introduced a simplified methodtefeographic
projection. As we would expect, the philosophicgdects of mathematics were more to ibn Sina thaumibre
technical details. We already know that in spitéisfencyclopedic activities Ibn Sina found timecéory on a



number of astronomical observations and to imptheeobservational technique.

I named these Eastern mathematicians, as wellsssig®, in chronological order. This does not, pegh bring out
with sufficient clearness the full complexity okthactivities. In the first place, observe thadjd not mention a
single astrologer; only one named in this sectioarfshed not in the East, but in the orthodox Bumihere there
was much less freedom of thought. In the secontkpliwe leave out of account the astronomicalkwahich was
determined by practical necessities, we find thatd were two distinct streams of mathematical ghtitthe one
theoretical represented by Ibn al-Husain, Abu-I;&ardl al-Karkhi, the other, more practical, repnése by al-
Nasawi and Ibn Tahir. Al-Biruni and lbn Sina cart be included in that classification, for they weigually in the
most abstruse and in the most practical questtbry;had no contempt for humble means, for thezenarsmall
matters for great minds.

Muslim Physics, Chemistry and Technology

Contemporary accounts of Muslim achievements meistérted with Ibn al-Haitham, who flourished inrGaat the
beginning of the century. He was not only the grslaMuslim physicist, but by all means the greatéshediaeval
times. His researches on geometrical and physicdbgiptics were the most significant to occur betwancient
times and the sixteenth century. His descriptiothefeye and his explanation of vision were distimprovements.
Muslim scientists had developed a great intereiterdetermination of specific gravity. Al-Birunbiatinued that
tradition and measured the density of 18 precitmses and metals with remarkable accuracy. He wéddhat the
speed of light is incomparably greater than theaefnd. Ibn Sina investigated all the fundamentaktjans of
physics which could be formulated finite. His stuafymusic was especially important and far aheatthef
contemporary Latin work. He described the doubliridy octave, the fourth and the fifth, and evenhwitte third.

A college of Ibn al-Haitham in the Cairo academyddwaih al-Mardini, explained the preparation empgratic
oils. Ibn Sina intertained original views on chetmyishe did not share the common belief of Muslichamists that
the coloring or bronzing of metals affected theibstance, he thought that the differences betwestalsnwere to
deep to permit their transmutation. An importaghaimical treatise was composed in 1034 by al-Kathi.

Muslim or Arabic Medicine

There are so many that | must again divide themtimtee groups. Those of Spain, those of Egypt tlaoske of the
East.

Spain: Al-Karmani has already been mentioned. He wasie¢ @ mathematician and a surgeon. lbn al-Wafid
composed a treatise on simple drugs, which isyextfant in Latin, and a treatise on Balneograftoythese two
Muslims may be added the Jew, Ibn Janah, who 8bad in Saragossa and wrote there in Arabic, a boample
remedies.

Egypt: Not less than four great Physician enjoyed theopage of the Fatimid rulers of Egypt. Masawaih al-
Mardini (Mesue the Younger) compiled a large digagory which was immensely popular in mediaevabiar
For centuries it remained the standard work orsthgect. Ammar was perhaps the most original ocafisslam,
but his work was superseded by that of the Eastamtemporary, Ali ibn Isa. The surgical part of Aan's
ophthalmologic treatise is particularly importahhe third of these physicians, Ibn al-Haitham (&#ka) has
already been dealt with many times; he must be ma@meed her because of his studies in physiologigats. Ali
ibn Ridwan wrote various commentaries on Greek niedj of which the best known was one on Galenss Ar
prava; he also wrote a treatise on hygiene witlcigpeeference to Egypt. It should be noted thasdeaih was a
monophysite Christian; the others were Muslims.

East: The greatest physician of the time and one ofjtkatest of all times was Ibn Sina (Avicenna). étisrmous
medical encyclopedia, the Qanun (Canon), remaineddpreme authority, not simply in Islam but afso
Christendom, for some six centuries. It containediaber of original observations, but its hold be people was
chiefly due to its systematic arrangement andety dogmatism. lbn Sina was not as great a physasaGalen,
but he had very much the same intellectual qualdied defects and his ascendancy was largely bpsedthe
same grounds. He had the advantage over Galen akiago take into account the vast experience wslivh
physicians.

Ibn al-Taiyib wrote commentaries on Greek mediciheu Sa'id Ubaid Allah, of the famous Bakhtyashunifg,
wrote treatise on love-sickness and discussedtithespphical terms used by physicians. Ibn Butlampiled the
so-called Tables of Health, a medical summaryddidiinto 15 vertical columns; he is perhaps thegiator of that
typical form of synopsis. Finally Ali ibn Isa (Jeklaly) was the author of the most famous ophthabigistical



treatise written in Arabic, it is very remarkabitet not than three of these physicians, that isrtftan half of them,
were Christians living in Bagdad: Ibn al-Taiyib, ABa'id Ubaid Allah, and Ibn Butlan. This testiffes the
faithfulness of the Christian community of Bagdad ¢he toleration of the Muslim rulers. It shoulel &dded that
the other physicians, i.e., the Muslims, were farerimportant.

Muslim Mathematics and Astronomy
Muslim Mathematics of the West

AL-KARMANI

Abu Hakam Amr (or Omar) ibn Abd al-Rahman ibn Ahniled Ali al-Karmani (that is of Carmona). Born in
Cordova, died in Saragossa. Spanish-Muslim matheiaatnd surgeon. Disciple of Maslam ibn Ahmedwg.
second half of tenth century). It is he (or elseldtter) who introduced the writings of the Brethiof Purity into
Spain.

Suter: Die Mathematiker und Astronomen der Arali®5( 1900).

IBN AL-SAMH

Abu al-Qasim Asbagh ibn Mohammed ibn al-Samh. kétwd at Granada; died May 29, 1035, at the a§® of
Hispano-Muslim mathematician and astronomer. Hedemi@atises on commercial arithmetd-hu‘amala}, on
two mental calculushisab al-hawa), on the nature of numbers, two on geometry, twastrolabe, its use and
construction. His main work seems to have beerdhepilation of astronomical tables, according t® 8iddhanta
method (for which see my notes on Mohammed ibrhilbnaal-Fazari second half of eighth century), tbgetwith
theoretical explanations (c. 1025).

H. Suter: Mathematiker (85, 1900; 168, 1902).

IBN ABI-L-RIJAL

In Latin, Abenragel (also Albohazen, Alboacen, whizas more correct, for Abenragel was his fathetse, rather
than his own). Abu-I-Hasan Ali ibn Abi-I-Rijal aletbani al-Katib al-Maghribi. Born in Cordova or elghere in
Spain or in northern Africa, flourished in Tunisie®time about 1016 to 1040, died after 1040. Muslgtnologer.
His main work is the "distinguished book on horge®from the constellationsdl¢(bari fi ahkam al-nujur It was
translated by Judah ben Moses from Arabic intoiastthen from Castilian into Latin by Aegidiug d'ebaldis
and Petrus de Regio. He wrote a physiognomic seatn Naevi.

H. Suter: Die Mathematiker und Astronomen der Argt80, 1900; Nachtrage, 172, 1902); encyclopeditstam
(vol. 2, 356, 1916).

IBN AL-SAFFAR

Abu-I-Qasim Ahmed ibn Abdallah ibn Omar al-Ghafiggst known under the name of Ibn al-Saffar, mepaon
of coppersmith. Flourished at Cordova, toward the @ his life he retired in Denia and died therd 035.
Hispano-Muslim mathematician and astronomer. Hdenadtreatise on the astrolabe and compiled tatzesrding
to the Siddhanta method.

H. Suter: Mathematiker (86, 225, 1900; 169, 1902).

Muslim Mathematics of Egypt

IBN YUNUS

Abu Hasan Ali ibn abi Sa'id Abd al-Rahman ibn Ahniled Yunus (or Ibn Yunus) al-Sadafi al-Misri. DigdCairo,
1009 (not 1008). The date of his birth is unknofau, his father died in 958-59. Perhaps the greMestim
astronomer. A well equipped observatory in Cairat#ed him to prepare improved astronomical talBegun c.
990 by order of the Fatimid caliph al-Aziz (975-99ey were completed in 1007 under the latten'sa-Hakim
(996-1020) and are called after him the Hakemitel@s(al-zij al-kabir al-Hakimi). They contain olpgations of
eclipses and conjunctions, old and new, improvddegof astronomical constants (inclination of ¢leéiptic, 23
357; longitude of the sun's apogee’ 88'; solar parallax reduced from 3" to 2°; preaagsb1.2 " a year, no allusion
to trepidation) and accounts of the geodetic measents carried on order by al-Ma'mun (q. v., fiaf of ninth
century.)

His contributions to trigonometry, though less intpat than those of Abu-l-Wafa; are considerable sdlved
many problems of spherical astronomy by meansthbgonal projections. He introduced the first aigé



prosthapheretical formulae which were indispenshbfere the invention of the logarithms, namelg #guivalent
of
cosacosB =1/2 [cos @ - p) + cos (@ +0)].

Approximate value o§in 1° = 1.8/3.9 sin (9/8)+ 2.16/3.15 sin(15/186)
Ibn Yunus's observatory was a part of Hall of Wisd®ar al-hikma, abode of wisdom) founded in Céiyathe
Fatimids. This institution, which lasted from 10@5the end Fatimid regime (1171), might be considehe second
Muslim academy of science, the first being thabfted by al-Ma'mun in Bagdad almost two centurigbeza
Suter: Encyclopaedia of Islam (vol. 2, 428, 1918).

IBN AL-HAITHAM

See notes in the physical section, below.

Muslim Mathematics of East
AL-BIRUNI

Abu-Raihan Mohammed ibn Ahmed al-Biruni. Born ink@drizm (Khiva) in 973 sojourned a considerable time
India; died in 1048, probably at Ghazna in Sijisfafghanistan). He was by birth a Persian and &t&hiis
religion was tempered with agonistic tendencies higinational, anti-Arabic feelings remained vsipng until the
end. Traveler, mathematician, philosopher, astr@rpgeographer, encyclopedist. One of the verytgstaf
Islam, and, all considered, one of the greateatldimes. His critical spirit, toleration, love @ith, and intellectual
courage were almost without parallel in mediaewvaés. He claimed that the phrase "Allah is omnisttidoes not
justify ignorance.

He wrote, in Arabic, a number of books on geogreghimathematical, and astronomical subjects. Higworks
were: (1) the "Chronology of ancient nations" oesStige of the pastK(tab al-athar al-bagiya ani-I-qurun al-
khaliya), written in 1000 and dealing chiefly with the eatlars and ears of various peoples; (2) an accoulmdia
(Ta'rikh al-Hind) composed in Ghazna c. 1030; (3) an astronomiwlatopedia, the Mas,udic canal-anon al-
Mas'udi fi-I-hai‘a wal-nujuny, so-called because it was dedicated in 1030ad3thaznawid sultan Mas'ud; (4) a
summery on mathematics, astronomy, and astrolagiathim li-awa'il sina'at al-tanjinh. His description of
Brahmanical India was based upon a deep studyeatghntry and its people. He had been charmed bgtHi
philosophy, especially by the Bhagavadgita. Hediated from Sinskrit into Arabic (e. g., two of \&lamihira's
works, g. v., first half of sixth century), and the other hand, transmitted Muslim knowledge toHiredus.

He gave a clear account (the best mediaeval accotiHindu numerals (principle of position). Sung@ometric
progression apropos of the chess game; it ledetéaffowing number: 18 -1 = 18, 446, 744, 073, 709, 551, 916.
Trisection of the angles and other problems whanh ot be solved with ruler and compass alone (it
problems). Simplified stereographic projection,igmto that first published by G.B. Nicolosi diteeno in 1600
(Isis, V, 498).

Accurate determination of latitudes. Determinatdtongitudes. Geodetic measurements. Al-Biruncdssed the
guestion whether the earth rotates around itsaxi®t, without reaching a definite conclusion.

Investigations on specific gravity. Remarkably aatel determination of the specific density of 18gious stones
and metals. As compared to the speed of soundpthight is immense. The work of natural springsl 4artesian”
wells is explained by the hydrostatic principlecommunicating vessels.

Description of monstrosities, including what wel ¢8iamese" twins.

The Indus valley must be considered as ancienbasia filled up with alluvions.

H. Suter and E. Wiedemann: Uber al-Biruni (Erlang&820. Quoted above). Carra de Vaux: Penseurlslamh
(vol. 2, 1921, passim).

KUSHYAR IBN LABBAN

Abu-l-Hasan Kushayr ibn Labban ibn Bashahri al{lile., from Jilan, south of the Caspian Sea)ufitted c. 971-
1029; his main work was probably done about thérméigg of the eleventh century. Persian mathensatiaind
astronomer, writing in Arabic. He seems to havetsé&n important part in the elaboration of trigoetmy For
example, he continued the investigations of Abudfsly the devoted much space to this in his tablexj al-jami
wa-l-baligh (the comprehensive and mature tablekich were translated into Persian before the drtdencentury.
He wrote also an astrological introduction and i@dthiaetic treatise (extant to Hebrew).

H. Suter: Mathematiker und Astronomen der Arab&; @5, 1900; 168, 1902).



IBN AL-HUSAIN

Abu Ja'far Mohammed ibn al-Husain. Flourished naglafter al-Khujandi (g. v., second half of thetkecentury).
Mathematician. He wrote a memoir on rational righgled triangles and another on the determinatitwa mean
proportionals between two lines by a geometricahme (vs. kinematic method), i. e., by the use baithe
Muslims called "fixed geometry", al-handasa al—ihzaholuti(;;n of the equation

X“ta=V.
Suter: Die Mathematiker und Astronomen der Aral@éy, (900; Nachtrage, 168, 1902).
ABU-L-JUD
Abu-I-Jud Mohammed ibn al-Lith, contemporary oBatuni. Mathematician. Solution of al-Birunic prashs by
means of intersecting conics. Regular heptagoreandagon. Classification of equations and theineton to
conic sections.
Suter: Die Mathematiker und Astronomen der Aral@®; (900).

AL-KARKHI
Abu Bakr Mohammed ibn al-Hassan (or Husain) al-bldsie calculator) al-Karkhi, meaning of Karkh,uosrb of
Bagdad. Flourished in Bagdad during the vizierdt&lm Ghakib Mohammed ibn Khalaf Fakhr al-mulk (glof
the realm), who died in 1016; he died himself cl9@ 1029. One of the greatest Muslim mathematiciélis
book on arithmetic (the sufficient on calculatiatkafi fi-I-hisab) is based chiefly of the Greek and Hellenistic
knowledge. No numerals of any kind are used, tlmeeasaof the numbers being written in full. Casting of the
nines and elevens.

If r<(2a+1),[(&+1)]~a+r/(2a+1).
His algebra calledaf-fakhri) in honor of the vizier is largely based on Dioptus. Complete solutions of quadratic
equations (with proofs; two roots considered ifipes and if not null). Reduction of equations béttypeax2p +
bxp = cto quadratic equations. Addition and subtractionagficals. Summation of series. Solution of Dioghan
equations (including 25 problems not found in Diaptos). Al-Karkhi's neglect Hindu mathematics washsthat it
must have been systematic.
H. Suter: Encyclopaedia of Islam (vol. 2, 764, 192&ry little).

AL-NASAWI

Abu-l-Hasan Ali ibn Ahmed al-Nasawi. From Nasa, Kdsan. Flourished under the Buwayhid sultan Majd al
dawla, who died in 1029-30, and under his succe8®sian mathematician. He wrote a practical izuetiic in
Persian, before 1030, and later under Majd al-dawslaccessor an Arabic translation of it, entitlesl"Satisfying

(or Convincing) on Hindu Calculationakmugni fi-I-hisab al hindi. He also wrote on Archemedes's lemnata and
Menelaos's theorem (Kitab al-ishba, satiation).afifimetic explains the division of fractions ahd extraction of
square and cubic roots (square root of 57,342 cauit of 3, 652, 296) almost in the modern manhés.
remarkable that al-Nasawi replaces sexagesimakbyrdl fractions, e. g.,

Suter: Die Mathematiker und Astronomen der Aral®ér, (900) Uber das Rechenbuch des Ali ben Ahmed el-
Nasawi (Bibliotheca Mathematica, vol. 7, 113-11908).

Muslim Physics, Chemistry and Technology
IBN AL-HAITHAM

Latin name: Alhazen. Abu Ali al-Hasan ibn al-Haganal-Husain) ibn al-Haitham. Born c. 965 in Badtaurished
in egypt under al-Hakim (996 to 10200 died in Caird039 or soon after. The greatest Muslim phgsiand one of
the greatest students of optics of all the timeswds also an astronomer, a mathematician, a péuysand he
wrote commentaries on Aristotle and Galen.

The Latin translation of his main work, the Optikgab al-manaziy, exerted a great influence upon Western
science (R. Bacon; Kepler). It showed a great @egin the experimental method. Research in catepspherical
and parabolic mirrors, spherical aberration; irptlics: the ratio between the angle and incidemeckrafraction
does not remain constant; magnifying power of a.lstudy of atmospheric refraction. The twilightyoceases or
begins when the sun is 1Below the horizon; attempt to measure the heiftheatmosphere on that basis. Better
description of the eye, and better understandingsidn, though ibn al-haitham considered the Emnhe sensitive
part; the rays originate in the object seen, ndlhéeye. Attempt to explain binocular vision. Gatrexplanation of
the apparent increase in the size the sun and do@ mthen near the horizon. earliest use of the cawiescura.
The catoptrics contain the following problem, knoasAlhazen's problem: from two points of the plaha circle
to draw lines meeting at point of the circumfereand making equal angles with the normal at thattpti leads to



an equation of the fourth degree. Alhazen solvéy ithe aid of an hyberpola intersecting a cirtele.also solved
the so-called al-Mahani's (cubic) equation (qsecond half of the ninth century) in a similar (Airoedian)
manner.

Suter: Die Mathematiker und Astronomen der Aral®dr95, Nachtrage, 169, 1902).

AL-KATHI

Abu-I-Hakim Mohammed ibn Abd al-Malik al-Salihi &lhwarizmi al-Kathi. Flourished in Bagdad c. 1034usfim
Chemist, he wrote, in 1034, a treatise on alchemtifled "Essence of the Art and Aid to the Workealh al-san'a
wa awn-al-sana’p strikingly similar in some respects to the "Suanperfectionis magisterii" of the Latin Geber
(for which see my notes on Jabir, second half gifithi century).

H. E. Stapleton and R. F. Azo: Alchemical Equipménthe Eleventh century (Memories of Asiatic Styabf
Bengal, vol. 1, 47-70, 1 pl., Calcutta, 1905. Camitag Arabic text, an analysis of it, and an intraadion; very
important).

Muslim (or Arabic) Medicine
Arabic-Writing physicians of the West

AL-KARMANI

See notes in mathematical section

IBN AL-WAFID

Latin name: Abenguefit. Abu-I- Mutarrif abd al-RaAmibn Mohammed ibn Abd al-Karim ibn Yahya ibn abfid
al-Lakhmi. From Toledo, where he flourished; bo&79died c. 1074. Hispano-Muslim physician, Phamwiagist.
His main work, on simple drug&itab al-adwaiya al-mufradp based on Galen and Discorides and also on pedrson
investigations, is partly extant in a Latin tranigla. He preferred to use dietetic measures, dmlugs were
needed, to use the simplest ones. He advised adethinvestigating the action of the drugs. H®alsote a
balneotherapy.
C. Brockimann: Arabischen Litteratur (vol. 1, 48898. Two Arabic manuscripts mentioned).

Arabic-Writing physicians of Egypt
MASAWIAH AL-MARDINI

Mesue the Younger. Masawaih al-Mardini, from Mariirdpper Mesopotamia. Flourished in Bagdad, lateéhe
court of the Fatimid caliph al-Hakim in Egypt, whdre died in 1015 at the age of ninety. Physiclanobite
Christian. He wrote book on purgatives and emébesmedicins laxativ)jsand on the complete pharmacopoeia in
12 parts called thantidotarium sive Grabadin medicamentorumased on Muslim knowledge. The last-named
work was immensely popular. It remained for cemsithe standard text-book of pharmacy in the Viéest,Mesue
was called "pharmacopoeorum evabgelista”. Digtitabf empyreumatic oils.

There is still a third Mesue (g. v., first halftbirteenth century), author of a treatise on syrger

Neuburger: Geschichte der Medizin (vol. 2, 226-271,1).

AMMAR

Latin name: Canamusali. Abu-I-Qasim Ammar ibn AMawsili. From Mawsil in Iraq; flourished in Egyji the
reign of al-Hakim, who ruled from 996-1020. Phyaiti The most original of Muslim oculists, His watkas
eclipsed by that of his contemporary Ali ibn Isdieh was more comprehensive. His summary on tlagnrent of
the eye Kitab al-muntakhab fi ilaz al-ajncontains many clear descriptions of diseasegraatinents, arranged in
logical order. The surgical part is especially imipot.

E. Mittwoch: Encyclopaedia of Islam (vol. 1, 33210).

IBN AL-HAITHAM
See notes in physical section, above.

ALl IBN RIDWAN

Abu-lI-Hasan Ali ibn Radwan ibn Ali ibn Ja'far al-8fi. Born in Jiza near Cairo, c. 998. Flourishe€airo and
died there in 1061 or in 1067. Astrologer. physiciéhe author of many medical writings of which thest



popular was his commentary on Galen'a Ars pravighwivas translated by Gerardo Cremonese. | mdygstite
his treatise on hygiene with special referenceggpk (fi daf mudar al-abdan bi-ard Mi¥r He wrote various other
commentaries on Hippoctates and Galen and on Pydemstrological books.

C. Brocklmann: Arabischen Litteratur (vol. 1, 484898).

Arabic-Writing physicians of the East

IBN SINA

Abu Ali al-Hassan ibn Abdallah ibn Sina. Hebrew,efnSina; Latin, Avicenna. Born in 980 at Afsharnsam
Bukhara, died in Hamadhan, 1037. Encyclopaedisipgtpher, physician, mathematician, astronomee flost
famous scientist of Islam and one of the most fasnafall races, places, and times; one may sayhieahought
represents the climax of mediaeval philosophy. Hateva many great treatises in prose and versd; ahtisem in
Arabic, a few in Persian. His philosophical encpedia Kitab al-shifa, sanatipimplies the following
classification: theoretical knowledge (subdividedth regard to increasing abstraction, into physieathematics,
and metaphysics), practical knowledge (ethics, eaon politics). His philosophy roughly represerits t
Aristotelian tradition as modified by Neoplatonidluences and Muslim theology. Among his many other
philosophical works, | must still quote a treatiselogic,Kitab al-isharat wal-tanbiha{The Book of Signs and
Adonitions). As ibn Sina expressed his views onagsihany subject very clearly, very forcible, andgmlly more
than once, his thought is, or at any rate can bewk with great accuracy.

His most important medical works are the Qanun @a@and a treatise on cardiac drugs (hitherto ulighdd).
The Qanun fi-I-tibbis an immense encyclopedia of medicine (of abautliégon words), a codification of the whole
ancient and Muslim knowledge. Being similar in maagpects to Galen, Ibn Sina elaborated to a deéhece
Galenic classifications (for example, he distinge 15 qualities of pain). Because of its formafgxtion as well
as its intrinsic value, th@anunsuperseded Razi's Hawi, Ali ibn Abbaslaliki, and even works of Galen, and
remained supreme for six centuries. However thg seccess of Ibn Sina as an encyclopedist causaatiginal
observations to be correspondingly depreciated thtsanuncontains many examples of good observation -
distinction of mediastinitis from pleurisy; contags nature of phthitis; distribution of diseasesby and water;
careful description of skin troubles, of sexuakdises; and supervisions; of nervous ailments @imdulove
sickness); many psychological and pathologicakfatgarly analyzed if badly explained.

Ibn Sina's interest in mathematics was philosophather than technical and such as we would exipexiate
Neoplatonist. He explained the casting out of niawed its application to the verification of squarel cubes. Many
of his writings were devoted to mathematical artdoasmical subjects. He composed a translationuniiE He
made astronomical observations, and devised aicante the purpose of which was similar to thahefvernier,
that is, to increase the precision of instrumergadings.

He made a profound study of various physical qaasti motion, contact, force, vacuum, infinity Higand heat.
He observed that if the perception of light is tiu¢he emission of some sort of particles by theihous source,
and speed of light must be finite. He made invesiigns on specific gravity.

He did not believe the possibility of chemical senutation, because in his opinion the differendebemetals
were not superficial, but much deeper; coloringprmnzing the metals does not affect their essdhsbould be
noted that these views were radically opposeddsetwhich were then generally accepted.

Ibn Sina's treatise on minerals was the main soafrtige geological ideas of the Christian encyctbgieof the
thirteenth century.

Ibn Sina wrote an autobiography which was complétedis favorite disciple al-Juzajani.

His triumph was too complete; it discouraged o@djinvestigations and sterilized intellectual lifgke Aristotle
and Vergil, Avicenna was considered by the peoplater times as a magician.

C. Brocklmann: Geschichte der arabischen Litterditol. 1, 452-458, 1898. With list of 99 works).

IBN AL-TAIYIB

Abu-I-Faraj Abdallah Ibn al-Taiyib al-Iraqgi. Latimame : Abulpharagius Abdalla Benattibus. Died i43-@4.
Nestorian physician. Secertary to Elias I, Nestofiatholics from 1028 to 1049. Physician at the ditbuhospital
in Bagdad. He had many commentaries on Greek nmediand original memories on various medical tqptso a
translation of the pseudo-Aristoteli@® plantis with additional excerpts from ancient literature.

From Arabic translation of the Diatessaron ascritoelim.

Brocklmann: Arabischen Litteratur (vol. 1, 482, 839

ABU SA'ID UBAID ALLAH
Abu Sa'id Ubaid Allah ibn Bakhtyashu. Flourishedaiya-farigin, Jazirah; friend of Ibn Butlan; digd1058.



Physician. The last and possibly the greatest septative of the Bukhtyashu, a syrian family of gihians which
emigrated from Junsishapur to Bagdad in 765. His marks are the Reminder of the Homestayer, dgaiith
the philosophical terms used in medicine, and atige on lovesickness.

C. Brockimann: Encyclopaedia of Islam (t. 1, 60911).

IBN BUTLAN

Abu-I-Hasan al-Mukhtar ibn al-Hasan ibn Abdun ibteddsin ibn Butlan. Latin name: Elluchasem Elimither.
Flourished in Bagdad; died, probably in Antiochpinsoon after 1063. Christian physician. He wsyweoptic
tables of hygiene, dietetics, domestic medicinbedahe Tables of Health. He probably originatealtform of
synopsis, which was developed by ibn Jazla (ggecond half of eleventh century). Medical polemithvli ibn
Ridwan.

C. Brocklmann: Arabischen Litteratur (vol. 1, 48898).

ALI IBN ISA

Ali ibn Isa or Jesu Haly. flourished in Bagdad e fiirst half of the eleventh century. He is saidhave been a
christian. The most Famous Arabic oculist. His "Malt in three booksTadhkirat al-kahhalinis the oldest Arabic
work on ophthalmology of which the original textdempletely extant. It is based partly on anciemiedge,
partly on personal experience. It is at once vetgited and very comprehensive. The first bookgledth the
anatomy and physiology of the eye; the second thgtdiseases externally visible; the third withdad diseases,
dietetics, and general medicine from the oculistéamdpoint; 130 eye diseases are carefully destribE drugs
characterized.

J. Hirschberg: Die arabischen Lehrbucher der Augaiitunde (Abhd. der preuss. Ak. der Wiss., 11Bgxljn,
1905)
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The Time of Omar Khayyam
(Second Half Of Eleventh Century)

The most original creations of this time were midihe field of mathematics by Muslims, and the trargginal
genius among those to whom we owe these creatiaaghve Persian Omar Khayyam. It is thus very apatepto
call this time the Time of Omar Khayyam, as Omaalisady very well known to a large number of readk is
probable that his name is more familiar to thenmttieat of any other Muslim scientist. It will thbe relatively easy
to remember the title, and | trust that this remeanbe will reach to some extent the contents ofdhewing

pages. The time of Omar Khayyam was the end ofjtthden age of Muslim science.

A new Muslim sect, that of the Assassins, an offedtof the Ismailiya movement, originated in Caatwmout 1080.
They took possession of the fortress of Alamut,clviemained their main stronghold for a century amalf.
Alamut seems to have been also a center of learning

The Muslim philosopher who has obtained the larf@kiwing in the West, in fact the only one whashzecome at
all popular, is the persian poet and sufi Omar Kfaay. On the other hand, one of Omar's contemparale
Ghazzali, was the greatest theologian of Islamuitght be compared to Thomas Aquinas, to whom heimvasany



ways superior. Al-Ghazzali was also a Persian aedtspart of his life in Omar's native place, Nistna While
Omar Khayyam is the most popular fingure of medihdimes, al-Ghazzali is probably the noblest.

Muslim Mathematics and Astronomy

Important astronomical work was done at Cordova.Shid, aided by other Muslim and Jewish astroneymaade
a number of observations. These observations vee by al-Zargaili (Arzachel), for the compilatiohnew
tables, the so-called Toledan tables, which obth@mnsiderable authority in western Europe. Al-Adlrgnvented a
new kind of astrolabe and proved the movement®ttiar apogee; unfortunately, he confirmed thenermus
theory of the "trepidation™ of the equinoxes. Hibles were preceded, as usual, by an elaborabadmigetrical
introduction.

The philosopher al-Ghazzali wrote a treatise omtb&on and nature of stars and an astronomicahsany he had
some knowledge of magic squares. The Bagdadite Mota ibn Abd al-Bagi wrote a commentary on thehtent
book of Euclid.

The activity of Muslim geographers, which had bsernntense during the ninth and tenth centuriestesbduring
the present century. For the second half of thigurg two men will be recorded, one in the West thedother in
the East. The western one, al-Bakri, is of spagipbrtance, become the road-book which the compilate
traditional manner is the oldest one of its kin@ do a Spaniard. He also compiled a dictionarynafent (i.e.,
Arabian) geography. The Eastern one is also aaegsting personality. Nasir-I-Khusraw was an Idimai
missionary who, starting from Egypt, traveled extealy in the Near East and as far east as Pétsiavrote in
Persia an account of his travels, which is equadlyable from the geographical and from the histdrpoint of
view.

The contributions of Islam may seem small, but tiveye still of a very high quality.

In spite of Anselm, Psellos, and Constantine, itespf the Chanson de Roland, in spite of AlfasisRi, and
Nathan, Islam was still at the vanguard of humariityere was nowhere else in the world, in thosesday
philosopher who could at all compare with al-Ghéize@ither an astronomer like al-Zarqgali, neither
mathematician like Omar Khayyam. These men wetevering far above their contemporaries.

If we proceed to examine more carefully the intgli@l condition of Islam, we discover, in the fipbace, that some
of the most important contributions were due tosks; this was not novelty, but what is more stgrthey were
written in Persian.

Al-Ghazzali was the only Persian who wrote in Acalail-Hasan ibn al-Sabbah, Omar Khayyam, Nasir-lid€aw,
Zarrin Dast, Nidham al-Mulk, and Asadi wrote in §ian.

The city of the caliphs gave us still a numberaéstists but none of great distinction - MuhamriadAbd al-
Bagqi, Ibn Jazla (of Christian origin), Sa'id ibbdii Allah, al-Khatib al-Baghdadi, and al-MawardigTonly center
of intellectual progress in Islam was Spain, bethieyday of Cordova was already over. Indeed,etdven
scientists and scholars who make us think of theliuSpain of those days with gratitude, only oaa be
connected with Cordova, the geographer al-Bakri.

The greatest of them all, al-Zarqali, flourished'wledo, and so did the original historian Ibn &affusuf al-
Mutamin lived in Saragossa; Abu 'Umar ibn HajjaSeville. Ibn Sida, was born in Murcia and die@®ania.

But the development of astronomy by al-Zarqal ahalgebra by Omar Khayyam were definite steps fodwva

A great orientalist went so far as to say : "Therflo century is the turning-point in the historytbé spirit of
Islam™.

MUSLIM MATHEMATICS AND ASTRONOMY
AL-ZARQALI

In Latin : Arzachel. Abu Ishaq Ibrahim ibn YahyaNé&qqgash, the engraver. Better known as Ibn al-&ladgrom
Cordova, lived from ¢.1029 to ¢.1080. Astronomdre best observer of his time (observations datéd ,10080).
He invented an improved astrolabe called safihaph@ea Arzachelis); his description of it was tiaesl into
Latin, Hebrew, and many vernaculars. He was tlst tiir prove explicitly the motion of the solar apegwith
reference to the stars; according to his measuresniteaimounted to 12.04" per year (the real vakiad 11.8").

On the other hand, comparing his observation obtiiguity of the ecliptic with previous ones, hencluded that it
oscillated between 230 33' and 230 53', thus reeinip the erroneous belief in the "trepidationtlud equinoxes.



He edited the so-called Toledan Tables, planetdies based upon the observations made by himrabdigy
other Muslim and Jewish astronomers in Toledo (rigtton Sa'id).

These tables were translated into Latin by Gher&mmnonese and enjoyed much popularity. The trigetdcal
introduction Canones sive regulae tabularum astrononpiaas al- Zargali's own work; it explains the constion
of the trigonometrical tables.

YUSUF AL-MUTAMIN

Of the tribe of the Banu Hud; king of Saragossanftt081 to 1085. His father, Ahmed al-Mugtadir Billking
from 1046 to 1081, was also a student and a pafretudents. Hispano-Muslim mathematician and patifo
science.

He wrote a mathematical treatisstjikmal (Bringing to perfection), of which it was said tliashould be studied
together with Euclid, thélmagestand the "middle books."p

No copy of Yusuf's treatise is known; it is strartigat a work believed to be so important and wmitig a king
should be lost.

Stanley Lane Poolé&lohammedan Dynasti€26,1893)

H.Suter:Mathematiker(108,1900).

OMAR KHAYYAM

Abu-I-Fath 'Umar ibn Ibrahim al-khayyami - the taaker - Ghiyath al-din. Born in or near Nishabut@38 to
1048, died there in 1123-24.

Persian mathematician, astronomer, and poet. Otiee@freatest mathematicians of mediaeval timesAldiebra
contains geometric and algebraic solutions of equatof the second degree; an admirable classditatf
equations, including the cubic; a systematic attamgolve them all, and partial geometric solusiaf most of
them (he did not consider negative roots and liisréato use both branches or halves of a conisegunim to miss
sometimes one of the positive roots). His classiion of equations is very different from our ovtris based on the
complexity of the equations (the number of différeanms which they include).

Of course the higher the degree of an equatiomitre different terms, or combinations of termsait contain.
Thus Omar recognizes 13 different forms of cubicatipn. (The modern classification based primasipn the
degree dates only from the end of the sixteenthtlamdbeginning of the seventeenth century).

Binomial development when the exponent is a pasitiveger. Study of the postulates and generabitiéaiclid.

In 1074-75 the saljuqg sultan Malikshah, Jalal al-d&lled him to the new observatory of Ray (orH&kur, or
Isfahan?) to reform the old Persian calendar:

(30x12)d.+5d.=365 d. The latter had been tempgragplaced by the Muslim calendar after the congj@sar's
calendar was called al-ta'rikh al-Jalal.

Its era was the 10th Ramadan 471=16 March 1079¢eTdre many interpretations of Omar's reform anebith
corresponds a certain degree of accuracy, butyatza@, Omar's calendar was very accurate, probabhe so than
the Gregorian calendar.

The correct interpretation is probably one of tire¢ following, the second being the most probabtéem. |
guote for each, the authority, then the gist ofdhange, and finally the resulting error:

According to al-Shirazi (d.1449), 15 intercalaryslan 62 years; error, 1 day in about 3,770 years.

Moden interpretation, 8 intercalary days in 33 gearror, 1 day in about 5,000 years.

(The Gregorian calendar leads to an error of linl&330 years).

Methods for the determination of specific gravity.

It is impossible not to mention thuba'iyat(quatrains) of Omar Khayyam, which have becompeeslly since
159 (when Edward Fitzgerald published the firstahment of his English paraphrase), one of the rpopular
classics of the world literature. Omar Khayyam wesbably not a sufi, but rather an agnostic.

Comparisons of his thought with that of Lucretinsl ghat of Voltaire are suggestive but indaequate.

MUHAMMAD IBN' ABD AL-BAQI

Abu Bakr(?) Muhammad ibn 'Abd al-Baghdadi. Flougdtc. 1100.
Possibly the author of a commentary on the tentklod Euclid, which was very popular because ohiimerical



applications. It is entitled "Liber judei super @deam Euclidis" in the translation by Gherardo Cremese.

MUSLIM MEDICINE
IBN JAZIA

Abu 'ali Yahya ibn Isa Ibn Jazla. Latin forms: Beslg, Buhahylyha, Byngezla, etc.

Flourished in Bagdad, died in 1100. Christian ptigsi, who embraced Islam in 1074. His most impanteork is a
medical synopsis, wherein 44 tables of two pageh eantain the description and outline the treatréf52
diseases (8 in each table); it was probably modgbedh similar work of Ibn Butlan (q .v; first haif eleventh
century) and is called "Tables of the Bodies wébard to their constitutions” (Taqwim al-abdarafithir al-insa;
dispositio corporum de constitutions hominis). Hete for al-Muqgtadi (caliph from 1075 to 1094) dphabetical
list of simple and compound medicines called "Th#éay of Explanation as to that which Man UsesinMj al-
bayan fi ma yasta 'miluhu al-insan; methodica digpeorum, quibus homo uti solet).

SA'ID IBN HIBAT ALLAH

Abu-I-Hassan Sa'id ibn Hibat Allah ibn al-Hasarowished in Bagded under al-Mugtadi, caliph fronia.@o
1094, died in 1101-2. Physician and philosopher.

Author of a synopsis of medicinal-mughni fi tadbir al-amrad wa ma 'rifat al-'ilaal-a'rad (Sufficiens de cura
morborum et eognitione causarum et symptomarumpéadreatise on physiology and psychology called
"Discourse on the creation of MarMagala fi khalq al-insar{De constitutione hominis), dealing with such sals
as reproduction, gestation, parturition, growttcage survival of the soul, etc.

ZARRIN DAST

Abu Ruh Muhammad ibn Mansur ibn abi 'Abdallah ibandur al-Jamani (or al-Jurjani). Zarrin Dast mghes
Golden Hand, a good name for an eye surgeon.

Flourished under the Saljuq sultan Abu-I-Fath Msti&h ibon Muhammad, ruling from 1072-73 to 1092P&sian
oculist. He completed in 1087-88, a very comprelverasnd very remarkable treatise on ophthalmolagitled
"The Light of the Eyes"Nur al-ayun) (in Persian).

Hirschberg:Geschichte der Augenheilkunde bei den Aral§grhsq., Leipzig, 1905).

Adolf Fonahn:Quellenkunde der persischen Medig@8-41, 1910. Includes summary of the treatisegtiaipon
Hirschberg).
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Timeline of Islamic Scientists (700-1400)

This chart depicts the lifes of key Islamic Sciensits and related writers, from
the 8th to the end of the 13th century. By placingach writer in a historical
context, this will help us understand the influence and borrowing of ideas.

7 O (died) - Khalid Ibn Yazeed - Alchemy

721 Jabir Ibn Haiyan (Geber) - (Great Muslim Alchemist)



740 Al-Asmai - (Zoology, Botany, Animal Husbandry)

780 Al-Khwarizmi (Algorizm) - (Mathematics, Astronomy)

787 Al Balkhi, Ja'Far Ibn Muhammas (Albumasar) - Astronomy, Fortune-telling
796(died) - Al-Fazari,Ibrahim Ibn Habeeb - Astronomy, Translation

800- 1bn 1shag Al-Kindi - (Alkindus) - (Philosophy, Physics, Optics)

808 Hunain Ibn Is'haqg - Medicine, Translator

815 Al-Dinawari, Abu-Hanifa Ahmed Ibn Dawood - Mathematics, Linguistics
836 Thabit Ibn Qurrah (Thebit) - (Astronomy, Mechani cs)

838 Ali Ibn Rabban Al-Tabari - (Medicine, Mathematics)

852 Al Battani ABU abdillah (Albategni) - Mathematics, Astronomy, Engineering
857 Ibn MasawaihYou'hanna - Medicine

858 Al-Battani (Albategnius) - (Astronomy, mathematts)

860 Al-Farghani (Al-Fraganus) - (Astronomy,Civil Engineering)

884 Al-Razi (Rhazes) - (Medicine,Ophthalmology, Chermatry)

870 Al-Farabi (Al-Pharabius) - (Sociology, Logic, Sience, Music)

900 (died) - Abu Hamed Al-ustrulabi - Astronomy

903 Al-Sufi (Azophi - ( Astronomy)

908 Thabit Ibn Qurrah - Medicine, Engineering

91 2 died) - Al-Tamimi Muhammad Ibn Amyal (Attmimi) - Alchemy

92 3died) - Al-Nirizi, AlFadl Ibn Ahmed (wronge Altib rizi) - Mathematics, Astronomy
930 Ibn Miskawayh, Ahmed Abuali - Medicine, Alchemy

932 Ahmed Al-Tabari - Medicine

9 36- Abu Al-Qasim Al-zahravi (Albucasis) - (Surgery,Medicine)

940 Muhammad Al-Buzjani - (Mathematics, Astronomy, Geometry)

950 Al Majrett'ti Abu-alQasim - Astronomy, Alchemy, Mathematics

960 (died) - Ibn Wahshiyh, Abu Baker - Alchemy, Botany

965 Ibn Al-Haitham (Alhazen) - Physics, Optics, Mathenatics)

973 Abu Raihan Al-Biruni - (Astronomy, Mathematics)

97 6- 1bn Abil Ashath - Medicine

980 Ibn Sina (Avicenna) - (Medicine, Philosophy, Mdiematics)

983 - Ikhwan A-Safa (Assafa) - (Group of Muslim Scientts)



1019. Al-Hasib Alkarji - Mathematics

102 9 Al-Zarqali (Arzachel) - Astronomy (Invented Astrolabe)
1044 Omar Al-Khayyam - (Mathematics, Poetry)

1060. (died) Al 1bn Ridwan Abu'Hassan Ali - Medicine

107 /- 1on Abi-sadia Abul Qasim - Medicine

1090— Ibn Zuhr (Avenzoar) - Surgery, Medicine

1095— Ibn Bajah, Mohammed Ibn Yahya

1097 Ibn Al-Baitar Diauddin (Bitar) - Botany, Medicin e, Pharmacology
1099 Al-Idrisi (Dreses) - Geography, World Map (First Globe)
109 1— Ibn Zuhr (Avenzoar) - ( Surgery, Medicine)

1095— Ibn Bajah, Mohammad Ibn Yahya (Avenpace) - Philsophy, Medicine
1099 Al-Idrisi (Dreses) - (Geography -World Map, First Globe)
1100— Ibn Tufayl Al-Qaysi - Philosophy, Medicine

1120— (died) - Al-Tuhra-ee, Al-Husain Ibn Ali - Alchemy, Poem
1128 Ibn Rushd (Averroe's) - Philosophy, Medicine

1135— Ibn Maymun, Musa (Maimonides) - Medicine, Philophy
1140 Al-Badee Al-Ustralabi - Astronomy, Mathematics
1155(died) - Abdel-al Rahman AlKhazin - Astronomy

1162 Al Baghdadi, Abdellateef Muwaffaqg - Medicine, Gegraphy
1165— Ibn A-Rumiyyah Abul’Abbas (Annabati) - Botany

1173 Rasheed AlDeen Al-Suri - Botany

1184 Al-Tifashi, Shihabud-Deen (Attifashi) - Metallurgy, Stones
120 1 Nasir Al-Din Al-Tusi - (Astronomy, Non-Euclidean Geometry)
1203 ibn Abi-Usaibi'ah, Muwaffag Al-Din - Medicine

1204 died) - A-Bitruji (Alpetragius) - (Astronomy)

1213 Ibn Al-Nafis Damishqui - (Anatomy)

1236 Kutb Aldeen Al-Shirazi - Astronomy, Geography
1248(died) - Ibn Al-Baitar - ( Pharmacy, Botany)

1258 Ibn Al-Banna (Al Murrakishi), Azdi - Medicine, M athematics
1262(died) - Al-Hassan Al-Murarakishi - Mathematics, Astronomy, Geography
127 3. Al-Fida (Abdulfeda) - ( Astronomy, Geography)



1306— Ibn Al-Shater Al Dimashgi - Astronomy, Mathematics
1320(died) - Al Farisi Kamalud-deen Abul-Hassan - Astonomy, Physics
134 1died) - Al-Jildaki, Muhammad Ibn Aidamer - Alchemy

1351 Ibn Al-Majdi, Abu Abbas Ibn Tanbugha - Mathematics, Astronomy
1359 Ibn Al-Magdi,Shihab-Udden Ibn Tanbugha - Mathematic, Astronomy



