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GLOSSARY OF TERMS

i (mugla). 1, I1, III, the eyeball.

¢ (milh). I, I1, 111, salt.

gl c\a (milk daranz). 111, Darani, or An-|
darani, salt (obtained by the evap- \

oration of sea water).

Ol 4l (malihar). 1, salty foods.

Cﬂ s (mawalik). I,
note 21.

salted nuts;

i
see !

okl (imeila@’). I1,TII, congestion; rep-

letion.

@+ (man?). II, semen.

Jur ¢ Jiol (mil, pl. amyal). I, II, TII, a |

probe, style.

Cgs (mihatt). III, a needle for couch-!

ing a cataract.

32 £ (nubds mubrag).I, 111, burnt copper,

o u‘@ (nuhas qubrus). 11, pure copper.

ambergris, musk, aloes, and cam-

phor.

i
I
|
& (nadd). II, a perfume made of [
|

R Y

187

(nazalat). 1I, discharges,rheums,
catarrh; also congestion.

sl (nawdzil). II, catarrh, discharges,

sl
Jlass!
3=

P

5li s
wda ¢ H)‘-\h‘
6}

suls

20

3

rheums.

(nasha’). I, I1, starch.

(intisal). I1I, extraction, removal
(nufidh). 11, cavity [of the orbit
of the eye].

(tangiya). I, II, III, cleansing;
washing

(niishadir). 111, sal ammoniac.
(hudub, pl. ahdab). II, eyelash.
(waja®). I, II, pain.

(wdrid). I, the onset [of a disease
or condition].

(ward). 11, I1I, rose [petals).

(warda). I, ‘rose-leaf’, a surgi-
cal instrument; see note 32.

(;::” 3, (waraq al-tin). I, fig leaves.
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EMILIE SAVAGE-SMITH

(kamara). 11, the glans penis.
(kammiin). 1, II, 111, cumin.
(kundur). III, frankincense.
(kundus). II, probably a type of
sneezeweed, 6r possibly a kind of
soapwort or white hellebore; see
note 73.

(kawamikh). 1, (Persian) a kind
of condiment or seasoning, ac-
cording to some, prepared with

vinegar.
(kahraba’). 1, yellow amber.

{lubb al-khiyar). I, pith of a cucum-
ber or squash; see note 19.
(laban). II, milk.

(laban jariya). II, the milk of a
young woman or wet nurse; see
note 74.

(lahaz). II, the outer angle of the
eye.

(lubiim). 11, III, meats.
(multahi and ltahim). 1I,
III, the conjunctiva.

(lahmat al-mu’q). I1, 111, flesh in
the [inner] corner of the eye.
(luzgm). 1III, tenacity, adhe-
siveness.

(iltisag). 11, 111, adhesion.

(taltif al-ghidha’). II, regulation ‘

of food; regimen.

(milaqat al-mil). I, scoop of a J
\
|

style or probe.

(lagt). II, excision.

(labiya). 11, (Greek) a type of
legume.

(ma’ al-gs). I, extract of myr-
tle; myrtle-water.

(ma’ al-rumman al-hamid). III,
juice of sour pomegranate.

(ma@’ al-sha®ir). I, barley water.
(ma’ al-summaq  al-mangi®). II,
juice of macerated sumac.

(ma’ al-marzanjish). 11, extract
of marjoram.

(ma® al-matar). I, rain water.

sl 3 cg:SL

et Sl
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(ma‘q and mu’q, pl. md’gin). I,
II, III, the corner of the eye (can-
thus), either the inner or outer.
(al-ma’q al-asghar). 1, 11, the small-
er (outer) corner of the eye.
(al-mu’q al-a®zam). 1, 11, the larg-
er (inner) corner of the eye.
(al-ma’q al-akbar). 1, II,the larg-
er (inner) corner of the eye.
(marqashisha). I1, marcasite; iron
pyrite; also spelled margashita.
(mubk al-bayd al-nimarasht). 1,
yolk of a boiled egg.

(madda, pl. mawadd). I, II, III,
substance, matter, discharge;
also disease-matter; see note 14.
(murr). I, 11, myrrh.

(mardrat al-baqar). 1II, gall of
oxen.

(mararat al-tays or al-tuyis).

I, goat’s gall.

(marardt al-ma‘“ez). 111, buck gall,
(marzanjish). 11, sweet marjoram.
(marad, pl. amrad). 1, 11, disease.
(marad hadd). I, an acute disease.

(marad muzmin). I, a chronic,
long-lasting disease.

(amrad mu‘diya). II, transmis-
sible diseases.

(amrad maddiya). 1I,
characterized by an abundance of
dischaiges and humors; see note 46
(amrad imtila’tya). 1I, diseases
characterized by congestion, re-
pletion, and defluxion; see note 46.

diseases

(maradiya). 1I, diseased; unna-
tural, not part of the normal,
healthy state.

(marqashita). I, marcasite; iron
pyrite also spelled margashisha.
(mizdj). I, 111, temperament.

(misk). II, musk.
(mishmish). I, apricot.
(maghara). III, red clay.
(maghnatis). II, ITI, magnet.
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e (Cutas). 11, sneezing.

Lias (muCaffina). II1, caustic [drugs].

Jl (al-<alil). II1, the patient. ;

G:la3 (ta®lig). II, III the raising up of '
the membrane of pannus or |

pterygium by means of small '
hooks.

e (Cunndb). I, fruit of the jujube |
tree (thamnus zizyphus).
¢ (“anbar). 11, ambergris.
% (ghardghir). 11, gargles.
#sLié (ghisha’). II, III, membrane.

1

i 4lie (ghishawa). 11, covering, veil, mem-‘

brane.
iJlt (ghdliba). II, black nightshade,
u wild species of solanum nigrum.
akle (ghilza). roughness, scaliness.
Alall ey 435 (taghwis al-saninir). 1L, insertion
of the tenacula [into pannus].
-l (fatahat). 11, ‘openers’. surgical
instruments for keeping open the
eye.
t\,ﬁ:«‘ (istifragh). I, 11, purging; elimina-
tion by inducing vomiting.
aoab (fagd). 1, I1, bleeding, phlebotomy.
Jgadd (fuddl). TI, III, superfluities [of
the eye]; discharges.
Jud ¢ JWsl (£, pl. af%al). 11, function.
il | (il al-fabi®a). II, the function
of nature.

4§ B (fakiha). 1, fruit, sweetmeat.

g padl
} S el 23

il e IS (akohal

J&b (filfil). I, pepper.
si3 (githth@’). I, a variety of cushaw
or melon, see note 19.

& * (qurih). I, ulcers; ulceration.
¢/ (taqarrub). 1, ulceration.
i~ s (mugarrifa). I, ulcer-producing.
oo i (migrad). I, scissors.

¢ A (gar). L, a variety of squash, vege-

table marrow or pumpkin; see
note 19.

< Al (garni). 11, III, the cornea. !

185

(qishr al-bayd al-tari). II, shell of
a fresh egg.

(qushiir asl al-kabar). 11, bark of
the caper-bush root.

bl 5535 (qushir al-nubds).1, scales of copper
5 podl 2l (gasab al-dharira). I1, sweet rush.
d:; (qat®). 1T, III, excision.
aala # (gat® al-qulfa). TI, cutting of
the foreskin, circumcision.
b3 (quina). II, « piece of cotton.
ks (qugn). I, cotton.
ol a8 (qatr al-ain). I1, the orbit of the

eye.
als (qulfa). II, the foreskin.
uAdl3 (qalgadis). 111, green vitriol.
ceili (galgant). TII, white vitriol.
ool (gamadin). 1, scalpel; see note 32.
4 445 (taqwiya). I, II, measures which
strengthen.
i 43 (quwwa). II, faculty.
Jlis (gifal). I, cephalic vein.
ols” (kattan). 1, 11, linen, flax.
,3{ (kabar). I, caper, a prickly
Mediterranean bush.

J,S ¢ STt (kuhl, pl. akhal). I, 11, I1I, a type
of compound ocular remedy.

O silll Sl (al-kubl albdsiliqiny. I, I, TII,

the Basiliqiin (Royal) Kuhl.
jalli’a  muhallila). 11,
cleansing and resolving Kuhls.
@b J=SI (al-kukl al-ramadi). 11, the Ash-
Colored Kuhl.
Ll N JoSl (al-kubl al-rishnaya). I, 11, 111,
the Riashnaya Kuhl; see note 27.
2N Sl (al-kubl al-aghbar). 1, II, III,
the Griy Kuhl.
STt (iktikal). 1, T, II1, annointment
of the eye with a Kuhl.
<3S (kurunb). 11, cabbage.
155" (kasht). 111, ablation, skinning
(used for the removal of pterygium)
J;K‘ (iklil). 11, ‘crown’, the limbus of
the cornea; see note 61.
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;j)?l’ S (sukkar tabarzad). I, tabarzad | Sledl ULl (ashydf al-summdg). 11, the su-

sugar; see note 30. : mac Shiyaf.

Fegeal 055 (sukiin al-hurga). 1I, quiescence (Oladeile o VI s L2 (shiydf al-istiftigdn). 11, the styp-
of inflammation. tic Shiyaf; see note 72.

& S oSS (taskin al-waja®). 11, the stop- O (al-ashydf al-tarkhamdtigin). 1,

ping of pain, the assuaging of pain! O yables Ml 111, the Trachoma Shiyaf.
é" (p";lljh::’el);nog};.uy a thin scal- C’lj (shiraj). 11, (Persian) sesame seeds.

rL- (masdamm). I, pores. o~ (sabr). 1L, aloe.

Glowew (simhdg or sumhdg). IX, pericra- ot (sudgh). 11, the temple.

nium; integument. ol 3 ie (sufra al-bayd). 1,11, 111, egg yolk.
Slew (summdg). II. sumac. dclll Sl (sifdq al-multahima). 11, tunic of
e (samak). 11, fish. the conjunctiva.
Slow (samk). III, thickness of [ptery- ' é“’ (samagh). I, 11, II1, gum.
gium]. 35k ¢ il (sunndra, pl. sandnir). 1L, III, a
Gew (siman). II, fatness, obesity. small hook, tenaculum.

St C\)" s (say’ mizdj al-ain). III, imbalan- ©b ~ (darabdn). II, throbbing pain.
ced temperament of the eye; dab (tabi®a). I, nature.

dyscrasia. 2
yserasy i ¢ Lf-:gL (tabiiya and [a.bl"i). II, natu-

ral, normal, healthy.
gtz (§98) <L, Hieorice (glycyrrhiza): (gl 8 g (bikhdrij “an al-{abi®i). 1L, unnatu-

‘é‘,‘a_,u (sawdawiyy). III, melancholic.

O (sayldn). II, weeping discharge; ral, abnormal.
flowing of tears. ‘;«-L & (ghayr tabi®t). 1T, unnatural, ab-
@3V (shddinij). I, haematite. normal.
I T <
gmis gisls (shidinij maghsdl). 1, washed hae- | < Uik (tabagdt). 11, layers [of the pannus]
matite.

! i:4ki (tatfiya). I, anti-imflammatory
0L (shirydn). II, artery. } measures or procedures.
4 (sha®r). I, eyelashes. ‘ i:das (mutaffiya). I, quenching; anti-in-
R (sha'r z@'id). 1 . i flammatory.
S5 ad (sha®r zd%id). 1, excessive eye- v i ;
lashes, trichiasis. i ° (%afum). II, III, (literally, pel-
licle) pterygium.

L3l (ishtimdm). II, the inhali
¢ (ishtimam), e inhaling [of! ok (adas). 11, lentils.

a medicine].

SLE ¢ OLal (shiyaf and ashyaf). I, II, 111, a Juda3 (ta®dil). 1, restorative measures.
type of collyrium. slael (i%dd’). II, transmission, spread-
w1 SLA (al-shiyaf al-akmar al-hddd). 1, the | ing [of a disease].
St Acrid Red shiyaf. | Wl (31 oYl (al-arad al-ldzima). 11, the con-
oMl VLN (al-shiydf al-ahmar al-layyin). 1, diti;ms followiog: . dissaces 2
the Mild Red Shiyaf. . (Taehn
SNV SULEY (al-ashydf al-akhdar). 1, II, the | 22 guruq). 1 Hy, ULy Dot gesscly
Green Shiyaf. ‘ 1:1 general; veins [of canthi].
g BLE (shiydf al-dirij). T1, the Shiyaf e Casal). T, 111, honey.
‘in current use’; see note 70. 42 (“asabiya). TII, nervous [pm-ts];
O35 56l OLl (al-shiydf al-dindrkhin). 111, the | see note 77.

Dindrkhiin Shiyaf; see note 80. ‘ 342 (“udw). 11, any part of the body.
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GLOSSARY OF TERMS

(mihakk). I, a scraper.

(tahlil). I, resolution; power to
alleviate, resolve, dissolve.
(tallallul). II, III, resolution, dis- 1
solution.

(muhallila). II, III, resolving [mo-
tion; kuhls].

(lzala‘wa'z). I, sweetmeats, sweet da-
tes, sweet fruits.

(hammadm). 11, 111, steam bath.
(humra). 1, II, inflammation; :
reddnes. )
(hdla). 1I, state, condition [of l
the eye]. 1
(al-mukhaddira). II, narcotics, ‘
soporifics. I
(khushkrisha). I, (Persian) the
crust or dry scab of a wound.

(khushiina). I, crustiness, rough-
ness.
(khall). 11, vinegar. i

(khamr). 111, wine.

5 (tadkhin). I, corruption of [mat-

ter, madda].

(durir fi al-uriq). II, engorge-
ment and congestion of blood
vessels.

(dam‘a). 11, lachrymation.

(dimdgh, pl. admigha). II, brain.
(duhn). 1, II, III, oil, oilment;
see note 33.

(duhn habb al-qutn). III, duhn
of cotton seed.

(duhn al-gar®). I1I, duhn of squash

(dukn al-ward). 1, 111, duhn (oil)l
of rose. )
(duhn al-ward al-muttakhadh min '
al-shiraj). II, duhn of rose ta-
ken from sesame seeds; see note 65
(tadhin al-rd’s). I, the annoin- |
ting of the head.

(dawd’, pl. adwiya). II, III a |
drug, compound remedy, medi- |
cament. |
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(dawd’ al-maghnadtis). II, the me-
dicament made from magnet.
(dharir). 111, ‘powder’, a subclass
of kuhl, a compound ocular remedy
(mar’iydt). 111, vision, viewing.
(rijla). 1, garden purslain.
(radd’a). 1, detrimental nature,
bad quality.

(rutiba, pl. rutibar). I, II, hu-
mor, moisture.

(tartib). I, cooling measures or
procedures.

(irtifa® “an). 1, detachment [of
a membrane].

(reqaba). 111, neck.

(ramad). 1, II, ophthalmia.
(ramdd waraq al-ds). 1II, ashes
of myrtle leaves.

(rumman). III, pomegranate.
(rawd’ih “atira). II, aromatic per-
fumes

(risha). III, a thin feather or
quill used in removal of pterygium.
(rig). I, 11, 111, saliva.

(zabad al-balbr). 1, cuttlefish
‘bone’; pumice, coral; see note 31.
(za‘fardn). 1, 11, 111, saffron.
(muzmin). 1, chronic, long-lasting.
(zinjar). I, III, verdigris, oxide
of copper or iron.

(mazawir). 1, a variant of mazd-
wir, any gruel or broth, usually
given the sick person; see note 20.
(ziydda ‘“asabiya). III, nervous
excrescence; see note 77.

(sabal). II, III, ‘rain’, trachoma-
tous pannus.

(sukhina). 1, fever.

(sa°dtar). II,
sternutatories.
(tasa““ut). 11, snuffing, to take
(a medicine) as snuff.

(sukkar Sulayman?). II, Sulay-
mani sugar; see note 30.

snuff-medicines,
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[The Roman numerals I, II, III refer to the sections on trachoma, pannus, and pterygium
respectively].
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(ablEj). I, a sugar loaf; see note 30.

rle!

(ithmid). I, stibnite, a native trisul- EEPY]
p-ITi.(ze of antimony. Ja
(ijjds). 1, a plum or pear. [ o
(@s). 11, II1, myrtle. ) {Jj
(isfid-bdj). I, (Persian) a dish made o
of meat, onions, butter, cheese, etc., g
or sometimes simply of bread and .
milk; see note 22. i Y%
(“st, pl. usat). II, physician.
(ushshaq). 111, gum ammoniac. | Caid
(asl al-siis). 111, licorice (glycyrrhiza) ‘
root. ‘ <
(ifttmiin). I, thymeweed. !
(iglimiyd). 1, cadmia, calamine, zinc i ¢ Olir |
ore; scoria. » D>
(alam). 1, pain, irritation. |
(anzarit). 11, sarcocol, gum resin of
Persian shrub.
R i
(anf). II, the nose. 2
(bathriya). 1, resembling a pimple o
or pustule. -
(barada). 11, a coolant; synonymous [isl> ¢ sl>
i ad?
with barid? e
(bariad). II, a ‘coolant’, a subclass
of kull, a type of collyrium. P
(barid hindi). II, Indian Coolant,
a type of collyrium; see note 71. e
(al-mubarriddt). II, coolants, herbs ol o~
or drugs that cool. |
(tabrid.). I, II, a cooling property; S
a cooling procedure. .
(absdr, basar). 11, vision, sight. e J—”
(basal). II, onion.
(bdgilld). 11, broad beans. ddnas
(bugil hddda). 1, pungent vegetables. -
(balgham). 1, 111, phlegm. &
(banafsaj). I, (Persian) violet. I -

(ibhdm). II, thumb.

(bawragiya). I, nitrous.

(bawl). II, urine.

(thawr). 1, pustule.

(théim.) 11, garlic.

(jarab). 1, trachoma (lit. scabies);
scabbing, itch, mange.

(mujarriba). I, trachomagenic [me-

dicaments]; substances causing tra-
choma.

(tajfif). I, drying property; drying
procedure.

(mujaffifat). 1, substances which are
drying or dessicative.

(jafn, pl. ajfén). 1, 1, 111, eyelid.

(jalla’). III, a cleansing or purging
power; also an ability to brighten
and polish; an attribute of drugs
and in particular certain kuhls.

(jild). II, skin.

(hujub). II, tunics.

(hidda). I, acridness [of a collyrium].
(hddda, hadd). 1, 11, III, acrid.
(hadid). 111, a surgical knife (a general
term).

(hadaga). ITI, the pupil of the eye.
(harr). 1, feverish [blood].

(hardra). II, inflammation.

(iktirdq). I, inflammation.
(muhtaraq). I, fevered [blood].

(harake muhallile). III, movement
which resolves or dissolves [the
superfluities of the eye].

(hasafiya). I, resembling dry mange.
(hudad). 11, lycium.

(hakk). I, rubbing, scraping.

(hikka). 1, II, itching; blepharitis.



ol

-~

e ! N-—-——'l < "'L"“‘"M‘A' 155
. e e g
Rae s

. N A e v

xl o s

e = e e e
2 a.-‘:g 3! ‘“L‘ fa Cia :‘j.‘ S Pt “!f;\a\.'m,va,_! BAsmy
= e £ ,& Mo b ‘ s
;u ‘kbt“)“’ S P el G

$ 7 2

& L = i rey e il el
Fig. 5 Paris, Bibliothéque Nationale arabe MS 1043, fol. 43a Ophthalmological surgical instruments
from the Kitab al-kdfi fi al-kuhl, written between 1266 and 1275 A.D. by Khalifa ibn Abl al-

Mahisin al-Halabi.



g Lo e

‘ ’A.M»t, :"&%QM ! rebon h:;me‘itks,.uf b
mA T gl O T Wit T 0

b RN S L B Lx;p_.,_yﬂt” "y

Yig. 4 Paris, Bibliothéque Nationale arabe MS 1043, fol. 42b OphthalmOIOgi;:ai(vs;lrgical instruments
from the Kitdb al-kafi fi al-kuhl, written between 1266 and 1275 A.D. by Khalifa ibn Abi al-
Mahisin al-Halabi.



e

WL e .
P:pf‘u'_,’f"}g\ & P s TS

B e e

LSD"’JﬂMJA k_'i \L: - _)‘/(7 d"}-
Y 5.3&3@ &35’“1_5 AU T sl
MM'L& $,JU,JM '.;TL_?,VL_JA

\S -—-35*-*3.9"‘&6\‘ &’“ 0-‘*‘ s
)

el als 2 $aT S
AL oA %\eunum_esm,ymsmm
Mﬁr,'é)_,s,a::‘iﬂ‘:ﬁ\b_',a\a)g}q}l: OLUk\Ses
(VA ERCPURN né,c.‘,st.n:'.c&k‘:‘\:a)&lb
J)‘-;uuxshyutg‘y\,\vfd;; AL
"31-7"':‘ NS Lelly Eytaits g AN .G‘-'V
g.._fuuig_;,rahun..a,JA ¢ﬂ*é¢°b/_
L 8)})';3)\‘“0#&”@‘0‘,&(‘

- plbes ut’-”,$’ \tbﬂ'(é\s &‘Md\.ﬁ)‘"_,l'
) e o &7 Uy 3 feLialiojm g U et
M}’k{\&‘ L«A)'c‘u)‘)yd\ng:)’ Z\2M 5y

2-“&-9:,.&\..44(3\:)‘%\\:\3}4,1‘
2= )Jg“\.’\—\\.}\&’\JV\JdT&,M)W\N
-:,;w«;u f oy u.u,\wuw,;r >
-.J\.,‘.‘.i,*e\).‘.:ahfé-u W‘.ﬁi :
%% 25 % —J\'w GlY St ot

P g NS Lg\,,,,.; 3310559 —Idg\t
iy

Fig. 3 Bibliotheca Vaticana, Sbath MS 17, fol. 1b Kitab al-muhadhdhab f7 hikma al-“ain by Ibn al-Nafis.



| J@q,.z.. e f"(eu’szf wzvao)ﬁa@
. Z‘b be@! ,‘n&;z’ L’)ﬂ{yﬂ%&l‘au’w
‘ a.»w’%wm%hf

ffé’wj%»w v Pl
I},J,wb,,., W b(w!’.,,u J,,;twjg

- w)w).:%iﬂ
E&.Lﬂwawvw
:w lobpmels e ln N e
PN

o Ul 1A, ?J".,Lué.

Fig. 2 Bibliotheca Vaticana Arab. MS 307, fol. 186a The last folio of the Kitab al-muhadhdhab f7 ! 7 ibb
al-“ain by Ibn al-Nafis. 8 o



C nevocceNALe

Fig. 1 Bibliotheca Vaticana Arab. MS 307, fol. la. Kitab al-muhadhdhab f7 tibb al-“ain by Ibn al-Nafis.



176 EMILIE SAVAGE-SMITH

along the membrane, and is extirpated as far as possible, for the pterygium
will grow back from any that remains, except, indeed, for the part along the
cornea, for its supplies are cut off®® and medication apnihilates it.

‘When the excision (ga®) is finished, and a sufficient amount of blood drawn
up, there is dropped into the eye saliva from chewed cumin and salt, and then
egg yolk with duhn of rose. The eye is dressed with that and is bandaged,
accompanied by a large amount of movement so as to prevent adhesion. Then
the oil (dukn) of rose and egg yolk is repeated for three days. After that it is
then treated with one of the drugs we mentioned first, in order to destroy the
vestiges of the pterygium on the cornea or the conjunctiva, whose removal
was difficult. And of course there should be abandonment of meats for several
days after the excision, and cleansing of the body and head before it.

88. The idea apparently is that the portion of pterygium along the cornea, if the rest is extirpated,
is cut off from the point of origin of the pterygium and hence from its source of nourishment and
growth. The observation was apparently made quite early that the recurrence of pterygium is quite
usual, for it was mentioned by the 6th-century Byzantine physician Aétius (J. Hirschberg, Die Augen-
heilkunde des Aétius aus Amida, Griechische und Deutsch (Leipzig: Viet, 1899) p. 151). This recurrence
defies all medical techniques known today (see P. D. Trevor-Roper, The Eye, op. cit., p. 461).
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which has been pulverized and again pulverized along with oil (duhn) of squash
or oil (duhn) of cotton-seed; and likewise frankincense pulverized and placed
in hot water for an hour; and the annointment with licorice root is gratifying.

It is fitting that the use of these drugs follow the steam bath or bending
down over steam until the face is red and the subsequent use of probes of the
Gray [Kuhl]; but that is not called for in the case of the imbalanced tempera-
ment [dyskrasia] of the eye.®* But quite definitely there should be cleansing
of the body and head first.

When the pterygium is thick there should definitely be stripping (kashs).
The procedure is that the patient is laid on his back and his eye is opened as
we have described for pannus. The pterygium is raised with one hook or several
hooks and is undercut laterally as far as the head of a couching needle®* or
mislakh® or a thin feather®® can penetrate. By this means the pterygium is
stripped away from the conjunctiva and cornea, if it does not adhere too
strongly. So then it is cut; and when the corner of the eye is reached, it is cut
crosswise. Care must be taken to avoid cutting any flesh [in the corner of the
eye]. The pterygium is distinguishable from the flesh [in the corner of the eye]
by the fact that it is hard and of a different color from the flesh.

If the stripping is not easy, it is removed with the knife,*” with care,

and use of Chinese porcelain, see Paul Kahle, ‘‘Chinese Porcelain in the Lands of Islam’’ in P. Kahle,
Opera Minora (Leiden: Brill, 1956) pp. 326-361. Kahle does not mention this use of Chinese porcelain
by Ibn Sina.

Ibn al-Nafis, by omitting the reference to Chinese porcelain, either felt that to be an unnecessary
stipulation or found such porcelain to be a rather scarce commodity in 13th-century Egypt. Although
Chinese porcelain is known to have been plentiful in 11th-century Egypt, there is little evidence of
Chinese porcelain from Mamluk Egypt. It has generally been assumed that the porcelain was taken
as booty by Sultan Salim in 1517 and after. Perhaps this omission by Ibn al-Nafis points to a scarcity
of the product more than 200 years earlier.

83. When the blood, phlegm, yellow bile, and black bile are equally mixed, the state of the part
or body is called i“tiddl al-mizdj ‘the equilibrium of the temperament’ or eukrasia. When there is an
imbalance, or dyskrasia, the body is diseased. The Arabic for the latter is usually written as si’ al-
mizdj, but hereit is written as say’ mizdj.

84. mihatt. For an illustration of the standard needle used for couching a cataract, see Fig. 5, the
middle row, third instrument from the right.

85. See note 60 above for this instrument.

86. A thin feather or quill (risha) was frequently referred to by early Islamic physicians when
describing the removal of pterygium or pannus. For example, the 10th-century °Ali ibn al-“Abbis
al-Majiist defines a quill (r7sha) as a feather (rish) from a dove (hamam) which is smooth at the tip.
Al-Majiisi goes on to suggest, as did later Ibn Sina, as an alternative to the quill the use of a sharp
needle threaded with a hair from some beast of burden (dawabb). In this procedure ‘‘you are to insert
the needle under the pterygium near one corner and pass it out at the other corner. Then you leave
the needle and using your hands pass the hair along under the pterygium to the area of the pupil and
excise the pterygium with it and trim it from the eye’’ (al-Majusi, Kitab kamil f7 al-sina“a (Cairo:
Billaq, 1294/1877) Vol. II, p. 475). This procedure was not followed by Ibn al-Nafls, even though it
had been advocated by Ibn Sina as well as al-Majiisi.

87. hadid, a general term for a knife; no specific surgical instrument is referred to here.
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burnt copper, green vitriol and goat’s gall in equal parts. Also green vitriol
and Andarani salt, one part each, and !/, part gum, mixed with wine. Or burnt
copper, green vitriol, caper root bark, sal ammoniac and gall of goats or oxen
with honey; or similarly buck gall with honey. Or magnet, verdigris, red clay,
and gum ammoniac, one part each, and !/, part saffron; and one dgiya of
that is worked into two qutals of honey.

There is also the annointment of the eye with white vitriol and sal ammoni-
ac, and also rubbing the pterygium several times during the day with a pot-
sherd from a glazed bowl which has had the finish (taghdir) rubbed off** and

the primary characteristic of the Shiyaf. Because Ibn al-Nafis did not give a recipe for such a Shiyaf
in his chapter dealing with compound remedies, as he did for all other compound remedies mentioned
by name in these chapters, I have emended the text slightly to make it clearer that the following recipes
are various versions of the Dinarkhdin Shiyaf. However, since none of the recipes contain the hallmark
of Dinarkhiin (according to al-Rizi), they might be interpreted as recipes for a nameless Shiyaf, in
which case Ibn al-Nafis simply omitted altogether the recipe for the Dinarkhin.

The spelling of the name as Dinarkhiin or Dinarjiin seems preferable to my earlier reading of it
as Diyarkhimn, although the latter interpretation does possibly allow it to be a transliteration of the
Greek diarkhon meaning sufficient or long-lasting (see E. Savage-Smith, ‘‘Drug Therapy”, op. cit.,
p- 109).

81. Note that gum ammoniac (ushshag) constitutes a correction of my previous reading of ‘starch’
(nashad’); see E. Savage-Smith, ¢ “Drug Therapy’’, op. cit., p. 105. For a discussion of gum ammoniac
in medieval Islamic medicine see M. Meyerhof, ‘“Un glossaire ... Maimonide’’, op. cit., no. 124.

82. Al-Rizi, citing the Syrian Ibn Saribiyiin as a source, presents the following procedure: *‘For
pterygium, taken from among the tested [recipes], and it is one of the acrid ones; you take the pith
of the cotton seed and produce from it an oil (duhn). Then take glazed pottery (khazaf ghadar) and
rub off the glaze and pulverize the remains and crush it into a fine powder. Then crush [it] with that
duhn and rub the pterygium with it many times during the day until it thins, God willing”’. (al-Razi,
al-Hawt, op. cit., p. 139, reading ghadar, a green slip or glaze, instead of gadar).

‘When Ibn Sina repeats this recipe he says: ‘‘One takes a potsherd (khazaf) of a Chinese bowl(ghada’ir
sin7) and rubs off the finish (taghdir, glaze, slip) and crushes it into a fine powder. After that he
blends it with oil (duhn) of cotton seed and crushes the two together. Then he inserts a probe into the
skin [surface of the mixture?] and takes the drug with it [the probe] and rubs the pterygium with
it continually many times during an entire day, for this then softens it [the pterygium], and it goes
away”’. (Ibn Sina, Qaniin, Rome 1593, op. cit., Part I, p. 343).

When Ibn al-Nafis mentions this procedure he uses the vocabulary of Ibn Sina, as one would expect
from a commentator on the Qdniin, but he omits the qualification that the bowl should be of Chinese
(sin?) porcelain, as Ibn Sina had specified. Hirschberg feels that Ibn Sind cannot have intended ‘from
China’ and suggests instead ‘a region in Syria, sceni’ (J. Hirschberg, Augenheilkunde des Ibn Sina, op.
cit., p. 84 nt. 14). The interpretation as Chinese porcelain is, however, to be preferred. Chinese porcelain
was well-known in Islamic lands at least seven or eight centuries before it was known to Europe. Ex-
tensive remains of real porcelain (which could not be made outside of China before the 18th century)
have been found in excavations of 9th-century ruins, such as Rayy, the town from which Ibn Sina came,
as well as Fustat, near present-day Cairo. There are also many written descriptions of Chinese porce-
lain, such as that by al-Birlinl who described a large collection of such porcelain in a home in Rayy
shortly after 1000 A.D. The 15th-century al-Magrizi quotes an 11th-century source on the use of Chinese
porcelain egg-shaped vessels by physicians in Cairo to boil eggs, and the 13th-century scholar Nasir
al-Din al-Tisi used pulverized potsherds as a medicament for the teeth and as a styptic to stop nose
bleeds. For a thorough discussion of literary and archaeological evidence for the early Islamicknowledge
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gray are both melancholic, but the smoothest of them is the thin, white variety.

Itinjures the eye in two ways, the first being that it hinders the dissolution
of the superfluities from underneath it, and so they [the superfluities] increase
in the eye and make it [the eye] diseased. The second way is that it renders
difficult some of the motions of the eye or prevents them altogether; and that
has two results. The first is the failure of some of the viewing, except by the
movement of the head or neck,” and secondly [the formation of] the large
amount of superfluities due to the failure of the resolving motion.

The treatment: Treatment by drug is frequently not adequate because
pterygium is so thick; and furthermore this type of treatment injures the
eyeball, since these drugs are inevitably acrid and caustic even though they
are strongly cleansing. But the thin type may profit from ashes of myrtle

leaves,” or ‘seafoam’ or juice of sour pomegranate pressed with fat rectified
with honey.

Stronger remedies are the Riishniya and Acrid Basiliqin [Kubls], and
the Trachoma Shiyaf, and the Dinarkhiin® which is a Shiyaf taken from

78. The patient must turn his head to see, for he is unable to rotate the eyeball freely. Pterygium
can indeed mechanically interfere with the movement of the eye when it is very extensive.

79. This interpretation of ‘ashes of myrtle leaves (bi-ramad waraq al-ds)’ does not require emending
the text as did my previous rendering as ‘the Ash-Colored [kuhl] and mashed myrtle (bi-ramddi wa
diqq al-ds)’; see E. Savage-Smith, ¢‘Drug Therapy, op. cit., p. 105.

80. The word in the Arabic text is not written very clearly and does not have diacritical points,
so that it can be read in several different ways. The reading Dinarkhin suggests an early Greek term
from the verb dianarkao meaning ‘to grow numb’, perhaps equivalent to the concept of ‘narcotic’
medicaments which Ibn al-Nafis termed al-mukhaddira in his chapter on pannus. The term (no matter
how the diacritical marks are placed) is not very common in the ophthalmological literature. Al-Razi
in the Kitab al-haw? mentions a dingrjin Shiyaf which has been proven for trachoma and has as one
of its ingredients zernikh (a sulfide of arsenic, possibly orpiment), and he cites as a source the handbook
of Ibn Sarabiylin which was written in Syriac about 873 A.D. and translated into Arabic (al-Razi,
al-Haw, op. cit., p. 138). Later in the same treatise al-Razi, quoting from (his own?) Great Formulary
(al-Agrabadin al-kabir), says: ‘“The Shiyaf of zarnikh is useful for pterygium and for red vessels in the
eye, and it is the Shiyaf known as Dinérjin. Its recipe: 1 dirham each of cadmia, cinnabar (? shanjafr,
a mistake for shanjarf ?), realgar (zarnikh ahmar, red sulfide of arsenic), and fabarzad sugar; 1 daniq
each of myrrh, root (type not specified), and saffron; 1 dirham gum ammoniac and ! A dirham fran-
kincense. Dissolve the gum ammoniac in water and make a Shiyaf with it.”” (al-Rézi, al-Haw?, op.
cit., p. 144).

It is possible that the reading dindrjin rather than dindrkhin is due to the editor of the Kitab
al-haw, There must indeed have been confusion among Islamic writers as to the spelling of the name
of this Shiyaf. In the Qaniin of Ibn Sini printed in 1593 the term is written with no diacritical marks
(anﬁn 1IL,3,ii,11; Rome, 1593, Part I, p. 343; see note 23 above). It is listed by Ibn Sina as one of
several Shiyifs recommended for pterygium, all of whose recipes, he states, are given in the Formulary
(garabadin). However, in the section of his Formulary which gives the compound eye remedies, such
a remedy is not mentioned (Qanin V,2,ii; Rome, 1593, Part II, pp. 249-255). J. Hirschberg in his
translation of Ibn Sina reads the word as ‘dinarchum’, adding that the word in the Latin translation,
divaricum, is meaningless (J. Hirschberg, Augenheilkunde des Ibn Sina, op. cit., p. 83 nt. 9; Avicenna,
Liber canonis, op. cit., fol. 210a).

Ibn al-Nafis’s recipes do not include a sulfide of arsenic even though al-Razi indicated that it was
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I

On Pterygium™

It is a form of pannus but differs from it in that the congestion which causes
pannus is spread over the exterior of the eyeball and the exterior of the conjunc-
tiva, while here it is especially associated with the greater corner — that is, the
larger [inner] — or the smaller, or both at the same time. This is because of
the excess of superfluities in the corner, since the movement of the eyelid re-
solves them in the rest of the eye.” And,in addition, the vessels are numerous
in pannus, while not in pterygium since it [pterygium] is a nervous excres-
cence.”

It differs in color, being either red, or yellow, or pale-gray, or off-white.
[It differs] with respect to its condition in that it may be either hard or soft.
And [it differs] in the degree of tenacity with which it adhers to what it is
upon; sometimes it is only slightly adhesive, so that it can be easily removed,
while sometimes it has coalesced with what is under it. [ It differs] in size in
that it is small, or large, extending over some of the cornea, or reaching to some
or all of the pupil and thus hindering vision. [And it differs] with regard to
thickness in that it is thin or thick, and with respect to the substance (madda)
in that the thin white [type] is composed of phlegm, while the red and pale-

for a child. The 10th-century al-Zahrawi calls human milk laban nisa’ and recommends it as a vehicle
for the application of a duhn of rose for certain conditions (S. K. Hamarneh and G. Sonnedecker,
Pharmaceutical View, op. cit,. p. 118). The 9th-century physician °Ali ibn Sahl Rabban al-Tabari
says, when giving the preliminary treatment of eye diseases, that one should ‘‘take egg white and
duhn of rose and milk of a woman who is a suckling wet-nurse [laban amrd’a(tin) tardiu jariya(tan)]
and place them in a vessel and dip into it a cotton cloth which is then placed on the eye’’ (al-Tabari,
Firdaus, op. cit., pp. 175-176.).

For further references to early physicians employing the term laban jariya see Woirterbuch der
klassischen arabischen Sprache, op. cit., Vol. II, p. 162 a40-b4.

The recipe given here by Ibn al-Nafis is found in nearly identical form, where it is also recommended
for pannus, in the medical formulary Dustir al-bimdristani written by Abi al-Fadl Da’id ibn Abi
al-Bayén al-Isr@’ili (d. ca. 638/1240), who worked at the Nasirl hospital in Cairo in the late 12th and
early 13th century. See Paul Shath, ‘‘Le formulaire des hopitaux d’ibn al-Bayan’’, Bulletin de I’ Institut
d’Egypte, 15 (1933), 52, and for an English translation of this particular recipe given by Ibn Abi al-
Bayan see M. Levey, Medical Formulary, op. cit., p. 11.

75. Comprising the 9th subsection ( fasl) of the first chapter (bdb, on diseases of the conjunctiva)
of the third section (jumla) of the second book (namat). This chapter occupies in V fols. 125b-126b and
is not included in S which is an incomplete manusecript.

76. The idea apparently is that the eyelids, through blinking, keep the central area of the eye clear
while the superfluities build up in the corners.

71. ziydda “asabiya. The application of the term ‘nervous’ membrane or ‘nervous’ excrescence to
pterygium can be traced back to Greco-Roman medicine. See for example, Celsus (De medicina VILT)
who calls it membranula nervosa, or Galen who refers to it as a neurodes projection of the conjunctiva
(Galen [spurious?], De remediis parabilibus II,4; Kithn XIV, 410-411). While the conjunctiva
is endowed with nerves, it is possible that ancient and medieval physicians intended the term neurodes
and its Arabic equivalent “asabiya to mean ‘fibrous’ in this context.
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The pannus may be accompanied by ophthalmia, in which case the basic
procedure is purging and cleansing, without the coolants (al-mubarridat) and
narcotics (al-mukhaddira), while the Gray [ Kuhl] is in that case good. If along
with the pannus there is inflammation, the Sumac Shiyaf is beneficial; it is
produced from juice of macerated sumac thickened with gum and sarcocol,

or it may be extracted from sumac alone. It is also useful for the ophthalmia
accompanying pannus.

Among those things which are tested for mild pannus, there is the shell
of fresh egg, boiled in vinegar and dried in the shade and used gently. Also
there is marcasite along with the Ash-Colored [Kuhl], and also a coolant of
pure copper with urine; and similarly the Styptic Shiyaf”? and the Mild Red,
the Acrid Red, and the Trachoma Shiyafs. And the medicament of magnet
and the bleeding of the two [inner] canthi are good for pannus.

Similarly, the continual inhaling of sweet marjoram and snuffing with
something like this medicine: white hellebore™ 1 dirham, 2 daniqs of myrrh,
¥, dirham of lycium and 4 danigs of aloe, kneaded with extract of sweet mar-
joram and ground like small lentils. A grain is used every day, with the milk
of a wet nurse.”* Similarly, white hellebore, sweet rush, and rose, in equal
parts, are pulverized and blown into the nose.

72. The name of the Istifitigin Shiyaf is a transliteration of the Greek word styptikon meaning
astringent. For the recipe given by Ibn al-Nafis see E. Savage-Smith, ‘‘Drug Therapy”’, op. cit.,
p. 109 nt. 28.

73. Kundus. In this context it is probably a type of sneezewnrt (Achillea ptarmica). It has also been
interpreted as a type of soapwort and as white hellebore; see Werner Schmucker, Die pflanzliche und
mineralische Materia Medica im Firdaus al-Hikma des °Al7 ibn Sahl Rabban al- Tabari(Bonn: Selbstverlag
des Orientalischen Seminars der Universitit, Bonn, 1969) pp. 362-363 and M. Levey, ‘“Medieval Arabic
Toxicology’’, Transactions of the American Philosophical Society, n. s., 56 pt. 7 (1966) 96. Ibn al-Baitar
in his 13th-century treatise on materia medica criticized the translator Hunain ibn Ishaq for having
incorrectly identified the Greek strouthion (soapwort) with the Arabic kundus (see M. Meyerhof, Ten
Treatises, op. cit., p. 121 nt. 5). For numerous other Arabic references to this plant either as a plant
containing saponin or as a sneczewort and sternutatory see Worterbuch der klassischen arabischen Spra-
che, op. cit., Vol. I, p. 317 a 27-b18. Note that this reading of kundus is a correction of may previous
reading of kundur ‘frankincense’ (E. Savage-Smith, ‘Drug Therapy’’, op. cit., p. 104); the word is
clearly written in the manuseript as kundus.

74. The use of human milk in applications of remedies for the eye can be traced back to Greco-
Roman and Byzantine medical practices; see, for example, Paulus Aegineta, Seven Books, op. cit.,
Vol. III, pp. 79-80. The term laban jariya, ‘milk of a young woman or wet nurse’ employed by Ibn
al-Nafis here and in a recipe given in his earlier formulary (see above note 2) is not a common
term for human milk in the ophthalmological literature, although it does occur in early medical
writings. It is found in the 9th-century formulary by al-Kindi where it is used as a vehicle for applying a
sternutatory taken nasally (M. Levey, Medical Formulary, op. cit., pp. 46-47). Elsewhere in his formu-
lary al-Kindi uses the more frequently encountered expression laban imrd’a ‘woman’s milk’ where
it is used in preparing a drug for a toothache which is administered nasally as well as in the corner
of the eye (ibid., pp. 96-97; ¢f. M. Meyerhof, Ten Treatises, op. cit., p. 223). Al-Kindi also mentions
laban ummihi “milk of its mother’ when referring to a vehicle to be used in applying a nasal remedy
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eye is dressed with cotton dipped into the duhn of rose and egg yolk, repeating
the dropping of that into thé eye many times in that day and night, along
with frequent turning of the eyeball and preventing the patient from sleeping
through that night.

Then early on the following day he washes the face with water in which
roses were cooked or with water mixed with rose-water. Then he examines
under the eyelid by turning under the lid a probe wrapped in cotton which
has been dipped in duhn of rose. If sticking is found, he breaks it with the
mislakh and then continues the dropping in of saliva after chewing cumin and
salt. If not, then he continues dropping in the duhn of rose with egg yolk, and
after three days uses the following eye powder (dharir) for three more days.
Tts recipe is: 1 dirham each of sarcocol, Sulaymani sugar,®® and starch, !/,
dirham of ‘seafoam’, !/, dirham of saffron and !/; dirham of aloe.

If ophthalmia occurs in the eye, it is treated with its own treatment. If
not, then the steam bath is entered, and then there is annointment with the
‘cleansing’ Kuhls.®” The abandonment of meats for three or four days is ap-
propriate after excision, accompanied by exertion in the movement of the
eye to prevent adhesion. This is when the pannus is true and thick.

As for the lesser and truly very thin type, after the cleansing there is strength-
ening of the brain with aromatic perfumes, such as are delicate and alleviate
heat — for example, ambergris, nadd,®® and black nightshade, and similarly
the smelling of extract of myrtle with a little musk. There should be forsaking
of thick foods such as cabbage, lentils, fish, milk, broad beans, and legumes,
and such foods as are strongly aromatic, even if*® they are hot, such as onion
and garlic. The resolving and cleansing Kuhls such as the Rishnaya and Basi-
ligiin, and likewise the Daraj Shiyaf™ and the Green Shiyaf, are used. The
annointment is as follows: the eyelid is turned over and the eye rubbed with
the medicine, and after the quiescence of the inflammation the Kuhl is repeat-
ed. Then following that, it is annointed with the Ash-Colored Kuhl or the
Indian Coolant™ or similar one.

roses were removed and the sesame seeds ground and pressed, and an oil produced. See S. K. Hamar-
neh and G. Sonnedecker, Pharmaceutical View, op. cit., pp. 85-86 and 105-106.

66. See note 30 above.

67. The adjective al-jalld’a can mean polishing or brightening as well as cleansing or purgative.
The latter is the more usual meaning in a medical context. It refers to a class of Kuhls which are intend-
ed to clear and brighten vision, and obviously include those such as al-Riishnaya, the ‘light-bringing’
Kuhl.

68. A perfume compounded of ambergris, musk, aloes and camphor. See Muhammad ibn Qassiim
ibn Aslam al-Ghafigi, al-Morchid, op. cit., p. 105 nt. 4.

69. If the text is accepted as it stands wa-in ‘even if’ might imply a very special status given onion
and garlic in which some would consider, since they are hot, that they were beneficial even though
strongly aromatic. On the other hand, it is likely that a word was omitted from the text, and that it
ought to read wa-khdssat (an) in, meaning ‘and especially if [they are hot]...".

70. ddrij means ‘of current use’. For the recipe for it given by Ibn al-Nafis in his chapter on com-
pound ocular remedies see E. Savage-Smith, ¢ ‘Drug Therapy’, op. cit., p. 101.

71. For the recipes which Ibn al-Nafis gave for the Ash-Colored Kuhl and the Indian Coolant

(Barid) see E. Savage-Smith, ¢ ‘Drug Therapy’’, op. cit., pp. 99-100.
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he begins by cutting from the outer angle of the eye what is along the root of
the upper eyelid, and when he reaches the larger [inner] corner he cuts in a
similar fashion what is along the root of the lower eyelid. When it remains
attached only near the cornea, he draws up the hooks a little and moves them
in order to accomplish the denuding of that which is along the ‘crown’.®* Then
he cuts it from the outer angle of the eye toward the larger [inner] corner, and
removes the entire thing with a single ring-like cut. The skilled of the physi-
cians perform that with speed and agility and extirpate all the layers of the
membrane at one time so that the conjunctiva is trimmed clean, without the
repetition of the cutting and lifting,*? both of which cause pain to the patient;
but that is not prohibited.®

So he cuts the portion which is adjacent to the upper eyelid first, and then
that which is contiguous with the lower lid; and it may be required to repeat
the lifting and cutting when it happens that some of the layers of the pannus
remain. This may come about through the insertion of the hooks [in a manner]
so that they do not reach the conjunctiva.®® Whether the conjunctiva has
been properly cleared may be ascertained by passing the mislakh along the
outside of it; if it is not attached at any point, it has been cleared. The same
procedure is used to check whether the white of the eye is free of any trace of
the parts of pannus. When [the physician] cuts in the larger [inner] corner,
he must be careful not to overdo it; otherwise some flesh of the canthus may
be removed and there would occur that danger which we have mentioned in
its appropriate place.

When the excision is completed and he [the physician] has drawn up a
sufficient amount of blood, a piece of cotton is twisted on the end of a probe
and the eye is cleaned of the remaining blood with it. Then he [the physician]
spits into the eye in order to stop the pain; then the remaining blood is washed
away. He then drops into the eye the saliva pressed from cumin and salt, which
have been chewed and pressed through tightly woven linen. Afterwards he
drops into it duhn of rose taken from sesame,®® mixed with egg yolk, and the

61. iklil ‘crown’, that is, the limbus of the cornea, the periphery of the cornea where it joins the
sclera.

See Wirterbuch der klassischen arabischen Sprache (Wiesbaden: Harrassowitz, 1970 +), Vol. I,
p- 572a 31-38 for examples of earlier uses of the term iklil for the sclerocorneal rim.

62. ta°lig, the raising up of the membrane of pannus by means of the tenacula.

63. Further lifting up by the hooks and cutting of the membrane is not prohibited. However, remov-
ing it completely in one cutting is considered best, for it is less painful to the patient.

64. According to the view of pannus current at that time, some layers of pannus were on occasion
not removed at the first attempt because the hooks had not been inserted far enough to penetrate
through the entire membrane (pannus) and reach the conjunctiva.

65. According to the 10th cent. al-Zahrawi, the method of making a duhn (ointment) of roses from
sesame seed was developed in Iraq. Whole unhusked sesame seeds were spread on a sheet with a layer
of roses over them, and the sheet was allowed to stand for a day and a night. The procedure was repeat-
ed with fresh roses for several days until the sesame seeds took on the scent of the roses. Then the
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be gargles and snuff-medicines aud similar things which cleanse [and clear]
the head.

If the pannus is truly thick, then its excision (lag) is required. The nature
of that is [the procedure is] that the patient is laid on his back and his eyes
opened, either with the ‘openers’ or the two thumbs of the servant. If the
eyelid is slippery because of being moist or some such reason, cotton or a piece
of coarse cloth is put between it and the thumb. Care should be taken to avoid
the eyelid being everted during this opening, for then something [might]
be cut from it, and in most cases adhesion [then] occurs. Similarly it is neces-
sary that the eyelashes be pushed out of the way so that the scissors®® do not
cut them.

Then the physician begins, and the pannus is lifted first at the larger [inner]
corner of the eye with a hook,* at the smaller corner with another, and in the
middle of the conjunctiva where it touches the root of the upper eyelid with
two [hooks]; it is done similarly with the lower eyelid. It is cut at the outer
angle of the eye (lahdz) as far as the mislakh® can be inserted into it. He [the
physician] perforates it along the conjunctiva up to the larger corner. Then

57. fatdhdt, a surgical instrument used for keeping the eye open during surgery. For an illustration
of a pair of such ‘openers’ see Fig. 4, top row, fourth from the right.

58. For an jllustration of scissors (migrdd) see Fig. 4, top Tow, second from the right, which shows
a pair to be used specifically for ‘cutting pannus from the conjunctiva’.

59. sunndra, a small hook or tenaculum. For an illustration of three such hooks (sandnir) recommend-
ed for lifting up pannus, see Fig. 4, top row, the left-hand column.

60. mislakh, an instrument, probably a very thin scalpel, used for skinning. The name is from a
root meaning to skin or flay. It is not a common name for a surgical instrument in the Islamic literature.
For example, it does not occur in the surgical section of Kitab al-tasrif by the 10th-century al-Zahrawl
(Abuleasis), nor is it mentioned by the 10th-century oculist “Ali ibn “Is al-Kahhal nor the 13th-century
Syrian oculist Khalifd ibn Abi al-Mahasin al-Halabi whose illustrated treatise written between 1266
and 1275 was the source for the illustrations in Figs. 4 and 5. Furthermore, the surgical tract by Ibn
al-Quiff also written in Syria in the 13th century does not mention it. It is possible that a surgical in-
strument of such a name first came into use in 13th-century Egypt, for Ibn al-Nafis appears to be the
first to use it. It occurs again as a surgical instrument in the ophthalmological treatise written about
1296 by Salah al-Din ibn Ysuf al-Kahhal al-Hamawi (Paris, Bibl. Nat., arabe MS 3008, fol. 88a).

It is not entirely clear whether Ibn al-Nafis intended for the mislakh to be used as the only cutting
agent or whether it was to be used only to make the initial opening in the ‘membrane’ into which the
scissors would then be inserted. The early 14th-century oculist Ibn al-Akfani, who also practiced in
Cairo as Ibn al-Nafis had earlier, uses the instruments called mislakh and mihait interchaugeahly
in the removal of pannus. The latter is a needle used for couching a cataract (illustration in Fig. 5,
middle row, third from the right). Ibn al-Akfani says: ‘“Then you take a lancet (mibda®) having a round-
ed head and with it you open a place [in the pannus] in which there is then inserted the head of the
couching needle or the mislakh, cutting it from the conjunctiva. Then you cut with the scissors (miqrﬁ;‘)
having a rounded head, cutting with care and caution and not overlooking any of its vessels, for from
them pannus can quickly arise again’’ (Cairo, Dar al-Kutub MS 87 tibb, fol. 26a, MS Tibb Halim 46,
fol. 25a). Earlier Islamic physicians frequently employed only the couching needle or a quill to remove
the pannus, unassisted by scissors.

See the following chapter on pterygium where Ibn al-Nafis used the mislakh interchangeably with
the couching needle or a quill.
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it occurs frequently in trachoma because of its weakening of the eye and
secause the pain of it draws the substances there [to the eye]. It is frequent
after acute ophthalmia when there is excessive cooling [in the treatment];
and so resolution (tafallul) seldom accompanies it, but rather the superfluities
are held back. Similarly it may be frequent in cold countries or times, and
even more in cold bodies; for then also the superfluities are rarely loosened.

Pannus is one of the transmissible (mucdiya) diseases on account of the
inhalation of air mixed with vapors given off by it, and thus it changes the
brain and nearby areas into its own substance.®® Therefore, if a dwelling is
narrow® its spreading (i°da’) is fiercer. And it is among those diseases inherited
by the offspring, because the part of the semen which is derived from the eye,
in the case of one afflicted with it, includes a large amount of superfluities,
and so the eye propagated from him is similar.

The symptoms: As for the true pannus, it is known by the evidence of a
conspicuous membrane accompanied by reddened, engorged blood-vessels
and redness in the eye because of pain, itching and a large amount of super-
fluities, and by the existence of those conditions which follow close upon it
which we have mentioned, and by other sequelae. For there accompaines
it redness in the face because of the large amount of what flows to it from the
pericranium (simhdq) and engorgement of the blood-vessels. Therefore, there
is throbbing pain in the temples because of the pressure of the substances
flowing to the artery which is there. When the lower eyelid is moved there
is evidence of the detachment of the end of this membrance from the conjunc-
tiva.5® As for the cornea, there is evident on it something like smoke along
with reddened blood-vessels. When this pannus is very acute there is frequently
inflammation in the eye, and similarly, itching, throbbing pain and flowing
of tears.

As for the other type, it is known by what we have discussed, and the evi-
dence is something like thin clouds, and under the tunic of the conjunctiva
it is accompanied by a slight inflammation.

The treatment required: You begin first with the cleansing of the body and
head and its sides, with the regulation of food, with the forsaking of the an-
nointing of the head, and the avoiding of vapors.In short, every avoidance®®
required of one affected by catarrh is appropriate, with the bleeding of the
vessels of the two [inner] canthi being a clear benefit. Certainly there should

53. Literally, ‘into its own nature (ild abi‘atihi)’. Compare above note 41.

54. That is, the people live in crowded conditions (?).

55. This is probably a kind of symblepharon which frequently occurs in cases of chronic trachoma.
See M. Meyerhof, *‘History of Trachoma’’, op. cit., p. 60 nt. 1.

56. ijtingb. When al-Munawi (see above note 52) repeats this passage by Ibn al-Nafis, he uses the
word isti“mal (Cairo, Dar al-Kutub MS 181 tibb, fol. 88a). This gives a slightly different interpretation—
that is, that every procedure or requirement, rather than avoidance, necessary for a person affected
by catarrh is also appropriate for one having pannus.
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veiling of the eye, for it®® is beneficial to the eye since light hurts the vision;
such damage is therefore not inconsistent with this design. As for the blepha-
ritis and lachrymation, they result from the retention of the eye’s superfluities
(fudil) under this membrane, and this is not inconsistent with the benefit
derived from its veiling effect, for most of the diseases involving an abundance
of discharges?® result from these superfluities. As for the avoidance of sunlight
and lamplight, it is because a large amount of light [ entering the eye] is a
function of the movement of a large amount of superfluities. As to the eye
becoming smaller, that is because of the weakening of its firmness*” on account
of the large quantity of superfluities and because of the exchange of its nour-
ishment for the nourishment of this membrane.’* Even though damage is
produced by something, it is not inconsistent that that thing is a natural
occurrence. Thus, for example, excessive fatness is associated with harmfulness,
as well as being a function of nature; and it is similar with a part of the body
which is too large, and similar things. But the resolution of this matter is
distant.*®

It [pannus] may occur from a large amount of congestion® of the deep
blood-vessels which are in the conjunctiva and the impediment of the substances
(mawadd) and superfluities under its covering. Its state resembles the film
(al-sabal ‘pouring rain’) and hence it is called also al-musbal (‘the veiled’), and
most of it comes about from the discharges® to the eye by way of the internal
tunics. Therefore, sneezing frequently accompanies it, especially in strong
light, because of its [pannus’s] heating and irritating the substances. And
throbbing pain in the orbit of the eye accompanies it because of the spreading
of the substances into its cavity there. Pannus occurs frequently in [people
with] moist brains,** because of the large amount of substances in their heads.

45. Emending the text from wa dhalika wa-in to wa dhalika an.

46. al-amrad al-maddiya, literally, diseases having (an abundance) of matter, substance, discharges,
or disease-matter (mddda; see above note 14). It is used here probably in the sense of diseases involving
much congestion as well as an abundance of discharges. It may be intended as synonymous with amrad
imtila’Tya (see above note 44).

47. hadb, firmness, strength (?).

48. The nourishment intended for the eye goes instead to the membrane.

49. That is, it would take the discussion far afield, or possibly that a complete resolution is not
likely to occur. It is possible that the text is corrupt at this point.

50. imtila’, repletion, congestion.

51. nazalat, discharges, rheums, but also congestion.

52. f7 martibina al-admigha. The significance of the statement is unclear. It is not known to occur
elsewhere in the literature concerned with pannus, except for the ophthalmological tract by the 15th-
century Egyptian oculist Nir al-Din °Ali ibn Muhammad al-Munawi al-Shafi°i, where it is repeated
with nearly the same wording (fZ martibi al-dimdgh, Cairo, Dar al-Kutub MS 181 tibb, fol. 86a). Al-
Munawi’s treatise entitled Kitab wigdyat al-°ain bi-sharl tajrid kashf al-rain (Book of the Care of the
Eye with a Commentary on the Abridgement of the Removal of Dirt) ists of the Abridg t
which Ibn al-Akfani(d. Cairo 74-9/1348) wrote of his own treatise entitled Kashf al-rain 7 ahwal al-ain,
alongside of which al-Munaw placed the full text of the Kashf al-rain and relevant passages from the
Perfected Book on Ophthalmology by Ibn al-Nafis.
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The same is true of pterygium; indeed pannus only differs from pterygium
in that in most cases [of pannus] the eyeball is affected, and it is not so in
pterygium. For the former [pannus] is peculiar only to the eye for the reason
mentioned earlier — i.e., that it [the eyeball] is denuded of skin. So its state
is that of a part stripped of its skin or whose skin is eaten away by ulcers or a
similar thing. Indeed nature does not form it [the membrane of pannus] that
way in the healthy state of the eye, for then [in that case] the eye because
of its strength would not need the excessive protection provided by the eyelid
against any eventualities.*?

Then someone says to the speaker, if the matter were as you have said,
it would have been necessary that there be formed something similar to this
membrane on the penis after the cutting of the foreskin. His answer is that
there are no substances (mawddd) in the penis out of which such a membrane
could be composed, because it is an extremity and far from the humors (ratibat).
This is not so in the case of the eye, for it has a profusion of humors, by its
very essence (bi-jawharihad), and sometimes they are transferred to it from the
brain. So the substance (madda) is plentiful in the presence of the faculty.*®
Therefore, it is possible that this membrance occurs in it [the eye], but not
in the penis. Nevertheless, we admit that there inevitably occurs at the end
of the penis following circumcision a thickening whereby it is less affected by
blows. So it is possible to regard the latter phenomenon as analogous to the
formation of this membrane [the membrane of pannus]. However, since it
[the thickening following circumcision]is evidently harmless, it is not consid-
ered as a disease and not treated by excision or similar procedure. This mem-
brane [pannus], by contrast, injures the sight in proportion to the extent to
which the pupil of the eye is veiled.

It may be said: if this membrane were a function of nature then no harm
would come of it, but such is not the case, for it weakens the sight until it is
asif it were behind a distorting veil, and it brings on blepharitis and lachryma-
tion in the eye and predisposes it to much ophthalmia and other congestive
diseases,* and makes it [the eye] shun sunlight and lamplight; and frequently
the eye becomes small because of it.

[In answer to this] we say: the occurrence of this damage is not inconsis-
tent with the fact that this membrane is a function of nature. As for its damag-
ing vision, that is evident. The purpose of nature in regard to it is the increased

42. The meaning appears to be: Pannus is formed when the eyeball is denuded in order to protect
it. If pannus were formed on a healthy eyebail, the eyelids would then not be needed, for the eyeball
would have more than enough protection. But the eyelids clearly must have a function, and therefore
pannus must not form on a healthy eye.

43. That is, the substances (mawddd) out of which the membrane can be formed are plentiful in the
area where there exists the faculty (quwwa) by which the humors (rufubat) are transformed.

44. al-amrdd al-imtild’iya, diseases characterized by congestion, repletion, fullness of the head,
and defluxion.
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possible. If the trachoma aggravates the two conditions with its roughness
then the eyelid should be turned over and the probe passed over it in orde
to be softened a little; and better yet is the Haematite [Powder], but withou
[employing] starch, stibnite,*® the White Powder or the White Shiyaf, fo
all of the latter are trachomagenic (mujarriba)-- that is, they cause trachoma.

I

On Pannus®

Pannus is a membrane (ghishawa) observable on the eye, characterizec
by inflamed blood-vessels, and there is disagreement concerning it. It is saic
that all of its parts are natural,® but that in good health they are small and
imperceptible, but that when they grow and spread to all parts [of the eye]
and are enlarged, they are easily observed and do harm to the eye and vision.
But it is also said that all of its parts are diseased®® and that if some of them
were natural, then their excision, especially when repeated, would be harm.
ful to the eye. In favor of the first [school of thought] is the argument that
among those parts are blood-vessels and nervous parts [nerves] and the oc-
currence of these is not possible through the function of nature, so how then
through disease.*

The truth is that this membrane is not altogether natural, for if it were,
its creation would in the first place be useful and its excision would be harmful;
nor is it altogether unnatural (bi-kharij an al-fabi?), for in that case it could
not be created and nourished, or, once created, would disintegrate of itself
in the course of time, having no faculty for transmuting the incoming [nourish-
ment?] into its own substance.!" But rather, it is natural in the respect
that it is a phenomenon of the function of nature, and it is not natural (ghayr
tabi®i) in that it was created only with the creation of a state of the eye which
is not natural. That is because when the eye is weak and the substances
(mawddd) are profuse in it, nature changes those excessive substances into
something which serves the eye as a covering or skin in order to protect it
against the damages which would be encountered in weakness.

36. Curiously, Ibn al-Nafis lists starch as one of the ingredients for his Mild Red Collyrium and his
Green Collyrium, while stibnite from Isfahan is one of the components of the Ash-Colored Kuhl, all
of which he recommends for trachoma in his chapter on compound eye remedies (see E. Savage-Smith.
‘‘Drug Therapy’’, op. cit., pp. 99-100). The White Powder (Dhariir) and White Shiyaf he does not
recommend for trachoma in his formulary.

37. Comprising the 8th subsection (fasl) of the first chapter (bab, on diseases of the conjunctiva)
of the third section (jumla) of the second book (namat). This chapter occupies in V fols. 122a-125b.
Manuscript S is incomplete and breaks off before this section.

38 fabi‘zya, in the sense of normal, part of the normal and healthy state.

39. maradiya, in the sense of unnatural, not part of the normal and healthy state.

40. The sense seems to be: New blood-vessels and nerves do not appear in the body even when th
body is healthy (as a function of nature). Why should they do so under conditions of disease?

41. Literally, ‘into its own nature (ila ,tain'catihi)'.
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r with ‘seafoam’™! or fig leaves; or a scraper of haematite or iron pyrite is
ielected. But it may be scraped with the knife (adid), and then the scalpel
gamadin) or the ‘rose-leaf’ (warda)® or similar thing is passed over the area.
[hen it is rubbed with the scoop of the style.

So when he [the physician] is finished with the scraping, he drops into
the eye oil of rose® mixed with egg yolk and moves the eyeball. Then, in
order to protect against adhesions, he drops in it saliva from chewed cumin
and salt, after straining them through a tightly woven piece of linen cloth.
Afterwards he continues moving the eyeball. Then on the second day he applies
the Haematite [ Powder]* and strengthens the eye with the Gray or similar
Kuhl.

If the trachoma is accompanied by ophthalmia and ulcers, and the tracho-
ma is not their cause, then he begins with the treatment of the opthalmia and
ulcers, so that the treatment of the acute disease precedes that of the chronic
and that which is of greater harshness is before that which is milder. The
trachoma should also be cared for by cooling and drying procedures.

But if the trachoma is, through its roughness, a cause of the two diseases,
then the treatment is begun by scraping the trachoma, if the two diseases are
not very severe, and the trachoma is treated with what is milder, accompanied
by the avoidance of the acrid and strong drugs. But if the two conditions are
severe, so that scraping would aggravate them,* the indicated treatment
should consist of cleansing, restorative and strengthening measures until [the
ophthalmia and the ulcers] are reduced to the point where scraping becomes

off from the poured and cooled sugar loaf, but to specify a piece which had been along the edge of the
mold which would, as a result, provide a larger and smoother edge with which to scrape.

31: The name zabad al-balir ‘seafoam’ was applied by various physicians to several different items.
It refers at times to the ‘bone’ or bony shell embedded in the mantle of cuttlefish (sepia), a genus of
cephalopod mollusks; it also was used to designate pumice as well as coral or sponges. All of these
items were advocated as scrapers for trachoma by Islamic physicians as well as earlier Greco-Roman
oculists. For a more complete discussion of the various descriptions of this term by Greco-Roman and
Islamic oculists and physicians see my forthcoming study of the treatment of trachoma and its sequelae
from antiquity through 16th-century Islam.

32. For an illustration of the surgical instrument called ‘rose-leaf’ see Fig. 4 which presents ophthal-
mological instruments from a treatise nearly contemporary with that of Ibn al-Nafis. The instrument
farthest to the right in the second row is the ‘rose-leaf’. The instrument next to it is called a ‘half rose-
leaf’ and was also used by some physicians for rubbing trachoma. The scalpel (qamddin) is also illustrated
in Fig. 4, top row, second from the left. For further discussion of the instruments presented in Figs.
4 and 5 see J. Hirschberg, Khalifa aus Aleppo, Das Buch vom Geniigenden in der Augenheilkunde (Die
arabischen Augendrzte nach den Quellen bearbeitet, 11, Leipzig: Veit, 1905) pp. 164-174.

33. For a discussion of duhn (oil) of rose and oils and ointments in general see S. H. Hamarneh and
G. Sonnedecker, 4 Pharmaceutical View of Abulcasis al-Zahrawi in Moorish Spain with Special Refer-
ence to the *“Adhan’’ (Leiden: Brill, 1963) pp. 117-118.

34. For Ibn al-Nafis’s recipe for he Haematite Powder (Dhariir) see E. Savage-Smith, ‘‘Drug Thera-
PY”, 0p. cit., p. 100.

35. Literally, ‘so that they cannot bear the scraping’.
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The annointment of the eyes with the Riishniya or Basiliqgin [Kuhls}*
is good, but not the counteracting of this by scraping with sugar and similar
things, for the eyelid is delicate and there is no need, since there is no roughness
which the sugar can remove. When ophthalmia accompanies this stage, then
the Mild Red Shiyaf is suitable.

As for the second type, its treatment is with something of greater acridness
and resolution than the drugs for the first type-something like the Green Shiyaf
and the ancient Basiliqin [Kuhl]. However, that produces burning and heat,
so something like haematite, and especially washed haematite, is used, then
gradually proceeding to the Mild Red Shiyaf; and the eye is annointed with

the Gray [Kuhl]® so that it may be strengthened.
As for the third type, its treatment is like the second, but with increased

acridness, and in most cases there ought to be scraping.

In the fourth type, the treatment is with the drugs such as we have
mentioned, but the necessity of scraping is greater than in the third type.

The nature of scraping: The eyelid is everted either with the finger alone,
and that is best, or by the end of the probe? being placed on the outside of
the eyelid and extending its edge until the probe is covered. Then the inside
[of the eyelid] is scraped either with the edge of a piece of tabarzad sugar —
by its edge I mean that which is a part of the outside of the sugar loaf (ablij)**-

27. For Ibn al-Nafis’s recipes for these two Kuhls, see E. Savage-Smith,‘‘Drug Therapy”, op
cit., pp. 98-99. Rishnaya (or Riishna’a) is from the Persian meaning ‘light-bringing’ and as a name
for a collyrium occurs in early Islamic ophthalmological literature. The first who seems to mention it
is “Aliibn Sahl Rabban al-Tabari (d. ca 240/855), who adds that it is the Persian name for the Basiliqin
Kubhl (al-Tabari, Firdaus al-hikma, ed. by M. Z. al-Siddiqi (Berlin: Sonne, 1928) p. 175). Bdsiligiin isa
transliteration of the Greek basilikon meaning ‘royal’, which seems to have been a name for a collyr-
ium among Hellenistic and Byzantine physicians, although it is not cited in the extant Greek literature,

28. See E. Savage-Smith, ‘‘Drug Therapy’’, op. cit., p. 99 for Ibn al-Nafis’s recipe for the Gray Kuhl.

29. mil, a probe or style, equivalent to the Greek mele.

30. Sukkar is the general term for the sap of the sugar cane which becomes solid upon boiling. There
are many technical terms used for sugar, most of which appear to derive from the various processes
involved in purifying and preparing the sugar. Ibn al-Nafis names three types of sugar: fabarzad and
ablij, which he mentions as scrapers for trachoma, and Sulaymant which he uses in a compound remedy
for pannus.

‘When sukkar has been boiled twice and purified by being poured into a vessel in which the impuri-
ties are separated out, it is called Sulaymani sugar, a name probably deriving from a trade name
associated with the town of Sulayman in Khizistin. When sukkar is boiled a third time, after fresh
milk equal in quantity to one-tenth its volume has been added to it, and it is boiled until is solidified,
it is called fabarzad, from the Persian meaning literally ‘chopped with an axe’. Sugar prepared in this
manner was apparently so hard that it had to be smashed into smaller pieces. See J. Ruska, ‘‘Sukkar”,
Encyclopaedia of Islam, 1st ed. (Leiden: Brill, 1911-1938) Vol. IV, pp. 509-510, for further terms and
processes used in refining sugar cane.

Ablij is a Persian word for a sugar loaf and is frequently a synonym for fabarzad sugar (see F.
Steingass, Dictionary, op. cit., p. 10 and E. Ghaleb, Dictionnaire des sciences de la nature (Beirut: Impri-
merie Catholique, 1965), Vol. I, p. 6). Perhaps Ibn al-Nafis’s intent was not only to give another word
for the type of crystalline sugar to be used, but also to specify the edge of not just any piece broken
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head, and tight-fitting clothes--in short, everything rousing the substances
(mawddd) and tending to cause them to move in the direction of the face.

The treatment type by type: For the first type, after the treatment common
to all the stages, the eyelid is everted and is rubbed with the Acrid Red Shiyaf.
This treatment alone may suffice; but if not, the Green Shiyaf or the Trachoma
Shiyaf should be used.?

Among the excellent drugs there is the one consisting of one part yellow
amber and two parts scales of copper, kneaded with honey. There is also: 16
mithqils of burnt copper, 8 mithqals of pepper, 4 of cadmia,’® 2 of myrrh,
2 of saffron, 5 of verdigris, and 20 of gum, kneaded with rain water.

meaning ‘the leveling (or flattening) of the cushion’ (Avicenna, Liber canonis (Venedig, 1507, reprinted
Hildesheim: Olms, 1964) fol. 213r).

The prohibitions do not seem to be part of subsequent ophthalmological ‘treatises until the 13th
century. All the later spellings of the verb seem to derive from the same root, I - f -" meaning to cleave
to the ground. In nearly all manuscripts, including those of Ibn al-Nafis’s treatise, the hamza itself is
not written. In the treatise Natijat al-fikar fi ilaj amrad al-basar (Result of Thinking about the
Treatment of Eye Diseases) written for the Ayyubid Sultdn al-Salih Najm al-Din Ayytb (637-647/
1240-1249), Fath al-Din Abi al-°Abbas Ahmad ibn “Uthmian ibn Hibat Allah al-Qaisi repeats the
things to be avoided, loosely rendering the admonition against the lowering of the pillow by simply
saying that one should avoid lowering the head (tankis al-ra’s) (Paris, Bibl. Nat. arabe MS 3007, fol.
70a). Writing between 1266 and 1275 Khalifa ibn Abi al-Mahasin al-Halabi in his The Sufficient in
Ophthalmology (Kitab al-kaf? f al-kuhl) presents the prohibitions, citing Ibn Sina as a source but using
the spelling (lafa”) given in the (spurious?) Rhazian text (Paris, Bibl. Nat. arabe MS 1043, fol. 33b).
The same expression and spelling is found in the ophthalmological treatise written at the end of
13th century by Saldh al-Din ibn Yiisuf al-Kahhal al-Hamawi (Paris, Bibl. Nat. arabe MS 3008,
fol. 41b).

Ibn al-Nafis gives the avoidances with some changes in wording and spelling and instead of ‘lower-
ing the bolster’ gives lufuw” al-wisdda ‘lowering the pillow’. , This jdentical expression and spelling
occurs in the 14th-century treatise by al-Shadhili (see above note 20) where the avoidances are present-
edin a different order and some new ones are added, such as ‘wicked ideas’. While al-Shadhili frequently
used Ibn al-Nafis as a source, in this particular instance he is citing a certain Ibn Kamtna who wrote
a Jami®kitab al-kafi, apparently a summary of the treatise by Khalifa (Munich, cod. arab. 834, fol.
34a; Chester Beatty Arab. MS 3990, fol. 61a which reads lat#l, which must be a scribal error for latuw”
as the Munich copy reads).

24, That is, lying on one’s face in bed for a long time. See J. Hirschberg, Die Augenheilkunde
des Ibn Sina aus dem arabischer iibersetzt und erliutert (Leipzig: Viet, 1092) p. 117; compare Avicenna,
Liber canonis, op. cit", fol. 213r.

25. The recipes for the Trachoma, the Green and the Acrid Red collyriums were given by Ibn al-
Nafts in the chapter of his treatise concerned with compound remedies. For a translation of the recipes
see E. Savage-Smith, *‘Drug Therapy®’, op. cit., pp. 100-101. Curiously, Ibn al-Nafis in the section on
compound remedies recommends the Mild Red Shiyaf for ‘light, inflamed trachoma’ and the Acrid
Red Shiyaf for ‘advanced trachoma’, yet in this chapter he advocates the used of the Acrid Red for the
first stage of trachoma. Collyriums named Trachoma (trachomatikon), Green, Mild Red, and Acrid Red
are all found in Greco-Roman ophthalmological writings. Precise contents differed with each physician.

26. iglimiya frequently refers to cadmia (calamine, a zinc ore), but can also refer to a scoria of any
metal. See M. Meyerhof, ‘‘Un glossaire... Maimonide®’, op. cit., no. 342, and Martin Levey, the Medical
Formulary or Aqrabadhin of al-Kindi, translated with a study of its Materia Medica (Madison/Milwaukee:
University of Wisconsin Press, 1966) p. 234 no. 20.
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and also the forsaking of sweetmeats, salted nuts,”* and things which ar
dessicative. When meat is eaten, let it be that of kid or fattened domesti
fowl. Isfid-baj** is an excellent food for sufferers from trachoma, as is als
yolk of a boiled egg. Certainly there is the obligation of the wet steam bat,
and the forsaking of dusts, smoke, strong anger, shouting, protracted conversa
tion, lowering the pillow,?® prolongation of prostration? and bowing of th

3990, fol. 61a, and Munich, Bayerische Staatsbibliothek cod. arab. 834, fol. 34a). Al-Shadhili use
Ibn al-Nafis as a major source for his writing and frequently cited him by his name Ibn Abi al-Haz
al-Qurashi. For a further discussion of al-Shadhili and other oculists who employed this treatise b
Ibn al-Nafis, see my forthcoming study of the treatment of trachoma and its sequelae from antiquit
through 16th-century Islam.

21. mawdlik, a Syrian word for salted nuts (H. Wehr, A Dictionary of Modern Written Arabic, e
by J. M. Cowen (Ithaca: Cornell University Press, 1961), p. 920). This is a more likely interpretatio
within the context than ‘dates’ as previously translated (E. Savage-Smith, *‘Drug Therapy’’, op. cit
p. 102).

22. Isfid-bdj is a Persian word for a dish made of meat, onions, butter, cheese, etc., or sometime
only bread and milk. See F. Steingass, Dictionary, op. cit., p. 58, H. Kroner, Zur Terminologi
der arabischen Medizin und zur ihren zeitgendssischen hebriischen Ausdrucke (Berlin: Thskowski, 1921
p- 43, and Manfred Ullmann, ‘‘Yihanni ibn Sarabiyin, Untersuchungen zur Uberlieferungs
geschichte seiner Werke’’, Medizinhistorisches Journal, 6 (1971), 288. In Middle Parsion the wor
spéadbag appears to have denoted a type of curd soup (see D. N. Mackenzie, A Concise Pahlavi Dic
tionary (London, Oxford University Press, 1971) p. 76.

23. These various prohibitions, including lowering the pillow, great anger, shouting, much talking
and tight-fitting clothes do not appear in Greco-Roman discussions of this condition nor in very earl
Syriac or Arabic accounts. They appear to have been introduced into Islamic descriptions possibly i
the early tenth century. They are by no means mentioned by all Islamic oculists, but can be trace:
through some of the literature where they are presented as a group with slight changes in wording
Throughout the various listings there is some confusion concerning the word for ‘lowering’ the pillow
perhaps arising from the various orthographical conventions in vogue at different times. The firs
mention of the prohibitions appears to be in the Kit@b al-dhakhira ascribed to Thabit ibn Qurra (d
288/901) where it is said that one should avoid litam al-mikkadda ‘beating [down] the bolster’ (Thabi
ibn Qurra, The Book of al-Dhakhira, ed. by G. Sobhy (Cairo: Government Press, 1928) p. 38). Thi
verb may be an error on the part of the editor of the printed edition, for when this passage is late
cited by al-Razi in the Kunndsh (or Kitab al.fakhir) it is given as latd’ al-mikhadda ‘putting th
bolster down on the ground’ (Cambridge University Library, Browne MS P2(7), fol. 103a). Al-Raz
uses the same expression again when citing as a source a certain Muhammad (Cambridge Univ. Lib
Browne MS P2(7), fol. 104a); for a suggested identification of this Muhammad see M. Meyerhof, *‘Nach
triige’’, op. cit., p. 393 nt. 3. The attribution of the Kitab al-dhakhira to Thibit ibn Qurra has beet
questioned (see for example M. Ullmann, Medizin im Islam, op. cit., p. 136), although others argu
convincingly that it is genuine (R. Y. Ebied, ‘“Thabit ibn Qurra: Fresh Light on an Obscure Medica
Composition’”, Muséon, 79 (1966), 453-473). Furthermore, it is uncertain if al-Raz1 was actually th
author of the Kunndsh in which the passage by Thabit is quoted (see Ullmann, Medizin im Islam, op
cit., p. 132). It is clear, however, that both treatises were written and circulating by the early 10tt
century.

Ibn Sina (d. 428/1037) borrowed extensively from al-Réz1 when writing his Kitab al-Qanin fia
}#ibb, although mostly from al-Hawi by al-Réaz1 where there is no mention of these prohibitions. Whatev
his source, Ibn Sina gives the set of things to be avoided including lat’ at-mikhadda (Qaniin I11,3,jii,l
al-Qaniin (Rome: Typographia medicea, 1593) Part I, p. 347). In the Latin translation made by Gera
of Cremona about 100 years after Ibn Sina died, the words are translated as et applanatonis pulvinar
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have mentioned. As for the first type, the roughness (khushina) is light and the
flowing of tears profuse, because the substance (madda) in it tends to be rather
thin. The symptom for the second type is that the roughness is more extensive
than in the first type and subsequently the tears are copious. As for the
symptom of the third type, in addition to the greater roughness, there are in
the eyelids cracks like those of a fig. In the fourth type there is a blackishness
or ash-color observable on the eyelid, along with increased burning; there is
also a large amount of melancholy and something like a dry scab of a wound
(khushkrisha) on it, because of the inflammation (iAtiraq).

There are two onsets (wartday) of trachoma: that which follows ulceration
of the eye, because its substance is acrid, and that which follows ophthalmia.
The less injurious form of it is that which follows blepharitis alone, because
the substance of the latter is slight, and therefore its injury to the eye is not
extensive.

The treatment: As for the treatment of trachoma in general, there should
first be cleansing of the body and head of the acrid burning substance — and
this is by means of bleeding, beginning first with the cephalic vein and then
with the veins of the two [inner] corners of the eyes.® When it is in the fourth
stage, or the temperament is melancholic, it should certainly be accompanied
by purging [induced] by means of cooked sweetmeats or mashed violets or
cooked thymeweed. It should definitely be accompanied by anti-inflammatory
and cooling measures to regulate the temperament, such as the drinking of
barley water with sugar, or similarly the dilution taken from jujube fruit,
plums, apricots and similar things. And certainly there should be regulation
of food and the employment of things which cool and dampen, such as cushaw
[melons ], squash, cucumber pith,'® garden purslane, and the quenching gruel®

18. A small tract on phlebotomy has been attributed to Ibn al-Nafis. See M. J.L. Young, °A Medie-
val Arabic Treatise on Venesection’’, Abr-Nahrain, 3 (1961-1962), 37-44.

19. The terms qiththd’, qur®, and lubb al-khiydr, translated here as cushaw (melons), squash, and
cucumber pith, are vague terms applying to a variety of plants. Qithth@’ generally means a variety
of cucumber or cushaw, but in Egypt it was also applied to a type of melon, Cucumis mela. Qar® appears
to be a comprehensive term for several varieties of squash, vegetable marrows, and pumpkins, while
khiyar usually refers to a cucumber, smaller in size than that meant by the term giththa’. For fuller
discussions of these plant names see Max Meyerhof (ed. and trans.), ¢“Un glossaire de matiére médicale
de Maimonide”’, Mémoires & I’ Institut d’Egypte, 41 (1940). nos. 343,332, and 388.

20. The word al-mazdwir is clearly written in both manuscripts. It is probably an unusual spelling
of mazawir, the plural of muzawwar, meaning any dish, usually without meat, given the sick person;
see R. Dozy, Supplément aux Dictionnaires Arabes (Leiden: Brill, 1881; reprinted Beirut: Librairie
du Liban, 1968) Vol. I, p. 612. F. Steingass suggests that the form muzdwir is short for dshi tazwir,
the Persian for a gruel or broth served the sick (4 Comprehensive Persian-English Dictionary (London,
1892; reprinted Beirut: Librairie du Liban, 1977) p. 1223). Ibn al-Nafis modifies the word with the
adjective mulaffiya ‘quenching’ or ‘anti-inflammatory’. The l4th-century Egyptian oculist Sadaqa
ibn Ibrihim al-Shadhili in his al-Umda al-niiriya fi al-amrad al-basriya (Oculistic Principles for the
Diseases of the Visual Apparatus) also recommends the gruel. spelling it in the same way as did Ibn
al-Nafis, but modifying it with the adjective muraftiba ‘cooling’ (Dublin, Chester Beatty Arab. MS
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the substance in the two diseases is the same, then most of the time blepharitis
precedes trachoma and is a warning of it, because the place of the outbreak
on the eyelid is at first thin, but afterward thickens and produces trachoma.
Ulceration of the eye also precedes and forewarns of trachoma hecause the
ulcer-producing (mugarriha) acrid substance (madda) reaches the eye, in most
cases, by way of the thin integument; and this can happen only after it has
developed on the eyelid. Thus this substance produces first blepharitis and
then ulceration of the eye. For the eye is soft and substances (mawddd) are
retained in it; thus it is affected by that [acrid and ulcerating] substance before
that same substance can affect the eyelid sufficiently to cause trachoma.
And ophthalmia (ramad) without ulceration may precede it, and that is when
the substance is not acrid enough to produce ulcers.

The trachoma may be made up of four stages which they call ‘types’. The
first type is the appearance on the eyelid of inflammation and roughness which
is like dry mange but not like pustules. The cause of this redness is the fever
(sukhina) of the blood and the blood’s being drawn (injidhab) to the eyelid
due to the heat of the substance (madda) and the irritation of rubbing.

In the second kind the roughness increases on the eyelid, accompanied
by pain and heaviness, because of the large quantity and detrimental nature
(rada’a) of the substance (madda).

The third type is called the ‘fig-like”'? because on the inside of the eyelid
there is something resembling the core of the fig, and on it there are cracks
and greater roughness.

In the fourth type there is more roughness and greater damage, and there
is itching accompanied by pain and increased hardness, and the scaliness can
hardly be scraped off, especially the part of it which has been there for some
time. Sometimes it [the fourth type] is accompanied by superfluous eyelashes
[ distichiasis and trichiasis] since the substance, with its inflammation and
corruption, may be conducive to the development of eyelashes. The substance
of the trachoma may be nitrous phlegm; it may come about from feverish
blood or sometimes from slightly melancholic blood which is also fevered.
Often it results from continued exposure to sunlight, dust, or smoke, accom-
panied by poor eating habits, unhealthy food, salty things, condiments, pun-
gent vegetables, or similar things.

The symptoms: The general symptom of trachoma is the itching of the eye-
lid, and when it is everted there is evidence of the redness and roughness we

16. The sense seems to be that the acrid substance gets its start in the eyelid, where it produces
blepharitis and eventually trachoma, meanwhile spreading to the eye itself where it produces ulceration.
The ulceration of the eye is then observable before the trachoma of the eyelid is.

17. tini, a translation of the Greek sykosis. The adjective fig-like was applied to the papillary stage
of trachoma, resembling the inner surface of a fig ripe to bursting and is found in Hellenistic medical
writings and all subsequent discussions of the subject.
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Fifth Section (jumla): On diseases related to the visual faculty (al-quwiwa al-bdsira); the

discussion is divided into an introduction and 7 subsections ( fusil).

Introduction (mugaddima), in which we will discuss the infirmities of vision and
other functions [discusses 8 types].

(1) On dimness of vision (du°f al-basar) [amblyopia and amaurosis].

(2) On nightblindness (al-ash@’), which is called al-shabkara [nyctalopia].

(3) On dayblindness (jahar) and it is called al-khafash (‘being able to see only
at night’) [hemera]opia].

(4) On snowblindness (qumir).

(5) On the eye’s avoidance of brightness and sunlight.

(6) On the destruction of vision (butldn al-basar).

(7) On the mixing up of vision (nushish al-basar), that is, the seeing of phantoms
(ru’ya al-khayalat).

Sixth Section (jumla): On the conditions (afwdal) related to the humors (rutibdt) and pneumas
(al-arwah) which are in the interior of the eyeball. The discussion is
divided into 4 subsections (fusl).

(1) On the affections (al-afwal al-“drida) of the albuminoid [aqueous] humor
(al-rutaba al-baydiya).

(2) On the affections of the crystalline humor (al-rutiba al-jalidiya).

(3) On the affections of the vitreous humor (al-rutiba al-zujdjiya).

(4) On the affections of the pneuma (rizk) in the eye.

Seventh Section (jumla): On the diseases related to the remaining parts of the eye. It is
divided into 2 subsections ( fusil).

(1) On the diseases occurring in the remaining tunics of the eye.
(2) On the diseases affecting the optic nerves (al-“asab al-niri).

On Trachoma Occurring on the Eyelid®®

The difference between blepharitis and trachoma is that even though an
itching does accompany both, with the one called blepharitis (hikka) there
are no pustules and no crustiness to be reckoned with, and there is no ulceration
or cracking, as in trachoma. The substance!* of the two diseases is an acrid,
nitrous moisture (hadda bawragiye rutiba), but in blepharitis it is thin and
scraping alleviates it and removes it from the pores, while in trachoma it is
thicker because of its building up’® and being covered with pustules. Since

13. Comprising the 20th subsection (fasl) of the first chapter (bdb, on diseases of the eyelids) of the
second section (jumla) of the second book (namat). This section occupies in S fols. 93b-96a and in V
fols. 92a-94a.

14. The word madda ‘substance, matter’ refers in this context to both the moist discharge of the
eye and the internal substance of the eyelid. The term mddda. is also employed in some medical writ-
ings in the sense of the substance or material of the disease itself. It is apparent that overtones of this
use of mddda as disease-matter are intended here as well. For an interesting discussion of the uncertain
origins of this notion of madda as disease-matter see Rufus von Ephesos, Krankenjournale, ed. by Man-
fred Ullmann (Wiesbaden: Harrassowitz, 1978) pp. 26-28.

15. Iiterally, ‘because it is retained’ (tuhtabasu).
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Introduction (mugaddima).

First Chapter (bab): On diseases relating to the conjunctiva (al-fabaga al-multahima);
it is divided into 13 fusil.

(1) On ophthalmia (ramad).

(2) On inflation (intifdkh) occurring to the conjunctiva [edema].

(3) On the blood spot (farfa) [ecchymosis of the conjunctiva].

(4) On callosity (jasd’) happening to the conjunctiva.

(5) On phlyctenulosis (al-wadaga).

(6) On purulent ulceration (al-dubayla) in the conjunctiva.

(7) On the separation of the connection which occurs in the conjunctiva
(tafarrug al-ittisdl) [rupture of tissues].

(8) On pannus (sabal).

(9) On pterygium (zafara).

(10) On the overgrowth of flesh along the conjunctiva (al-lahm al-2&’id) [gran-
ulation].

(11) On papilloma (al-tita).

(12) On itching (kikka) of the conjunctiva.

(13) On lachrymation (dam‘a).

Second Chapter (bdb): On the diseases related to the cornea (al-fabaga al-garniya).

It is divided into 7 fusul.

(1) On pustules (buthdr) occurring on the cornea.

(2) On corneal ulceration (qurih) and pitting (kafar).

(3) On perforation (khurig) of the cornea and corneal protrusion (nuti’) [sta-
phyloma or keratectosia] and corneal abrasion (silkh).

(4) On the alteration of the color of the cornea to white, red, or yellow or
similar color.

(5) On the ‘hidden matter’ (kumnat al-midda) under the cornea [formation
of pus behind the cornea, hypopyon].

(6) On cancer (sarafan) of the cornea.

(7) On departure (khurij) of the cornea from its normal state (i“tid dl, equi-
librium) due to moisture or dryness.

Third Chapter (bdb): On the diseases related to the ‘grapelike’ tunic (al-fabaga al-
“inabiya) [“uvea’, iris]. The discussion is divided into 3 subsections

(fusil).

(1) On ‘blueness’ occurring in the eye (zurga) [glaucoma].

(2) On prolapsis of the iris (nutd’ al- “inabiya).

(3) On the separation of connection (tafarruq al-ittisal) which happens to the
iris [ruptu.re of tissues}

Fourth Chapter (bab): On the diseases related to the pupil (kadaga), that is, the per-
foration of the ‘uvea’. These diseases are three in number, namely
dilation, contraction, and blockage (insiddd); so therefore in this
chapter the discussion will be divided into 3 subsections (fusil).

(1) Ondilation (ittisa°) of the pupil, and this is called ‘the spreading’ (al-intishdr)
(2) On contraction (diq) of the pupil.
(3) On water descending (al-md@” al-ndzil) in the eye [cataract].
Fourth Section (jumla): On the diseases of the body of the eyeball (jumlat al-mugla) ... Their
treatment is divided into 3 subsections (fusal).
(1) On squint (kawal) [strahismus].
(2) On protruberance (juhiiz) of the eye [exophthalmus].
(3) On the sinking (ghawr) of the eye and its reduction in size [atrophy].
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Second Chapter (bdb): On the principles (ahkdm) of individual ocular drugs, divided
into a 2 subsections (fusil).
(1) On the principles of simple drugs.
(2) On the principles of compound drugs.
Second Section (jumla): On diseases of the external part of the eye; the discourse is divided
into 2 chapters.
First Chapter (bab): On the diseases of the eyelid (jafn); it is divided into an introduc-
tion, 30 subsections (fusiil) and an appendix.
Introduction (mugaddima).

(1) On lice (gaml and gimgdm) which attack the eyelids.
(2) On wulcerative blepharitis (suldg) of the eyelids, and in Greek its name is
abiisima.
() On callosity (jasa’) [induration].
(4) On the thickening (ghilaz) of the lids.
(5) On the swelling (tahbij) of the eyelids.
(6) On inflation (intifakh) of the eyelids [edema].
(7) On heaviness (thigal) of the lids.
(8) On boils (dummal) in the eyelids.
(9) On the rash (shara) which occurs on the eyelids.
(10) On hailstone (barada) [chalazion].
(11) On the stye (sha“ira).
(12) On lithiasis (tahajjur).
(13) On corrosion (or ulceration, ta’kil) in the eyelid.
(14) On cystic tumors (sila®) occurring in the eyelid.
(15) On itching (hikka) of the lid.
(16) On roughness of the eyelids (khushinat al-ajf an).
(17) On excoriation (or a mild and dry eruption; sa‘fa).
(18) On the ulceration (qurih) of the eyelid and its rupture (khardg).
(19) On ‘the ant’ (namla) [cracking or formication .
(20) On ‘scabies’ (jarab) occurring on the eyelid [trachoma].
(21) On the papilloma (tita) of the lid.
(22) On excessive edema (wardingj) occurring in the lid [chemosis].
(23) On a hydatid cyst (shirndg).
(24) On the sticking together (iltisaq) of the eyelids [symblepharon].
(25) On shrinkage (shatra) of the eyelid [and eversion; ectropion].
(26) On slackening (istirkha’) and drooping (insi®dl) of the eyelid [ptosis].
(27) Oa superfluous lashes (shar zd’id) [distichiasis].
(28) On ingrown lashes (shar mungalab) [trichiasis].
(29) On falling out of the eyelash (intithdr al-hudub).
(30) On whiteness of the eyelashes (bayad al-ahdab).
Appendix (khatima) to the chapter in which we discuss unnatural (ghair tabi“iya)
things which occur to the eyelid [including ‘dead blood’, a black eye].
Second Chapter (bab): On diseases of the corners [canthi] of the eye. The discourse
is divided into 3 subsections (fusil).
(1) On the lachrymal abscess and fistula (gharb).
(2) On the overgrowth of flesh of the canthus (ziyada laim al-mu’q) [granulation].
(3) On the loss of some of the flesh of the canthus (nugsdn lahmat al-mu’q).
Third Section (jumla): On the diseases of the middle of the eye. The discussion is divided
into an introduction and 4 chapters.
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Third Chapter (bab): On the causes of the conditions (afwdl) of the eye; and it js

(2)

divided into 2 sections ( fusil).
On the general (kulliya) causes.

(b) On causes of fever (al-musakhkhinat) in the body.

Fourth Chapter (bib): On the symptoms of the conditions of the eye; and the discus-

sion is divided into 2 sections (fusdl).

(a) On the evidence from which the conditions of the eye are known; it is divided

into 10 topics (gism).

(1) Vision (ibsar).

(2) The function (fi°l) of the eye in regard to nourishment (ghidha’).

(3) The function of the eye in regard to superfluities (fudil).

(4) The functions of perception (kiss) and motion which belong to
the eye.

(5) The parts of the eye.

(6) Things agreeing and disagreeing with the eye.

(7) The color (lawn) of the eye.

(8) The feel (malmas) of the eye.

(9) The shape (shakl) of the eye.

(10) The size (migddr) of the eye.

(b) On the prognostic symptoms (“aldmdt dalla) of the conditions of the eye.
Second Section (jumla); On the principles of the practical (“amal?) portion of this art; it is

divided into 2 chapters.

First Chapter (bdb): On the care (hifz) of the healthy state (sikka) of the eye. The

@)
@

discussion is divided into 2 subdivisions (fusil).
A general discussion on the care of the health of the eye.

On the rules of everyday eating from which are chosen what is suitable
for maintaining the health of the eye.

Second Chapter (b@b): On the treatment (“ildj) of eye diseases, in a general discussion;

it is divided into an introduction and 5 subdivisions ( fusil).

Introduction (mugaddima).

1)
()
3)
(O]

)

On the regimen (tadbir) by means of diet (ghidha’).

On the treatment( “ildj) by means of drugs (dawd’).

On the treatment by means of the hand [surgery].

On the treatment of dyscrasia (suwa’; imbalance) of the temperament of
the eye.

On things which lessen the pains of the eye.

SECOND BOOK (ramat): On the ramifications of this art. We thought that in this book we would

combine theory (“ilm) and practice (‘amal) since that is easiest for
teaching, and that we would divide the discussion into 7 sections.

First Section (jumla): On eye medicines (adwiya), both simple and compound; it is divided

into 2 chapters.

First Chapter (bab): On the practical principles concerning these drugs; it is divided

®
2)
(3)
)
)

into 5 subsections (fusil).

On the classes of eye medicines.

On determining the temperaments (amzija) of the eye medicines.

On the qualities (sifat) of the drugs of the eye.

On the determination of the functions (af °al) of eye medicaments.

On things which counteract the eye medicines b of the position
(tarkib) and the like,
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Following the outline of the complete contents of the treatise there will
the translation with commentary of the three chapters. A glossary of terms
iployed by Ibn al-Nafis in the three chapters on trachoma, pannus, and
arygium follows the edited Arabic texts. In the treatise itself there is no
sarate table of contents. The following outline is drawn from the section
adings throughout the treatise.

The Perfected Book on Ophthalmology
by Ibn Abi al-Hazm al-Qurashi [known as Ibn al-Nafis]
PREFACE (mugaddima), consisting of three sections (fusil).
First Section: On what is the nature of the ocular art (hi’at sinaat al-kuhl).
Second Section: On the distinguishing features of animals in regard to the eye.
Third Section: On the special properties of men in regard to the eye.
FIRST BOOX (namat): On the principles of this art, and it is divided into two sections.
First Section (jumla): On the principles of the theoretical part (al-juz’ al-nazari) of this
art: it is divided into 4 chapters.
First Chapter (bab), which is divided into 2 subsections.

First Subsection (fann): On the constitution (khilga) of the eye. The discussion
of it is divided into 10 divisions.

(1) On what is the nature of the eye and its parts and utility.

(2) On the distinguishing features of the eye (asndf al-“ain).

(3) On the path of the visual pneuma, which is to say the optic nerves.

(4) On the nerves moving the eyeball (mugla).

(5) On the nerves moving the eyelids (ajfan).

(6) On the muscles of the eyeball.

(7) On the muscles of the eyelids.

(8) On the nature of the eyeball.

(9) On the nature of the eyelids.

(10) On the temperament (mizdj) of the eye and its parts.

Second Subsection (fann): On the function (fi°l) which is unique to the eye,
whiclr is to say vision (al-ibsar). It is divided into 10 divisions (fusil).

(1) On the enumeration of the visual things (al-ashyd@’ al-mubsira).

(2) On the explanation of statements frequently employed concerning the
subject of this subsection.

(3) On the conditions favorable for vision by the eye.

(4) On the opinion of the learned (“ulama’) concerning vision (al-ru’ya).

(5) On the arguments of those talking about these ideas.

(6) On the idleness of the opinions of those disagreeing, and their arguments,
and the victory of the truth, which is to say our belief and convic-
tion about it.

(7) On the simplicity of the argument concerning the reasonableness of our
belief and its demonstration.

(8) On uncertainties (shubah) which might be presented with regard to our
theory of vision.

(9) On the main part of these doubts (shukik).

(10) In which we discuss an uncertainty (shubha) generally presented with regard
to vision (ibsar).

Second Chapter (bab): On the diseases of the eye, and it is one section (fasl).
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The Perfected Book on Ophthalmology is extant in three known manuscripts.
The oldest manuscript is in the Biblioteca Vaticana Arab. MS 307, entitl
Kitib al-muhadhdhab fi tibb al-ain, consisting of 186 folios and completed &
the scribe on 30 Shawwal'? 851 A.H. (7th January 1448 A.D.). The secon
copy was in the private collection of Paul Sbath, MS 17, now housed at t}
Biblioteca Vaticana as Sbath MS 17, entitled Kitab al-muhadhdhab fi hikn
al-ain; it is undated (ca. 18th century) and incomplete with only 97 folio
Both manuscripts are written in naskhi script. The first and last folios of Bik
Vat. Arab. MS 307 (hereafter designated by V) are illustrated in Figs. 1 and
while Fig. 3 shows the first folio of Sbath MS 17 (hereafter designated by S).

In editing the three chapters I have made certain orthographical correctio
in the text, adopting the modern form of writing the words, which I have n
given as variant readings. In both manuscripts when an alif is followed by
hamza, the hamza is not written and the alif has a madda; thus .l is writte
as ., '~ as T, , and Wil as Ul . I have consistently omitted tl
madda and added the hamza. The orthography of the medial and final ham:
varies in the manuscripts, and I have written them in the text in the mo
common form found today. For example, si1; appears as sx!; in both mam
scripts, = is written as sj=, is occurs as i» , and 4>l is written as
inSand Yk, in V. InV there is occasionally found an extra alif not requirc
today in the imperfect third person singular form of the verbs ending in wa
e.g., |z instead of ,=.

Both S and V nearly always write the expression oG - L ‘as for..
ob -+ LI. Perhaps they both derive from a copy written in a maghribi scrif
I have chosen to write oG ... LI in the text. In S alone, both (s6) ob .-
‘as for ...” and oY ‘because’ are always followed by the jussive, e.g., ;<0
This usage has not been noted in the variant readings.

In the edition of the text for these three chapters, the underlining of wor
corresponds to words in the manuscripts which are either rubricated
overlined.

11. The third manuscript is in the Staatsbibliothek Preussischer Kulturbesitz in Berlin, MS
oct. 2365. It is entitled simply Kitab al-muhadhdhab and consists of 225 folios, completed by
scribe on 15 Dhii al-Qa®da 1115 A.H (21 March 1704 A.D.). It is also written in naskhi script. 1
third copy of the treatise was just brought to my attention as this article was going to press and th¢
fore, unfortunutely, has not been used in the preparation of the edited text. The manuscript is descril
by Rudolf Sellheim, Materialien zur arabischen Literaturgeschichte (Verzeichnis der orientalischen Ha
schriften in Deutschland, XVIJ, A, Wiesbaden: Steiner, 1976) pp. 213-216. The author wishes to th:
Professor Manfred Ullmann of Tiibingen for bringing this to her attention.

Yet a fourth copy of this treatise is listed by Paul Sbath in Al-Fihris (Catalogue de Manust
Arabes), premiére partie: ouvrage des auteurs antérieurs au XVII® siécle (Cairo, 1938) p. 85, where
mentions among manuscripts held in private collections in Aleppo a copy of this treatise owned t
Zabidi. The present location of this fourth copy is unknown.

12. There are only 29 days in the month of Shawwil; it is supposed that the scribe inten
the end of Shawwail, or the 29th rather than the 30th.
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By and large we can see him holding to his maxim as reported® by al-
“Umari that “he never departed from the method to which he was accustomed ;
he did not prescribe a remedy as long as he could prescribe a diet, and he did
not prescribe a compound remedy as long as he could content himself with a
simple drug”. His emphasis upon regimen and diet is clearly greater than
other medieval oculists, and while frequently referring to compound remedies
he nonetheless does not employ as many as his predecessors. On the other
hand, he advocates less purging and phlebotomy than his predecessors. His
post-operative instructions are more detailed and extensive than most writers.
His emphasis, consonant with that of his other vritings, is more on the theoret-
ical than on the practical, although the practical is not overlooked. He does
not describe personal cases and seldom quotes previous authors by name. Yet
his surgical procedures are thoroughly described and more detailed than those
of his predecessors. In the procedure for excising pannus and pterygium he
employs an instrument — a thin knife called a mislakh — which it seems is first
mentioned in his writings. He also implies that some questioned the advisability
of surgically removing pannus. A detailed comparison of Ibn al-Nafis’s ideas
with those of his predecessors and successors will be made in a later study of
the treatment of trachoma and its sequelae from antiquity through sixteenth-
century Islam.

The Perfected Treatise on Ophthalmology is divided into two books and a
preface. The preface contains an interesting discussion of the distinguishing
features between different animals with regard to the eye. The first book is
divided into two parts, the first dealing with theoretical matters including
theories of vision and causes and symptoms of ocular affections, and the second
portion on practical principles of care for the healthy eye and the diseased eye.
The second book combines theory and practice, encompassing sections on
simple and compound remedies and the treatment of diseases occurring in
different regions of the eye. The order, arrangement, and emphasis are indeed
quite different from the well-known ninth- and tenth-century manuals of
Hunain ibn Ishaq and °Aliibn ¢Isi al-Kahhal. This treatise is of interest first
of all because it is possibly the most thorough and complete of all medieval
Arabic ophthalmological tracts, and secondly because it contains some original
ideas and approaches introduced into the treatment of these diseases by a
well-known medical theoretician. All in all, it certainly does not deserve the
dismissal afforded it by previous historians.’’

9. M. Meyerhof and J. Schacht, Theologus Autodidactus, op. cit., p. 16.

10. See M. Meyerhof and J. Schacht, Theologus, op. cit., p. 23, and M Ullmann, Medizin im Islam,
op. cit., p. 213; see also Casey Wood, ‘‘The Lost Manuscript on Ophthalmology by the Thirteenth-
Century Surgeon Ibn al-Nafis’’, Journal of the American Medical Association, 104 (1935), 2122-2123.
The treatise has not been studied in any detail by medical historians prior to the present author; Max
Meyerhof was able to quickly examine one of the manuscripts not long before his death.
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procedure known in the West as peritomy and practiced well into this century
— was viewed by medieval physicians as a means of stripping off the pannus
from the conjunctiva. In actual fact peritomy consisted of excising a strip
of conjunctiva from the sclera around the limbus adjacent to the cornea with
the purpose of cutting off the vascular supply. The medieval procedure frequent-
ly resulted in removing layers of the corneal epithelium. It could resultin a
great deal of bleeding and the formation of a corneal scar. Pterygium, on the
other hand, was and is successfully removed surgically, although it frequently
recurs later.

The ophthalmological tract by Ibn al-Nafis represents a fuller treatment
than in the “classic’ ophthalmological manuals of the late tenth century, such
as those of ©Ali ibn °Isa al-Kahhal or “Ammar ibn ©Ali al-Mawsili.® The
treatise allows us to see Ibn al-Nafis at his most creative and original, especially
with regard to the theoretical aspects of his analysis. Thisis particularly evident
in his discussion of whether pannus is natural or unnatural (normal or patho-
logical), the parallel drawn between excision of pannus and circumcision, his
theorizing as to the condition under which pannus is especially contagious,
his laying down two conditions' which provoke the onset of trachoma, and
generally his concern with the causes of and relationships between diseases.
He compares in detail pterygium and pannus, and it appears that he was the
first to introduce the idea that pterygium is a form of pannus. Ibn al-Nafis
does not show as much dependence upon the ideas of Ibn Sini as one might
expect from a commentator and epitomizer of the Qanitin. Nor is his treatise
merely a rewording of the major ophthalmological tracts written up to his
day, although there are, of course, many ideas and techniques common to
them all.

(Cairo: Government Press, 1928) p. 57. Hunain wrote the Greek word as girsifthalmiya which suggests
a Greek word from kirsos meaning an enlargement of a blood-vessel and ophthalmia a disease of the
eye. Al-Razl, citing Hunain as a source, stated that the Greek name is derived from the word al-dawdli,
apparently trying to define the transliterated Greek word given by Hunain (al-Rézi, Abd Bakr Mubam-
mad ibn Zakariya, Kitab al-haw? f7 al-tibb, Rhazes® Liber Continens. An Encyclopedia of Medicine. Part
II. On the Diseases of the Eye (Hyderabad: Osmania Oriental Publication Bureau, 1374/1955) p. 145;
see also Max Meyerhof, ‘‘Nachtriige zur Geschichte des Begriffes Pannus’’, Archiv fiir Geschichte der
Medizin, 20 (1928) 391. The Arabic word al-dawal? is an early technical medical term for varicosity;
for examples of its use see P. de Koning, Trois traités d’anatomie arabes par Muhammad ibn Zakariyya
al-Razt, “Al7 ibn al-°Abbds et “Al7 ibn Sind (Leiden; Brill, 1903) p. 817.

8. For texts and translations see “Ali ibn “Isa al-Kahhal, Tadhkiratu’l Kakhalin, ed. by al-Hakim
al-Sayyid Ghous Mohiuddin al-Sharafi (Hyderabad: Osmania Oriental Publication Bureau, 1964);
Casey A. Wood, Memorandum Book of a Tenth-Century Oculist for the Use of Modern Ophthalmologists
(Chicago: Northwestern University Press, 1936); “Ali ibn <Isa, Erinnerungsbuch fiir Augenirzte aus
arabischen Handschriften, trans. by J. Hirschberg and J. Lippert (Die arabischen Augenirzte nach den
Quellen bearbeitet, 1, Leipzig: Veit, 1904); and “Ammir ibn °Ali al-Mawsili, Das Buch der Auswahl
von den Augenkrankheiten, trans. by J. Hirschberg (Die arabischen Augendrzte nach den Quellen bear-
beitet, IT, Leipzig: Veit, 1905) pp. 1-152.
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with the liquid immediately before applying.> The previously mentioned article
on Ibn al-Nafis’s drug therapy can be referred to for the particular recipes
of the drug remedies which Ibn al-Nafis mentions only by name in the following
sections.

A brief word is necessary here concerning the conditions themselves. Tra-
choma (from the Greek trachomata ‘roughnesses’) was well-known to both
Greco-Roman and Islamic physicians. It was considered to conmsist of four
stages and to be a disease of the eyelid.* Today it is viewed as a disease of the
conjunctiva in which dense, hard-packed papillae form on the inner surface
of the eyelid, resulting when untreated in several complications and sequelae.
It was given the Arabic name jarab meaning ‘scabies’. The condition known
today as pterygium (from the Greek pterygion ‘wing’) is a triangular-shaped
ingrowth of the conjunctiva onto either side of the cornea, most frequently
on the nasal side. It was known to Greco-Roman physicians who classified
it as a disease of the conjunctiva and described procedures for removing it
surgically. The Arabic term for the condition is zafara ‘pellicle’.

The first description we have of pannus is by the ninth-century physician
Yihanna ibn Masawaih.® By the tenth century Islamic physicians knew it to
be always associated with trachoma. This invasion of the cornea by vessels from
the limbus is indeed a secondary characteristic of trachoma. Occasionally the
entire cornea becomes vascularized and the overlying corneal epithelium
becomes irregular and shows small punctate ulcers.® The Arabic for it is sabal
meaning ‘rain’, and the disease was classified by medieval Islamic physicians
as a disease of the conjunctiva. There are no known Hellenistic or Byzantine
sources which describe a condition which could be interpreted as pannus.
However, the ninth-century oculist and translator. Hunain ibn Ishaq stated
that there was a Greek name for the condition.” The excision of pannus — a

3. For further discussion of the manufacture and use of various compound ocular remedies see
Harald Nielsen, Ancient Ophthalmological Agents (Acta Historica Scientiarum Naturalium et Medi-
cinalium, Vol. 31, Odense, Odense University Press, 1974); Mubammad ibn Qassim ibn Aslam al-
Ghafiqi, 4l-Morchid fi’l-Kohhl ou Le Guide d’Oculistique, trans. by Max Meyerhof (Barcelona: Labora-
toires du Nord de ’Espagne, 1933) pp. 159-165; Paulus Aegineta, The Seven Books of Paulus Aegineta,
trans. by Francis Adams (London: Sydenham Society, 1844) Vol. III, pp. 548-577; and E. Savage-
Smith, ‘“Drug Therapy’’, op. cit. See also J. Hirschberg, Geschichte der A heilkunde, Buch I: Geschi-
chte der Augenheilkunde im Altertum (Vol. XII of 2nd ed. of Graefe-Saemisch, Handbuch der gesamten
Augenheilkunde, Leipzig: Engelmann, 1899) pp. 232-242.

4. See Max Meyerhof, ‘‘The History of Trachoma Treatment in Antiquity and During the Arabic
Middle Ages’’, Bulletin de la Société d’Ophtalmologique d’Egypte, 29 (1936), 25-87.

5. Max Meyerhof, ‘‘Neues zur Geschichte des Begriffes Pannus®’, Archiv fiir Geschichte der Medizin,
19 (1927), 240-252.

6. For all three conditions see Patrick D. Trevor-Roper, The Eye and its Disorders (Oxford/London:
Blackwell, 1974) pp. 404-410 and 461.

7. Hunain ibn Ishaq, The Book of the Ten Treatises on the Eye Ascribed to Hunain ibn Ishdq (809-
877 A.D.). The Earliest Existing Sy ic Textbook of Ophthalmology, ed. and trans. by Max Meyerhof
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The present study will consist of a translation and edited text of the conten
for the entire treatise and three complete chapters concerned with the trea
ment of trachoma, pannus, and pterygium. These three conditions were selecte
as examples of ophthalmological techniques to be analyzed in detail in t}
treatise by Ibn al-Nafis because they were and still are today in the Ne:
East major causes of blindness, and because they illustrate some intricai
surgical procedures as well as the general therapeutic principles used fc
treating eye afflictions.

Pannus was recognized, at least by the tenth century A.D., as being
characteristic companion of trachoma, while several thirteenth-century an
later physicians including Ibn al-Nafis clearly considered pterygium to b
related to or a form of pannus, although today a direct relation between trs
chomatous pannus and pterygium is not recognized. Islamic physicians recog
nized trichiasis and entropion (ingrown eyelashes and rolled in eyelids) a
sequelae of trachoma, but for the present only trachoma, trachomatous pannu
and pterygium are dealt with here.

In an earlier article I translated the recipes for compound remedies fo
these three diseases given by Ibn al-Nafis in the formulary comprising a
earlier chapter in his Perfected Book on Ophthalmology.? Throughout the fol
lowing translations references will again be made to different compound druge
Among Islamic writers ocular remedies fell into two categories: a kufl (a ver
fine powder) and a shiydf (roughly translated as collyrium). The kufls wer
of three types: the simple ku/l applied to the eye with a probe (mil), a bari
(coolant) whose ingredients were considered cooling, and a dharir (powder
which was sprinkled on the eye without the use of a probe. The shiydfhad gun
arabic or sarcocol as a base and was mixed with a plant juice, wine, vinegar
rainwater, or other liquid. There were two classes of shiydf, mild ones anc
acrid ones, while some were classified according to the action of their ingredi
ents, such as caustic or cicatrizing or narcotic (usually if they contained opium)
The shiyaf was customarily formed into a cake or bar for storage and mixec

2. Emilie Savage-Smith, ‘‘Drug Therapy in Trachoma and its Sequelae as presented by Ibn al-Nafis
Pharmacy in History, 14 (1972), 95-110. In this earlier article I also translated selected paragraph
of the three chapters given in their entirety here. The present study in several respects constitutes i
correction to those parts of the earlier article. Moreover, in translating portions of his Formulary
inadvertently omitted two recipes specified as useful for pterygium. Among the Shiyafs they numbe
26th and 27th in his listing. Their translation is as follows:

[No. 26] The Qaisar (Caesar’s) Shiyaf for pterygium. Its recipe: washed haematite 12 dirhams
gum arabic and burnt copper 1 dirham each: burnt yellow vitriol and verdigris 2 dirhams each
kneaded with fennel water. [No. 27] Shiyaf for pterygium; its recipe: washed haematite 3 dir
hams; burnt copper 2 dithams; coral and pearl 3 dirham each; gum arabic and gum tragacantl
2% dirhams each; pepper 44 danigs; white lead 1 dirham; realgar, Dragon’s blood, saffron
and yellow amber,  dirham each; kneaded with chicken blood (dam al-fardrikh), dried ant
applied with milk of a wet nurse (laban jdriya: see note 74 below).



Ibn al-Nafis’s Perfected Book on Ophtha[mology‘

and His Treatment of Trachoma and Its Sequelae

EMILIE SAVAGE-SMITH*

HE THIRTEENTH-CENTURY SYRIAN-TRAINED OPHTHALMOL-
OGIST and chief of physicians in Cairo, Ibn al-Nafis, is well-known
to medical historians for the earliest description of the pulmonary circulation
of the blood which he presented in his Commentary on the Anatomy in Ibn
Sina’s Qanin (Shark tashrik al-Qanin) and again in his Commentary on the
Entire Canon of Avicenna (Sharh al-Qanan). Ibn al-Nafis, better known in the
Islamic world by his nisba al-Qurashi, was an authority on religious law, logic,
and theology, as well as a prolific writer of medical tracts. In addition to the
commentaries on the Qanin of Ibn Sina (Avicenna), he wrote a popular Epit-
ome of the Qanin, commentaries on the Hippocratic treatises The Nature of
Man and Epidemics, a commentary on the Questions on Medicine written in
the ninth century by Hunain ibn Ishiq, a Reference Book for Physicians, and
an extensive Comprehensive Book on the Art of Medicine, and The Perfected
Book on Ophthalmology.*
In the latter treatise Ibn al-Nafis presents a very thorough and systematic
summary of ophthalmological practices in the thirteenth century, in which
he presents some topics and approaches not to be found in the earlier literature.

*Gustave E. von Grunebaum Center for Near Eastern Studies, University of California, Los Angeles,
California 90024. The author wishes to thank La Biblioteca Apostolica Vaticana and the Bibliothéque
Nationale, Paris, for supplying copies of manuseripts used in this study and for permission to publish
photographs and translations of portions of them. The examination of manuscripts at the Dar al-
Kutub in Cairo was made possible by the Smithsonian Institution through the American Research
Center in Egypt. The author also wishes to thank the staff of the Dar al-Kutub for its assistance and
the Chester Beatty Library, Dublin, the Bayerische Staatsbibliothek, Munich, and the Cambridge
University Library for supplying copies of manuscripts. These microfilms as well as other materials
were made available with the support of a grant from the American Philosophical Society, Penrose
Fund, Grant No. 5714. Most especially the author is grateful to Bruce G. Inksetter who carefully and
Painstakingly read the edited text and translation and generously offered suggestions. All errors,
however, are the responsibility of the author.

1. For the life and writings of Ibn al-Nafis see A. Z. Iskandar, *‘Ibn al-Nafis’’, Dictionary of Scientific
Biography, Vol. IX, pp. 602-607, and Manfred Ullmann, Medizin im Islam (Handbuch der Orientalistik
Erste Abteilung, Ergéinzungsband VI, Abschnitt 1, Leiden: Brill, 1970) pp. 172-176 and 213. For a
discussion of his full name and a translation of the 18 biographical sources regarding Ibn al-Nafis
see Max Meyerhof and Joseph Schacht, The Theologus Autodid, of Ibn al-Naf7s (Oxford : Clarendon
Press, 1968).
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ALKafi fol-Tibb of al-Razi

ALBerT Z. IskaNDAR & Riraar Y. EsBiep

The purpose of this paper is to draw the attention of scholars to the exis-
tence of an apparently unique Judaeo-Arabic manuscript of al-Kaf: fi’l- Tibb
of al-Razi, preserved in the Bodleian Library, Oxford MS No. 514 (Uri
427). This manuscript, which is written in clear Hebrew characters, was
completed on Thursday 28th Tebheth, 5180 [= 15th January, 1420] by a
certain Rabbi Sa®adiah the Physician for his brother Rabbi Abraham.

Al-Kafi fi’l-Tibb appears in Ibn Abi Usaybi®a’s “Uyan al-Anba’, but no
mention of it is made in the other mediaeval bibliographies, as for example
Ibn al-Nadim’s al-Fihrist, Ibn Juljul’s Tabagadt, al-Birtini’s Risdlah and al-
Qifti’s Ta’rikh.

This paper presents a critical study of a number of Arabic manuseripts
bearing the title of al-Kafi, which have been erroneously ascribed to al-Razi.
Internal evidence is provided to show that the Bodleian manusecript No. 514
(Uri 427) contains a copy of al-Razi’s al-Kaf fi’l- Tibb. The table of contents
of this manuscript, together with excerpts from the text, are also given in
this paper.

Al-Kdfi fi’l-Tibb consists of two treatises in which al-Rizi presents his
medical material modelled on the compendia (kandnish), and following the
head-to-toe method of presentation. The first treatise contains seventy-six
chapters (abwab) and deals with diseases of the head. The second treatise
consists of fifty-five chapters and treats of diseases of the stomach and other
organs of the body, concluding with accounts of fevers. Each chapter is devoted
to one illness, in which the name of the disease is mentioned, followed by its
causes, its symptoms, and therapy.

Kitab al-Kafi fi’l- Tibb would appear to deserve publication in a full critical
edition, based on the hitherto unpublished Bodleian manuscript, on the
grounds of its importance in the history of Arabic medicine. It is hoped that
such an edition will appear in the near future.
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the inclined sphere and the deferent, achieving thereby a better explanation
of the phenomenon called ““prosneusis” by Ptolemy.

It should be noted that “Urdi remains totally silent about the genuine
defect in the Ptolemaic lunar model which predicts a moon almost twice as
large at quadrature, hence once more emphasizing the philosophical and
logical motivation of his non-ptolemaic astronomy.



SUMMARIES OF ARABIC ARTICLES IN THIS ISSUE

A Damascene Astronomer Proposes a
Non-Ptolemaic Astronomy

GEORGE SALIBA

This paper gives, in Section 1, an Arabic summary of the results reached
so far in the research centered around the works of the Maraghah astronomers,
which had not been made available in Arabic before. It points out that the
work of the Damascene astronomer Mu’ayyad al-Din al-“Urdi (d. A.D. 1266)
had not been presented either in Arabic or English, and this paper proposes
to fill the gap.

The Bodleian MS Marsh 621 is shown to be a copy of the hitherto inacces-
sible astronomical text of “Urdi. Study of this document revealed that it was
written before the Tadhkirah of Nasir al-Din al-Tasi. It is also shown that a
planetary model, hitherto ascribed to Qutb al-Din al-Shirazi is actually that
of “Urdi.

Sections 2 and 3 give a summary of the bio-bibliographical data known
so far about “Urdi.

Section 4 discusses the importance of ‘Urdi’s work. It is established that
it belonged to the genre of astronomical writings produced by many medieval
Arab astronomers who took upon themselves the strict requirement of produ-
cing planetary models in which the movements of the planets can always be
described as resulting from combinations of uniform circular motions.

The historical facts, as we know them so far, point to “Urdi’s work as being
the earliest attempt to produce planetary models that are physically and
mathematically consistent. What he accepts are the Ptolemaic axioms about
the nature of the motion of the heavenly bodies as well as the observations
recorded by Ptolemy. What he manages to achieve is a set of models, one for
the upper planets, one for the moon and one for Mercury that, in modern
terms, can be described as linkages of vectors of constant length rotating at
uniform speed.

Observationally, Urdi remains quite satisfied with the Ptolemaic results
and proves that his lunar model, for example, produces a resultant observable
lunar motion in longitute that varies from the one predictable by the Ptolemaic
model by an amount less than two and a half minutes, “a value that can
easily escape the skillful observer”’. What he actually does with the Ptolemaic
lunar model is to change the direction and the value of the movements of both



To Contributors of Articles for Publication

in the Journal for the History of Arabic Science

1. Submit the manuscript in duplicate to the Institute for the History
of Arabic Science. The text should be typewritten, double-spaced, allowing
ample margins for possible corrections and instructions to the printer. Please
include a summary in Arabic, if possible, about a third the length of the ori-
ginal. Otherwise let us have a summary in the language of the paper.

2. Bibliographical footnotes should be typed separately according to num-
bers inserted in the text. They should be double-spaced as well, and contain
an unabbreviated complete citation. For books this includes author, full title
(underlined), place, publisher, date, and page numbers. For journals give author,
title of the article enclosed in quotation marks, journal title (underlined), volume
number, year, pages. After the first quotation, if the reference is repeated, then
the abbreviation op. cit, may be used, together with the author’s name and
an abbreviated form of the title.

Examples :

0. Neugebauer, 4 History of Ancient Mathematical Astronomy (New York:
Springer, 1976), p. 123.

Sevim Tekeli, “Taqi al-Din’s Method of Finding the Solar Parameters”,
Necaci Lugal Armagani, 24 (1968), 707-710.

3. In the transliteration of words written in the Arabic alphabet the
ollowing system is recommended:

*,a,b,t,th,j,h,kh,d,dh,r,z,s,sh,

A ) oz &t > Y 45 e 4
§ads'.:s.z’c’ghvf’qvkslsmynvh,wvy
o o b l;t tu a3 4 J ¢ O a PR

For short vowels, a for fatha, i for kasra, and u for the damma.

For long vowels the following diacritical marks are drawn over the letters
(y 1, @

The diphthong aw is used for ,l and ay for (I .
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jiingere Zeit, s. WKAS II 389 a 19 f. und meine Arbeit: Beitrdge zur Lexiko-
graphie des Klassischen Arabisch Nr. 1, Bayerische Akademie der Wissenschaf-
ten, phil.-hist. Klasse, Sitzungsberichte 1979, Heft 9, pp. 15-17.

Diese Bemerkungen wollen sagen, daf} die von Frau Weisser herausgege-
benen Texte den Leser noch mit einer Vielzahl von Problemen konfrontieren.
Manches wird die Editorin selbst in ihren Untersuchungen iiber Herkunft
und Uberlieferung des Sirr al-khaliga, die gesondert in der Ars medica erschei-
nen sollen, kliren kénnen. Wie immer die Antworten ausfallen mégen, so
darf doch schon jetzt voll Dankbarkeit festgehalten werden, daB das hier
angezeigte Buch die Forschung einen groBen Schritt vorangebracht hat.

MANFRED ULLMANN

Universitit Tiibingen
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aruzz. p. 638 a: Statt istagis lies usfuquss (vgl. Helmut Gitje, Wiener Zeitschrift
fir die Kunde des Morgenlandes 56 (1960), p. 324 Anm. 2).p. 638 b: Statt
i'talafa lies italafa. p. 639 a: Statt i’timarun lies itimarun. p. 646 a: Statt mu-
tajassad lies mutajassid. p. 659 a: Statt tarbiyyatun lies tarbiyatun. p. 663 b:
Statt sartan lies saratan. p. 664 b: Statt sulhafatun lies sulahfatun. p. 667 a:
Statt al-mushtariyyu lies al-mushiari (und so iiberall im Text zu verbessern).
p. 676 a: Statt “adwun lies “udwun. p. 683a 21: Statt al-mutafakkiru lies al-
mutafakkiratu (Kollektivausdruck). p. 683b: Statt qubabun lies gibabun. p.
685 b: Statt qushariratun lies qusha®riratun. p. 686 b ult.: Statt taquiyyatun
lies taqwiyatun. p. 688 a: Statt kurbun lies karbun und statt kardhiyyatun lies
karahiyatun. p. 688 b: Statt kila’un lies kild’atun (s. WKAS 1 305 a 11 f£.).
p. 689 a: Statt kamahiyyatun lies ka-ma hiya. p. 689 a 3: Statt kamiyyatun
lies kammiyyatun (und so iiberall im Text zu berichtigen). p. 692 b: Statt
madhatun lies midhatun. p. 692 b: Statt mardun lies maradun. p. 693 a: Statt
tamshiyyatun lies tamshiyatun (auch im Text zu berichtigen). Wahrscheinlich
ist aber tiberhaupt tamsiyatun zu lesen, s. mein Buch Naturwissenschaften
p. 264 und Katalog Chester Beatty I1 101.

Der These, die Frau Weisser vertritt, daB der Text des Sirr al-khaliqa
alt und wohl noch im 8. Jhdt. niedergeschrieben sei, mochte ich nicht ohne
weiteres zustimmen. Es fillt auf, daB viele sprachliche Erscheinungen vor-
kommen, die sich erst im 9. Jhdt. herausgebildet haben. Zu al-kullu mit Artikel
(p- 8,8; 9,9; 65,5 und oft) vgl. WKAS 1295 a 3 ff. Der Ausdruck al-la-shay’u
p. 69,4 f. ist eine Formenbildung, die nicht vor dem 9. Jhdt. zu belegen ist,
s. WKAS 1I 33 b. Kollektivformen wie as-Sabi’atu (p. 65,3) kommen ebenfalls
nicht vor dieser Zeit vor. Abstraktbildungen nach dem Muster der Nisbe mit
Femininendung sind spit, man vgl. hier abadiyyatun 66,8, akhiriyyatun 55,8,
Jjawhariyyatun 334,11, dhahabiyyatun 284 ult., yaqutiyyatun 285,1, nafsiyyatun
55,2, wahdaniyyatun 9 ult., kammiyyatun 14 paen. und oft (vgl. WKAS 1 342
b 42 f.), kulliyyatun 9,10 (vgl. WKAS 1 296 a 8 ff). Von Pluralen abgeleitete
Nisben sind spit, vgl. al-akmamiyyatu 388,13 (dazu WKAS I 576 a 20 ff.).
Auch das Wort kaywan (122,8; 142,9; 145,2) kommt nicht in alten Texten
vor (s. WKAS 15180 9 f.).

Ahnliches gilt auch fiir die Nemesiosiibersetzung, die nicht nur Auslassun-
gen gegeniiber dem griechisch erhaltenen Text, sondern auch Zuzitze (z.B.
P 555,13) zu ihm enthilt. Dem arabischen Ubersetzer mu8 also eine andere
Textfassung vorgelegen haben. Der Wortschatz dieser Ubersetzung weicht
tatséichlich in vielem von der Fachterminologie ab, die sich spiter durchgesetzt
hat. Aber bedeutet Andersartigkeit zugleich hoheres Alter ? Eine Konstruktion
wie mina l-arba®i t-tabd’ii p. 568,5 ist spit, vgl. Wright Grammar 11 p. 244.
Das Wort kaymasun (568,65 569,63 617,4) ist meines Wissens nicht vor dem
9. Jhdt. belegt, s. WKAS I 510 a 45 ff. Ebenso deutet das Vorkommen des
Wortes lafnun in der Bedeutung “Melodie” p. 551,7 ff. und 552,1 auf eine
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sachkundiges Urteil bewiesen. Thre unpritentiése Darstellung hebt sich w.
tuend von den verworrenen Gedanken ab, die F. Sezgin, GAS IV pp. 77
iiber Apollonios von Tyana geduBert hat.

Es ist nicht zu erwarten, daB angesichts der Uberlieferungslage und
Schwierigkeiten des Textes selbst alle philologischen und sprachlichen Pro]
me mit dieser Erstedition schon gelost seien. Ich machte im folgenden
einige Dinge aufmerksam machen: p. 154,6 hat M richtig mal’éna, wihr
die Herausgeberin das falsche mal’dnan in den Text gesetzt hat. Ebenso
p- 362,8 und 369,2 mal’dna zu lesen. p. 323 ult. f.: Die Lesung labbatu I-hc
ist ausgeschlossen, s. Wirterbuch der Klassischen arabischen Sprache, hieran
WKAS, II 84 b 18 ff. Das richtige lubbu I-habbi (vgl. WKAS 1182 Db 8 ff.) w
allerdings nur durch eine Handschrift der Rezension B gestiitzt. Jedoch ko
lubbun auch p. 368,7 vor. Das folgende dhii I-“asfi ist syntaktisch nicht mogli
Man miiBte dhilesen wie in Zeile 7. Es ist unverstindlich, warum die Editc
p- 3243 das sinnlose thamaratun wa- in den Text gesetzt hat, obwohl es in
Leithandschrift M fehlt. Vgl. die Parallele in 325,2. p. 368,1: Statt fa-raqgi
das durch keine Handschrift gestiitzt wird, ist der Dual fa-ragiya zu les
p.487.4: Aus syntaktischen Griinden ist M zu folgen und zu lesen: jattd )
dima r-rami l-marma bihi. p. 551,7: Fiir Dikaiarchos ist die verunstaltete Fo
Dinarkas im Text beibehalten, aber p. 586,3 ist die verunstaltete Form .
Zo ar in den Apparat verwiesen und nach dem Griechischen Jalinds em
diert, obwohl paliographisch kein Ubergang zwischen den beiden Schriftzi
besteht. Andererseits ist p. 575,2 Hirmis al-muthallath bi-l-kikma beibehalt
obwohl der griechische Text “Aristoteles”” hat. p. 564 paen.: Es ist ni
gerechtfertigt, nach dem Griechischen “Ammonios, der Lehrer des Plotin
zu schreiben, wenn im arabischen Text “Balakhus, der Lehrer des Ammoni
steht.

Sprachfehler im Text: p. 69,4: Statt al-ld-shay’u lies al-la-shay’a. p. 131
Statt Ifrigiyya lies Ifrigiya. p. 237,5: Statt wa-nafyu lies wa-nafyi. p. 28¢
Statt muzdawajatun lies muzdawijatun. p. 379 paen.: Statt baqila lies bagi
p. 538,2 und 558,3 und 577,12: Statt wa-ldkinna lies wa-ldkin. p. 569,3: St
tartibuhi lies tarbiyatuhd (entspr. auxanesthai). p. 596,1: Statt mudahri
lies mudakrajan. p. 605,2: Statt adaba s-si’i lies adaba s-sau’i. p. 630,
Statt madhatun lies midhatun.

Wertvoll ist das Glossar (pp. 637-702), das den Wortschatz aller edier
Texte umfaBit, aber nicht vollstindig ist. Es fehlen zum Beispiel die War
mutma’innun p.7,7, asfun p. 324,1.7 und ahrd li- p. 599,4. Bei den Verl
sind leider keine Rektionen angegeben, jedoch sind Synonyme notiert, 2
unter ghamamun ist auf sahabun und ghaymun, unter maddatun ist auf jow
run und hayald verwiesen. p. 690 f. ist die alphabetische Anordnung bei ladh
und mutalaggifun verkehrt.

Das Glossar enthilt auch eine Anzahl von Sprachfehlern: p. 637 b: 1
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Dabei war M die Leithandschrift. Jedoch sind auch Zusitze aus der Rezension
B aufgenommen, die dann durch Einriicken und einen senkrechten Strich
gekennzeichnet sind. Die Rezension A4 hilt Frau Weisser fiir im wesentlichen
identisch mit der Ubersetzung einer postulierten griechischen Vorlage, jedoch
gibt es keine Beweise oder wirklichen Indizien fiir die Annahme, daB ein
solches griechisches, jetzt verlorenes Original je existiert habe. Die Ubersetz-
ung sei frith und gehére ““wohl noch dem 8. Jhdt. an”. Das zeige vor allem die
Wortwahl, die sich stark von der Fachterminologie unterscheidet, welche
sich erst im 9. Jhdt. herausgebildet hat und welche auch im Corpus Gabirianum
verwendet wird. Die Herausgeberin (p. 21) bekennt sich damit zu der Datierung
der Jabirschriften, wie sie Kraus vorgenommen hat, nicht zu der Friihdatie-
rung, auf die sich Herr Sezgin kapriziert hat. Nebenbei sei angemerkt, daf8
der als Ubersetzer oder Interpret des Textes genannte Sajiyus an-Nabulusi
nicht gar so unbekannt ist, wie Frau Weisser p. 2 behauptet. Er wird auch als
Verfasser eines Buches iiber den Theriak zur Behandlung von durch giftige
Tiere verursachten BiBwunden genannt, s. mein Buch Die Natur- und Geheim-
wissenschaften im Islam p. 172 Anm. 1. (Sezgin, Geschichte des arabischen
Schrifttums, hierunten GAS, IV 85, setzt Sajiyus mit Sergios von Reshayna,
gest. 536, gleich und glaubt, daB Sergios das “Geheimnis der Schépfung”
aus dem Griechischen ins Syrische iibersetzt habe).

Die Uberarbeitung, also Rezension B, soll zur Zeit al-Ma’min’s (reg.
813-833) entstanden sein. Jedoch konzediert Frau Weisser selbst (p. 25), daB
diese These kaum zu beweisen ist. Rezension B enthilt als Einschub in Buch
V(“Uber die Tiere”) den groBten Teil der Schrift De natura hominis des Neme-
sios von Emesa. Dieser Textteil ist eigens pp. 537-632 ediert. In margine ist
die Pagination der griechischen Edition von Christian Friedrich Matthaei,
Halle 1802, angegeben, was die Benutzung und das Verstindnis des arabischen
Textes wesentlich erleichtert. Vielleicht wire es jedoch gut gewesen, wenn
diese Nemesios-Ubersetzung in einer gesonderten Publikation synoptisch mit
der zweiten arabischen Nemesios-Ubersetzung ediert worden wiire. Diese ist
in vier Handschriften erhalten; sie soll von Ishaq ibn Hunayn stammen und
lauft meist unter dem Namen des Gregorios von Nyssa (s. Simone van Riet;
Stoicorum Veterum Fragmenta Arabica. A propos de Némésius d’Emése, in:
Mélanges d’Islamologie. Volume dédié a la mémoire de Armand Abel, édité
par Pierre Salmon, Vol. I, Leiden 1974, pp. 254-263). Die Handschrift Madrid
enthilt auf foll. 83a - 86b, zwischen Buch IV und V eingeschoben, einen Zusatz
unter dem Titel Min Kitab al-Khilqa, der sicher nicht zum urspriinglichen
Textbestand gehort hat, der aber auch in der lateinischen Version des Hugo
Sanctalliensis mitenthalten ist. Dieser Text ist als “Appendix I auf pp.
527-535 ebenfalls gesondert ediert.

Bei der Recensio der Handschriften und der Entflechtung dieser schwieri-
gen Uberlieferungsprobleme hat Frau Weisser ein niichternes, kritisches und
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Ursula Weisser (Editor). Buch iber das Geheimnis der Schipfung und die
Darstellung der Natur(Buch der Ursachen) von Pseudo-Apollonios von Tyana
(Sources and Studies in the History of Arabic-Islamic Science, Natural Science
Series 1). Aleppo: Institute for the History of Arabic Science, 1979. 66 + 702
pp- $15.

Das Kitab Sirr al-khaliga ist zuerst von Silvestre de Sacy bekanntgemacht
worden, der 1799 Proben veroffentlicht und den Autorennamen Balinas richtig
als Apollonios von Tyana gedeutet hatte. Spiter hatte sich Julius Ruska in
seinem Buch Tabula Smaragdina (Heidelberg, 1926) eingehend mit dem Werk
beschiiftigt, und 1942 hatte Paul Kraus in seiner groBen Studie iiber Jabir
ibn Hayyan den Nachweis gefithrt, daB das Buch iber die Natur des Menschen
von Nemesios von Emesa eine der Quellen des Werkes war. Kraus hatte auch
die Ansicht vertreten, daBl das Sirr al-khaliga als ein Kommentar zur Tabula
Smaragdina zu verstehen sei, die ihren Platz am Ende des Werkes hat. Aber
Ursula Weisser hat in ihrem Aufsatz “Hellenistische Offenbarungsmotive”
(Journal for the History of Arabic Science, 2 (1978), 101-125) meines Erachtens
iiberzeugend nachgewiesen, daBl von einem Kommentar nicht die Rede sein
kann,

Eine Edition des Werkes hatte H. S. Nyberg geplant, aber er konnte dieses
Projekt nicht verwirklichen. Mit dem hier angezeigten Buch liegt nun die
Erstausgabe des Sirr al-khaliga vor, die es der Forschung gestattet, unabhingig
vom zufilligen Zugang zu einer Handschrift, den Text zu studieren. Die He-
rausgeberin hat eine immense Arbeit geleistet, die ihr den Dank aller an der
Geschichte der arabischen Naturwissenschaft und Philosophie Interessierten
sichert. Die Kalligraphie der Edition sei mit einem besonderen Worte der
Anerkennung hervorgehoben.

Die handschriftliche Uberlieferung des Sirr al-khaliga ist sehr kompliziert.
Von den 30 - 40 Codices, die heute noch erhalten sind, hat Frau Weisser 17
ganz oder teilweise benutzen konnen (Zu der Handschrift Tunis, Ahmadiyya
4790 vgl. Franz Rosenthal, Journal of the American Oriental Society, 99 (1979),
91). Sie verteilen sich auf zwei Hauptrezensionen. Die Rezension A (vier Mss.)
ist die dlteste Textstufe, die Rezension B (elf Mss.) ist eine aus A hervorgegan-
gene erweiterte Bearbeitung (Von der Epitome kénnen wir hier absehen).
Als Ergebnis der Untersuchung der Handschriften sind vier relevante Codices
verblieben: M (Madrid) und L (Leipzig) fiir die Rezension A4, P (Paris) und
K (Istanbul, Kopriili) fiir die Rezension B. Die Edition hat zum Ziel, auf
Grund der vier Textzeugen den Archetyp der Rezension 4 zu rekonstruieren.
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Continue the procedure exactly as before, except that when each broken dia-
gonal is completed the jump is now vertically upward, not horizontal. The
last entry, n%, will appear in the right-hand cell just under the corner.

The reader may verify for himself that Figure 2 is indeed a magic square
of order 7, (k=3), and that its elements are yielded by the technique just
described.

The text gives no proof. However, the anonymous author of the manus-
cript realizes that the solution is not unique. He exhibits the curious hollow
square of Figure 3 having the middle cell blank. In it all rows, columns, and
diagonals add up to 60. He makes some inconclusive remarks about magi
squares of order four, exhibiting one, as well as a square of order six.



Magic Squares in an Arabic Manuscript
A. S. Saipan*

HIS NOTE DESCRIBES a method of constructing magic squares of
odd order. It was found on the last pages of MS StoweOr. 10(OMPB 7554)
of the British Library (British Museum. London), following two fourteenth
century arithmetical treatises by al-Umawi al-Andalusi, Ya‘ish ibn Ibrahim.
The pages give no indication of authorship or date, although they mention
the thirteenth century occultist (Aba al-°’Abbids Ahmad) al-Biini.! There is
a considerable literature on Arabic magic squares,? but it is inaccessible to
the present writer. Hence he can draw no historical inferences from the material
presented below.

Consider the square array of Figure 1, having n = 2k + 1 cells (k a natural
number) on a side. It is desired to place one number of the set {1,2,3...., n?}
in each of the cells, in such fashion that the sum of the elements in each row,
column, and each of the two main diagonals shall be n (n?+-1) /2. (The algebraic
symbols are, of course, modern).

n being odd, the square has a middle cell. Place the number 1 immediately
to its left, as shown in Figure 1. Then proceed, writing 2,3.4,... in successive
cells upward along the diagonal containing 1. The edge of the square will be
reached at k as shown. The process may be continued, however, if the left
and right sides of the square are regarded as having been brought together,
and the upper and lower sides also. It is as though the square were mapped
on the surface of a torus (a ring). Thus the broken diagonal continues with
the placement of k-1 in the upper righthand cell. Now the diagonal runs off
the upper edge, but it reappears with k+2 in the bottom cell next to the
left-hand corner. Continue diagonally upward until the diagonal is completed
with n in the cell just under the middle cell. Now start a second diagonal by
amaking a leftward horizontal jump, skipping one cell, to place n-}-1 as shown.
Complete this diagonal at 2n, and make a second jump, to 2n-1. Continue
the process until the cell in the upper left-hand corner received the entry
(k+1)n. Now the jump is different. It is from the corner to the cell just above
the middle, which receives the next number of the sequence, (k-+1)n-+1.

*Dean, University College, Arab Institute, Jerusalem.

L. Author of Al-Durr al-manziim fi ilm al-awfdg wa al-nujim (Cairo, n.d.), Shams al-ma“drif wa
lata"if al-“awdrif (Cairo, 1291 H.).

2. See the bibliographies in, e.g., Heinrich Hermelink, ‘“Die #ltesten magischen Quadrate héherer
Ordnung und ihre Bildungsweise'’, Sudhoffs Archiv, 42 (1958), 199-217, and N. L. Biggs, ‘‘The Roots
of Combinatorics’*, Historia Mathematica, 6 (1979), 109-136.
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Price: D. J. de Solla Price, ‘‘Astronomy’s Past Preserved at Jaipur’’, Natural History, 73:6 (1964),
48-53.

Sayili: A. Sayili, The Observatory in Islam (Ankara: Turkish Historical Society, 1960).

Sezgin: F. Sezgin, Geschichte des arabischen Schrifitums, Vol. 5: Mathematics, and Vol. 6: Astronomy,
(Leiden: E. J. Brill, 1975 and 1978).

Storey: C. A. Storey, Persian Literature: a Bio-Bibliographical Survey, (Vol. II, London: Luzac and
Co., 1958).

Suter: H. Suter, ‘Die Mathematiker und Astronomen der Araber und ihre Werke’’, Abhandlungen

hichte der math ischen Wi haften, 10 (1900), and ‘‘Nachtrige und Berichtigungen”’,

zur G

ibid., 14 (1902), 157-185.
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jandi’s Persian Risala-i-hay’a (see Storey, mo. 121), the relation of which to al-Tasi’s Tadhkira
1ains to be established.

18. Nayanasukhopadhyaya’s translation of Nasir al-Din al-T1si’s recension
the Sphaerica of Theodosius: 44.
References: CESS, A3, 132a, and A4.

19. Yantrarajarisala bisa biba, a translation of Nasir al-Din al-Tiis1’s trea-
se on the use of the astrolabe: 42.
References: CESS, A3, 145a, and A4.

20. Virodhamardanagrantha, a work in Marathi composed by Yajnesvara
makara Jyotirvit in 1837 and based on the Zij-i-Khigani (see no. 10 above):
15 (16 fols.), unique ?

Bibliography and Bibliographical Abbreviations

nsari: S. R. M. Ansari, “‘Astronomical Activity in Medieval India’’, Proceedings of the International
Symposium on the Observatories in Islam (Istanbul, 1977), to appear.

thura: G.N. Bahura, Catalogue of Manuscripts in the Maharaja of Jaipur Museum (Jaipur, 1971).
mnpied: W. A. Blanpied, ¢“The Astronomical Program of Raja Sawai Jai Singh II and Its Historical
Context”’, Japanese Studies in the History of Science, no. 13 (1974), pp. 87-126.

ilot: D. J. Boilot, “*L’Qeuvre d’al-Berini: Essai bibliographique’’, Mélanges de I’ Institut Dominicain
d’études orientales du Caire, 2 (1955), 161-255, and “‘Corrigenda et Addenda’’. ibid., 3 (1956), 391-396.

ockelmann: C. Brockelmann, Geschichte der arabischen Litteratur, 2 vols., 2nd ed., (Leiden: E. J.
Brill, 1943-49), and Supplementbinde, 3 vols., (Leiden: E. J. Brill, 1937-42).

i8S: D. Pingree, Census of the Exact Sciences in Sanskrit, Series A, vols. 1-4, Memoirs of the American
Philosophical Society, vols. 81, 86, and 111 (vol. 4 is in press).

s A K. Das, *“Maharaja Sawai Jai Singh and His City’’, lithographed on the occasion of the 250th
anniversary of the city of Jaipur.

iB: Dictionary of Scientific Biography, 15 vols., (New York: Charles Scribne’s Sons, 1970-78).

ye: G. R. Kaye, The Astronomical Observatories of Jai Singh, Archaeological Survey of India, New
Imperial Series, vol. XL, Calcutta, 1918.

nnedy: E. S. Kennedy, ‘A Survey of Islamic Astronomical Tables’’, Transactions of the American
Philosophical Society, N.S., 46:2 (1956), pp. 123-177.

ng: D. A, King, 4 Catalogue of the Scientific Manuscripts in the Egyptian National Library (in Arabic),
Cairo: General Egyptian Book Organization (in press), and 4 Survey of the Scientific Manuscripts
in the Egyptian National Library (in English), to appear.

ause: M. Krause, ‘‘Stambuler Handschriften islamischer Mathematiker’’, Quellen und Studien zur
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wree: D. Pingree, *“Islamic Astronomy in Sanskrit’’, Journal for the History of Arabic Science, 2
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References: Storey, no. 104; Kennedy, no. 12. On the Arabic versions of this zij see also Brockelmann,
1L, pp. 275-276 and SII, p. 298. Only the Persian introduction of the Zij of Ulugh Beg and the star
catalogue have been published; for a brief survey of the remaining tables, which merit detailed study,
see Kennedy, pp. 166-167.

12. The Persian Zij-i Shahjahani compiled in Delhi by Farid al-Din Mas“ad
ibn Ibrahim al-Dihlawi: 12 (438 fols., copied ca. 1800), and 14 (328 fols., copied
ca. 1700, acquired 1725). In the second copy, the zij is followed by an incomplete
sexagesimal multiplication table (on which see Historia Mathematica, 1 (1974),
317-323, and 6 (1979), 405-417), and an incomplete table for computing the
mizdj of the moon.

References: Storey, no. 133; and Kennedy, no. X204. The Shdhjahani Zij has, as far as I know,
never been studied, and merits investigation.

13. The Persian Zij-i Muhammad Shahi of Jai Singh: 4 (ca. 150 fols., copied
ca. 1800?7), and 8 (222 fols., copied ca. 1800).

References: Storey, no. 144; Kennedy, no. X203. Another copy which I have come across that is
not listed in Storey is MS Aligarh University Library 30. Kaye, writing in 1918, implies that he was
unable to locate « Persian copy of this zij in Jaipur (Kaye, p. 7). The zij of Jai Singh is unpublished,
although much has been written on Jai Singh’s astronomical activity (see Storey for references).

Sanskrit Translations of Islamic Works
For the sake of completeness I list the following manuscripts of Sanskrit
versions of Islamic astronomical works, for which I have relied mainly on the
handlist of the collection prepared by Dr. Asok Das and on Dr. David Pingree’s
survey of Islamic astronomical works in Sanskrit translation (see Das and
Pingree in the bibliography). Other Sanskrit astronomical manuscripts are
preserved in the Library, and also some European books on astronomy: see
further Das. The Sanskrit manuscripts are listed in Bahura and are classified
in D. Pingree’s Census of the Exact Sciences in Sanskrit (see CESS for a full
reference). Dr. Pingree kindly provided me with the information on the works
numbered 18, 19, and 20 below.
14. Zij of Nityananda: 23 (443 pp.).
References: Das, p. 7, no. 127; Pingree, pp. 323-326.
15. Hayatagrantha: 24 (ca. 50 fols.)
References: Das, p. 6, no. 112; Pingree, pp. 326-328.

16. An extract from the tables in what is apparently a Sanskrit version
of the Zij-i Ulugh Beg: 45 (ca. 100 fols.).
References: Das, p. 7, no. 115; Pingree, p. 326.

17. Nayanasukhopadhydya’s translation of what purports to be Nasir
al-Din al-Tusi’s Tadhkira in the commentary of al-Birjandi: 46 (ca. 60 fols.)
(unique ?).

References: Das, p. 6, no. 114; Pingree, p. 328. This work remains to be studied. For al-Birjandi on
the Tadhkira see Brockelmann, SI, p. 931. This Sanskrit work is more probably a translation of al-
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3.The Arabic treatise on the rainbow and lunar halo by Ibn al-Haytham:
17,2 (8 fols. in the same hand as 17,1 — see no. 2 above).
References: On Ibn al-Haytham see 2 above. On this treatise see Krause, no. 204(19) and Brockel-

mann, SI, p. 853. The only other known copy of this work appears to be the Istanbul copy listed by
Krause.

4. The Persian version of al-Tafhim li-awa’il sina®at al-tanjim by Abu’l-
Rayhan al-Biriini: 7 (ca. 150 fols., copied ca. 1300, acquired 1725, fine copy).
References: Storey,no. 80; Boilot, no. 73. On Biriini see also the article by E. S. Kennedy in DSB.

5. The Arabic commentary by Qadizada al-Rumi on the treatise on theo-
retical astronomy entitled al-Mulakhkhas fi’l-hay’a by Mahmid ibn “Umar
al-Jaghmini: 18 (106 fols., copied ca. 1600, acquired 1725).

References: On al-Jaghmini see Suter, no. 403; Krause, no. 403; Brockelmann, I, pp. 624-625, and
SI, p. 865, and Storey, no. 88. The Mulakhkhas was compiled in 618H = 1221 (contra Sezgin, V, p. 115).
On Qadizada see Suter, no. 430; Brockelmann, II, p. 275, etc.

6. The Arabic commentary by al-Nisapiiri on the treatise on theoretical
astronomy entitled al-Tadhkira by Nasir al-Din al-Tasi: 21 (250 fols., copied
ca. 1600), and 22 (ca. 120 fols., copied ca. 1600, acquired 1725).

References: On al-Tusi see Suter, no. 368; Krause, no. 368; Brockelmann, I, pp. 670-676 and SI,
pp. 924-933; Storey, nos. 10 and 91; and the article in DSB by S.H. Nasr. The Tadhkira is currently
being investigated in detail by J. Rajeb of Harvard University. On al-Nisiptiri see Suter, no. 395,
Brockelmann, II, p. 256 and SII, p. 273.

7. The Arabic commentary by °Ali al-Birjandi on the treatise on arithmetic
called al-Shamsiya by al-Nisapiiri: 10 (197 fols., copied 924H = 1518, acquired
in 1725).

References: On al-Nisapiui see 6 above. On °Ali Birjandi see Suter, no. 456; and Storey, no. 121.
Other copies of this commentary are listed in Brockelmann, SII, p. 273 (to which add MS Princeton
Mach 4800).

8. The Persian astrological treatise Lawa’ik al-qamar by Husayn ibn °Ali
al-Bayhaqi al-Kashifi: 91 (ca. 100 fols., copied ca. 1600, acquired 1725).

References: Storey, no. 116.

9. An unidentified anonymous Persian work on astrology: 2 (ca. 150 fols.,
copied ca. 1700). The author quotes Dorotheos frequently. Incipit: ...

oyl e o oloe cda Lbds

References: This manuscript is not listed in Das. No Persian astrological works based on Dorotheos
are listed in Storey.

10. The Persian Zij-i Khagani of Ghiyath al-Din al-Kashi: 9 (184 pp.,
copied ca. 1600, acquired 1728, fair copy, diagrams unlabelled).

References: Storey, nos. 104 and 105; Kennedy, no. 20. On al-Kishi see also the article in DSB by

A.P. Youschkevitch and B. A. Rosenfeld. An edition and translation of the Khdgdni Z7j is currently
being prepared by E. S. Kennedy.

11. The Persian Zij-i Sultani of Ulugh Beg: 11 (ca. 195 fols., copied ca.
1500, fair copy), plus Persian commentaries by “Ali Birjandi: 5 (ca. 200 fols.,
1015H), and Molla Chand: 6 (ca. 250 fols., copied ca. 1600, acquired 1725).
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work represented I give only the most basic information, such as title and
author, together with the accession number, number of folios, and date of
copying (Hijra/Christian calendar), as well as the date of acquisition where
this is available.® All of the authors and their works are well known to the
history of Islamic science. The references given below, particularly those to
the surveys of Arabic literature by C. Brockelmann and F. Sezgin and the
survey of Persian literature by C. A. Storey, will guide the reader to other
manuscripts of the same works preserved in other libraries.*

3. Since these are given in Sanskrit, I have relied on Das for this information.

4. The standard reference works on the sources for Islamic science are Sezgin (covering the period
up till the mid-eleventh century); and Suter and Brockelmann (still the main sources for the later
period); and Storey (for Persian works). Additional information on scientific manuseripts in Istanbul
and Cairo is given in Krause and King, respectively. A survey of the Islamic astronomical handbooks
known as z7jes is in Kennedy.
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1. The Arabic version by Thabit ibn Qurra of Ptolemy’s Almagest:
20 (ca. 150 fols., copied ca. 1600, breaks off after the beginning of the sixth
magqala), and the Arabic recension of Ptolemy’s Almagest by Nasir al-Din al-
Tisi: 19 (97 pp., copied ca. 1500, acquired 1725).

References: Sezgin, VI, pp. 89 and 93.

2. An anonymous Arabic commentary on the Kitab al-Mandazir (Optics)
of Ibn al-Haytham, actually the Tangik al-mandzir by Kamaial al-Din al-
Farisi: 17,1 (ca. 150 fols., copied 1070H = 1659-60, checked 1079H = 1668-
69, acquired 1725, clear naskhi script with carefully-drawn diagrams). The
manuscript appears to have been copied by Abii Muhammad Samini (?) for
al-Shah Qiyad ibn “Abd al-Jalil al-Harithi al-Badakhshi known as Diyén-
thihan(?).

References: On Ibn al-Haytham and his Optics see the article by A. I. Sabra in DSB and the re-
ferences there cited. Prof. Sabra is currently completing an edition of this work. On Kam5l al-Din

al-Farisi see the article by R. Rashed in DSB, and on the available manuscripts of the Tangih see
Brockelmann, I, p. 619 and SI, p. 853, and Krause, no. 389.



NOTES AND COMMENTS

A Handlist of the Arabic and Persian
Astronomical Manuscripts in the Maharaja

Mansingh - I1 Library in Jaipur
Davip A. King*

HE MAHARAJA JAI SINGH (d. 1743) is well known to the history

of science as the founder of the stone observatories of northern India, of
which the most spectacular is in the “pink city” of Jaipur.! Having convinced
his patron, the Emperor Muhammad Shah, of the inaccuracy of the current
ephemerides, computed with the z7jes of Ulugh Beg and al-Kashi (ca. 1425)
of Samarqand and with the Indian recensions of the zij of Ulugh Beg made
by Mullad Chand (ca. 1600) in the reign of Akbar, and by Mulla Farid al-Din
(ca. 1630) in the reign of Shahjahan, Jai Singh was ordered to undertake new
observations with the help of Muslim, Brahman, and European astronomers.
Besides constructing the observatories, Jai Singh collected manuscripts of
Sanskrit, Persian, and Arabic astronomical works, as well as printed books
from Europe. Some of these, surely only a fraction of his original collection,
are still preserved in the library adjacent to the observatory in Jaipur, although
not all of them date from the time of Jai Singh, notably the two manuscripts
of his own zij.

The purpose of this note is simply to identify the Arabic and Persian
astronomical manuscripts preserved in the Library.? The manuscripts mentio-
ned below add little to the corpus of material available for the further study
of the history of Islamic astronomy in general, but are of interest in that they
illustrate the kind of works that were being studied in Turkey, Iran, and
India in the seventeenth, eighteenth, and nineteenth centuries. For each

* Department of Near Eastern Languages and Literature, Faculty of Arts and Sciences, New
York University, 50 Washington Square South, New York NY 10003, U.S.A.

1. On Jai Singh’s astronomical activities see in the appended bibliography, for example, Kaye;
Sayili, pp. 359-361; Blanpied; and Price. For an overview of Mogul astronomy see Ansari. On the
translation of Islamic works into Sanskrit see Pingree.

2. A list of the holdings of the Maharaja’s Museum and Library, including most but not all of vari-
ous Sanskrit, Islamic, and European astronomical works, is contained in Das. I have not been able to
consult Bahura, which apparently lists only Sanskrit manuscripts.
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that analemma methods of determining the direction of the gibla constitui
a non-trigonometric approach to the solution of an improtant problem. '
have presented evidence to show al-Biriini’s dependence on the analemma
Habash al-Hasib, and have shown that the triangle basic to al-Biriini’s det
mination of the local meridian by one shadow is congruent to the one tl
plays the most important role in Ibn al-Haytham’s determination of the a
muth of the gibla.

=3

10.

11.

12.

13.
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JE’ where E’ is the zenith of Mecca. If the great circle RE’ cuts the equator

it N then AN = AX. From E’drop E'F | CK and from F drop F'S | BH.
finally draw SE‘. He observes FS||XH, the plane SFE' is parallel to the
jlane XYH, and so the plane of ASFE' is parallel to the horizon plane and
BH is perpendicular to both. Thus the altitude circle of Mecca, BE'L, cuts
he plane of ASFE' and the horizon in two parallel lines, i.e. SE’'||HZ. He
1as already observed F'S||XH and so «FSE' = «XHY = the angle of the in-
traf; but, « FSE’ is the angle we drew in the first figure.

He goes onto give the exact correspondences between the points, arcs, and
segments on and in the sphere and those on his working diagram, our Figure
5, in order to show that indeed « FSE’ = «FSE, which we drew in Figure
5. Since they are sufficiently evident on comparing Figures 5 and 6 we shall
10t give them, though we have used arrows and dotted lines in Figure 6 to
ndicate, starting with C, how Ibn al-Haytham might have thought of drawing
the arcs and lines to locate F on the line CK.

‘What we shall do instead is to discuss the triangle that Ibn al-Haytham
transfers to the working plane. In [10, p. 988] Schoy described it as ““the triangle
pole-Mecca-place” but this is wrong. Rather the triangle is congruent to the
one obtained by al-Birtini in his determination of the local meridian from one
shadow observation and described in [3, esp. page 637]. Indeed the segment
FS = MQ is the argument of azimuth (hissat al-samt) a standard term in the
Islamic astronomical literature.

That al-Biriini and Ibn al-Haytham should use precisely the same triangle
to solve two seemingly different problems is not surprising. In fact, a gibla
technique frequently described in the literature is to wait until the latitude
of the sun coincides with that of Mecca (so the sun will be on the day circle of
Mecca) and then wait until it is noon in Mecca (which involves knowing A 2).
At that instant the gnomon shadow will be pointing 180° away from the direc-
tion of Mecca. Thus the problem of determining the direction of Mecca is equiv-
alent to the following problem: Given the solar declination and the time of
day find the direction of the gnomon’s shadow from the cardinal directions.
Al-Bir{ini’s problem is: Given solar declination and local latitude, find the car-
dinal directions from the direction and length of a gnomon’s shadow.

It is also clear from the description of Ibn al-Haytham’s analemma how
unlike it is to the three previous analemmas we discussed. The most outstand-
ing difference is that all of the other three determine the direction of the
qibla by constructing the projection of the zenith of Mecca onto the
local horizon and then joining this point to the locality to yield the angle des-
cribing the direction of the gibla. Ibn al-Haytham’s procedure constructs the
angle directly without projecting Mecca’s zenith onto the local horizon, but
only onto the local meridian.

To summarize, then, our purpose has been to draw attention to the fact
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AG and BH. From A on the arc A/ﬁ(} measure off the two arcs A/C\f = ¢y and
A’YV = AX Let RG = ¢. Draw CT||BH, EH — HT, and EF||BH. On RH
measure KH = CT, on KL | RH take MK = FH; drop MQ | BH and
find S on FG so that FS = QM. Then «ESF is the angle the gibla makes
with the north-south line that is called inkirdf al-gibla. [We have not given
Ibn al-Haytham’s variations for the case when FH < KL. Suffice it to say
he is concerned to show that his method works for all cases].

Ibn al-Haytham’s proof, for the case that ¢ > ¢y, is briefly as follows
(see Figure 6, which is adapted from one supplied by Schoy). Let AN be the
equator cutting the horizon at Y, and on the local meridian ACBR choose
AC = ¢y, B being the local zenith and R the north celestial pole. Then the
day circle of Mecca is the circle through C parallel to the equator, the circle

Fig. 6
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showed Habash’s treatise to Abli Nasr who supported the method (gala bihi)
and gave a proof of it (agama’l-burhan “alayhi) [5, Arabic text, lines 5-7].
We know [8, p. 83] that sometime before 998 Abii Nasr wrote a treatise, now
lost, titled On Azimuths (K. f’l-sumit) which he dedicated to his student al-
Biriini so it seems most likely that the incident to which al-Birtinirefers took
place while Abl Nasr was gathering material on the gibla for his treatise.
If this is so, then al-Birtini knew of Habash’s analemma more than twenty
years before his first use of it in the Takdid, completed after 1018.

Having now seen that al-Birtini’s two analemma methods are variations
on the one of Habash, let us look at one that is not, that of Ibn al-Haytham.
The similarity of the three methods comes out very strongly when contrasted
to this fourth.

Thus in Figure 5 let ABG be a circle with two perpendicular diameters

Fig. 5
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In addition to the strong coincidence between the lines in the two texts
up to this point, observe also that the line EZ, which appears in Habash’s
method, is referred to by al-Birtini in his method and is in Figure 2 as the
line EQ. From the above comparison it is plain that al-Biriini modified Habash’s
procedure in two ways: (1) al-Biriini used the north celestial pole (IV) as his
base point rather than an extremity (Z) of the celestial equator, which is
Habash’s starting point, and (2) al-BirGini obtained the representation of the
zenith of Mecca in its true position on the rotated day circle, whereas Habash
worked entirely with its projection on the local meridian.

We must also observe one final difference between the two procedures,
namely that al-Biriini locates the projection of Mecca on the horizon by speci-
fying its distance from the meridian and prime vertical, whereas Habash
specifies it in terms of its distance from the locality and from the prime vertical.
As a practical matter, al-Bir{ini’s approach will lead to a sharper result since
Habash’s intersection of a circle with a straight line can be difficult to pinpoint
exactly when the angle between the circle and the line is small.

Now let us show that al-Biriini’s other analemma method, from his Takdid,
is also a variation on that of Habash. Since the method is explained com-
pletely in [4], we shall only briefly describe its main features and note its simi-
larities to the other two methods. In the way the lines are set out (see Figure
3) its most apparent divergence from Habash’s analemma is that the point
T, chosen so that TZ — A, is chosen south rather than north of Z. Then,
just as with Habash, the radius of the day circle, HM, is measured off as ES

(on the southern ET) and O is located ¢

on HD by drawing a perpendicular

from S’ onto HD,whose foot will be O, o~

just as in Habash’s procedure. (That * SL 2
both procedures obtain the same O is |

illustrated in Figure 4 where «+SEK = X

«S'EK (= A)), EK//HD, and S'E = o

SE. It is easy to show that if 'O | HD

then Sis on S’0.) He now locates Y as & ol °
in the two other procedures. Fig. 4

Next al-Biriini makes the nice ob-
servation that S’ is the distance of the zenith of Mecca from the meridian
plane. Certainly when one is told this it is not hard to see (e. g. supply SN =
SN’ in Fig. 3 and notice that SN = FO). Now al-Birtni finishes just as he
should have finished his other procedure, by measuring off S’V from Y along
0Y extended, and obtains the projection of the zenith of Mecca onto the local
horizon in terms of rectangular coordinates.

The following chronology supports our hypothesis of Habash’s method
being the source for that of al-Birlini: In his letter to al-Sijzi, al-Biriini says he
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SOUTH

Habash

al-Qanan al-Mas®adi

-1

Choose Z so AZ = .

Choose H so that Z]'? = Py

Choose T so that ﬁ = A A.

Draw the day circle of Mecca and call
its diameter HD.

Measure off the radius of the day circle
on TE to get SE.

Draw SO_L_HD onto HD,
so 0 is the projection of the zenith of
Mecca on the local meridian. i

Draw OY] ,AE.

oo

Choose N so 1’27\4' = Q.
Choose H so JVEI = QM-
Choose T'so that NT = A .

Same done here.

Draw the radius of the day circle parallel to
ET and call it MF.

Draw FO_ HD, so O is the projection of the
zenith of Mecca on the local meridian.

Same done here.
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ned in his procedure as a point on the perpendicular to 4G through Y, and in
fact al-Birini’s argument here is directed to showing that H'lieson YO | AG.

Thus with AG as axis rotate the plane of the meridian into the plane of
the horizon. Since LY and OY are perpendicular to 4G, LY goes onto 0Y;
but HL||0Y so the rotation of LY defines a plane that contains H', i.e. H'
lies on YO (so we may now refer to H’ as 0). At this point al-Birfini falters;
for, since O is the same distance from the meridian as H, i.e. the distance HL,
he need only measure off, on the proper side of AG, a segment YO = HL to
obtain O, the image of H. In fact he has even said (lines 15 and 16) that YO =
HL. However, having thus come in sight of Mecca he now turns away and

argues as follows: In the circle ZHD the arc ZH has the property that Sin
ZH = HL, the desired length. Thus in the circle ACG take an arc 48 — ZH.
Then Sin AS — HL; however, an easy argument shows that since the circle
ACG is larger than the circle ZHD (unless it is not Mecca whose gibla we seek

but some locality on the equator) Sin A8 > HL. Hence YO > HL and al-
Birtni’s worshipper will be facing either too far east or too far west.

The reader should note that in his German translation Schoy translates
527.20-528.2 as follows (with lettering modified to fit that of Figure 1): “Und
wenn wir den Kreis SM mit dem Bogenabstand ZH beschreiben so ist
3SM = sin arc AS = HL. Wir ziehen also SO||AG und machen YO = LH und
damit wird der Ort des Punktes O bekannt ....”" [1, p. 71].

Evidently Schoy used a different text, one including the phrase <} SM ="
and supporting the reading “wir ziehen ... YO = LH”. Yet his text at this
point gives no better sense than ours since SO, once drawn parallel to 4G, will
determine YO as something not equal to LH. We will not be at liberty, there-
fore, to “make YO = LH”. It seems Schoy only wanted to make a German
translation of his text available to his readers and not to present a study of it.

In [13] Wieber derives the expression sin A -cos ¢y - R for the length
of the perpendicular from S to AG, where R = EA. In fact since HZ = cos
¢p'CrdA M. the formula for the length of the perpendicular from S to AG
is Sin (arc Crd (cos ¢y Crd A2)) and what Prof. Wieber derived was actually
HL. Since Wieber’s error cancels that of al-Biriini the trigonometrical formula
he derives for the azimuth of the gibla is correct; but, this point aside, it is
evident that al-Birlini’s argument makes no appeal to trigonometry and that
it can only mislead the reader to analyse it in trigonometrical terms.

We shall next show that al-BirGinI’s construction is a modification of that
of Habash al-Hasib, as set out in [5], the chief difference being that al-Birtni
obtains the zenith of Mecca on its day circle while Habash works only with
its projection on the local meridian. We set out in parallel columns the two
procedures up to finding the distance YE of the zenith of Mecca from the
prime vertical and in Figure 3 we indicate, by drawing them double, the lines
in common to the two procedures.
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Fig. 2

that when HK is drawn as it should be in Figure 1 then, when it is put in its
place in Figure 2, H will be the zenith of Mecca (see line 12). As we have emen-
ded the text, his reasoning is that this is because «tHKZ = A, which in
turn follows from the fact that KZ||EQ and +HKZ = «BE(Q. His conclusion
is correct and his reasoning needs only one explanatory remark: When the
equator is folded into the meridian plane along EQ (part of its trace in this
plane) the point on the equator at the longitude of Mecca goes into B in Figure
1, while folding the day circle of Mecca along KZ takes the zenith of Mecca
onto a point H so that KH||EB, which al-Biriini justifies by saying EQ||ZK
and «QEB = «ZKH. It follows ZH = A and hence H is the zenith of Mec-
ca. Now, he says, his goal is to find O, the projection of H on the horizon; for,
since the altitude circle of H contains HO the line EO defines the direction of
the gibla. We shall temporarily rename O as H' for O has already been defi-
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of radius R, Sin 6 = R sin 6, = arc Crd a = arc crd (a/R), and Crd 6 =
R crd 0. For any angle 6 <90°, 8 denotes 90°— 6.

Al Birtini’s method is clear enough, when his description is read in conjunc-
tion with Figure 1. As for his proof, it is apparent from his remarks about
circles being imagined to be perpendicular to each other that he is talking
about a situation in space and a proof using analemma methods.

A

Fig. 1

The first part of al-Biriini’s demonstration is clear. He nicely shows the
correspondence between parts of his diagram (Figure 1) and the planes of the
horizon, meridian, and day circle of Mecca (in Figure 2). Now he wants to show
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(to BE) and we describe about the center 4 (13) and with radius ZH the arc
MS. We drop the perpendicular HL onto: KZ and draw (14) LO perpendicular
to AEG. Then, if the longitude of Mecca is more than the longitude of our
locality (15) we draw from the point M, east of .4, a line parallel to the diameter
(16) AEG, and if the longitude of Mecca is (17) less (then our longitude) we
draw from S (18) a parallel to AEG. Let (19) its intersection with the line LO
be at (20) the point 0. We draw from the center (527.1) onto it (the intersec-
tion) the line EOC so thatit will be the line of the gibla, along which the worship-
per performs his prayer (2) from the center E, and so he will be facing Mecca
or the locality which we assigned for facing.

(3) The proof of that. We imagine the semicircle A BG to be half of the
meridian circle (4) perpendicular to the semicircle 4CG, which belongs
to the horizon, and since arc GT is (5)the latitude of the city, T is the
north celestial pole and ET is part of the axis. Since we suppose (6) (the arc)
TZ to be equal to the complement of the latitude of Mecca, K will be the
center of the day circle passing over it.(7) For that reason half of this day
circle will be ZHD and in imagination it is perpendicular to (8) the meri-
dian circle. So, when we make (arc) TB equal to the complement of the
difference of the two latitudes, (9) the line KH parallel to EB [cuts off]
(fadala) from the day circle (an amount equal to) what is between the two
longitudes (10) because of the parallelism of the two lines KZ and the
one going from E [perpendicular to] (‘amiad AOL) TE and the equality
(11) of the two angles HKZ and that which is bounded by BE and the
(above-) mentioned line, facing the degrees of time (i.e. equatorial deg-
rees) (12) of (the amount) between the two longitudes. The point H on
this perpendicular day circle is facing Mecca. The perpendicular (13)
descending from it onto the horizon of our locality, and let it fall at O,
is in the plane of the altitude circle (14) passing over Mecca, and the
facing of Mecca will be in its plane and for that reason our effort be-
comes (15) confined to determining the position of [the point O] (its
points Y,0). It is known that [YO] (O) is parallel to HL (16) and is
equal to it because of the parallelism of LY with the perpendicular de-
scending from H onto O; and so, if we rotate (17) the sphere about the
axis AEG the line LY perpendicular to it describes a plane surface (18)
which cuts the horizon at OY,and YL fits in it along its straightness
(19) and so the point O is on the line YL at (the place of) its appearance
(on) the horizon. (20) When we describe the circle SM with radius ZH
the sine of (arc) SA in it is equal to (528.1) HL, and for that reason the
line SO parallel to AEG [cuts off] (fadala) from the line (2) OY (a seg-
ment) that is equal to HL. So the place of the point 0, which is the
foot of the perpendicular (3) (from the zenith of) Mecca on our horizon,
is known.

Commentary

Before we proceed with our commentary we state some conventions used
in the remainder of the paper. The symbols AA, ¢y, and ¢ denote respectively
the difference in longitude between Mecca and the locality, the latitude of Mecca
and the local latitude. We write the medieval trigonometric functions with
capital initial letters: thus, when 6 is a central angle and a is an arc of a circle
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What Schoy said is correct, though it does nothing to illuminate Ibn al-Hay-
tham’s method and its reference to the cotangent theorem has misled at least
one modern writer. Thus, R. Wieber provides a similar trigonometric proof
of al-Biriini’s procedure, (4), and then remarks of the two analemmas of al-
Biriini and that of Ibn al-Haytham that since all three lead to the cotangent
theorem one may conjecture that al-Biriini simply adapted Ibn al-Haytham’s
procedure twice [13, p. 627).

It is not surprising that different analemmas should result in equivalent
formulae for the azimuth of the gibla when cast in the language of spherical
trigonometry ; however, it is surprising that on this basis one would conclude
that two of the procedures were modifications of the third. As the subsequent
analysis will show, al-Bir@ini adapted the technique of Habash and not that
of Ibn al-Haytham.

We note also that Ibn al-Haytham’s procedure is discussed briefly by King
in [7], though his main purpose is to show that Ibn Yiinus’ formula for the
azimuth of the gibla may be derived from the analemma of Ibn al-Haytham.

Since the basis for much of our subsequent argument is al-Biriini’s method
(4) and its proofs and since the only available translation [11] does not attempt
to deal with the corruptions in the text of the proof, we have thought it proper
to furnish a translation of the Arabic text as given in [2].

Translation of Book 5, Chapter 6, of al-Qanan al-Mas®adi

Note: In our translation of the procedure and its proof from the Arabic
text in [2] we enclose our emendations in square brackets and supply the
original reading in parentheses immediately afterwards. Additions to the text
or explanations are enclosed in parentheses, the notation “(n.m)” signals the
beginning of line m of page n (in [2]), and “(m)” indicates the beginning of line
m. Figure 1 is based on the figure in the text while Figure 2 has been supplied
to illustrate the proof, for it is clear from al-Biriini’s own statements in the
proof that he was referring to a solid figure.

(526.1) The Sixth Chapter: On the Constructive Method of Determining
(2) the Azimuth of the Qibla and of other Places (3). When we want that we
draw on a level surface in the equivalent of the horizon a circle, (4) and it in
draw the line of the meridian, and we divide its circumference into three
hundred and sixty (5) parts, a regular division. (6) Let circle be 4 BGC about
the center E, (7) and the line of the meridian in it 4EG and 4 the south point.
We fix the arc (8) GT toward the south equal to the latitude of our locality.
We join ET and make (the arc) TZ (9) the complement of the latitude of Mecca
or of the locality whose azimuth we want, and onto ET we drop the perpendi-
cular (10) ZK. About the center K and with distance KZ we describe the
semicircle ZHD. (11) Next we cut off (the arc) T'B equal to the complement
of the difference in longitude between our locality and Mecca, or that locality
[whose azimuth we want] (12) and we draw [ BE] (YE). We draw KH parallel



A Comparison of Four Analemmas for Determining
the Azimuth of the Qibla

J. L. BERGGREN*

N IMPORTANT APPLICATION OF MATHEMATICS in the medieval
Islamic world was the determination of the direction in which the faithful
must turn to pray, i.e. the direction of Mecca. This problem was referred to
as the determination of the azimuth of the gibla, and in his article [6] (in the
bibliography which follows this paper) King gives a useful survey of some of
the medieval solutions to this problem, including approximations as well as
graphical methods and applications of spherical trigonometry.

Of greater antiquity than the trigonometric techniques, graphical (or
analemma) methods continued in use throughout the Middle Ages. There
are four such solutions to the problem, and although all four have been published
only two have been properly treated as analemmas. The four solutions are:
(1) That of Habash al-Hasib, which survives in a letter of al-Biréini published
in {5], (2) a method of Ibn al-Haytham, published in [9], (3) one of al-Biriini
in his Kitab Tahdid al-Amakin, translated into English in [1], and finally (4)
another due to al-Biriini, this time in his al-Qanan al-Mas®adi [2], which was
translated into German in [11] and has been most recently discussed in [13].

The present paper has three goals. The first is to show that gibla determina-
tions by analemmas are best studied on their own terms and not as some
disguised form of trigonometry. The second is to point out an error in al-Biri-
ni’s solution in (4) which previous authors have failed to observe. Finally, we
shall show that both of al-Biriini’s procedures are modifications of that of Ha-
bash, while Ibn al-Haytham’s technique is distinct from these but close to
al-Birlini’s graphical method of determining the meridian [3].

We begin with some general remarks on the treatment of graphical methods
for determining the azimuth of the gibla in the literature on the subject. As
already remarked, of the four procedures published, only (1) and (3) have
been seriously discussed as analemmas, in [5] and [4]. Ibn al-Haytham’s
procedure was discussed by Schoy at the end of his translation [9], but only
by a few lines giving a trigonometrical proof of the validity of the analemma.
This proof he repeated in [10], and concluded with the remark that the formula
he extracted from the procedure of Ibn al-Haytham “is simply the well-known
cotangent theorem of spherical trigonometry applied to the spherical triangle”.

"'Simon Fraser University, Burnaby, B.C. and Institute for the History of Arabic Science, Aleppo,
yria,
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positions, for each day of the year, and dating from the seventeenth, eighteenth,
and nineteenth centuries survive in the Egyptian National Library. An extract
from one of these, contained in MS S and computed for the year 1194H (=
1780),1is displayed in Plate 3 ;it is unusual in that positions are given for the
sun and moon for each day, for the outer planets and Venus for each ten days,
and for Mercury for each five days. It seems highly probable that this ephem-
eris was computed using the corpus of auxiliary tables that we have discussed
in this paper. Indeed, although no surviving ephemerides contain an explicit
statement that they were computed using the tables of al-Durr al-yatim, we
can be sure that these auxiliary tables were used extensively in Egypt from
the fifteenth century onwards.

10.

11.

12.

13.

14.

15.

16.

17.
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The majma‘a table for Mercury (fol. 120v) is attributed to al-Hunaydj,
the mabsifa table (fol. 121r) is anonymous. Likewise the increment tables
(fols. 121v-128v) are unattributed.

An additional table for the majmia of Venus has been added in the manu-
script (fol. 103r) by Mustafa al-Faydi (katib mugrif-i Sadr-i °4li) in 1170H,
and calculations in his handwriting occur elsewhere in the margins of some
of the original tables. Across al-Hunaydi’s majmaa table for Venus he has
written in Turkish jumlat bu jadwal ghalatdir, “all of this tableis wrong”.
Elsewhere in the manuscript, by a table of mean positions of the Iunar node
(fol. 62r), the same person has written bu jadwalak tafawuti fahish olar, “this
table has an exorbitant divergence (from the truth)”. It is rare to see such
critical statements in medieval Arabic manuscripts.

Each of theindividuals “Abd al-Rahim b. al-Banna’, Muhammad al-Hunay-
di, Muhammad b. al-Qalai, and Mustafi al-Faydi, is new to the modern
literature on the history of Islamic astronomy.

Ridwian Efendi, an astronomer who worked in Cairo ca. 1600, compiled
a set of solar, lunar, and planetary tables based on the method of al-Durr
al-yatim and on the parameters of the fourteenth century Zij of Ulugh Beg
of Samarqand. Ridwan’s tables, extant in MS M, cover 822 pages of manuscript,
and are copied in his own untidy hand. For the sun, moon, and five planets,
there are majmi°a, mabsita, and increment tables. The solar increment tables
are as in the earlier kind with entries for each 0;3° of horizontal argument.
The lunar and planetary tables give values for each 1° of horizontal argument
rather than each 6°. But Ridwan tired of computing, and, in general, values
for alternate degrees are omitted ; sometimes whole pages are ruled for tables
but there are no entries. In all cases, values are given to three sexagesimal
digits rather than two. Ridwan’s tables appear in a tidier form in MS NV, copied
some 250 years after his time: here his values for the increments are rounded
to two digits and the horizontal argument difference is 2°, so that the values
which Ridwan did not bother to compute have been omitted altogether.

Ridwan seems to have had an inspiration to compile an even larger corpus
of auxiliary tables, a holograph copy of which survives in MS P, consisting
of 1446 pages of tables, although here again he succumbed to the tedium of
churning out tables and left about half of the entries blank. In this version
the majmi©a tables are as before, but the mabsita tableshave been incorporated
into the increment tables, in a way that escapes us. MS Q is a unique copy
of a set of lunar tables based on the same principle, compiled and copied by
the Cairo astronomer Ramadan b. Salih al-Khawaniki about the year 1750.
Al-Khawaniki boasts on the title folio that no one has preceded him in this,
but the vast majority of entries in the ninety folios ruled for tables have been
left blank.

Several dozen Egyptian ephemerides giving solar, lunar, and planetary
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any compiler. The same increment tables for Venus occur in MS R, where a
different set of majmi“a, and mabsita tables for Venus are attributed to
Shams al-Din Muhammad al-Hunaydi (and yet another set is attributed to
Mustafa al-Faydi — see below).

Concerning MS H, several other copies of this treatise exist, but no others
contain the corpus of tables. This manuscript was copied in 1253/1837-38 and
the tables may not be original to the treatise of Ibn Bakhshish. This is con-
firmed by the fact that the author gives a worked example for 979 Hijra
(= 1571/72), and the table of days in the following tables begin with 1110
Hijra. A complete set of majmia‘a and mabsita tables and increment tables
for the sun, moon, and planets is presented in this manuscript, and the
only table specifically attributed to an author is the majmi‘a table for the
moon which was computed by Mustafa Ab@’l-Ttqan al-Khayyat, an Egyptian
astronomer who lived ca. 1150/1740.

We now turn to MS R, a corpus of tables in ca. 140 fols., copied in 1053/
1643-44, and survey the tables it contains which relate to our subject. Firstly,
there is an ““extended’ set of the solar increment based on Ibn al-Majdi’s
original tables (fols. 3r-22v), with values for each day rather than each ten
days. This is followed (fol. 23r) by a table of the lunar equation when 27 = 68
attributed to °Abd al-°Aziz al-Wafi’i, with a note on how to use it. Next
there is (fols. 24r-26v) a set of solar increment tables from the Durr, followed
by (fols. 27r- 28v) the text of the treatise al-Sirat al-mustagim by Ibn Abi’l-
Fath al-Stfi which the copyist says is very useful although people have over-
looked it. The lunar majmica, mabsita, and increment tables (fols. 29r-60b)
are specifically attributed to Ibn al-Majdi.

The majmi‘a table for Saturn (fol. 61r) is stated to be taken from Ibn
al-Majdi’s work al-Hall wa-l-tarkib; the mabsita and increment tables (fols.
61v-68r) are unattributed. .

The various majma°a and mabsita tables for Jupiter (fols. 69v-70r) are
attributed to Ibn al-Majdi, “Abd al-Rahim b. al-Banna’ and Muhammad al-
Hunaydi, and the increment tables (fols. 70v-76r) are attributed to Ibn al-
Banna’ (see fol. 69v).

The various majmi‘a and mabsita tables for Mars (fols. 77v-78r) are
attributed to Ibn al-Banna’ and Muhammad b. al-Qala‘i, and the increment
tables (fols. 78v-87v + 90r-101r) are attributed to Ibn al-Banna’.

Two loose pages (fols. 88-89) contain some solar tables relating to the
Durr in a later hand, with a note “for the latitude of Aleppo 35;500”. (The
tables are in fact independent of latitude).

Only one of the majmia and mabsifa tables for Venus (fols. 103v-104r)
is attributed, namely, to al-Hunaydi. The increment tables (fols. 104v-119r)
are unattributed, but they are identical with those in the older MS G (see
above).
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N: MS Cairo Mustafa Fadil migat 83 (259 fols., ca. 1250 /1835)
A later copy of Ridwan Efend1’s tables in MS M.

P: MS Cairo Dar al-Kutub migat 802 (723 fols. !, ca. 1000/1600)

Ridwin Efendi’s own copy of his revised version of the auxiliary tables for the planets,
entitled Kitdb Asnd al-mawdhib fi taquwim al-kawdkib.
Q: MS Cairo Mustafa Fadil migat 133 (90 fols., ca. 1150/1735)
Ramadan al-Khawiniki’s own copy of his auxiliary tables for the moon, after the
model of Ridwan’s tables in MS P.

R:MS Cairo Tal®at migat 113 (138 fols., 1053 /1643-44)

This manuscript contains a complete set of solar, lunar and planetary tables based
on the method of al-Durr al-yatim. It bears the spurious title Tashil zij durr al-yatim li-
Majriti [1] bi [sic]-tal Misr al-MuCizziya. Most of the majmii°a and mabsiifa tables are
attributed (see below).

S: MS Cairo Dar al-Kutub miqat 504,3 (fols. 10v-14r, ca. 1193/1779)

An anonymous set of ephemerides for the year 1194 Hijra, apparently computed
using the tables of al-Durr al-yatim.
T: MS Cairo Dar al-Kutub migat 878 (25 fols. , ca. 1250H), plus two fragments
numbered 40 and 627.

This is a set of auxiliary tables for computing solar longitudes, compiled by an Egyp-
tian astronomer named Abi’l-Fath b. “Abd al-Rahman al-Danishiri,

U: MS Cairo Dar la-Kutub migat 109,3 (fols 33v-39r, ca. 1200H).

Compiled by an anonymous Syrian astronomer, this is another set of solar tables.

11. Discussion of the Sources

The popularity of Ibn al-Majdi’s tables in later Egypt is proven by the
relatively large number of copies of these tables in various recensions, and of
commentaries on the use of the tables by most of the more celebrated of later
Egyptian astronomers.

Modifications were made to the solar and lunar tables already in the fif-
teenth century °Izz al-Din al-Wafa’i and Niir al-Din °Ali al-Naqqash, and
the planetary tables (as in MS H) appear to date from about the year 1600
although the existence of a set of tables for Venus copied ca. 1450 (as in MS
G) established that tables for the planets were also produced prior to 1600.

Commentaries on the use of the tables were written by Ibn al-Majdi himself,
°Izz al-Din al-Wafz’i, Ibn Abi I-Fath al-SGifi, Hasan b. Khalil al-Karadisi,
Shihab al-Din Ahmad al-Kutubi al-Khurfini (?), Sulaymin b. Hamza b.
Bakhshish, Shihab al-Din Ahmad b. Misa, Yahya b. Muhammad al-Khattab,
and ‘Uthmian b. Salih al-Wardani as late as ca. 1800.

The earliest copy of planetary tables based on the method of al-Durr
al-yatim is MS G, copied ca. 850/1450. This contains both majmi‘a and mab-
siita tables and a set of increment tables for Venus. There is no indication of
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These contain respectively the solar and lunar tables, copied in the distinctive
hand of “Ali b. Muhammad al-Dalami. There is no original title on the first manuscript.
The second manuscript contains a hodge-podge of fragments from later copies of the
corpus,

: MS Cairo Dar al-Kutub migat 391 (41 fols., ca. 1000 /1600)

This is a complete copy of the solar and lunar tables in a clear hand. The
title folio displays the title Kitdb al-Durr al-yatim fi sana‘at al-taqwim and identifies the
author as Ibn al-Majdi. He is specifically mentioned in most of the tables as the calculator.
There are additional tables of the majmiia of the moon (fols. 1v-2r), specifically attributed
to Nir al-Din al-Naqqgésh and “Izz al-Din al-Wafa’i.

: MS Cairo Dar al-Kutub migat M 25 (30 fols., ca. 825/425)

This is a complete set of lunar ‘‘increment’’ tables in a clear and elegant
hand, with a note on the first page of tables: ‘‘these are the equations of the moon based
on the parameters of Ibn Yunis computed by Ibn al-Majdi, and they are in the hand
of °Abd al-°Aziz al-Wafa’i...”

: MS Cairo Dar al-Kutub migat M 26 (30 fols., ca. 850/1446)

Another complete set of lunar increment tables, in a clear and elegant hand.

: MS Cairo Dar al-Kutub migat 681,8 (fols. 31r-43r, ca. 850/1450)

A set of majmii°a, mabsuta, and increment tables for Venus, in a clear and elegant
hand. There is no indication of any compiler.

: MS Yale Nemoy 1453 (90 fols., 1253 /1837-38)

A treatise on the use of the tables of al-Durr al-yatim entitled 7irdz al-ghurar fi
hall al-durar and compiled by an Egyptian astronomer named Sulayman b. Hamza b.
Bakhshish (? or Hashish; either variant seems impprobable). This particular copy, unlike
the others of the Tirdz al-ghurar that we have examined (e.g., MSS Cairo Dar al-Kutub
migat 191 (9 fols., 1072H) and majami® 323, 6A (fols. 33v-34r, ca. 1250H), contains an
extensive set of tables. See further Section 11 below.

MS Cairo Tal®at migdr 82 (37 fols., 870/1465-66)

A copy of the treatise by Ibn al-Majdi on the compilation of ephemerides called
Ghunyat al-fahim.

MS Cairo K8524 (68 fols., ca. 1000/1600)

A copy of the treatise by Ibn al-Majdi on the compilation of ephemerides called
Kitab al-Tashil wa’l-tagrib.

: MS Cairo Tal®at migat 113,1 (fols. 1r-128r, 1053 /1643-44)

A set of tables based on the method of al-Durr al-yatim serving the sun, moon, and
planets. The various tables are here attributed to their compilers; see Section 11 below.

: MS Cairo Halim migat 16,2 (fols. 33v-37v, ca. 1100 /1690)

A treatise on the compilation of an ephemeris for Mercury using tables in the tradi-
tion of al-Durr al-yatim. The author is Shihdb al-Din Ahmad al-Kutubi al-Khurfani.

: MS Cairo Taymiir riyada 188 (822 pp.! ca. 1000/1600)

Ridwan Efendi’s own copy of his solar, lunar, and planetary tables based on the
method of al-Durr al-yatim and entitled al-Durr al-nazim or al-Durr al-farid.
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Put Ad = d — d,, and from the summed section of the table determine
d,, thence a second couple
Am, AY ,
analogously to the procedure of Section 4. These two numbers are respectively
the change in the mean and in the anomalistic argument from the beginning
of the 35-year cycle to the first day of the “Julian’ year in which the given
date falls.

Calculate a third couple

m, = m, + Am, Y= Y1+ AY:-
This consists of the mean longitude and the value of the anomalistic argument
on the first day of the table year. Note that by virtue of the choice of epoch
for the mean motion tables and the property of the 35-year cycle, the condition
0;00 < v, < 1;0° should always hold.

Calculate A,d = A,d — d,, the number of days from the beginning of
the table year to the given date. If A,d is divisible by ten it will appear among
the “excesses of days’ arguments of the equations table. Otherwise choose
the day argument nearest A,d. For the other argument, the anomaly, choose
the table argument nearest y,. Find the entry in the table corresponding to
these two arguments, and call it A2, .

Then
M=my+ AN
will be the solar true longitude for the first day of the ephemeris,

hy=my+ Ak,
for ten days later, where A, is the entry under A2, and so on.

10. The Sources

Virtually all the manuseript material relating to the tradition of al-Durr
al-yatim is preserved in the Egyptian National Library (Dar al-Kutub) in
Cairo, and information on all of these manuscripts is contained in the forth-
coming catalog of the Cairo scientific manuscripts by the first author. Our
knowledge of the tradition is impaired by the fact that most copies of the
tables are anonymous or defective or both. The following manuscripts are the
oldest and most reliable sources and will be hereafter referred to by the appro-
priate sigla.

A: MS Cairo Dar al-Kutub migat 405 (39 fols., copied ca. 850 /1450).

This is the best available copy of the solar and lunar tables, transcribed
in the elegant hand of All b. Hasan al-Bahtiti. Unfortunately the title folio, and with
it the first two sets of solar tables, is missing. The latter have been added in a later inele-
gant hand.

B and C: MSS Cairo Dar al-Kutub migat M 85,1 (fols. 1r-2v, ca. 850/1450)
and migat M 44,2 (fols. 22r-27v, ca. 850/1450).
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table, when y = 0. For the last column of the same table y = 1°. Then the same
process as described in the paragraph above was carried through for the ele-
ments of this column also. Thatis, the solar mean travel in intervals of ten days
was subtracted from the successive entries. The set of remainders should plot
as an equation curve congruent with that of Figure 2, but displaced to the
left by a small amount as indicated in Figure 1. More precisely, the sun will
already have passed the apogee by a degree at day zero. Since the mean and
the anomaly advance at about a degree per day the horizontal displacement
between the two curves should be very nearly a day.

This notion was verified by calculating the horizontal intercept of each
of the two equation curves between Ad = 6,0 and Ad = 6,10. Since the curves
in this neighborhood are very nearly flat, linear interpolation can be used
with very little sacrifice of precision. For the y = 0 curve it yielded an intercept
at 6,5;14; for v = 1° at 6,4;14.

As a final test, the differences between corresponding entries in the two
end columns were calculated. Since for each pair the differences in the respec-
tive y’s are precisely one degree, the results should be approximately equal
to the set of first differences obtained from a solar equation table where the
tabular difference is one degree. Such a table is found in the 2ij of Ibn Ytnus
(see the entry in [3]). First differences were calculated from it for arguments
near those of the differences between column elements. In general, cor-
responding results were identical to seconds of arc.

The method of calculating the end columns in the equations table having
been established, it remains to do the same for all the columns in between,
ie, for y = 0;3°, 0;6°, 0599, ..., 0;57°.

For several fixed and widely separated values of Ad, plots were made
of the equations table entries for the range vy = 0, 0;3°, 0;6°, ..., 1;0°% In all
cases the resulting graphs are straight lines. That is, entries along rows were
filled in by linear interpolation between the endpoints. This is reasonable,
since the solar longitude function has little curvature anywhere, and the total
variation along rows of the table is only a degree.

9. Use of the Solar Tables

Having worked out the structure of the tables, their manner of application
is reasonably evident. Suppose a solar ephemeris is desired, at ten day intervals
commencing from a given Hijra date. Use the days table as described in Sec-
tion 3 above to obtain d, the number of days from epoch to the date in question.

Now turn to the Solar mean motion table and, as described in Section 4.,
determine d; from the extended table, and the corresponding couple

My Y-
These are respectively the solar mean longitude and anomaly at the begin-
ning of the 35-year “Julian” cycle in which the given date falls.
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equation, the sinusoidal function of small amplitude hugging the horizontal
axis on Figure 2. e is periodic with a period of a year. More precisely, its period
is the timé required for the solar anomalistic argument to run through a com-
plete revolution. So the true longitude function consists of an ascending straight
line upon which a series of identical ripples has been imposed. Since the motion
takes place on a circle, perhaps it is better to think of the curve as dropping
to the horizontal axis every time it reaches 360°, but this is not shown on the

figure.
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Figure 2

Consider an instant when the sun passes through its apogee. The Ptolemaic
model has been so set up that at this time y = 0 and A = A = m,, say. Then
the entries down the first column of the equations table (for y = 0) are repre-
sented by the set of dotted vertical segments rising from the horizontal line
of height m, and terminated by the equation curve. That is, the entries are

A = e, + n-\,
n = 10, 20, 30, ..., 6,10,
where e, is the value of the solar equation n days after passing the apogee,
and 1 is the rate of increase of A in degrees per day.

The validity of the above assertion was demonstrated by calculating the
solar mean motion in 10, 20, 30, ..., 6,10, days and subtracting the results from
corresponding entries in the first column of the table. The results, when plotted
in Figure 3 exhibited the characteristic form of an equation curve.

The above has to do with the entries in the first column of the equations
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7. The Solar Mean Motion Table

The sun has only one “equation’ instead of the two for the planets and the
moon. Hence the solar tables are set up somewhat differently from the others,
and require a separate explanation. The mean motion table is in two sections
of three columns each (disregarding columns for the madkhal), the entries
being: (1) integer days, the argument of the table, (2) solar mean positions or
motions, and (3) the argument of the solar anomaly. All are in sexagesimals,
or zodiacal signs and degrees, the mean and anomaly being to seconds of arc.
Again one section is called “summed’, the other “extended”. For the former,
the first entry in the first column is to be regarded as the number of days passed
since epoch, hence it corresponds to a specific date. Successive entries in the
days column may be found by additions of 3,33,4 days = 35 “Julian” years
of 365} days, each rounded off to the nearest integer. Corresponding entries
in the mean and anomaly columns give the positions of the mean sun and its
anomaly at the successive thirty-five year increments indicated. The reason
for the choice of this particular interval seems to be that the anomalistic mo-
tion during this time is very nearly an integer number of revolutions, successive
positions differing from each other by only 0;0,42°. Furthermore the initial
date has been so chosen that the first entry for the anomalistic argument is
small.

The extended section of the table has in the first column the number of
days in 1,2,3,...35 Julian years, commencing with a leap year and inserting
additional such every fourth thereafter. The second column gives the amount
of mean solar motion in these times. The third column does the same for the
anomalistic motion. The latter is very near but slightly less than a degree per
day. Furthermore, the duration of the motion for all entries differs from an
integer number of years by less than a day. This insures that all entries in the
third column -are less than unity.

8. The Solar Increment Table

This is called Jadwal ta®idil al-shams, “Table of the Solar Equations”.
It has two independent arguments. One, called the fadil al-ayyam, “‘excesses
of days”, is the set 10, 20, 30, ... , 6,10 (= 370). It takes up the first column of
each page on which the table occurs. The first argument spans a year at ten-
day intervals.

The second arguments is the set 0;0, 0;3, 0;6, 09, ..., 1;0. It is not named
in the table, but, as becomes evident from texts and examples, it is a range
of values of the solar anomalistic argument, v.

As for the function tabulated, it is explained herewith by use of Figure
2. The solar true longitude is

A=12r+te,
where A is the mean longitude, a linear function of time, and e is the solar
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6. The Lunar Tables

The principles applied in the planetary tables are used also for the moon,
the double elongation, 2y, replacing o, the center. A detailed description hav-
ing already appeared in [7], a few remarks here will suffice. The long period
is now 50,31 days = 1,50 anomalistic months, each of the latter running to
twenty-eight and a fraction days. For the lunar increment table the domain is

y = 0% 19, 29 ..., 13°,
29 = 0°, 6°, 129, ..., 354°,
Ad=1,2,3,..28

The daily motion of y is of the order of thirteen degrees. The initial points
of the long periods have been so chosen that at them vy is small. Hence at the
initial points of the short intervals, noons of days in which successive anoma-
listic months commence, y will never be as high as fourteen degrees (see Plate 2).

Just as in the preceding section, values of AN were calculated for spot
combinations of the arguments and compared with corresponding tabular
entries found, this time in two sources. The results are displayed in the table
which follows. Correspondence between text and calculation is quite good.
Bodleian Arabic MS Marsh 374 is the source used for [7].

SPOT CHECK OF TWO LUNAR INCREMENT TABLES

Mm@ 6

@ ®) © U] @®)
Arguments t AX
0°] 00 | 1¢| 00 11;53° J0s 11;500 | —0:30| 0s 11;50° | 0;0°
0] o |10 |4 5328 | 5:24 | —054 l4 5:23 | 0:1
10 ; 0 20 |9 01 }9 0:8 ‘ 037 |9 0;11 |—0;3
10 (186 |10 |4 846 |4 839 | —07 4 839 | 050
50 6 |15 |6 19440 |6 1946 | 036 \6 19;46 | 00
0l 18 |10 1130 [0 113 |—06 |0 1136 |—0;3
10 354 |10 |[4 5;59 |4 5510 | —08 4 5349 | 032
10 180 |20 ||8 2845 |8 2850 | 0;14‘ 28:57 | 02
i | i
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So the true longitude on day d (or on the day nearest d in the table) is

A=m,+ AL.

The format of the increment tables is such that on each page the
column of A,d’s runs down the right edge of the table. Hence, once. the
user has found the proper A for a particular day, the AX for ten days later
will be immediately below the one just found, and so on. This is particularly
handy for the calculation of ephemerides. Plate 2 is an ecxerpt from an in-
crement table, but for the moon.

An HP-67 calculator was programmed to compute the 3, thence AAX,
corresponding to given values of the arguments after the parameters for a
particular planet had been keyed into the machine. The results for two sets
of values for each planet are shown in the table below, together with the cor-
responding entries in the A} table of Source H (described in Section 10 below).
The agreement between text and calculation is not perfect, but it is close
enough to demonstrate that our analysis is valid.

SPOT CHECK OF A PLANETARY INCREMENT TABLE
(Text values from Source H)
Arguments o
AR g
Planet :ES
Ald o =]
? : Ta text calc. <
i 3606 | 0°| 0°| 95170 |7 9190 | 0520 |
Saturn ‘ ! ‘
10 120 | 1| 35621 | 356510° 0311 |
60 |30 1 10;13 | 1013 050
Jupiter .
360 |90 | 0 20525 | 2025 00 |
60 |12 1 o | 3702 ' 373 | o0;1 |
Mars : ] |
360 |60 | 1 | 234;26 23530 \ 0;34
1000 12,14 12;15 l 051
Venus B
310 192 | 1 | 275:51 27347 i —2:4
i | |
10 | 0| 3 | 10156 | 10157 | 05
Mercur
ST 60 |9 | 1| 5136 l 535 1 1;29
J |
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planet in question and from the column of days obtain d;, it being the largest
entry in the column such that d, < d. Note down the triple of centries on the
same line as dy,
my, yi, % .

This process locates that one of the big periods in which d lies, and the
mean longitude, anomaly, and center at that time.

Now put Ayd = d — d;. This measures how far d enters into the big
period.

Turn to the summed table, and find d,, the largest argument such that
d, < Aid. This locates the initial point of the anomalistic pericd in which
d lies. Opposite d, take the corresponding triple

Am, Ay, Aa,

being the amount of change in the three variables in d, days.

Calculate A,d = Ajd — d,. This is the number of days by which d has
entered the anomalistic period.

Then

m; = my+Am, v, = Yi+AY, @ = at+Ad,

are the mean longitude, anomaly, and center on the initial noon of the anoma-
listic period in which d lies. Since each element of the triple can be thought
of as a point on a circle, it should be regarded as the residue, modulo 360,
of the three defining sums above.

5. The Planetary Increment Tables

The arguments for entering the Ay table are «,, v,, and A,d, calculated
as described just above. In fact the user of the tables will have to content
himself with approximations to these numbers, for the domain of «, in the
tables for all the planets is 09, 6°, 12, ..., 3540; that of v, is 00, 10 for all the
planets except Mercury, which has 00, 10, 20, 30, The domain of A,d is 10,
20, 30, ..., p, where p is the anomalistic period of the planet in days. This holds
for all the planets except Mercury, where the setis 5, 10, 15, ..., p.

The entries, calculated to minutes of arc, are

Ar=AN+3=Ad-1+3,

the algebraic sum of the mean motion in A,d days, and 3, the equation on

day d, calculated by means of the expressions marked (1) in Section 2 above.
The values of the two independent variables upon which 8 depends are

Y=Y+ Ald-Y
and @ = a, + Ad-a.
A dot over a variable denotes the variable’s rate of change in degrees per
day.
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year Hijra cycle, the span of possible application of the table. The entries are
the number of days elapsed from epoch until the beginning of the calendar
year of the argument entry.

The extended section gives the number of days in 1,2, 3, ..., 30 Hijra years,
and in the successive months of the year, ending with 5,54 (= 354) for the
twelfth month of a sound year and 5,55 for a leap year.

The method of using the table is evident. For a given date, obtain three
entries: (1) in the summed section, that opposite the largest argument which
is less than or equal to the given year; (2) in the extended section, that opposite
the excess of the given year over the entry just chosen; and (3) that opposite
the month named in the given date. To the sum of these three entries add the

days elapsed of the month given in the date. The resulting sum, d, is the days
elapsed since the Hijra epoch.

4. The Planetary Mean Motion Tables

For each planet there are, as usual, two sections. The first, the “extended”
one (Ar. mabsita), gives the number of days from the Hijra epoch to the initial
day of each big period tabulated. Opposite each day entry are the correspond-
ing noon positions of mean, anomaly, and center. The second, the “summed”’
one (majmia) gives the number of days elapsed from the beginning of the
big period to the first day of the successive anomalistic periods. The three
entries opposite each day number show the changes in the mean, anomaly,
and center during the particular number of anomalistic periods. Entries are
to seconds of arc, except for Saturn, Jupiter, and Mercury, for which the center
hasbeen carried to minutes only. Plate 1 displays two pages from such a table,
but for the moon.

The table below shows the lengths of the two periods for each planet.

l the long period | length of the
Planet number of anomalistic period
days anomalistic periods in days
Saturn 6,49,36 65 6,18 or 6,19
Jupiter 2,52,51 26 6,38 or 6,39
Mars 3,27,59 16 12,59 or 13,0
Venus 2,6,31 13 9,43 or 9,44
Mercury 1,50,5 57 1,55 or 1,56

The manner of using the mean motion tables is described herewith, the
various steps being illustrated schematically on Figure 1.
Having obtained d from the days table, enter the extended table for the
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3600. That is, each of the subdivisions between successive asterisks on the
figure marks the first noon in a new anomalistic period. The change in v be-
tween any such subdivision and the preceding asterisk cannot exceed the
anomalistic motion in one day. Hence, because of the original positioning of
the asterisks, the value of y at all the subdivisions will be small.

Three sets of tables were calculated :

1. A days table to enable the user to convert a day given by a Hijra date
into a number, d, the days elapsed since the Hijra epoch.

2. A mean motions table in two parts for each planet. The first part gives,
for an appropriate span of time, the values of d at each of the noons represented
by asterisks in Figure 1, together with corresponding values of the mean
longitude, anomaly, and center. The second gives, for each subdivision within
pairs of asterisks, the changes in d and the three variables named above.

3. A A table for each planet, giving the increment in longitude to be
added to the mean longitude at the beginning of a particular period in order
to convert it into true longitudes for a run of days thereafter. In principle
there are three independent variables: (1) days elapsed within the period,
(2) the values of the center, «, at the beginning of the period, and (3) the
anomaly, vy, at the same time. By uirtue of the choice of asterisks, however,
the possibilities for y are very restricted, confined usually to two possibilities,
0% and 1° For want of a better name we call this third variety of tables, “in-
crement’’ tables. Note that the term “equation’ would be inappropriate, since
any particular A\ entry in such a table has two components, one being the
planet’s equation, the other the increase in mean longitude during the particu-
lar run of days.

Details are given below. What has been stated thus far makes it clear that
the burden of computation has been shifted from the ephemeris maker to the
calculator of the A tables. Once having determined a set of mean positions
by a process resembling the traditional one, the user need only add a set of
tabular entries to the mean longitude to produce a run of true longitudes for
equally spaced intervals.

3. The Days Table

As stated above, one table is applied to determinations for all the planets.
Its full title is Jadwal ayydm al-masir li’l-kawadkib, “The Days Travel Table
for the Planets”. Given a Hijra date, the table provides the sexagesimally-
expressed number of days elapsed from the Hijra epoch to the date in question.

There are two sections, one for “summed’ (majma‘a) years, the second
for “extended’ (mabsita) years. The argument for the summed section consists
of the set

30(k + n), n=20,12,..r,

where k and r are suitable natural numbers to cover, at intervals of the thirty-
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These are described in Sections 7 and 8, and their application in Section 9.

The general theory and structure of the tables having been dealt with,
Section 10 lists the manuscript sources in which they have been found. These
are numerous, and by no means have all of them been investigated by us in
detail. Section 11 discusses certain of the sources and relations between them,
and makes concluding remarks about the whole corpus, its duration and
influence.

2. The Basic Principle of the Planetary Tables

Suppose that tables of the Almagest (or Handy Tables) type are available,
and it is desired to calculate the true longitude of a particular planet at a given
instant. The result will be

A= A+ 3,
the algebraic sum of the mean longitude and the “equation’, where

cs v iy cg = Oa
(1) 8 = ——6/3(0() + CS(YI) + 63(0(() ’ % 072;{’))’ 6: = O’

and Y =7y + ¢5(a), o = o — ¢'s(a).
The functions denoted by ¢’s are given by columns of entries in the equation
tables, the subscripts indicating the order in which the columns appear. The
notation used here has been slightly modified from that adopted in [13].
pp- 191-207. For a complete exposition of the underlying theory and practise,
the reader is referred to [14], pp. 145-189.

The variables vy, « (the ‘““center”, the mean longitude measured from apogee),
and vy (the argument of the epicyclic anomaly) are linear functions of time. For
the instant in question each can be calculated by adding appropriate enties
from the mean motion tables in the set at hand.

The ¢ functions, on the other hand, are basically trigonometric, hence
periodic, and their combination to form § is tedious and involved, demanding
interpolation and a proper choice of signs. An individual who wishes to compute
a set of planetary positions on successive noons at, say, ten-day intervals,
must repeat the entire process from scratch for each individual noon.

These difficulties are obviated for the user of the Ibn al-Majdi tables by
exploiting the following facts. For each planet a large period can be found
consisting of an integer number of days which measures, with considerable
accuracy, an integer number of the planet’s anomalistic periods. Choose a
day on which the anomalistic argument, v, is small. Then consider the set
of days separated from the chosen one by integer multiples of the big period.
These are indicated schematically on Figure 1 by asterisks. On each of these
days also vy will be small, by virtue of the existence of the period.

Subdivide the large period into smaller intervals marked by the set of noons,
in the twenty-four hours preceding each of which y shall have passed through
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matics. Most of these are short treatises on instruments, in particular, quad-
rants and sundials, the best known of which was a treatise on the almucantar
quadrant in ten sections. His mathematical works include a commentary on
the arithmetical work called al-Talkhis by the earlier Moroccan scholar Ibn
al-Banna’ and a treatise Kashf al-haga’iq on sexagesimal arithmetic. More
substantial works are his treatises entitled Ghunyat al-fahim and al-Jami©
al-mufid; these have never been stadied in modern times. The most interesting
of his known astronomical works is his planetary tables entitled al-Durr al-
yatim, “The Unique Pearl”. These form the subject of the present paper.

Considerable confusion obscures our understanding of Ibn al-Majdi’s
contribution to these tables. The manuscript sources do not explicitly state
the authorship of a corpus of tables for the sun, moon, and planets, based
one the method of al-Durr al-yatim,but we have the distinet impression that
Ibn al-Majdi himself was responsible only for the tables for the sun and moon.
He laid down the numerical bases for calculating similar tables for the planets,
but, as we shall show, such tables were compiled by later astronomers.

Ibn al-Majdi’s solar and lunar tables and the planetary tables which were
devised along the same lines are not the standard Ptolemaic variety displaying
mean motions and equations (on which see [6], pp. 141-142), nor the specfically
Islamic development of these in the form of fabfag equation tables in which
one enters arguments that can be derived directly from the mean motion tables
(see [11], pp. 130-131). Rather Ibn al-Majdi’s tables are auxiliary tables for
compiling ephemerides, that is, tables displaying solar, lunar, and planetary
positions for each day of the year. As remarked above, the only known earlier
example of such auxiliary tables is [7]. which probably originated in twelfth
century Iran. We suspect, but cannot prove, the existence of a continuous
tradition of this category of tables reaching into fifteenth century Egypt. What
is more certain is that Ibn al-Majdi’s tables were used extensively in Egypt
until the nineteenth century.

Section 2 below describes the principle which is common to this particular
technique for all the planets, and for the moon. The succeeding three sections
deal in detail with the three categories of tables needed to apply the technique
to the planets. A table is presented comparing spot entries from the tables with
results obtained by standard Ptolemaic computations. The lunar tables having
previously been described in detail (in [7]), Section 6 suffices for the moon.
Here also spot checks are presented.

All of the tables contain columns for determining the day of the week (Ar.
madkhal, Lat. signum) for which a longitude is being calculated. We omit all
discussion of these as being irrelevant to the main topic.

The solar model is essentially simpler than those of the moon and the planets
Hence the tables used by Ibn al-Majdi and his followers for calculating runs
of solar longtitudes are constructed differently from those for the planets.



Ibn al-Majcﬁ’s Tables for Calculating Ephemcrides

Davip A. Kinc* & E. S. Kennepy*#

1. Introduction

This study describes a category of late medievel astronomical tables hith-
erto neglected by historians of science. These tables, however, were preceded
by a group of related works applied to the sun and moon only, which has
received attention in the literature, in item [7] in the bibliography which
follows this paper. The anonymous originator of the lunar tables of [7] made
use of an ancient Babylonian period relation to work out a technique for ob-
taining quickly a set of true longitudes of the moon. Presumably the lunar
tables were known to the later Egyptian astronomer Ibn al-Majdi, who seems
to have applied the same basic notion to the calculation of planetary positions
also. The resulting corpus of manuscripts provides still another example of
how the scientists of medieval Islam continually sought, without tampering
with the underlying Ptolemaic abstract models, to ease the computations of
the practising astronomer-astrologer. The general trend is amply illustrated
in such papers as [10], [17], [5], [11], and [15].

Shihab al-Din Abu’l-°Abbas Ahmad b. Rajab b. Tibugha, known as Ibn
al-Majdi, was the leading astronomer of Cairo in the early fifteenth century
(see [16], no. 432; [2], II, pp. 158-159 and SII, pp. 158-159; and [1], pp.
179-184). He was born in 767/1365 and died in 850/1447, and according to
his biographers, excelled in Islamic law, inheritance theory, and the Arabic
language, as well as in arithmetic, geometry, astronomy, and timekeeping.
He belonged to the generation of astronomers following that of Ibn al-Shatir
and al-Khalili of Damascus (on whom see the articles in [3]) and preceding
that of Ibn Abi’l-Fath al-Stfi and Sibt al-Maridini of Cairo (on whom see [16],
nos. 445 and 447), so that he and a few less well-known contemporaries repre-
sent the end of serious and productive activity in astronomy in medieval
Egypt.

Ibn al-Majdi compiled over thirty works relating to astronomy and mathe-

*New York University, Kevorkian Center for Near Eastern Studies, 50 Washington Square South,
New York, N.Y 10012.

**Institute for the History of Arabic Science, University of Aleppo, Aleppo, Syria. This paper
presents some of the results obtained by hoth authors at the American Research Center in Egypt:
Cairo, The work was supported by the Smithsonian Institution, the National Seicnce Foundation
(USA), the American Philosophical Society, and the Ford Foundation. Most of the sources are pre:
served in the Egyptian National Library, but the Beinecke Library of Yale University supplied us
witha photocopy of one MS. We express gratitude to each of these institutions.
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deren Breiten eines dazuzuaddieren. Tibbets erwihnt dies zwar,® er folgt

seinen Kartenrekonstruktionen jedoch der Vorstellung von ¢ = 0° = 51
r Farqadan.

Die Diskussion der (rter und eine damit verbundene Karteninterpre-
tion kann auch gelegentlich zur besseren Identifizierung von (rtern in den
assischen arabischen geographischen Texten beitragen.®®

SchlieBllich kann dies méglicherweise auch zu einem besseren Verstind-
is unklarer Stellen in den Nautikertexten selbst fiihren.

68. Ibid., 333.

69.Z. B.i. Vgl. von BGA VI, 64 (S. 43 d. Ubers.), wo der indische Ort .ls erwihnt ist, mit Tibbets,
5,463, 466 (Fydb) u. der Teilkarte ‘“Southern India’’ in Ergénzung resp. Korrektur von: S. Magbul
mmad, India and the Neighbouring Territories in the Kitab Nuzhat al-Mushtdq fi’Khtirdq al->Afdq,
29,32, 58, 62, 104, 105, 114-115, 161, (Leiden, 1960); und: H. Daunicht, Der Osten nach der Erdkarte
‘Khuwdrizmis, Band I, (Bonner Orientalistische Studien, Bd. 19), (Bonn, 1968), S. 302 ff.
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nicht kongruent sind, kénnen letztere — wie bei Tibbets — angedeutet so wie-
dergegeben werden, wie sie der Wirklichkeit entsprechen.

IV. D1t DiskussION DER ZAHLENANGABEN DER TEXTE

Diese Werte entsprechen niemals vollig der Wirklichkeit. Die Hauptursachen
dieser Unstimmigkeiten waren:

(1) Nadelabweichung

(2) Deviation des KompaBl

(3) Abdrift durch Wind und/oder Stromung bzw. Seegang
(4) Refraktion

(5) Héhenmessungen von der Kimm, nicht vom Horizont aus

(6) Fehler bei der Herstellung der Instrumente zur Hohenmessung

(7) tirf@* als ein sich im Laufe der Jahrzehnte — wenn nicht Jahrhunderte -
allmihlich herauskristallisierender Durchschnittswert, der nur ungefihr
einem isha“ entsprechen konnte

(8) Sehr wahrscheinlich nur Beriicksichtigung des Standorts, den man
vor Kurswechsel zum Einlaufen in den Hafen bzw. vor Kursnahme nach Aus-
laufen aus dem Hafen hatte.

(9) Unméglichkeit der arabischen Nautik, aus zwei oder mehreren Kop-
pelkursen exakt den direkten Kurs nebst Fahrtstrecke zu bestimmen.®

AuBerdem widersprechen sich die Texte oftmals in ihren Angaben oder
bringen wahlweise verschiedene Kurse nebeneinander.

Die Zahlenangaben miissen daher Punkt fiir Punkt vor der Zeichnung
durchdiskutiert werden — dies unterlidBt Tibbets meist. Bei einander wider-
sprechenden Angaben kann diejenige ausgewihlt werden, die am wenigsten
den Angaben zu den benachbarten Positionen widerspricht. Zu beachten ist
auch, daB die Texte zum Teil Angaben enthalten, die um 1244 noch nicht
bekannt sein konnten und daB daher hier und da eine ¢-Bestimmung mit
224/2 erforderlich sein kann. Die gewonnenen Werte lassen sich jedoch ohne
Miihe durch Anderung um 1 I in das Kartenbild einfiigen. Wo sich Angaben
finden, die sich nicht auf die drei zur Messung verwendeten Grundkonstella-
tionen, sondern auf andere Sterne beziehen, miissen diese in Werte fiir die
Grundkonstellationen umgerechnet werden, falls dies nicht schon in den
Texten vorgenommen wurde.

D. Schlussbemerkung

Mit der fertiggestellten Karte erhalten wir zwar ein Bild des Indischen Ozeans,
das die arabische Nautik um 1244 hatte. Um eine Vorstellung fiir Ibn Majids
und Sulaiman al-Mahris Zeit zu erhalten, geniigt es jedoch, den Aquator auf
5 I der Farqadan anstatt auf 4 I zu setzen und entsprechend zu den I der

67. Tibbets, 301 ff.
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Abb. 8: Ermittlung des gesuchten Orts 2,

beibekannten Kurs, gegebenen Ausgangsort £; und bekannter @, des gesuchten Orts

Linge der Strecke s in Graden bei bekannter ¢, des Ausgangspunk-
tes und bekanntem Kurs x ist:%¢

Po— P
cos x

Die gesuchte Breite ¢, = s-cos x + ¢,. Dabei ist zu beriicksichtigen, ob
die ¢ — n nordlich oder siidlich des Aquators liegen (Vorzeichenénderung!). -
Die gefundene ¢, wird als Geradenstiick eingezeichnet, dann vom Ausgangsort
aus mit Hilfe eines Kursdreiecks die Strecke. Wo letztere die ¢,-Linie schnei-
det, liegt der gesuchte Ort. Die Eintragung der ¢,-Linie eriibrigt sich, wenn
eine Landmarke gesucht ist, deren ¢ bereits bekannt ist. - Bei gleichbleibender
¢ muB der in Grade umgewandelte zam-Wert durch den cos der ¢ dividiert
werden, da sich mit fortschreitender Entfernung vom Aquator zwar nicht die
Strecke an sich, wohl aber ihre Angabe in Graden #ndert.

Wo die Kurslinien mit den Kiistenlinien nur sehr grob oder iiberhaupt

=

66. F. Reinhardt; Heinrich Soeder, dtv-Atlas zur Mathematik, Band I, (Miinchen, 1974), S. 188.
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11 J 6,8303569 0,119497
1J=8F 6,4285712 0,112436
43 F 0,8035714 0,0140213
41 F + 0,4017857 0,0070153
4 F + 0,0 0,0
33 F — 0,4017857 0,0070153
31 F — 0,8035714 0,0140213
1F=13N —4,8214284 0,0842493
123N —5,2232141 0,0912931
1IN —24,107142 0,433742
— T N** — 36,964284 0,695105

III. Die UMRECHNUNG DER GESEGELTEN STRECKEN UND DIE EINTRAGUNG DER
OrTER AUF DER KARTE (s. Abb. 8)

Die in zdm angegebenen Strecken sind in Grade umzurechnen. Ferrand®
rechnet 1 I (= 1 #irf@ = 8 zam) = 1037, Tibbets* 1 I = 1036". Der erste
Wert ist um 34,28592" zu hoch, der zweite um 25,71408" zu niedrig. Dies
mag fiir kurze Distanzen belanglos sein. Bei der Umrechnung gréBerer zdm-
Werte — insbhesondere fiir Transozeanfahrten®® — kénnen sich die Differenz-
betrige jedoch betrichtlich aufsummieren. Dies ergibt ein verzerrtes Bild
von den Vorstellungen der Nautiker. Die Umrechnungen sind daher auf so
viele Stellen hinter dem Komma vorzunehmen, wie es nach dem KartenmaBstab
erforderlich ist. - Bei Kurswechsel auf hoher See kann die Position folgen-
dermaBen gefunden werden:

** Ra’s Binas Farans (= Cabo da Boa Esperanga; Tibbets 431).
63. Ferrand II1, 153.

64. Tibbets, 314.

65. Ibid., 359; EJ* IV,576.
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y—fcoscp

'y = Intan (45°

analytisch ausgewertet:
P
o)

(S. Abb. 7): Beginnend mit 1 I, werden die Uberhhungen errechnet und dann
die Parallelkreise und Meridiane auf der Karte eingetragen, nachdem man
mittels Durchmultiplizieren oder Durchdividieren der Werte mit einer Kon-
stanten einen zur Zeichnung giinstigen MaBstab gefunden hat. - Intervalle
von 1/4 I konnen am Kartenrand angedeutet werden. - Zu bemerken ist hier,
daB Tibbets Rekonstruktionen - wie man sich sofort durch Nachmessen iiber-
zeugen kann - auf dem Netzentwurf entweder einer rechteckigen oder einer
quadratischen Plattkarte basieren. Darum sind die auf seinen rekonstruierten
Einzelkarten gezogenen Linien keine Kursgleichen, und die Entwiirfe kénnen
auch nicht winkeltreu sein. Sie geben somit ein verzerrtes Bild von den Vor-
stellungen der Nautiker wieder.

II. Die UmreEcuaNUNG DER H§HEN

Man beginnt zweckmiBigerweise im Norden und Westen und setzt dann
nach Siiden und Osten hin fort. Wegen der groBlen Materialfiille empfiehlt
es sich, zundchst — wie dies auch Tibbets getan hat — Teilkarten des Roten
Meeres, des Golfs von Aden, des Golfs von Oman, der Arabischen See usw.
anzulegen und diese dann zum SchluB in einer Ubersichtskarte zusammenzu-
fassen. Eine groBe Hilfe ist dabei die Tatsache, daB die Texte gelegentlich
auch Strecken iiber Land bei gleichbleibender ¢ in zam angeben.®* Zur raschen
Ermittlung der Breiten auf der Karte kann man sich auBerdem eine Tabelle
der I- Werte und ihrer Uberh6hungen anlegen:

oo 360
Jah-Héhen: ¢ — 394 (I+3)
S 360
Farqadan-Héhen: ¢ = 594 I—4)
e i 360 -
Nash-Hohen: ¢ = 554 (I — 16). — Beispiel:
isba® Grade Uberhohungen

17% J* 32,946427 0,609613

62. BEO, 24 (1971), 281.
* Bab-i Sin (Tibbets 489).
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daB der Wert 8’ v. «UMi = 3 I nicht (mehr) stimmen konnte und die Zahl
2 I fiir 3’ besser pafite. Bei den Breitenangaben selbst handelt es sich jedoch
meist um altiiberlieferte Zahlen aus der bereits bestimmten Zeit um 1244,
die in die Nautikertexte des Ibn Majid und des Sulaimin al-Mahri eingegangen
sind. - Eine weitere Uberpriifung von 15 (Jrtern der afrikanischen Ostkiiste®
bestitigte erneut die Stimmigkeit des a)-Wertes; z. B. sagt Ihn M3jid ausdriick-
lich,” daB man sich dann auf dem Aquator befindet, wenn die Héhengleiche
v. B,yUMi 5 I betréigt. Die hv. Brava (;,) hat diesen Wert;*® der Ort hat
nach 210/2 und 224/2 ¢ = 0°, nach 224/3 ¢ = 1036,428’; die wirkliche
@ = 1002'.%

5. Ergebnisse

Wir haben folgende Zahlen zur Kartenzeichnung bestimmt:

11 =1tirfd> = 8 zam = 1,6071428° = 1036'25,71408" bei einer Poldistanz
v. «UMi von 3 I. Die stindig als zu hoch ermittelten Breitenangaben dieses
Wertes beruhen — wie wir jetzt endgiiltig feststellen kénnen — mit Sicherheit
auf der unterlassenen Korrektur der Refraktion und der Kimmtiefe.

C. Die Zeichnung der Karte

1. DEr NETZENTWURT

Nachdem die Werte der Kurse, der Hohen und der Strecken zur See ermittelt
sind, kann man mit dem Netzentwurf beginnen. Es ist zweckmiBigerweise
eine Projektionsart zu wihlen, die winkeltreu ist, d.h. die die Richtungen der
Windrose unverzerrt wiedergibt und die auBerdem die Kursgleichen (Loxo-
dromen) als gerade Linien abbildet. Die einzige Projektion, die beide Bedin-
gungen erfiillt, ist die Mercatorkarte, ““die”” Seekarte schlechthin.®

Durchfithrung: Als Argumentintervall diirfte 1 I bzw. 1 tirfa’ am passendsten
sein. Dieser Wert wird in Grade umgerechnet; s. o.. Die Abstéinde der senkrecht
auf dem Aquator parallel zueinander stehenden Meridiane sind dann jeweils:

arc 1 tirfa’ = arc 1,6071428°.

Um die Winkeltreue zu erhalten, miissen durch Ordinaten- (Breiten-)
iiberhéhung die Parallelkreisabstinde y in dem selben AusmaB gedehnt
werden, wie sie in Wirklichkeit zum Pol hin abnehmen, d. h. in der umgekehr-
ten Cosinus-Funktion der geographischen Breite. Dazu wird das Mercator-
Integral

57. Ibid., 423-425, 428.

58. Ibid., 219 (Fawa’id-Ubers.).

59. Ibid., 428.

60. Knaurs Gro fer Weltatlas, Hauptregister.

61. G. Jensch. Die Erde und ihre Darstellung im Kartenbild (Braunschweig, 1970), S. 78-82.
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Nr. | Name ishaC. ooar3 | 22aiz | 210 | o |Mee
29 >33 15 | 107 |22005,89" | 20029,46" | 21051,42" | 21033 | 210/:
30 woledl | 10 § | 22005,89" | 20029,46' | 21051,42" | [21020,7'] 210/%
31 sl ) | 9% 20005,35" | 18028,92/ | 19042,85' | 20010° | 224/3
3la Wl | 9 11901714 | 17040,71° | 18051,42° | 20010’ | 224/3
32 LA | 942000535 | 18028,92' | 19042,85° | [19050] | 210/2
32a LA | 9 | 19017,14° | 17040,71 | 18051,42° | [190507] | 224/3
33 Jod= | 9% | 19041,24° | 18004,82° | 19017,14° | 19058 | 224/3
34 Cain ot d= | 8% | 18028,92° | 16052,49° | 18000,00° | 18038’ | 224/3
3a | osie o - | 8% 18004,82“16028,39’ 17034,28° | 18038’ | 224/3
35 il | T3 | 17016,60' | 15040,17° | 16042,85' | 17043' | 224/3
36 Oljr | T4 16052,49° | 15016,07° | 16017,14° | 16956 | 224/3
37 Ll |71 16004,28' | 14027,85 | 15025,71° | 15044° | 210/2
38 Oledt | 6% | 15040,17 | 14003,74' | 15000,00° | 15935 | 224/3
39 2l S | 6% |15016,07' | 13039,64' | 14034,28" | 15000° | 224/3
40 «=SU el | 6% | 15016,07° | 13039,64 | 14034,28° | 14054’ | 210/2
41 skl | 63 | 15016,07° | 13039,64 14034,28’! 14050° | 210/2
42 et | 53 | 130939,64' | 12003,21° | 12051,42° | 13046’ | 224/3
43 | 5% | 13015,53' | 11039,10° | 12025,71 | 13020’ | 224/3

Das Ergebnis iiberrascht: Von den (nebst Varianten) insgesamt 53 Posi-

tionen liefern die Werte

a) 3 = 3Ibei360° = 2241 fiir 40 Orter

b) & = 2Ibei360° = 2101 fiir 11 (rter

c) 8 = 21 bei 360° = 2241 fiir 1 Ort
die jeweils besten Breitenangaben. - Fiir einen weiteren Ort sind 224/3 und
210/2 zugleich am besten passend. Sicherlich ist es kein Zufall, daB bei den
weitaus meisten (Jrtern der Wert a) die besten Ergebnisse, c) die schlechtesten
liefert.

Diskussion:

(1) Der Wert c), der bereits durch die Terminbestimmung als unbrauchbar
erkannt wurde, kann zunichst beiseite gelegt werden.

(2) Der Wert b) konnte sich auf die Breitenangaben in den noch vorhan-
denen Nautikertexten aus chronologischen Griinden nicht niedergeschlagen
haben; daB er fiir einige Positionen bessere Zahlen als der a)-Wert hat, ist
mit Sicherheit rein zufillig. Bei diesem Wert handelt es sich - dies betont
auch Tibbets® — um eine rein theoretische Uberlegung.

(3) Der Wert a) bringt die besten Resultate. Die arabische Nautik des
spiten 15. und des frithen 16. Jahrhunderts war sich zwar der Tatsache bewuBt,

56. Tibbets, 315.
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Eine tabellarische Ubersicht® zeigt folgendes Bild:

Ne.| Name igba°1 22473 | 224/2 | 21002 o |Petter
1 5se | 13 3| 26031,07 | 24954,64" | 26034,28° | 27005 | 210/2
2 (i 15 [ 13| 25042,85' | 24006,42° | 25042,85' | 26022" gégg
3 Jlee | 123 | 24054,64¢ | 23018,21° | 24051,42 | 240237 | 210/2
4 6sb |11 | 2202999 | 20053,57" | 22017,14 | 22049 | 224/3
5 0 ssWl, | 43(12027,32 | 10050,89° | 11034,28' | 12038’ | 224/3
6 o | 5 | 12051,42° | 11014,99° |11059,99' | 12050 | 224/3
7 o5t | 5% 13015,53 | 11039,10° | 12025,71° | 13033‘ | 224/3
8 o | 5%[14003,74 | 12027,32* | 13017,14" | 14024’ | 224/3
9 | S| 5§ 14003,74° | 12027,32° | 13017,14¢ | 14034’ | 224/3
10 | a2 | 6 |14927,85 | 12051,42° |13042,85 | [149517] | 224/3
11 g | 6} 1 14951,96" | 13015,53" | 14008,57' | [15010'] | 224/3
12 & s | 6 3] 15016,07° | 13039,64' | 14034,28° | 15038 | 224/3
13 olss | 63|150,40,17 | 14903,74’ | 14059,99° | [160327] | 224/3
14 g | T | 16004,28" | 14027,85’ | 15025,71° | 16045' | 224/3
15 B | 7} | 16928,39" | 14051,96' | 15051,42° | 17002 | 224/3
16 b, | T} | 16028,39 | 14051,96¢ | 15051,42' | 16058" | 224/3
17 o der | T%]17016,60° | 15006,69° | 16007,14° | 17012° | 224/3
18 éll> 55 | 73 (17016,60 | 15906,69° | 16007,14* | 17025/ | 224/3
19 i ls | 8 | 17040,717 | 16004,28' | 17008,57° | 18008' | 224/3
20 Ko s | 8% | 18053,03 | 17016,60° | 18025,71/ | 19000° | 224/3
20a | %ol | 9 |19017,14 | 17040,71° | 18051,42° | 19000 | 210/3
21 Ol = | 91 |19041,24" | 18004,82 | 19017,14" | [19950°] | 224/3
22 ol | 9% | 20005,357 | 18028,92' | 19042,85" | 20010° | 224/3
23 oeelti | 9% | 19041,24 | 18004,82° | 19017,14¢ | [20010°?]| 224 /3
23a el | 931 20029,46° | 18053,03 | 20008,57° | [20010°?]| 210/2
24 | igeas Gl | 93 20005,357 | 18028,92 |19042,85' | 20039’ | 224/3
2a | e Gl |10 | 20053,57° | 19017,147 | 20034,28' | 20039’ | 210/2
25 S5l ol 110 | 20053,577 | 19017,14° | 20034,28' | 21039° | 224/3
25a Sl s | 104 | 21041,78° | 20005,35° | 21025,71° | 21039° | 224/3
26 L1 | 103 | 21017,67 | 19041,24° | 21000,00° | 22012° | 224/3
26a Ll 102 | 22005,89' | 20029,46' | 21051,42/ | 22012 | 224/3
27 Al ,d5 |10 3| 21041,787 | 20005,35¢ | 21025,71 | 22031 | 224/3
27a Wil |11 | 22030,00° | 20053,57 | 22017,14¢ | 22031' | 224./3
28 | s |11 | 22030,00° | 20053,57° | 22017,14° | 21030° | 224./2
28a 3 | 10 | 20053,57° | 19017,14/ | 20034,28' | 21030° | 224/3

55. Zahlen aus Tibbets, 399-404, 409-10, 413, 419-421, 442-444, 446-447; Echtwerte aus: Knaurs
Gro fer Weltatlas, 2. Anflage, (Miinchen-Ziirich, 1972), Tafel 33 und Hauptregister. Es sind diejenigen
Orter aufgefiihrt, die sich entweder eindeutig oder mit fiir eine Breitengegeniiberstellung hinreichender
Genauigkeit identifizieren lieBen; letztere in [...].




38 REINHARD WIEBER

Es ist aber festzustellen, daB die Hohendifferenzen (Ah-Werte zw. B,yUMi
und ¢,{UMa) — wiederum besonders bei 360° = 224 I — noch falscher sind,
als dies bei denjenigen von Ah zw. « u. B,yUMi der Fall war. AuBerdem muf}
darauf hingewiesen werden, daB 3,{UMa in Bezug auf und in Ablésung der
Messung mittels B,y UMi wesentlich geeigneter zur Breitenbestimmung gewe-
sen wire als ¢,{UMa, da letztere 20™ 37,4598, erstere jedoch bereits 5™
5,49954¢ nach den Farqadin héhengleich werden.

Fazit: Aus den ermittelten Jahreszablen und den tatsichlichen Ah-Werten
ergibt sich folgendes:

a) Hinsichtlich der Termine kann der Wert 8’ v. «UMi = 2 I bei 3600 =
224 I ausgeklammert werden ; die beiden anderen Werte sind stimmig.

b) Bei den Hohendifferenzen ist der Wert 3600 = 210 I zumindest weniger
falsch als derjenige von 360°¢ = 224 I. Die Ursache dieser Unstimmigkeiten
kénnte moglicherweise auf einer Uberschitzung der Werte fiir die Refraktion
beruhen, die bedingt, daB ein Gestirn hoher iiber dem Horizont zu stehen
scheint, als dies tatsichlich der Fall ist.®®

Nach Zeitpunkt und Differenz zur Wirklichkeit scheint der Wert & v.
«UMi = 2 I bei 3600 = 210 I am besten zu passen. Es ist jedoch zu bedenken,
daB das K. tuhfat al-fuhil, in dem diese Zahlenangabe steht, ein Alterswerk
Sulaimin al-Mahris war. Dies bedeutet, daB diese Zahlen in seinen friiheren
Werken und in denjenigen von Ibn M3jid auf anderen MeBdaten beruhen
mubBten.

4. Vergleiche zwischen den angegebenen und den tatséchlichen Ortsbreiten
Zu einer generellen Klirung der Sachlage sollen daher die auf die Arabische
Halbinsel beziiglichen Breitenangaben der Nautikertexte — also von Gegenden,
die am besten bekannt waren — fiir die Werte

a) 8 = 3 Ibei3600 =224 1

b) 3 =2 Ibei360° = 2101

c) 8" = 21 bei 3600 = 224 T
in Grade umgerechnet und den wirklichen Breiten gegeniibergestellt werden.
Die Umrechnung erfolgt nach den Formeln®

360

zu a) 90 = m(I + 3)
360

zu b) o ———m(I—I— 2)
360

zuc)cpozm(1+2).

53. dtv-Atlas, 87-88. Die Refraktion blieb eines der ungelésten Probleme der antiken und mittelal-
terlich-arabischen Astronomie, auch wenn es nicht an Versuchen gefehlt hat, sie durch komplizierte
Berechnungen zu umgehen; vgl. C.Schoy, ‘‘Abhandlung des Hasan ben al-Husain ben al-Hajtham
iiber die Methode, die Polhthe mit groBter Genauigkeit zu bestimmen’’, Overgedrukt uit <“Zee’® No.
10, jaargang 1920, S. 586-601, bes. 587:21-25.

54. Es sind nur die I von o UMi erforderlich.
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die Sterne von - Sunbula (= 15,7,23 Com)*® im Meridian stehen.?’
Zu diesem Zeitpunkt tritt «UMi “in Béilde’ (bil-hasis) in seine untere
Kulmination.*®

Abgesehen davon, daB} es schwierig sein diirfte, aus den Sternkonstellatio-
nen B8,7,v,(8), €Vir und 15,7,23 Com den jeweiligen zur Messung tatsidchlich
verwendeten Einzelstern zu eruieren, bleibt folgendes festzuhalten:

a) Die Tatsache, daB «UMi bei h-Gleiche v. B,yUMi noch nicht im Meri-
dian stand, war Ibn M3jid bekannt.

b) Fiir praktische Zwecke konnte man diese Tatsache unberiicksichtigt
lassen, da die Differenz zwischen der tatsichlichen und der angenommenen
Héhe v. «UMi zu den uns interessierenden Zeiten verschwindend klein war;
sie betrug z. B. fiir das Jahr 1495,2 nur 2,30904" (s. oben).

¢) Das K. al-Fawa’id, in dem die o.g. Hinweise enthalten sind, bringt
an einer Stelle*® eine Begebenheit aus einer Seereise mit dem Verfasser als
Teilnehmer nebst Datum 480 H (= 1485 n. Chr.). Als Datum fiir = v. « UMi =
0 bei h-Gleiche der Fargadan haben wir =~ 1436,75 ermittelt. Das Wissen Ibn
Ma3jids um die o.g. Position v. 2 UMi 146t sich mit den Daten also voll in Ein-
klang bringen, denn wir hatten festgestellt,daB = v. «UMi im Jahre 1495,2
1,1117240 betrug und dieser Stern somit noch nicht im Meridian steht.

Offen bleibt jedoch, warum die Ah-Werte zw. aUMi und B,y so auffallend
falsch sind. Dies gilt zudem besonders fiir den von Ibn Majid vertretenen Wert
3600 = 224 I.

Zu Fall 2: Wir hatten bereits ermittelt, da8 nur jeweils zwei Sterne von UMa
zur Héhenmessung verwendet werden konnten, und zwar entweder 8 und
{ oder £ und . Gliicklicherweise fiihren uns die Texte selbst aus dem Dilemma
heraus: Sie erwihnen ausdriicklich,”® daB die Sterne - “Anaq (= {UMa®)
und -Jiin (od. -Jawn; = ¢UMa®), der fiinfte und sechste des GroBen Béren,

zu Hohenmessungen verwendet wurden, und nicht — wie Tibbets meint — auch
noch 3UMa.

46. Kunitzsch, 108 (Nr. 275), 65 (Nr. 117a). Tibbets, 549, (‘‘nebulous area between fLeonis and
€ Virginis’’) ist irrig; die Ubersetzung des Fawd’id- Textes (Ferrand I, 15v) auf S. 96ist nicht ganz
korrekt. Tibbets iibersetzt die betr. Passage ‘fa -hddhihi l-arba‘a f nasaq wahid al-Qa’id wal- Fu’dd was-
Sunbula was-Sarfa’® ungenau mit: “*These four stars... are set in a regular pattern.”’ Identifiziert man
die drei Sterne -Qd’id, - Fu’dd und -Sarfa mit 7 UMa (Kunitzsch 91 (Nr. 213)), ® CVn (Tibbets, «‘The
Star-nomenclature of the Arab navigators and the ‘Untersuchungen’ of P. Kunitzsch’’, Der Islam,
40 (1965), 190 (Nr. 18) und BLeo, und iibersetzt richtig: <“Diese vier [Sterne] stehen in einer Linie”*
ergibt sich sofort der exakte Sachverhalt, denn die drei zuletzt genannten Sterne stehen fiir den
Betrachter des Himmels mit den Sternen 7 und 15 v. Com tatsichlich in einer Linie (s. Schurig-Gétz,
Himmelsatlas (Tabulae caelestes), hrsg. v. K. Schaifers, (Mannheim, 1960), Taf. IT, IV).

47. Tibbets, 219, 220.

48. Ferrand, I, 15v; Tibbets, 96. 49. Tibbets, 259.

50. Ibid., 96, 134 (Fawa’id-Ubers.); Ferrand II, 29v:15-30r:1 (Sul. al-Mahri).

51. Kunitzsch, 43 (Nr. 33). 52, Ibid., 62 (Nr. 109).
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Es ergibt sich (7'v. pUMi = 41,8°: vgl. oben):

a) e 4+ 8 43,6388°
b) S + ¢ 40,5236°
c) e + ¢ 36,6298°.

Der Wert von a) ist grofler; er kann ausgeklammert werden. Die jeweiligen
Differenzen zwischen den Summen b) und ¢) und « v. pUMi sind:
Ad + ¢, pUMi 1,27640 = 101635,04" = 5= 5,49954s
Ace + ¢, BUMi 5,17020 = 5010'12,72" = 20= 37,4598s
Zur niheren Untersuchung sind nur diese beiden letzten Werte erforderlich.
Nach den Texten ist die h-Differenz zwischen den hohengleichen Fargadin
und zwei ebenfalls hohengleichen Na‘sh-Sternen 12 I. Rechnet man die 12 I
in Grade um, ergibt sich:
a) Ah bei h-Gleiche v. 3,{UMa (Echtwert 21,20320):3®
3600 = 224 I :19,285713°
360° = 210 I : 20,5714280.
Die Differenzen zum Echtwert sind:
3600 = 224 I : 1,917487°
360° = 210 I : 0,631772°
b) Ah bei h-Gleiche v. ¢,{UMa (Echtwert 21,97880):%®
Umgerechnete Zahlen s. bei a); die Differenzen sind:

360° = 224 I : 2,693087°
360° = 210 I :1,407372°,

Diskussion:

Zu Fall 1: Nach Tibbets Ubersetzung von Ibn Majids Werk Al-Fawa’id fi

usil “ilm al-bahr wal-qawa‘id (Seite 65 bis 268 des Buches “Arab Navigation™)

sowie dem angefiigten Kommentar (s. bes. die Tafel S. 334) ergibt sich folgendes:

-: Bei 7 v. «UMi = 0 (unt. Kulmin.) soll -Sarfa (= BLeo®) in der oberen

Kulmination stehen.”* Dies ist jedoch nur ein Grobwert, der der Einfach-

heit halber verwendet wurde.*! In Wirklichkeit tritt nach dem Fawa’id®

der Wert v = 0 erst bei der oberen Kulmination von - SAwwa (= B
¥+(3), ¢ Vir®®) und von -Simdk (= «Vir*4) ein.

-: Bei © = 0 sollen auBerdem B,yUMi héhengleich sein.®* Dies ist ebenfalls

nur ein Nidherungswert, denn Hohengleiche von B,y UMi tritt ein, wenn

38. Aus den Echtwerten ermittelt.

39. P. Kunitzsch, Untersuchungen zur Ster kl der Araber (Wiesbaden, 1961), S. 108
(Nz. 279).
40. Tibbets, 174, 182. 41. Ibid., 97. 42, Ibid., 190.

43. Kunitzsch, 45 (Nr. 44). 44. Ibid,. 105 (Nr. 269). 45. Tibbets, 97.
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1244,21 — 2,982196° bzw. 357,01781° | Pol
1495,2 1,1117240
1534,2 1,959894°.

Es ist ersichtlich, daB im Laufe der Jahr-
hunderte « UMi bei Hohengleiche von B,y UMi
nur zu einem ganz bestimmten Zeitpunkt ei-
nen t von 0° haben konnte. At,a v. «UMi
des Aquinoctiums des Jahres 2000 ist zu-
gleich die Rektaszension dieses Sterns zum
gesuchten Zeitpunkt. Mit Hilfe der o.g.
Formel und versuchsweise eingesetzter Ae—
und p-Werte findet man einen Zeitpunkt

zwischen den Terminen 1436,5 und 1437. t_.% 1534
Mit Hilfe der Formel sin A = sin §'- sin ool 1495

(900 — ) = sin 3’ cos 7 ermitteln wir die
jeweilige —negative—hv. «UMi zu den drei
0.g. Terminen:

1244,21 4,814880 _,&’__/
1495,2 3,427930 1244

1534,2 3,21240,
Diese Werte werden von den angenommenen
Hohen der Nautikertexte — sie sind zugleich
3'~subtrahiert; wir erhalten die von der Wirk-
lichkeit abweichenden Ansichten der Nautiker: Abb. 6: & und TV - aUMi

1244,21  0,0065484° — 23,57424" el b - Glelche P, Y UMi
1495,2 0,0006414° =  2,30904" L 14‘;5 ""j;“l“;M 1
1534,2 0,0018856° =  6,78816". usn

Fall 2:

DaB die drei Sterne §,¢,{UMa zu irgendeinem Zeitpunkt hohengleich sein
sollen, wie Tibbets behauptet, ist wegen ihrer Positionen am Himmel zu keinem
Zeitpunkt maéglich. Damit zwei dieser Gruppe “kurz nach” dem Eintritt der

Hohengleiche von B,yUMi ebenfalls hohengleich sind, ist folgende Bedingung
erforderlich:

Die Summe aus

a) 1 des Sterns mit geringerer « als der Nachbarstern plus
b) Arxbzw. Ao dieser beiden Sterne plus
¢) A« zw. dem Stern mit der groBeren « und BUMi

muB kleiner sein® als v v. BUMi bei Héhengleiche mit yUMi .

37. S. dazu die bereits errechneten Echtwerte.
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Abb. 5: & und T V. aUMi bei h-Gleiche v. ‘3,‘{ UMi fiir das Aequinaciqgm 2000
~

~

s
~
5,8

10 = & v+ wUMi

,=Ax,T VUM

5,0
~~

Ps,

T V.UM
PS, = PO = 8'v.Umi
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Fiir den Spezialfall ¢ = 0° (Beobachtungsort auf dem Aquator) vereinfacht
sich die Formel zu sin h = cos 7 - cos 8. - Fiir zwei hohengleiche Sterne ist
sin hy = sin h, = cos 7, - cos 8; = cos (1, + Ax,a,) * cos 3,.
Diese Gleichung 148t sich nidherungsweise mit geniigender Genauigkeit lésen.
Es ergaben sich fiir das Aquinoctium 2000 folgende Werte:
(1) B,yUMi 11,7478° (v = 41,80 4 7,46259)
2) 3,eUMa 32,8377° (v = 4,7763° 4 9,659
(3) 3,¢UMa 32,951° (v =1,6611° 4 17,125
(4) «.{UMa 33,7266° (v = 7,4173° + 7,475°)
« von «UMi- (« von BUMi-180° — v von UMi) = 36,883336° = v von «UMi
bei Hohengleiche von 8,yUMi fiir das Aquinoctium 2000. - A t,a von aUMi =
0,9208360.
Die Hohe « UMi zu diesem Zeitpunkt ergibt sich aus
a) sin b = sin (900 — §) - sin (90° — 1) = cos 3 - cos T
b) h = 0,599897¢ (unter dem Horizont;s. Abb. 5).

Fall 1:

Ahzw. «UMiund den h-gleichen 8,y UMi = 12,347697°.

Dieser Wert ist — abgesehen von der Eigenbewegung der Sterne, die aber
nicht beriicksichtigt werden mufl — konstant.

Nach den Nautikertexten ist diese Differenz 7 I. Rechnet man diesen Wert
in Grade um, ergeben sich folgende Zahlen:

360° = 224 I : 11,24999...0
360° = 210 I : 12,0°.

Die Differenzen zum Echtwert sind:

360° =224 1 :1,097698°
3600 = 210 I : 0,347697°

Fiir die uns interessierenden Zeitpunkte (s. Abb. 6) wird mit Hilfe der
bereits ermittelten Werte von A ¢ und p und der Formel®®

tan o = cos (¢ + Ac€).tan (A —p) —sin (e+Ace) - tan (B+Ac) - sec (A — p)
die jeweilige Rektaszension von «UMi gefunden:

1244,21 — 2,06136° bzw. 357,93864°
1495,2 2,03256°
1534,2 2,88073°.

Den jeweiligen Stundenwinkel dieses Sterns bei Héhengleiche von B,y UMi
erhilt man durch Subtraktion von A7,« v. «UMi (vgl. oben) von den soeben
ermittelten o-Werten. Es ergibt sich:

36. Landolt-Bérnstein N. S., 685. Der Einfachheit halber wurden die jeweils besten Niherungs-
daten ausgewihlt.



32 REINHARD WIEBER

fritheren Werken vertreten hatte, u. a. daB 3600 — 224 I seien.’® Fiir dies
Verbesserung zog er die neuesten ihm zuginglichen Daten heran. Der un
interessierende Zeitpunkt ist also mit der Zeit, in der 8 v. «UMi = 2 I b
3600 = 210 I betrug, voll in Einklang zu bringen: Sulaiman al-Mahri bemiiht
sich offensichtlich, moglichst moderne Anschauungen zur Unterstiitzun
seiner These heranzuziehen.
(3) Die Zeit um 1534: Ibn Majid bezeichnet das MaB &’ v. «aUMi = 3 I al
einen “misguided error’’.®! Ebenso ist sich Sulaiman al-Mahri in seinen friihe:
Werken mit ersterem sicher, dal dieser Wert 2 I bei 360° = 224 I betrug
Wenn wir Tibbets folgen wollen, nach dem Ibn Majid im Jahre 1514 scho:
tot war,®® und wenn wir voraussetzen, daB Sulaiman al-Mahri einige Zei
nach 1511, aber mit Sicherheit vor 1554 starb,®® kann der Zeitpunkt 153
fir Ibn Mazjids Lebensdaten mit Sicherheit, fiir Sulaiman al-Mahris Zeit
warhrscheinlich nicht in Einklang gebracht werden.

Fassen wir zusammen: Die Termine 1244 und 1495 kénnen als stimmig
angesehen werden, der Zeitpunkt 1534 ist — zumindest auf Thn Majids Lebens.
zeit bezogen — unstimmig.

3. Die Ermittlung der tatsichlichen Gestirnshihen und Stundenwinkel und ih
Vergleich mit den in den Texten angegebenen

Zu einer moglicherweise besseren Klarung der Sachlage kann man die in I
angegebenen Hohendifferenzen der zur Messung verwendeten Sternpositionen
heranziehen. Zunichst gilt es, die Echtwerte zu ermitteln.

Fiir das Aquinoctium des Jahres 2000 sind die dquatorialen Koordinaten
der uns interessierenden Sterne folgende:3

3 o
(1) «UMi 89015’ 37048,25
(2) BUMi  74009" 222043,25°
yUMi 71050° 230011,00"
(3) 8UMa 57002¢ 183051,50'
eUMa 55057’ 193030,50'
{UMa 54056’ 200059,00

Untersuchen wir zunichst die Hohengleichen. Fiir die Umwandlung von
Horizontal- in Aquatorialkoordinaten gilt die Formel®®

sin h = sin 8 - sin ¢ + cos 3 - cos T - cos ¢.

30. Tibbets, 333.

31. Ibid.

32. Ibid., 22.

33. EI1 1V, 572.

34. Meyers Handbuch, S. 443, 453, 454, 455, 456, 457. — & in Grade umgerechnet.
35. dtv-Atlas,47.
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c) 2 I bei 3600 = 224 I: Jahr 1534,2: 86947'09,96"
Wert fiir das gesuchte Jahr: 86°47°08,574"
Jahr 1534,1: 86°047'08,16"
Diskussion:

(1) Die Zeit um 1244 Die Lebensdaten der bekannten Nautiker vor Ibn Majid
und Sulaiman al-Mahri lassen sich meist nur grob abschitzen. - Es sind dies:2®
a) ca. 1009/10 segelt der Nautiker Khawashir b. Yasuf b. Sabah al-Ariki
mit einem indischen Schiff
b) ca. 1100 lebten die Verfasser von Nautikertexten M. b. Shadhan, Sahl
b. Abbin und Laith b. Kahlan

c¢) 1184 /85 schrieb der Enkel eines der drei o.g. Autoren ein “Rahmani”
(Segelhandbuch)

d) kurz nach 1400 “flourished”” M. b. “‘Umar, Ibn Majids GroBvater.-

Fiir die fragliche Zeit 148t sich aus den Texten also keine Quelle machweisen.
Es ist jedoch folgendes zu bedenken:
Fiir den Wert 3’ v. « UMi = 3 I werden immer nur die *““Alten” verantwortlich
gemacht; eine exaktere Quellenangabe fehlt. Diese unprézisen Angaben und
auch die errechnete Jahreszahl lassen moglicherweise den Schiuf zu, daB
es sich bei diesem Wert um eine sich nach 1200 allmihlich herauskristallisie-
rende, allgemeine Anschauung handelte, die sich in uns unbekannten nauti-
schen Abhandlungen niedergeschlagen hat oder miindlich iiberliefert wurde.
Vielleicht ist es auch kein Zufall, daB — wie sich als Nebenprodukt der o. g.
Berechnungen ergab — die ekliptikale Linge A von « UMi

a) im Jahre 1244,245 77,999399’0

b) im Jahre 1244,210085 77,99891°,
also in beiden Fallen fiir die uns interessierende Zeit fast exakt 78° betrug.

Ein frither Nautiker selbst wird im Zusammenhang mit dem 3 I-Wert

niemals erwihnt. Falls einer der Ibn M3jid und Sulaiman al-Mahri bekannten
Nautiker die Zahl genannt hitte, wire er vermutlich als Autoritit zitiert
worden. Der ermittelte Termin féllt auch mit einer chronologischen Liicke
in den Lebensdaten der in den Texten erwihnten frithen Nautiker zusammen.
Grundsitzlich kann man daher festhalten, daB sich die Jahreszahl 1244 mit

der Angabe, 8’ v. «UMi = 3 I stamme von den “Alten’’, in Einklang bringen
14Bt.

(2) Die Zeit um 1495: Das K. tuhfat al-fuhil fi tamhid al-usil, in dem das o.
zit. Traktat steht — es ist rein rechnerisch korrekt —, war eines von Sulaimans
Alterswerken. In diesem mit Sicherheit einige Zeit nach 1511*° verfaBten
Buch bemiihte er sich um eine Korrektur seiner Anschauungen, die er in seinen

28. Tibbets, 5-6. 29. EI' 1V, 575.
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¢) PkPh = (2005,086'" — 0,8535") - 2,02 — 0,00028'" - 2,02
d) PgPh = PkPg — PEkPh

e) (2005,086'' 4 0,8535"") - T + 0,00028'' - T* = PgPh

f) 1900 — T - 100 = gesuchte Jahreszahl.

Es ergaben sich folgende Werte:
a) 2 I'bei 3600 = 224 I :1530,898725 n. Chr.
b) 3 I bei 3600 = 224 I : 1240,5179 n. Chr.
¢) 2 I bei 3600 = 210 I : 1492,0083 n. Chr.

Diese Berechnung liefert jedoch nur Grobwerte, da die Abnahme de
Ekliptikschiefe A € nicht und die Prizession p nur indirekt beriicksichtig
wurde. Zur genaueren Berechnung werden die dquatorialen Koordinaten vo
o« UMi fiir das Aquinoctium 1900 nach den Formeln®*

tan A = cos ¢ tan « -} sin € tan 3 sec «
sin B = cos € sin 3 — sin ¢ cos 3 sin «
in ekliptikale verwandelt. Es ist
B v. «UMi = 66,0867°
A v. aUMi = 87,15160
A und die Prézession p werden nach den Formeln?*
e = 23027'08,26" + 46,845" - T' + 0,0043" - T? — 0,0018" - T*®
p = 5024,4252" - T + 0,00019" - T*
in folgende Gleichung® eingesetzt, durch die die ekliptikalen Koordinaten i
dquatoriale zuriickverwandelt werden:

sin § = cos(e + Ac) - sin(B+Ac) 4 sin(e+Ac) - cos (B+A¢e) sin(rA—
T (in Jahrhunderteinheiten) ausgehend von den o.g. Grobwerten versuchsweis
in die ¢- und p-Formel eingesetzt und die so gewonnenen Zahlen in die Form
zur Errechnung von 3 ergab im Niherungsverfahren folgende Werte? (di

gegebenen 3'-Zahlen werden durch Subtraktion von 90° in 3-Werte umg
wandelt):

a) 3 Ibei3600 =224 I: Jahr 1244,245: 85010'43,68"
Wert fiir das gesuchte Jahr: 85010'42,8592"
Jahr 1244,210: 8501042,24"

b) 2 I'bei 3600 = 210 I: Jahr 1495,3: 86°34'18,12"
Wert fiir das gesuchte Jahr: 86034/17,1444"
Jahr 1495,2: 86°34'16,32"

24. Landolt-Bornstein, Neue Serie. Gruppe VI, Band I, (Berlin-Heidelberg-New York, 196
hrsg. v. H. H. Voigt, S. 685.

25. Landolt-Bérnstein, 49.

26. Ibid. N. S., Gr. VI, Bd. I, S. 685 (um Ag erweitert).

27. Die Eigenbewegung {1 von & UMi braucht nicht beriicksichtigt zu werden; sie betriigt in 4
Jahren nur ca. 2,5”, (Landolt-Bornstein, 161, 167 (iiberschlagsweise berechnet)).
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in (ungefihr) hohengleicher Lage am Nordosthimmel fiir Breiten
sehr weit siidlich des Aquators. - 1 I der Fargadan war = 13 I der
NaFsh. - Die Hohengleiche trat ‘“kurz nach’ derjenigen von 8,y UMi
ein.!?
Neben diesen Sternen wurden noch eine Anzahl weiterer Sternbilder und
Einzelsterne, wie z. B. “al-Murabba®”’ (Cru), “al-Himaran” («,p Cen) u. a.

gelegentlich zu Breitenbestimmungen verwendet.'®

Zur Diskussion stehen also folgende Werte zur Verfiigung:
1) 3’ von « UMi = a) 2 Ibei3600 = 2241 / = 3,21428560°"°
b) 3 I bei 3600 = 2241 /.= 4,82142840%°
c¢) 2 Ibei360° = 2101 /= 3,42857140%

2) Ah zw. «UMiund B, yYUMi —= 71T
(3) Ah zw. B, YUMi und §, ¢, {UMa = 12 I.

2. Die Ermittlung der Termine anhand der Poldistanzen des Polarsterns

Untersuchen wir zunichst, auf welche Jahre die 3'.
Werte von «aUMi tatsdchlich fielen (s. Abb. 4).
S = Polarstern
PEkS = kiirzeste Poldistanz « UMi im Jahre
2102 = 0,460%
Poldistanz « UMi im Jahre 1900 =
1,2333...02
PgS = Poldistanzen o UMi
a) 2 T bei 3600 = 224 1
b) 3 I bei 3600 = 224 I
¢) 2 I bei 3600 = 210 I.
Zu ermitteln sind die drei Zeiten, in denen der
Pol die Strecke PgPh zuriickgelegt hat.
a) cos PkPg = cos PgS : cos PkS
b)*n = (2005,086'' + 0,8535"") - T + 0,00028'' . T*?

PhS

*»

v

17, Ibid., 339; Ferrand II, 36v:15-37r:1 (ders.).

18. Ibid., 339 ff.

19. 1 I = 1,6071428°.

20.1 I = 1,7142857°.

21. J. Herrmann, dtv-Atlas zur Astronomie (Miinchen, 1973). S. 63

22. Landolt-Bérnstein, Zahl te und Funkti aus Physik. Abb. 4
Chemie - Astronomie * Geophysik und Technik, hrsg. v.A. Eucken, III, Wanderung des Himmels
Band Astronomie und Geophysik, (Berlin ~Géttingen— Heidelberg, S = Polorstern
1952), S. 161 (aus d. §-Wert + 88°46’ umgerechnet). Pk = Pol in Jahre 2102

23. n = Geschwindigkeit der Polbewegung; Formel nach Lan- Ph= Pol in Jahre 1900
dolt-Bornstein, 49. T = Zeit in tropischen Jahrhunderteinheiten. Pg= Pol in {ritheren Jahren

i)
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Zur Messung in I wurden in der Hauptsache drei Sternpositionen heran-

gezogen (s. Abb. 3):

5 7 180

Ah=12 (sbo°
141

80

Ak = 7/':fbac

Abb. 3: MeBkonstellationen

(1) der “Jah” («UMi, Polarstern) in seiner unteren Kulmination fiir nord-
liche Breiten.?®

(2) anstelle des Polarsterns die ““Farqadan® (8, yYUMi) bei gleicher Héhe
am Nordosthimmel, wenn der Jéh in o. g. Position angeblich gleichzei-
tig nur noch 1 I iiber der Kimm stand, d. h. fiir Breiten um den und
etwas siidlich des Aquators. - Dabei war 1 I des Jah = 8 I der Farqa-
dan.2®

(3) wenn die Fargadan verschwanden, die “Na‘sh” (3, e, {UMa 1t. Tibbets)

15. Ibid., 331 ff.; Ferrand II, 36v:13-14 (Sul. al-Mahri).
16. Ibid., 336 ff.; Ferrand II, 36v:14-15 (ders.)
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wwel Strich [der Windrose] betrigt 6% plus die Hilfte eines Achtel isha®

_=6% I) der isba® unserer Hohenmessung. Fiir uns enthilt der Vollkreis

also] 210 isba®. Fiir die Alten betrug [die Differenz] zwischen je zwei
Strich 7 isha®, der Kreis enthalt 224 isba®. Ersteres ist korrekter. Der Beweis
dazu ist: Die groBte Hohendifferenz des Polarsterns [zwischen zwei Meri-
liandurchgéngen] betrigt 4 isha®. Die Astronomen wissen, da8 die [Differenz]

. . . 6 5
swischen oberer und unterer Kulmination des Polarsterns 6:° betrigt.

Jedes isba® wird [folglich] zu 15—07 jeder Grad zu 4% zdm...””.** — Auflerdem

srwihnen noch die Texte, daBl nach den Alten der Abstand Pol-Polarstern
3 I betrug.™

Mm’”efsé'yuatar

Abb. 2: Isba® und tirfa’
N = Erdnordpol H = Himmelsnordpol W = West PSp, = Meridian d. Himmels

NS, = Meridian d. Erde hy hy = isha® = A@Q,, @; =1 tirfa’

13. Ferrand II 5r: 11 £. (Sul. al-Mahri); s. a. 162v.: 3f. 14. Tibbets, 333.
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Fiir eine noch feinere Einteilung wurden verwendet:*
106°52° 30"  zw. O0zS u. 0SO gl &0 b
253°07' 30"  zw. WzS u. WSW &Il uxl e

95°37°30” zw. O u. OzS oA
264° 22° 30" zw. W u. WzS Al o
84° 22' 30" zw. O u. OzN Ol plles
275° 37" 30"  zw. W u. WzN Ol e

11. STERNHGHEN UND STRECKEN

1. Die verfiigbaren Zahlenwerte

Sternhohen werden in isha® (Fingerbreite, “Zoll”’),” niemals in Graden angege-
ben; sie dienen zur Breitenangabe von Hifen, bestimmten Kiistenmarkierun-
gen, wie Kaps, FluBmiindungen und dergleichen und Inseln sowie von Posi-
tionen auf hoher See bei Kurswechsel.

Der Winkel von einem isba®® bildet am Himmel ein Bogenstiick von
einer bestimmten Linge. Wird dieses Stiick im Meridian (!) auf die Erdober-
fliche projiziert, erhilt man ein tirfd’,° d. h. die Strecke, die ein Schiff in 24
Stunden zuriicklegt: ein Etmal (s. Abb. 2). — Oder, um ein Beispiel zu gebrau-
chen: Steuert ein Schiff 24 Stunden lang direkten Nordkurs, steht der
Polarstern am Ende der Fahrt in seiner unteren Kulmination um 1 I héher
als am Anfang der Reise. Strecken werden jedoch fast nie in tirfa’, sondern
in zdm, einer dreistiindigen Fahrtstrecke, angegeben. 8 zdm entsprechen
folglich einem tirfa’.'°

Die MaBeinheiten der Sternhohen und der Strecken zur See stehen also
rechnerisch miteinander in engstem Zusammenhang. Fir die Eintragung
der Qrter auf der Karte ist es daher von groBter Wichtigkeit, eine exakte
Gradzahl fiir 1 I zu ermitteln.

Nach den Nautikertexten des Ibn Mijid und in den fritheren Werken des
Sulaimian al-Mahri entsprechen 224 I den 3600 eines Vollkreises.!* Die Hohen-
differenz zwischen Pol und Polarstern in seiner unteren Kulmination und
damit der Abstand selbst betriagt 2 I.** In einem Werk verwirft Sulaimin
al-Mahri jedoch die Anzahl von 224 I. Er sagt: “[Die Differenz] zwischen je

6. Tibbets, 298 (irrig), 157, 31, 87; BEO, 275.

7.'W. Hinz, Islamische Ma e und Gewichte, Handbuch der Orientalistik Erg. Bd. 1, Heft 1, (Leiden
und Kéln, 1970); Tibbets, 313 ff.

8. Im folgenden mit I abgekiirzt.

9. Tibbets, 517 (mit weiterfiithrenden Angaben).

10. Ibid., 527.

11. Ibid., 76; Ferrand III, 152.

12. Tibbets, 333.
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Diese Karte oder eine Kopie davon scheint endgiiltig verloren zu sein;®

andere arabische Nautikerkarten des Indischen Ozeans fiir die Zeit um 1500
oder friither sind bisher nicht bekannt geworden. Es erhebt sich daher die
Frage, ob es dennoch méglich ist, anhand der zahlreichen Angaben in den
arabischen Nautikertexten® Seekartogramme zu rekonstruieren und dadurch
ein zuverlissiges Bild von den Vorstellungen und Kenntnissen der arabischen
Nautik iiber den Indischen Ozean und seine Nebenmeere fiir diese Zeit zu
erhalten.

Soweit ich sehen konnte, hat sich bisher Tibbets in seinem Werk “Arab
Navigation” an der Rekonstruktion solcher Karten versucht. Als Beilage
zu diesem Buch publizierte er sicben Karten teils nach den Angaben aus der
arabischen Nautik, teils in moderner Darstellung mit aus den Texten ausge-
wihlten Kursen. - Die Mingel, die diesen Darstellungen jedoch anhaften,
sollen noch im einzelnen besprochen werden.

B. Die Konstruktionselemente
Die fiir die Herstellung eines Kartogramms erforderlichen Angaben bestehen

ans a) Kursen
b) Sternhohen
¢) Strecken.

I. Kurse

Die Kursbezeichnungen orientieren sich in der arabischen Windrose an den
hypothetischen Aufgangs- und Untergangsortern ausgewihlter Einzelsterne,
Sternpaare oder mehrerer Sterne.* Diese Angaben lassen sich ohne Schwierig-
keiten unmittelbar in die modernen Bezeichnungen und GradmaBe umsetzen

(s. Abb. 1):

2. W. C. Brice, ““Early Muslim Sea-Charts’’, JRAS 1977, No. 1, S. 54-55.

3. Hss. 2292 und 2559 der Bibliothéque Nationale Paris; photomech. Reproduktion in 2 Bénden
u.d.T. Instructions Nautiques v. G. Ferrand, (Paris, 1921-1923 und 1925) sowie ein 3. Band als Kom-
mentar, (Paris, 1928); B 992 Leningrad; 3114 Zahiriya; eine Hs. ohne Nr. aus Bahrain (s. BEO, 24
(1971), 271). Die mir bekannten Edd. sind:

a) Ibn Majid, Hawiyat al-ikhtisdr f7 usal “ilm al-bihdr, ed. I. Khoury in BEO, 24 (1971), 251-382.

b) Ders., Al-fawd’id f7 usal “ilm al-bahr wal-gawdid, ed. R. Hassan, (Dimashq, 1971). VoIt
stindig iibersetzt von Tibbets in Arab Navigation, S. 65-268.

¢) Sulaimén al-Mahri, 4l-‘umda al-mahriya fidabt al-“ulim al-bakriya, ed.I.Khuri, (Dimashq,
1970).

d) Ders., Al-minhdj al-fakhir fi “ilm al-bakr az-zakhir, ed. I. Khiri, (Dimashq, 1970).

e) T. A. Shumovsky, Tri nyeizvy iye lotsii Akhmada ibn Madzida arabskogo lotsmana Vasko
da Gami (Moskau-Leningrad, 1957) (enthilt Ibn Majids drei Urjizas as-Sufiliya, al-Mo-
lagiya und at-Ta’iya).

4. Tibbets, 297; Ferrand III, 91.

5. Namen nach Tibbets ibid.; Ferrand ibid.; Variation nach BEO, 275.




jberlegungen zur Herstellung eines
Seekartogramms anhand der Angaben

n den arabischen Nautikertexten

EINHARD WIEBER*

bkiirzungen: « Rektaszension
isha® B ekliptikale Breite
Jahre in Jahrhunderteinheiten S Deklination
Gestirnshéhe S Poldistanz eines Gestirns
Geschwindigkeit des Poles des Himmelsaquators € Schiefe der Ekliptik
Priizession A ekliptikale und geographische Linge
Kursstrecke ~ Stundenwinkel
Kurswinkel ® geographische Breite
\ Differenz

Die Abkiirzungen der Namen der Sternbilder richten sich nach: Meyers
Tandbuch iber das Weltall, Bearbeitet von K. Schaifers und G. Traving,
Mannheim-Wien-Ziirich o. J.), S. 322-325.

\. Einleitung

Als Vasco da Gama im Jahre 1498 Malindi an der ostafrikanischen Kiiste
rreicht hatte, konnte er sich einen Lotsen fiir die Fahrt nach Indien verschaf-
en, dessen Namen die portugiesischen Berichte mit Malemo Canaqua oder
Talemo Cana, d. h. Muallim (Navigator) Kanaka (guzerati fiir Astrologe)
mgeben. Im Verlauf einer ersten Unterhaltung —so die portugiesischen Berich-
e — zeigte der Lotse da Gama eine Karte der ganzen indischen Kiiste, ‘“die
iach Art der maurischen Karten mit zahlreichen Meridianen und Parallelen...
rersehen war, aber ohne Angabe der Windstriche. Da die Quadrate [ gebildet
lurch die Kreuzung] dieser Meridiane und Parallelen sehr klein waren, war
lie Richtung der Kiiste durch die beiden Windrichtungen Nord-Siid und
Jst-West sehr genau, ohne dass jedoch die Deutlichkeit der Karte litt durch
lie Menge [ Zeichen fiir die Richtung] der Winde und der Magnetnadel...”.}

* Goebenstr. 9, 5300 Bonn 1, West Germany.

1. Editor’s Note: Here and in the sequel EI! stands for Encyclopaedia of Islam, st ed.; JRAS for
ournal of the Royal Asiatic Society; BEO for Bulletin d’études orientales, Damas. EI1 IV 390. Zum
roblem, ob der Lotse Ibn Majid war, s. ibid / G. R. Tibbets, Arab Navigation in the Indian Ocean

Hfore the Coming of the Portuguese, Oriental Translation Fund, New Series, vol. XLII, (London, 1971),
. 9-11.
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Foet. form. = De foetuum formatione, vol. IV, pp. 652-702 K.

In Hipp. De alim. comm. = In Hippocratis librum de alimento commentarii
I-1V, vol. XV, pp. 224-417 K.

In Hipp. Epid. II comm. = Galens Kommentare zu dem II. Buche der
Epidemien des Hippokrates ... aus der arabischen Ubersetzung des Hunain
ibn Iskaq ins Deutsche ibertragen von Franz Pfaff. Corpus Medicorum
Graecorum V 10, 1, (Leipzig, Berlin, 1934), pp. 153-410.

Sem. = De semine, vol. IV, pp. 512-651 K.
Usu part. = De usu partium, vol. 111, p. 1 - vol. IV, p. 366 K.

Hippocrates — Qeuvres complétes d’Hippocrate. Traduction nouvelle avec le
texte grec en regard par Emile Littré, 10 vols., (Paris, 1839-1861). (Cited

as «L.”).
Alim. = De alimento, vol. IX, pp. 94-121 L.
Epid. II = De morbis popularibus liber I1, vol. V, pp.72-139 L.
Genit. = De genitura, vol. VII, pp. 470-485 L.
Nat. puer. = De natura pueri, vol. VII, pp. 486-543 L.

Oct. = De octimesiri partu: Hippokrates, Uber Achtmonatskinder. Uber
das Siebenmonatskind (unecht). Hrsg., iibers. u. erl. von Hermann Grense-
mann. Corpus Medicorum Graecorum I 2,1, (Berlin, 1968).

Iamblichus, Theol. arithm. = Iamblichi Theologoumena arithmeticae. Ed.
Vittorio de Falco. Bibliotheca Teubneriana, (Leipzig, 1922).

Oribasius = Oribasii Collectionum medicarum reliquiae. Ed. Johannes Raeder,
4 vols. Corpus Medicorum Graecorum VI 1-2, (Leipzig, Berlin, 1933).

Al-'.l‘abar'i- = Firdaws al-kikma fi {-fibb li-Abi’l-Hasan ©Ali ibn Sahl Rabban
al-Tabari. Ed. Muhammad Zubair as-Siddiqi, (Berlin, 1928).

VS = Die Fragmente der Vorsokratiker. Griechisch und deutsch von Her-
mann Diels. 10. Aufl., hrsg. von Walther Kranz, 3 vols., (Berlin, 1960-
1961).
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for us some traces of an embryological tradition of late antiquity which is not
documented in the extant Greek medical texts. Thus we learn that shortly
before the Arab conquest Byzantine physicians not only revived the quanti-
tative assessments which had existed in older medical embryology, but had
been neglected to some extent during the Hellenistic age; they, moreover,
supplemented the medical tradition by arithmological notions of Neopytha-
gorean origin, which may be due to the general predilection of the time for
number mysticism.

Considering the subsequent development of embryology in Islam, it is
worthy of note that the predominance of problems concerning the duration
of pregnancy and the stages of prenatal development, which is noticeable with
Ibn Masawaih and other scholars of the early period, decreases with the authors
of the classical age such as ar-Razi, Ibn Sina, or Ali ibn al-Abbas al-Majisi.
Though these writers do not completely abandon the traditional numbers,
they mention them rather incidentally, paying more regard to the physiologi-
cal aspect of embryogenesis. Thus, their attitude is closer to that of the
Hellenistic physicians such as Galen than to the approach of their Arabic
predecessors.

List of Sources
Aristotle = Aristotelis Opera, ed. 1. Bekker, 2 vols. (Berlin, 1831-1870).

GA = De generatione animalium: Aristotle, Generation of animals. With
an English translation by A. L. Peck. The Loeb Classical Library, (Lon-
don, Cambridge /Mass., 1963).

HA = Historia animalium: Aristoteles, Thierkunde. Kritisch-berichtigter
Text mit deutscher Ubersetzung von H. Aubert und Fr. Wimmer, 2 vols.,
(Leipzig, 1868).

Metaph. = Metaphysica: Aristotle, The Metaphysics. With an English

translation by Hugh Tredennick, 2 vols. The Loeb Classical Library,
(London, Cambridge /Mass., 1961-1962).

Al-Baladi = Abu’l-°Abbas Ahmad ibn Muhammad ibn Yahya al-Baladi, K.
Tadbir al-habalé wa-l-atfil, Ms. London, Royal College of Physicians,
no. 8.

Censorinus — Censorini De die natali liber. Rec. Fridericus Hultsch. Bibliotheca
Teubneriana, (Leipzig, 1867).

Galen = Claudii Galeni Opera omnia. Ed. Karl Gottlob Kiihn, 20 vols. Medi-
corum Graecorum opera quae exstant, vol. 1-20, (Leipzig, 1821-1833).
(Cited as “K.”")
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Egypt in 641.% The Arabs regarded Paulus as a foremost authority in mat-
ters of obstetrics, surnaming him al-gawabili (“adviser of midwives’’). Of his
writings, only a medical compendium, in which he does not deal extensively
with embryology, has survived in the Greek original, and also in fragments
of Hunain ibn Ishiq’s Arabic translation. Yet, according to Arabic bibliographi-
cal sources, Paulus also composed monographs on the regimen of women
and that of children.®® Al-Baladi does not quote the title of his source, but
it is not improbable that he reproduces a fragment of one of these lost books
of Paulus. From the close accord of al-Baladi’s and Ibn Masawaih’s accounts,
which is indicative of a common source, we may conclude that ITbn M3sawaih
drew the last chapter of his treatise from Paulus.

The previous discussion has already led us to inquire about the immediate
sources of Ibn Masawaih. As the book presents neither a full account of acces-
sible knowledge on embryology, nor discussions of diverging opinions on
particular topics, nor, for that matter, any independent point of view of the
author, it can by no means be regarded as an original contribution. Ibn Misa-
waih obviously intended to provide a comprehensive textbook assembling
generally acknowledged doctrines on the main problems of embryogenesis.
As stated in the beginning, his physiological teachings are ultimately derived
from Hippocrates and Galen. From the abridged mode of presentation, however,
we may infer that he did not himself collect these materials from the originals,
but rather utilized one or several embryological compendia, eclectic com-
pilations uniting opinions of the two chief authorities of Greek medicine.

The dependence of the last chapter, displaying Pythagorean influence,
from Paulus, could well be an indication that the other Pythagorean notions
were also present in Ibn Masawaih’s sources.”” Whether he relied wholly on
Paulus or perhaps drew from some other texts besides, we cannot determine
with certainty. To specify the provenance of the arithmological doctrines
is likewise impossible because of the conciseness of the fragments. Since the
topics of arithmology are so frequently paralleled in ancient literature, only
close verbal agreement of longer passages would enable us to identify their
precise source.

In any event, it can be stated that the value of Ibn Miasawaih’s embry-
ology for the general history of medicine lies mainly in the fact that it preserves

68. We cannot exclude, however, that Paulus only transmitted an older tradition. For Paulus’
life and works, cf. Hans Diller, RE XVIII 4, col. 2386-2397. As to the Arabic tradition, see Ibn an-
Nadim, Fihrist, vol. I, p. 293; Ibn al-Qifti, Tarikh, pp. 261,16 - 262,5: Ibn Abi Usaibi‘a, *Uyin.
vol. I, p. 103, 14 f.; Barhebraeus, Mukhtagsar, p. 103,5-9; Sezgin, GAS I1I 168-170; Ullmann, Medizin,
p- 86 f.

69. The latter is mentioned only by Ibn Abi Usaibi®a, *Uyin, vol. I, p. 103,14; cf. Ullmann, Medi-
zin, p. 345.

70. Moreover, it is quite unlikely that Ibn Masawaih was familiar with arithmological literature in tt
strict sense.
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the basic number, and supplies the difference between the extremes by two
mean proportionals, the harmonic (8) and arithmetic(9) means. Tripling the
number 6 for partus maior, one gets the greater extreme 18,and the mean
terms 9 (harmonic) and 12 (arithmetic). Each time, the date of birth® is cal-
culated by multiplying the sum of the four terms, either 35 or 45, by the base
6, which results in 210 and 270 days, or 7 and 9 months, respectively.®

The figures assumed for 8 and 10 month children obviously do not suit
the Pythagorean scheme. To be sure, the greater extremes may be regarded
as multiples of the basic number 6, but the intermediate terms do not exhibit
those particular regularities required by the Pythagorean proportion.®® It
is quite clear that they were admitted only in order to fit the sums 40 and 50,
which are designated by medical tradition, just keeping as close as possible
to the terms of partus minor and maior.® So we may safely conclude that
they were added by a physician who was more interested in completing the
data of the Hippocratic pattern than in pursuing mathematical consistency.
However, it is possible that he had not even grasped the rule underlying the
Pythagorean numerical sequence.

‘Whom, then, may we credit with the incorporation of Pythagorean embryo-
logical number speculation into the medical tradition derived from Hippocra-
tes? Beyond doubt, it was not performed by Ibn Masawaih himself. Exactly
the same theory, though somewhat different in phrasing, is communicated
by al-Baladi®” (4th/10th cent.) on the authority of Paulus of Aegina, a Byzan-
tine physician who lived in Alexandria at the time of the Arab conquest of

Theol. arithm., p. 42,19 ff.; cf. Robbins, Tradition, p. 103 ff.; Burkert, Weisheit, p. 408, note 31. Seme
authors even call the 6 gennetikotatos, though on the ground that it is the product of male (3) and female
(2), s. Robbins, Tradition, p. 105.

62. For partus minor cf. Varro in Censorinus XI 2-5 (p. 19,6 20,2); cf. Roscher, Hippokratische
Schrift, p. 51.

63. The first movement of the child is disregarded in arithmological texts.

64. Both types discussed by Iamblichus, Theol. arithm., p. 51,7-24, s. also ibid., p. 63 f. In Varro’s
calculation of partus maior (in Censorinus XI 6-8; p. 20,2-25) there seems to be some mistake. Instead
of computing the triple ratio of the proportion based on 6, he takes 7 as basic number. Thus, in order
to arrive at the date of birth—280 days instead of 270— by multiplication by the base 7, he has to propose
40 days (not 45) for the period of formation. Probably he was influenced by the Hippocratic deter-
mination of the normal gestational period as seven tessaracontades (280 = 7 X 40), cf. Hippocrates,
Oct. 4, 6; 10,4 (CMG I 2, 1; p. 88, 14; 96,7-11 Grensemann). Anyhow, he is not able to list numerical
values for the other three terms, since the sum of the progression: base - harmonic mean - arithmetic
mean - multiple of the base, would not amount to 40 if the starting point is 7, not to mention the fact
that the mean proportionals between 7 and 14 are not integers. Cf. also Robbins, Tradition, p. 117,
who (note 3) draws attention to a passage on nine month children in Augustine which seems to agree
closely with Tbn Masawaih’s statements. On partus maior f. also Roscher, Hippokratische Schrift,
p- 471.; 58 f.

65. In both cases at least the harmonic means would result in fractions.

66. Cf. in particular the terms of the third column.

67. Al-Baladi II 18, Ms. pp. 103-105.
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As for the numbers on the left, Ibn Masawaih does not give reasons for hi
selection. The terms do not appear in the preserved Greek medical texts
nevertheless we are able to prove their pre-Islamic origin. As could be expected
they are of the same provenance as the numerical speculations discussed before
The sequence of numbers put forth for a seven month pregnancy clearly point:
to Pythagorean music theory, since 6, 8,9, 12 may be combined in three ratio
which correspond to the basic harmonies of the musical scale, viz. the harmoni
intervals: octave (12:6 or 2:1), fifth (9:6 or 3:2), and fourth (8:6 or 4:3)°
these numbers conforming to the four fixed strings of the Greek lyre.®® Ir
mathematical terms, 8 is the harmonic and 9 the arithmetic mean betweer
the two extremes 6 and 12.%¢

The fundamental discovery that musical harmonies can be measured by
these four numbers, the proportions of which may be expressed by certair
mathematical formulae, stimulated scholars to trace the influence of this sig
nificant number series elsewhere in nature. Thus, it does indeed turn up i
pre-Islamic literature in connection with developmental stages of the embryo.
though not in medical texts, but in Neopythagorean treatises on the theology
of numbers,”” one source even relating it to the same four periods as Ibr
Masawaih, namely the Latin doxographical book De die natali, composed i
238 A.D. by Censorinus.?® These accounts, which seem to be ultimately derived
from a common source,* elucidate the peculiar considerations leading to the
association of these terms with embryology.

We learn that Pythagorean embryology allowed for only two different
periods of gestation, 7 months (partus minor) and 9 months (partus maior).®
The calculation of the intervals of development is explained as follows. Botk
sets of terms are led by the number 6, since 6 belongs to the perfect numbers
that is to say, numbers which are equal to the sum of their factors (1 + 2 +
3 = 6).% As for partus minor,® one finds the greater extreme 12 by doubling

54. Cf. Aristotle, Metaph. XIV 6. 1093a 29; Iamblichus, Theol. arithm., p. 30,5-15; s. Delatte
Etudes, p. 258; van der Waerden, Harmonielehre, p. 167 ff. The reduced ratios of the intervals ar
produced from the numbers of the tetraktys, cf. van der Waerden, Harmonielehre, p. 178 ff., and R
XXIV, col. 278; von Fritz, RE XXIV, col. 200 f.

55. See van der Waerden, Harmonielehre, p. 173, 184, and RE XXIV, col. 278.

56. Cf. VS 47 B 2; Iamblichus, Theol. arithm., p. 43,9-14; s. van der Waerden, Harmonielehre, ¥
181 f.; Burkert, Weisheit, p. 417 f.

57. I choose Iamblichus’ Theolog arithmeticae as a comparatively late example which i
compiled from various treatises on the decade, cf. Wilhelm Kroll, RE IX 1, col. 645-651, esp. co
647 and 650.

58. S. Georg Wissowa, RE III 2, col. 1908-1910. Censorinus is dependent on a lost work by ¥
Terentius Varro (Ist cent. B. C.), ¢f. Hellfr. Dahlmann, RE Suppl. VI, col. 1172-1277, esp. col. 1267.

59. For the descent and interrelationship of Greek arithmological texts cf. in particular the articlt
of Robbins, Posidonius, pp. 309-322, and Tradition, pp. 97-123.

60. Cf. Diepgen, Frauenheilkunde, p. 162.

61. Le. numbers of the form 2°(2°*! —1), provided that 9o+l —1 is prime. See Iamblichu
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The last chapter of the treatise is concerned with the exact lengths of the
successive developmental stages, which are listed separately for seven, eight,
nine, and ten month children. It is partly based on a passage in the Hippocratic
book De alimento,* where three periods are distinguished: the intervals from
conception to formation, to first movement, and finally to birth. The figures
set forth for each step make up definite ratios which are constant for each
of the four types of pregnancies:®? the first period is to the second as 1 is to 2,
the second to the third as 1 is to 3. Ibn Masawaih, however, modifies the Hip-
pocratic pattern by subdividing the first period into four steps, which he defines
as foam-like (shabih bi-r-raghwa), blood-like (shabih bi-d-dam), flesh-like (shabih
bi-mudghat al-lahm), and the formed state (tatimmu garatuhi) of the semen.
A similar division is mentioned by Galen and Athenaeus of Attalia (1st cent.
B.C.), though their definition of the four phases is slightly different. Galen,
moreover, does not adduce concrete numerical values for their length; Athena-
eus’ figures are based on an enneadic series, each period comprising 9 days,
whereas Ibn Masawaih employs another numerical proportion as shown by
the following table. The figures should be understood as standing for days.
The periods to the right of the double line, which correspond to the Hippocratic
ones, refer to the complete periods from conception to the stages indicated
in the headings. The terms to the left, on the contrary, refer only to the inter-
vals between the various events.5%

g::’izgi(?i foam | blood | flesh shape ‘ st}:)izf ‘ movement ‘! (b;t?’l;
Tmonths | 6 8 9 [ 12 | 35 | 70 L 210
Buonths | & 10 T 0 | 80 am
9months | 6 | 9 | 12 | 18 45 |90 270
10 months | 6 12 | 24 | 50 | 100 | 300

is the first organ to develop, s. Foet. form. 3 (IV 660 ff. K.); cf. Bloch, Embryologie, p. 49 ff.; Balss,
Z lehre, p. 236; Adel Malpighi, p. 747.

51. Hippocrates, Alim. 42 (IX 112 L.).

52. The numbers moreover stand in particular proportions to the whole length of pregnancy calcu-
lated in months: The three terms are multiples of 7 for seven month children, multiples of 8 for eight
month children, etc.; ¢f. Karl Deichgriber, ‘Pseudhippokrates: Uber die Nahrung™, Akademie der
Wissenschafien und der Literatur. Abhandl. d. geistes- u. sozialwiss. K1.1973,3, (Mainz, 1973), p. 59.

53. Galen, Sem. I 9 (IV 542 f. K.), and In Hipp. De alim comm. IV 14 (XV 400 K.); cf. Bloch,
Embryologie, p. 48; Lachs, Gynackologie, p. 29; Balss, Zeugungslehre, p. 236; Diepgen, Frauenheilkunde,
p- 153; Adelmann, Maipighi, p. 747. For Athenaeus, s. Oribasjus XXII 9 (CMG IV 2,2; IV 105 Raeder);
cf. Max Wellmann. Die pneumatische Schule bis auf Archigenes. Philologische Untersuchungez 14,
(Berlin, 1895), p. 152; Balss, Zeugungslehre, p. 236; Diepgen, Frauenheilkunde, p- 161.

53a. Most of the numbers are miswritten in the manuscript. It should be noticed that these periods
do not agree with those mentioned before with reference to the development of male and female embry-
0s, s. above, p. 5 f.
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The second term, 9, is based on the first odd, 3. the excellence of which is
clear from the essential superiority of odds as compared to evens. As 9 is 3
times 3, it shares entirely in the virtue of its factor,’® so that a child born
after the period measured by 9 will witness no harm. Finally, 10 months are,
no doubt, an excellent period for birth because they are in accordance with
the most perfect number 10.4

Now Ibn Masawaih turns to the physiological causes of birth, referring to
the Hippocratic assumption that birth is induced by an activity of the child.
Towards the end of pregnancy, when the infant has already grown quite big,
it requires more food than the uterus is able to supply. Therefore, it strives
to get out in order to find sufficient nourishment, and, moving about violently,
tears up the membranes which, thus far, had supported him in the womb.
The event of human birth is compared to the hatching of birds, which, as soon
as they have consumed the nourishment contained in the egg, crack the shell
and come out.*®

The inquiry concerning birth concludes the systematic chronological ac-
count of embryogenesis. It is followed by two additional sections, the first
of which deals with the differentiation of the principle organs. Twenty-four
hours after conception, the semen becomes inflated (yantafikhu). In the middle
of it, there occurs a fissure from which the navel is to develop, since navel and
umbilical cord are formed at the very beginning because they perform the act
of feeding the embryo.*® During the following period, the heart is moulded,
for it is the source of innate heat and thus the seat of life itself. It is succeeded
by the brain and the spinal cord, from which emanate movement and sense
perception.®® The remaining members are not dealt with in detail.

(Leipzig, 1906), p. 114, 116; F. E. Robbins, <The tradition of Greek arithmology’’, Classical Philology,
16 (1921), 100 ff.; Burkert, Weisheit, p. 232, note 58; 443 and note 13. For the notion of generation
cf. also the quotation from Speusippus in Iamblichus, Theol. arithm., p. 84,3-6, where this doctrine
is expressed in mathematical terminology: numbers up to 5 are called submultiples because their
multiples fall into the range of the first decade, whereas the following numbers up to ten are called
multiples, with the sole exception of 7, which answers none of the two definitions. Al-Tabari (II 1,2;
p. 33,29 - 34,4) gives another reason for 7 and 9 as periods of birth: As odds are superior to evens,
periods exclusively constructed of odds (9 = 3 X 3;7 = 3 + 3 + 1) are most suitable for the ascomp-
lishment of pregnancy.

46. Cf. Iamblichus, Theol. arithm., p. 78,14 ff.

47. See above, p. 5 and 7.

48. Hippocrates, Nat. puer. 30 (VII 534-536 L.); cf. Fasbender, Entwickel; lehre, p. 125 £.; Bloch,
Embryologie, p. 21; Balss, Zeugungslehre, p. 208; Diepgen, Frauenheilkunde, p. 164.

49. See Hippocrates, Nat. puer. 12 (VII 486-488 L.); cf. Fasbhender, Entwickelungslehre, p. 87 ff.;
Bloch, Embryologie, p. 17 £. Cf. also al-Tabari IT 1,1 (p. 32,3-5).

50. See also ai-Tabari IT 1,1 (p. 32,14-16). This conforms to the Aristotelian assumption, G4 II 4
740a 3; II 6. 742b 35, 743b 26 (cf. Bloch, Embryologie, p. 35 ff.; Balss, Zeugungslehre, p. 235; Diepgen
Frauenheilkunde, p. 138 f.; Lesky, Zeugungslehren, p. 142 ff.; Adelmann, Malpighi, p. 742 £.), though
Aristotle seems to believe that the navel is formed subsequent to the heart, s. G4 II 4, 740a 27. Con-
versely, Galen in his later period adopted the view that the liver, being the seat of vegetative life.
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nism and late antiquity by the Neopythagorean sect with reference to the old
school of Pythagoras. The Pythagorean glorification of number as the principle
of cosmic order,’® and the peculiar reverence paid to the decade,* had given
rise to an intricate mystical form of arithmetic called the theology of numbers,?
the subject of which was the characteristics and deeper meanings of the first
ten integers. Their mathematical properties were correlated with the physical
virtues of objects measured by them,* parallelism being interpreted as identi-
ty, coincidence as causality, revealing the divinity of those numbers and
their significance for the construction of the universe.*°

From Pythagorean number symbolism Ibn Masawaih adopts the notion
of generation in order to explicate the virtues of 7, the first possible duration
for a live birth,*! generation of numbers being defined as production by
duplication.®? It bears a twofold aspect: generating (muuwallid), and being
generated (mutawallid). If we classify the numbers of the decade according
to these two categories, we shall find three different types. There is one number
which is nongenerated but generating, viz. 5, which, firstly, is odd and thus
no multiple of 2, and secondly, produces 10 when doubled.** The 4, on the
other hand, is both generated and generating, being a multiple of 2, and, in
turn, producing 8 as its multiple.** Of the number 7, however, neither of
these two properties may be predicated, since 7 as an odd number is nongene-
rated, and though it may, of course, be doubled, it has to be regarded as non-
generating because its multiple, 14, does not fall into the range of the first
decade. Due to this extraordinary status, being beyond both aspects of genera-
tion,* 7 is most suitable for measuring the period of embryonic development.

36. They held that the universe is constructed out of numbers which constitute the properties and
states of sensible things, s. Aristotle, Metaph. XIII 6. 1080b 3; 1 5. 986a 1; XIV 3. 1090a 21.

37. See above, p. 5.

38. Modern scholars prefer the term arithmology, following Delatte, Etudes, p.139. The designation
‘“theology of numbers’’ was chosen, since the starting point of arithmology is the identification of
certain units with particular gods and their epithets, cf. Delatte, Etudes, p. 141 ff.

39. Even attributes and ethical virtues such as *‘justice’’ or *‘opportunity’’ were related to particular
numbers, cf. Aristotle, Metaph. I 5. 985h 23; XIII 4. 1078b 21; s. Delatte, Etudes, p. 139.

40. Cf. Aristotle, Metaph. XIV 6. 1093a 1.

41. As for the following, cf. also V'S 58 B 1a (p. 450,6-8).

42. Or maybe by multiplication by any factor you chose. From the few examples explicated by Ibn
Masawaih it cannot be ascertained whether he considers the odds in total as ungenerated (cf. Aristotle,
Metaph. XIV 3. 1091a 23) or just the primes.

43. Arithmologists call the 5 also gamés (‘‘marriage’), s. Iamblichus, Theol. arithm., p. 30,17 ff.;
cf. Roscher, Hippokratische Schrift, p. 49; Burkert, Weisheit, p. 422 {.; s. also Aristotle, Metaph. XIII
4. 1078b 23. The reasons given by Iamblichus point to yet another concept: 5 is the sum of a male
(3) and a female (2) number (for male and female numbers see ahove).

44. Cf. Iamblichus, Theol. arithm., p. 72,16 f.: ménou kai gennéntos hama kai gennéménou.

45. The assertion that 7 is oiite genndn ofite genndsthai was already ascribed to Philolaus (V'S 44 B
20); cf. Roscher, Hippokratische Schrift, p. 61 ff.; Roscher, ¢‘Die Hebdomadenlehren der griechischen
Philosophen und Arzte’’, Abhandl. der Sichsischen Gesellschaft der Wissenschaften, phil.-hist. Kl. 24,6,
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gorean arithmology the numbers 1 and 2 have an extraordinary. status, bein
regarded as principles.?” The identification of odd with male and even witl
female is apparently an archetypical notion adopted in various cultural field
all over the world.?® The fact that the odd precedes the even in the sequenc
of numbers? is additional evidence for the assumption that the male, whicl
corresponds to odd, precedes the female in the achievement of bodily shape
the periods being measured by the first odd and even multiples of the “perfect’
decade respectively.

The same difference between male and female is noticeable with respec
to the date of the first movement exhibited by the embryo in the womb. Witk
males, it normally occurs after three, with females after four months of preg
nancy — figures which are likewise taken from the Hippocratic collection®
This time, Ibn Masawaih explains the difference by the well-known doctrine
that the male organism possesses a greater amount of heat.®® Since heat i
considered as the main agent in every natural process, it is responsible for the
swifter development of males. The same argument was applied by Galen tc
account for the divergent periods of formation.*?

The aforementioned three or four months are to be taken as approximate
durations, proving valid with pregnancies of normal length, namely nine
months. As a rule, the first movement takes place after one third of the whole
period of gestation,® an assertion based on the Hippocratic belief that the
times elapsed from conception to first movement and to birth, respectively.
bear the definite ratio of 1 to 3.3

In fact, there are essentially three kinds of semen, which are distinet in
speed of development, and three corresponding possible times of birth, viz
at seven, nine or ten months. Eight month pregnancies are not taken intc
account, probably because eight month children were generally considered
as non-viable.?® A child born before the complete expiration of the time
appropriate for it will not be safe and sound. But why just these three periods!
The answer is provided by number speculation, as it was developed in Helle

27. Cf. V'S 58 B 1a (p. 449,2-4); s. Burkert, Weisheit, p. 408 £.; see also Aristotle, Metaph. XIII 1
1081b 17.

28. See Burkert, Weisheit, p. 444, 450.

29. Cf. Iamblichus, Theol. arithm., p. 83,13.

30. Hippocrates, Nat. puer. 21 (VII 510 L.); cf. Fasbender, Entwickelungslehre, p. 92; Balss, Ze
gungslehre, p. 235; Blersch, Sexus, p. 23; Diepgen, Frauenheilkunde, p. 154.

31. Cf. Aristotle, GA IV 1. 765b 16; cf. Balss, Zeugungslehre, p. 241.

32. Galen, Sem. I1 5 (IV 631 ff. K.), also attributes some influence to the greater dryness of males
cf. Blersch, Sexus, p. 100. S. also Aristotle, GA IV 6. 775a 10.

33. In this context, the distinction between male and female is not taken into account.

34. Hippocrates, Epid. II 3,17 (V 116 L.), and Galen’s commentary, In Hipp. Epid. II comn
III (CMG V 10,1; p. 295 {. Pfaff); s. aleo Hippocrates, Alim. 42 (IX 112 L.), and Galen, In Hipp. D
alim. comm. I}V 20 (XV 407 . K.). Cf. also the reference in Iamblichus, Theol. arithm., p. 64,13-17.

35. Cf. Diepgen, Frauenheilkunde, p. 161.
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develop slowly, whereas males who resemble form, which is the active principle
of the world, are not affected by the inertia of matter. This argument is obvious-
ly derived from the Aristotelian antithesis of form and matter as universal
causes of generation which plays an important part in Aristotle’s embryology.
The dualistic approach to generation, however, implies that the female
contribution to reproduction consists only in the material out of which the
embryo is formed, i.e. menstrual blood, while the semen, which conveys the
dynamic principle and endows the matter provided by the female with the
ability to develop, comes exclusively from the male.?? Since in the preceding,
Ibn Masawaih attributed the production of semen to both sexes, the matter-
form argument is not consistent with his fundamental concept of reproduction.

The assumption of thirty and forty days for the times of formation is sub-
stantiated by arguments ascribed to Pythagoras (Btidajaras) and his followers,
which are not to be found in pre-Islamic medical literature. The two numbers
may be resolved into the factors 10, and 3 or 4 respectively. 10 is a perfect
(tamm) number because the totality of numbers is contained in it, the Pytho-
goreans admitting only the units of the first decade as basic numbers, for the
succeeding ones are constructed from them and, thus, are to be regarded as
mere repetitions.?® The denotation “perfect” points to the Pythagorean tetraktys
(«“foursome”), a formula expressing the special mathematical property of 10
to represent the sum of the first integers through 4 (1 + 2 4 3 + 4 = 10).»
The tetraktys was held not only to encompass the very nature of the number
system, but to control the harmony whereby the world is ordered.?

The number 3 is the first odd, 4 the first even number,?® because in Pytha-

22. Aristotle, GA I 2. 716a 5; I 20. 729a 9; I 21. 730a 25; II 1. 732a 8; II 4. 738b 20,740 b 25;
IV 1. 766b 12; s. also Galen’s discussion of the Aristotelian concept, Sem. I 3 (IV 516-519 K.); cf.
Bloch, Embryologie, p. 26 ff.; Balss, Zeugungslehre, p. 228; Blersch, Sexus, p. 67 ff.; Diepgen, Frauen-
heilkunde, p. 125, 147 f.; Gerlach, Samen, p. 184; Esser, Anteil, p. 523; Lesky, Zeugungslehren, p.
134 ff.; Howard B. Adelmann, Marcello Malpighi and the Evolution of Embryology (Ithaca, New York,
1966), vol. II, p. 739; Preus, Galen’s Criticism, p.78.

23. Cf. Aristotle, Metaph. XIII 8. 1084a 12; Iamblichus, Theol. arithm., p. 80,10-15; s. Armand
Delatte, Etudes sur la littérature pythagoricienne. Bibliothéque de I’Ecole des Hautes Etudes. Sci. hist.
et philol. 217, (Paris, 1915), p. 256.

24. S. Aristotle, Metaph. XIII 8. 1084a 29; lamblichus, Theol. arithm., p. 80,6 ff.; 83,6 £.; 86,9 f.
The tetraktys was represented by ten points or pebbles (pséphoi) arranged in an equilateral triangle:

.+ Cf. Delatte, Etudes, pp. 249-268, esp. 256 f.; Wilhelm H. Roscher, *Die hippokratische Schrift
von der Siebenzahl und ihr Verhiltnis zum Altpythagoreismus’’, Berichte iiber die Verhandl. der Séch-
sischen Akademie der Wissenschaften zu Leipzig, phil.-hist. KI. 71, 5, (Leipzig, 1919), pp. 45-47; Bartel
L. van der Waerden, ¢‘Die Harmonielehre der Pythagoreer’’, Hermes, 78 (1943), 178 f.; Kurt von
Fritz, RE XXIV, col. 200; Walter Burkert, Weisheit und Wisscnschaft. Studien zu Pythagoras,
Philolaos' und Platon. Erlanger Beitrige zur Sprach- und Kunstwissenschaft 10, (Niirnberg, 1962),
p- 63 £.; 170 £.; 377; 442.

25. S. Philolaus, VS 44 B 11; cf. Aristotle, Metaph. 1 5. 986 a 9; cf. Frank Egleston Robbins, ¢ Posi-
donius and the Sources of Pythagorean Arithmology’’, Classical Philology, 15 (1920), p. 310 f.

26. Cf. Tamblichus, Theol. arithm.,p. 14,17 £.; 17,4; 23,8 £.
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eunuchs.’® This difference accounts for a difference in function, female semen
serving mainly as nourishment for the male semen during the first seven days
after conception. Later on, the embryo is fed by menstrual blood of the mother,
but since in the beginning the semen is not yet strong enough to digest blood,
it has to be nourished by the female semen, a substance which by its nature
is more akin to it than blood.1®

Subsequently, three membranes are formed around the semen. The chorion
(mashima) consists of arteries and veins which pass the maternal blood on to
the child. The second membrane, being of oblong shape, is called in Greek
allantois'” which means in Arabic lafa*ifi (<gut-like”). It is created to collect
the embryo’s urine, while the third membrane, the amnion,'® serves as a recep-
tacle forits sweat. The description of the membranes and their functions appar-
ently reflects Galenic teaching, though much abbreviated, the particulars
of their formation and relative position even being omitted.™®

Greek physicians and natural philosophers almost unanimously held the
opinion that males develop more swiftly than females,? their external features
being established earlier, but diverged about the exact period in which the
two sexes achieve human appearance. Ibn Miasawaih’s figures for the two
periods of formation are similar to those proposed by the Hippocratic author
of De natura pueri,?! thirty days for males and forty for females. According
to Ibn Masawaih, the general cause for the difference lies in the fact that the
nature of females is close to matter. Thus, being passive like matter, they

semen does not apply to the j arents but to the sex of the child: males develop from thick, females
from thin semen, cf. Heinri:1 Fasbender, Entwickelungslehre, Geburtshilfe und Gyndkologie in den
hippokratischen Schriften (Stattgart, 1897), p. 81 f.; Bloch, Embryologie, p. 15; Balss, Zeugungslehre,
p. 260; Diepgen, Frauenheilku:ide, p. 126, 146; Gerlach, Samen, p. 181 {.; Esser, Anteil, p. 494 f.; Lesky,
Zeugungslehren, p. 82.

15. Aristotle, GA I 20. 728a 18, compares the woman with an infertile man. S. also G4 II 3. 737a
27; IV 6. 775a 15, and Galen, Usu part. XIV 6 (IV 158; 161 f. K.); cf. Balss, Zeugungslehre, p. 230;
Lesky, Zeugungslehren, p. 134.

16. Galen, Sem. II 4; Usu part. XIV 11 (IV 623; 188 f.K.); see also Sem. 1 7; II 1 (IV 536; 600 K.);
¢f. Johann Lachs, ‘*Die Gynaekologie des Galen’’, Abhandlungen zur Geschichte der Medizin 4, (Breslau,
1903), p. 30, 35; Balss, Zeugungslehre, p. 229; Konrad Blersch, Wesen und Entstehung des Sexus im
Denken der Antike (Thesis; Tiibingen, Stuttgart, 1937), p. 102; Diepgen, Frauenheilkunde, p. 149;
Gerlach, Samen, p. 189; Lesky, Zeugungslehren, p. 180; Preus, Galen’s Criticism, p. 83. S. also Aristotle,
GA 1I 4. 740Db 6.

17. Ms.: allat@®idis.

18. Ms.: amiyds.

19. S. Galen, Usu part. XV 4 and 5; Sem. 1 10; Foet. form. 2 (IV 224; 231-234; 547 £.; 655-657 K.);
¢f. Lachs, Gynaekologie, p. 28; Balss, Zeugungslehre, p. 238; Diepgen, Frauenheilkunde, p. 151 f.

20. S. Hippocrates, Nat. puer. 18 (VII 504 L.), who explains this by the weaker and more humid
constitution of female semen (s. above, note 14); s. also Aristotle, G4 IV 6. 775a 10, and (Pseudo-)
Aristotle, HA VII 3. 583b 2. Cf. Bloch, Embryologie, p. 39; Balss, Zeugungslehre, p. 241.

21. Hippocrates, Nat. puer. 18 (VII 498-500 L.), however, sets forth 42 days for females, s. Fasben-
der, Entwickelungslehre, p. 91 £.; Bloch, Embryologie, p. 19; Blersch, Sexus, p. 21 ff.
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reference for calculations of the fetation pericds. Indeed, Ibn Masawaih’s
reatise gives a good idea of this line of embryological thinking predominant
n early Islamic times. With the physiology of embryogenesis he deals rather
riefly, depending mainly on the Hippocratic treatises De genitura and De
watura pueri and on Galen’s De semine,” whereas more than half of the text
s devoted to the periods of gestation and fetation which are explained by
arguments of number theory.

Ibn Masawaih goes right into the subject by stating that the embryo is
senerated from male and female semen which mingle in the uterus.” The
way in which male and female contribute to reproduction had been a much
lebated question in Greek embryology. One group of scientists was of the
spinion that the female, besides providing the place for the embryo, merely
performs a nutritive function, while others assumed that both sexes emit
semen.! In the second century A.D., a concept was elaborated by Galen
which was to become authoritative for subsequent times. Based on the detec-
tion of the female gonads by the Alexandrian anatomist Herophilus (3rd cent.
B.C.),'* he postulated that the function of the ovaries is analogous to that
of the male testes, producing semen, which is transported to the womb through
the uterine tubes, which he correctly analogized with the male seminal ducts.?®

Ibn Masawaih, moreover, follows Galen in the assumption that the semens
of the two sexes are not wholly equivalent to each other, male semen being
more effective because of its greater consistency, whereas the semen emitted
by the female is thin,’ resembling, as Ibn Masawaih adds, the semen of

9. Yet these authors are not quoted explicitly.

10. Cf. Hippocrates, Genit. 5 (VII 478 L.); Galen, Sem. I 7; I1 1 (IV 536; 596 K.); s. Bruno Bloch,
Die geschichtlichen Grundlagen der Embryologie bis auf Harvey’’, (INova Acta Leopoldina 82,3, (Halle,
104), p. 45 £.; Heinrich Balss, <“Die Zeugungslehre und Embryologie in der Antike”’, Quellen und Studien
i Geschichte der Naturwissenschaften und der Medizin, 5(1936), 231 f.; Walter Gerlach, ‘‘Das Problem
s ‘weiblichen Samens’ in der antiken und mittelalterlichen Medizin’’, Sudhoffs Archiv, 30 (1938)s
}9; Anthony Preus, ‘‘Galen’s Criticism of Aristotle’s Conception Theory’’, Journal of the History of
iology, 10 (1977), 83.

11. Cf. specially Gerlach, Samen, pp. 177-193, and Albert Esser, ¢‘Uber die Bedeutung des minn-
ichen und weiblichen Anteiles an der Zeugung in altindischer und altgriechischer Auffassung”, Die
nedizinische Welt, 18 (1944), 491-495; 523-525.

12. Cf. the fragment transmitted by Galen, Sem. IT 1 (IV 596 f. K.); s. Lesky, Zeugungslehren, p.
162 £.; Paul Potter, “Herophilus of Chalcedon: an assessment of his place in the history of anatomy’’.
Bulletin of the History of Medicine, 50 (1976), 55-57.

13. Galen, Sem. I1 1 (IV 593 ff. K.); cf. Lesky, Zeugungslehren, p. 178 f.; Hubertus Plange, Zusam-
nenstellung der bei Galen aufiretenden wichtigsten Theorien iber die Sexualitit unter besonderer Beriick-
ichtigung der Beziehung ischen Temperament und Sexus (Thesis; Miinchen, 1964), p. 9 ff. But
wccording to Potter (Herophilus, p. 56 f.), the attachment of the tubes to the uterus may have been
lescribed correctly already by Herophilus.

14. Galen, Sem. I 4; I 7; II 4; Usu part. XIV 6 (IV 526; 536; 623; 164 f. K.); cf. Gerlach, Samen,
». 188; Lesky, Zeugungslehren, p. 180; Plange, Sexualitit, p. 12. According to Hippocrates, Genit. 6
md Nat. puer. 18; 21; 31 (VII 478; 504; 510; 540-542 L.), the distinction between male and female
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than forty monographs on various special subjects, probably drawing chiefly
upon Syriae translations of Byzantine books. Among his writings, of which
only part has come down to us,® is a short book entitled al-Magdla fi’l-Janin
wa-karenihi fi'r-rapim (Treatise on the Embryo and its Development in the Womb).®

In antiquity, reproduction and embryogenesis, those fundamental phenom-
ena of life, were dealt with not only in medicine but also in natural philoso-
phy.” Since the processes going on in the womb are not open to direct observa-
tion, the empirical knowledge on the development of the embryo was limited
to rather incomplete and accidental facts gained from the examination of
abortuses and occasional dissections of pregnant animals. Therefore, in order
to arrive at a comprehensive rational understanding of the laws of reproduction,
scholars were forced to compensate for the scarcity of observational data by
speculation and conclusions from analogy. This applies in particular to the
determination of the stages of prenatal development and their duration, for
in this respect results of animal dissections could not be transferred to human
beings because of different lengths of their gestation. Thus, a main charac-
teristic of early Greek embryology is the attempt to fit the few positive data
concerning these periods into numerical schemata® which were mostly elabora-
ted in analogy to regular patterns discovered in other natural phenomena. As
could be expected from their weak empirical foundation and the a priori
character of the arguments employed, most of these systems deviate far from
the truth.

In Hellenistic times, the interest in numerical data of pregnancy diminished,
since physicians now recognized that in view of the individual variations in
gestational length the empirical knowledge at hand was not sufficient to
accomplish a correct and generally valid numerical theory of embryogenesis.
In late antiquity, however, the figures put forth by the older authorities made
their reappearance in Byzantine medical compendia which were intended
to cover the whole tradition of the ancients.

As the Arabs first became acquainted with the teachings of their immediate
forerunners, we may detect in the earliest Arabic medical literature a certain

4. Cf. Max Meyerhof, <“Die Augenheilkunde in der von Budge herausgegebenen syrischen drztlichen
Handschrift”’, Islam, 6 (1916), 266.

5. So far, four of them have been edited by Paul Sbath, cf. Sezgin, GAS III, p. 233 f., no. 1,6,9,10.

6. The book, mentioned by Ibn Abi Usaibi®a (*Uyin, vol. I, p. 183, 15) as K. al-Janin, is preserved
as an unique manuscript in Baghdad, Maktabat al-Mathaf al-“Iraqi, no. 249, fol. 242b-246a (dated
9th cent. H.); cf. Sezgin, G4S V, p. 409. I would like to express my sincerest gratitude to Professor
Fuat Sezgin, who has drawn my attention to that treatise and kindly provided me with a copy of his
microfilm of the manuscript.

7. An extensive account and interpretation of ancient theories of reproduction is presented by
Erna Lesky, ‘‘Die Zeugungs- und Vererbungslehren der Antike und ihr Nachwirken’’, Akademie der
Wissenschaften und der Literatur, Abhandl. d. geistes- u. sozialwiss. K1. 1950, 19, (Mainz, 1951).

8. Cf. Paul Diepgen, Die Frauenheilkunde der Alten Welt. Handbuch der Gynikologie, 3. Aufl.,
hrsg. von W. Stoeckel, vol. 12, 1, (Miinchen, 1937), p. 160.



The Embryology of Yﬁhanné{ ibn Masawaih

Ursura WEISSER*

BU ZAKARIYYA’ Yihanni ibn Masawaih was an important figure in
the transmission of ancient medicine and science in general to the
Arabs.! Born about 161/777 as son of a Christian physician working at the
famous Syro-Persian medical center in Gondeshipir, he came to the °Ab-
basid capital Baghdad when his father Masawaih had to leave Gondeshapir
because of some internal quarrel.? In Baghdad. and later on in Samarra, Ibn
Misawaih served as director of hospitals and personal physician to the caliph
al-Ma’miin and his three successors al-Mutasim, al-Wiathiq and al-Muta-
wakkil, and was held in high esteem at the court. By al-Ma’miin, he was
charged with the organization and supervision of the translation of scientific
books into Arabic,® but apparently he did not take part in the translating itself.
Besides his official activities, Ibn Masawaih promoted the scientific life
of his time by holding much frequented meetings where all branches of ancient
science were discussed, and he gathered around him a great number of disciples,
among them Hunain ibn Ishiq. To judge from the anecdotes reported about
him, Ibn Misawaih must have been a person of short temper and a quick but
rather poignant wit.
About his practical talents as a physician, the opinions of his biographers
are somewhat divided, but he surely was a prolific writer on medicine. Accord-
ing to Arabic bibliographers, he composed two medical handbooks and more

* Institut fiir Geschichte der Medizin der Friedrich-Alexander-Universitit Erlangen-Niirnberg,
Bismarckstr. 6, D-8520 Erlangen, W. Germany.

1. As to bis life and writings, cf. Ibn Juljul, K. Tabagdt al-atibbi® wa-l-hukama?, ed. Fu’ad Sayyid
(Le Caire, 1955), p. 65 f.; Ibn al-Nadim, K. al-Fihrist, ed. Gustav Fliigel (Leipzig, 1871-1872), vol.
I, pp. 295-296; Sacid al-Andalusi, K. Tabagqdt al-umam, ed. Louis Cheikho (Beyrouth, 1912), p. 36;
Ibn al-Qifti, Ta’rikh al-hukama®, ed. Julius Lippert (Leipzig, 1903), pp. 380-391; Ibn Abi Usaibi‘a,
“Uyiin al-anbd® fi tabaqdt al-atibba®, ed. August Miller (Konigsberg, Kairo, 1882-1884), vol. I, pp.
175-183; Barhebraeus, T'a’rikh mukhtasar al-duwal (Bairit, 1958), pp. 131-132. See also Lucien Leclere,
Histoire de la médecine arabe (Paris, 1876), vol. I, pp. 105-111; Fuat Sezgin, Geschichte des arabischen
Schrifttums (‘GAS™’; Leiden, 1967 f£.), vol. I1I, pp. 231-236; Manfred Ullmann, Die Medizin im Islam.
Handbuch der Orientalistik. I. Abt., Erg.-Bd. VI,1, (Leiden, Koln, 1970), pp. 112-115; Curt Priifer
and Max Meyerhof, ¢‘Die Augenheilkunde des Jahanna b. Masawaih (777-857 n. Chr.)”, Islam, 6
(1916), 219; Paul Sbath, ““Le Livre de 1’eau d’orge de Youhanna ben Massawaih, grand savant et célebre
médecin chrétien mort en 857°°, Bulletin de I’ Institut d’Egypte, 21 (1938-1939), 14-19.

2. Cf. Ibn Abi Usaibi®a, “Uyin, vol. I, p. 171 f ; Leclerc, Histoire, vol. I, p. 103.

3. Ibn Juljul and, relying on him, $aid, Ibn al-Qifti, Ibn Abi Usaibia and Barhebraeus state —
erroneously, as it would seem — that it was in fact al-Harn who appointed him director of the acti-
vities of translation.
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Fig. 3
or indirect sources used by the Alphonsine author. If the Libro del astrolabio
llano is not a translation, it is obvious that its author must have used other
sources as well, not least since Maslama’s notes are not a complete treatise on
the construction and use of the astrolabe. If future evidence establishes that
the Alphonsine book is a translation from the Arabic, I believe that the source
of the translation might be Ibn al-{Samh’s lost book on the construction of the
astrolabe:*® one should remember that Ibn al-Samh (d. 426/1035) and Ibn
al-Saffar (d. 426 /1035) were Maslama’s principal disciples, and that the former
may have made extensive use of his master’s work on the construction of the
astrolabe; on the other hand, Ibn al-Samh was an author well known to the
astronomers of the Alphonsine court.?®

25. Fuat Sezgin, Geschichte des arabischen Schrifitums (Leiden, 1978), Vol. 5, p. 249; José Mills
Vallicrosa, *“Los primeros tratados de astrolabio en la Espafia drabe’’, Revista del Instituto Egipcio
de Lstudios Islamicos en Madrid 3 (1955), 48.

26. Thus, for example, they translated Ibn al-Samh’s treatise on the equatorium under the title:
Libro. de las laminas de las VII planetas. Ed. Rico III, pp. 241-271.
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I have been able to see Kasten and Nitti’s edition of the Alphonsine Royal Manuscripts thanks to the
kindness and generosity of my friend Pedro M. Citedra (Universidad Auténoma de Barcelona). Dr.
David A. King(New York University) corrected the English version of this paper. To all of them my
deepest thanks.
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ind Maslama’s notes on the Planisphaerium'® use 24° as the value for the
»bliquity of the ecliptic, although this parameter is also used (together with
23;51° and 23;51,20°) in the Planisphaerium:* Ptolemy’s explicit motivation
‘or using € = 24° is the fact that 24 has divisors in common with 30 (2,3 and
5), and consequently the same number of divisions can be used for zodiacal
signs and equatorial degrees.”

If we continue reading the Alphonsine book, Chapter 9, “De cuemo deuen
ser fechos los azimut”, contains supplementary evidence of Maslama’s influ-
:nce. Let us compare the beginnings of both the Castillian text and Maslama’s
text on this construction:

Partiris el cerco dell orizon assi cuemo par- Caew & _al T‘k O s Blaaly Y15 Sl s Ll

tiste el cerco de los signos en aquellas tres man- S ol . - " : .
fond 5 Lol b auld widsl @3y ol 3 pmeil
eras, salvo ende que fagas, en logar de la de- ¢ e = e

clinacion general, toda la altura de la cabega de OF 58 Jo¥1 a1 LU 2l 4 VL Gj%” 3l &3
aries en aquella villa pora do es {echa la tabla 22 23J[1;]\ Jiae oo il 5 30 e F ‘,LJ

I do not think that we can say the Alphonsine passage is a translation of
Maslama’s but there are enough common elements in the two texts to suggest
an influence. One of them is important: the Castillian text clearly alludes to
three different constructions used to establish the division of the ecliptic,
something we find in Maslama’s notes but not in the Libro del astrolabio Uano.
The latter contains, as we have seen, only one of Maslama’s constructions.
This evidence is reaffirmed if we study the construction used in Chapter 9 of
this book in order to divide the projection of the horizon according to azimuthal
angles. This is again one of the three constructions described by Maslama for
the same purpose, and is the exact parallel of the previously described method
to divide the projection of the ecliptic:

Let ABGD be the projection of the horizon and EBZD that of the equator
(Fig. 3). Let us take arc DT equal to the colatitude and divide it into two halves
so that DQ = QT. Then we draw BQ to intersect diameter ZE in point L
(which will not be the projection of the zenith: this last point would be deter-
mined, as Maslama explicitly states, by the intersection of ZE and BT at R).
Let us then take arc EN = ZM with an arbitrary value: arc XINLSM (which
is not the projection of a vertical circle), going through the previously esta-
blished points IV,L, and M, will determine points X and S on the projection of
the horizon. The same system is to be used until we have divided in this way
the whole of the circle 4BGD.>

I think this is enough to suggest that Maslama’s notes are one of the direct

19. See above n. 13.

20. Ed. Heiberg chapter 1, p. 229 (23;51°); chapter 4, p. 234 (23:51,20°); chapter 20, p. 259 (24°).

21. Cf. 0. Neugebauer, *‘The Early History of the Astrolabe: Studies in Ancient Astronomy IX",
Isis 40 (1949), 248.

22. Rico, Libros II, pp. 236-237.

23. Vernet-Catald, Maslama p. 24

24. Rico, Libros II, pp. 236-237; Vernet-Catald, Maslama pp. 24-25, 35-36.
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The role of point Q) becomes clear if we take into consideration a theorem pre-
viously demonstrated by Maslama: great circles GZA (the ecliptic) and GBA
(the equator) (Fig. 2) intersect in points G and A, and their respective poles
are F and E. We draw the great circle GWA which goes through points G and
A and divides arc BZ into two halves at point W. If we draw the arc of a great
circle QNY M it can easily be proved (as is done by Maslama) that GN = GM.*
Therefore, it becomes evident that in the Alphonsine construction (Fig. 1)
point Q is not the projection of the northern pole of the ecliptic, and that arc
PLQNM is not an arc of a great circle orthogonal to the ecliptic, but that the
purpose of the construction is attained as points IN and P are effectively the
beginnings of Gemini and Sagittarius on the astrolabe. Maslama’s influence,
here, seems fairly clear.

Fig. 2

This first impression receives a slight confirmation if we consider Chapter
6 of the Alphonsine book, “De cuemo se deuen poner las estrellas fixas en la
red”, concerned with the projection of the fixed stars on the spider of the astro-
labe, given their equatorial coordinates.’® Maslama describes three different
constructions for that purpose, one of which is the same as the Alphonsine
construction,'® Nevertheless, the evidence here is less conclusive: Chapter
1 of Ptolemy’s Planisphaerium solves in the same way the problem of finding
the stereographic projection of a point if one knows its right ascension and decli-
nation.’” One should also bear in mind that both the Alphonsine book®

14. Vernet-Catald, Maslama, pp. 22-23 and 30-32.

15. Rico, Libros, 11, pp. 233-234.

16. Vernet-Catald, Maslama pp. 25 and 37.

17. Ed. Heiberg pp. 229-230; cf. Neugebauer, H.4.M.A., Vol. 2, p. 861.
18. Rico, Libros 11, pp. 230-231 and 275.
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H

B

Fig. 1

would be an arc of a great circle orthogonal to the ecliptic. The construction
would then be similar to the one described in Chapter 15 of Ptolemy’s Plani-
sphaerium.’* Nevertheless, Maslama’s notes on Ptolemy’s work shed some light
on the question. This Andalusian author describes three different constructions,
the purpose of which is the division of the ecliptic into signs and degrees. The
third of these constructions coincides precisely with the Alphonsine one, with
one addition: Maslama takes arc GR as the double of the obliquity (sic for the
obliquity) and determines point F which he identifies with the pole of the
ecliptic, whilst point Q is defined as being “the pole of the great circle which
intersects the equator at points 4 and G** and which divides the arc between
the two solstices [sic: one should understand, as Vernet and Catala do, half
the distance between the two solstices] into two halves®®

(oot nlall o U oy ST gl o 0L ditna 30 o bl s 3 510 45

11. Cf. J. L. Heiberg, Claudii Ptolemaei Opera quae exstant omnia. II. Opera Astronomica Minora
(Leipzig, 1907), pp. 251-252; and O. Neugebauer, 4 History of Ancient Mathematical Astronomy (Berlin,
Heidelberg, New York, 1975), Vol. 2, p. 866. The great circle orthogonal to the ecliptic is determined by
three points: one is the projection of the northern pole of the ecliptic, whilst the other two are two
diametrically opposite points on the ecliptic.

12. B in the Arabic text: my change is prompted by the need to adapt Maslama’s letters to the
Alphonsine illustration.

13. Vernet-Catald, Maslama, pp. 23 and 32. See also pp. 24 and 33 where a similar expression
appears: the obliquity of the ecliptic (24°) is defined as the distance between the two solstices.
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is probably the notes written by Maslama al-Majriti (d. ca. 398/1007) on
Ptolemy’s Planisphaerium.®

The two books on the plane astrolabe® are concerned with the construction
(24 chapters) and use (58 chapters) of this instrument. Nothing is said in the
text concerning the sources used (we do not know if the two books under
consideration are translations or original works), the name of the author or
translator, nor the date of the original compilation. Nevertheless, some informa-
tion can be gathered from the prologue. In it we find a reference to two previous
Alphonsine translations, namely, the treatise on the sphere’ — translated
literally by Yehtdah b. Mosheh and Johan Daspa in 1259, revised with addi-
tions in 1277—, and the treatise on the fixed stars® —translated in 1256 by Yeh-
dah b. Mosheh and Guillem Arremon Daspa; a corrected version was made in
1276 with the collaboration of Yehiidah b. Mosheh, Samuel ha-Levi, John of
Mesina and John of Cremona. From these references we can say that the two
books on the plane astrolabe were written after 1259,° and we may perhaps
question whether the famous Yehtidah b. Mosheh was associated with the
translation or compilation of the two books, since in the previous works referred
to he appears always as the main translator.

The Alphonsine book on the construction of the plane astrolabe is usually
concise, clear, and correct. This is why one is surprised to encounter in Chapter
5 the remark: “De cuemo deue ser partido el cérculo de los signos”, concerned
with the division of the ecliptic of the astrolabe into signs and degrees. The
construction described is the following:

Let ABGD (Fig. 1) be the equator and AZGH the ecliptic. One takes arc
GT “tamanno cuemo la meatad de la declinaciéon general”, that is, equal to
half the obliquity of the ecliptic. Line. AT determines point Q on the meridian
Line BED. Then one takes arcs DL = MB= 30° on the equator and draws arc
LQM which determines, on the projection of the ecliptic, points N and P.
These will correspond to the beginnings of Gemini and Sagittarius.!®

The first impression made when one reads the Alphonsine text is that arc
GT should be equal to the obliquity of the ecliptic and not to half of it; point
Q would then be the projection of the northern pole of the ecliptic and PLQNM

5. Partially edited by J. Vernet and M. A. Catal4, ‘‘Las obras matemdticas de Maslama de Madrid”’,
Al-Andalus 30 (1965), 15-45.

6. Rico, Libros IT (Madrid, 1863), pp. 225-292.

7. Rico, Libros I (Madrid, 1863) pp. 153-208. On the Arabic original of this work see W. H. Worrell,
¢“Qusta ibn Luqa on the Use of the Celestial Globe’’, Isis 35 (1944), 285-293.

8. Rico, Libros I, pp. 1-145. See especially pp. 12 and 142. On this Alphonsine work f. also O. J.
Tallgren, ‘‘Los nombres drabes de las estrellas y la transcripeién alfonsina’, Homenaje a R. Menéndes
Pidal (Madrid, 1925), Vol. 2, 634-718.

9. Therefore the translation or compilation of this work seems to correspond to a date after the
period c. 1243-1259 considered by Romano (see the paper quoted in n. 4) as the period of translations
previous to the elaboration of the 4lphonsine Tables.

10. Rico, Libros 11, pp. 232-233.



Maslama al-Majr1t and the Alphonsine Book

on the Construction of the Astrolabe

JuLio Samso*

HE ALPHONSINE astronomical and astrological works have an obvious
interest and importance for historians of Arabic science, not only because
they sometimes provide translations of lost Arabic originals, but also because
they bear witness to the diffusion of Arabic astronomical books which were
being translated into Romance languages in the thirteenth century. The new
technical vocabulary appearing in Spanish during the Alphonsine period is
strongly influenced by the Arabic language,’ so much so that the Alphonsine
astronomical prose is occasionally difficult to understand unless the reader
mentally translates some expressions back into Arabic. Unfortunately, these
Alphonsine books have not lately attracted the interest of scholars —with the
exception, perhaps, of the Alphonsine Tables.> Many of the Arabic sources
of the Libros del Saber de Astronomia® have not yet been established,® and
the purpose of this paper is to make a modest contribution to the solution of
this problem by showing that one of the direct or indirect sources used for the
compilation of the first of the two Alphonsine books on the plane astrolabe

* Facultad de Letras, Universidad Auténoma de Barcelona, Bellaterra (Barcelona), Spain.

1. See J. Millds Vallicrosa, ¢El literalismo de los traductores de la corte de Alfonso el Sabio”’, Al-
Andalus 1 (1933), 155-187 (partial reprint in Estudios sobre Historia de la Ciencia Espanola (Barcelona,
1949), pp. 349-358); Georg Bossong, Probleme der Ubersetzung wissenschafilicher Werke aus dem Ara-
bischen in das Altspanische zur Zeit Alfons des Weisen, Beihefte zur Zeitschrift fir Romanische Philolo-
gie, Band 169, (Tiibingen: Max Niemeyer Verlag, 1979).

2. Among recent works on these tables see Richard Harper, ‘‘The Astronomical Tables of William
Rede”’, Isis 66 (1975), 369-378; Owen Gingerich and Barbara Welther, ‘“The Accuracy of the Toledan
Tables”, Prismata: Festschrift fir Willy Hartner (Wiesbaden, 1977), 151-163; J.D. North, “The Alfon-
sine Tables in England’’, Prismata pp. 269-301.

3. Ed. by Manuel Rico y Sinobas in 5 vols. Madrid,1863-1867; « new edition in microfiche has
appeared recently: see Lloyd Kasten and John Nitti, Concordances and Texts of the Royal Scriptorium
Manuscripts of Alfonso X, el Sabio. (Madison: The Hispanic Seminary of Medieval Studies, 1978).
The latter edition contains not only the Alphonsine astronomical works published by Rico y Sinobas
but also previously unedited material. Unfortunately its usefulness for historians of medieval
astronomy is somewhat limited as the editors have decided to omit geometrical figures as well as
numerical tables. For that reason I am using here only Rico’s edition.

4. A recent survey of this problem can be seen in David Romano, ‘‘Le opere scientifiche di Alfonso
X e l’intervento degli ebrei’’. Oriente e Occidente nel Medioevo: Filosofia e Scienze, (Roma: Academia
Nazionale dei Lincei, 1971), pp. 677-711.
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