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Abstract From a short comparison of terminology it is suggested that the Arabic text ofTheodosius' 
Spbaerica carried by two manuscripts in Hebrew script is a translation different from the one translated 
by Gerard ofCremona into Latin. An edition of a lemma for Proposition III.ll inter alia supports the 
hypothesis that this translation is the basis of Moses b. Tibbon's Hebrew version. 

Like many other Greek mathematical and scientific works, Theodosius' Spbaerica was translated into 
Arabic in the ninth century. Of the Arabic version that Gerard of Cremona translated into Latin in the 
twelfth century at least three manuscripts are known:1 

A: Istanbul, Seray, Ahmet III 3464, ff. 20v-53v 
N: Lahore, private library, M. Nabi Khan, pp. 185-281 
H: Paris, Bibliotheque nationale de France, heb. 1101, ff. lr-53r, 86r-87r. 

It will be referred to as ANH. 
There was at least one other Arabic translation of the work: that in manuscripts 

F: Florence, Laur. Med. 124 
C: Cambridge, University Library, add. 1220, ff. 1r-50r. 

Both manuscripts are in Hebrew script - and so may be dated, perhaps, to the fourteenth century and 
assigned to the western area of the Arabic tradition. A preliminary comparison with the text translated 
by Gerard may be made by taking as examples four short enunciations specifying construction (ex. 1--4), 
I 19, I 20, I 21 and I 22.2 

1. Toii l)o9ivt:oc; Ev acpa1pct Kul<Aou n)v l)ui}Jflpov b<9ia9at . 

. o~ ~ to _,L.... oJb )zAl ~JL.... ilz>. J.:o:.j ...;..$ ANH 
• ii~ Js- ~ _,_;... i)b )ai J.:o:.j ui ~} FC 

2. Tijc; l)o9rlc'rJc; acpcrlpac; n)v l)ta}Jflpov b<9Eaeat. 

. to _,L.... i ~ )ai Ji.o ilz>. ..k..:..; ...;..$ ANH 
• 4..,;. _,p ii~ )ai J.:o:.j ui ~} FC 

It is a pleasure to thank P.w1 Kunitzsch for considerable help in writing this paper. He is not responsible for the opinions 
expressed in it. 

1 The text was edited by Kunitzsch and Lorch [2010]. 
~ The numeration of the edition (see previous note) is used here and throughout the article. It is taken &om manuscript A. 
The rorresponding propositions in Czinczenh.eim's Greek text are I 18, 19, 20 and 21 respectively [Czinczenheim 2000]. 
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3 . .6ul: 5oe£vrwv OTJ}l£{Wv, a EtmV brl acpcnpud'jc; Emq>avdru;, ~ov KUKAov ypcbpat . 

. i~ ..la.:-! ~ ,;;:;-o~ ~ rJ ~ i)b ~) ...J$ ANH 

.i_,.s:JI ..la.:-! Js- ,;;:;-o~ ~ Js-~ i)b .k.:..; ui ~) FC 

4. Tou 5oe£vroc; ev acpa{p!i[ KuKA.ou -cov n6.Aov eilpEiv • 

. i~ ~.to~ i)b ~ ~ ...J$ ANH 

• ;_,.s::!l Js- ~.ill .to~ i)b ~ ~ ui ~) FC 

In all four examples the Greek for "to find" or "to determine" is represented in ANH by ...;$' + 

an imperfect and in FC by vi ~) + an imperfect. FC favours d' J.).- ("assumedj to translate 5o9Eic; 
("givenj, which it has in several places where ANH consistently has r~ ("knownj. 

There is some inconsistency in the terminology. For instance, I!K9£a9at is represented by ~ J ("to 
findj in both translations, but in ex. 2 by ..la.> ("to drawj in ANH and by ~ J in FC. Again, in the 
first proposition "tEl!VW generally becomes ~ ("to cutj in ANH and J...d ("to cut off") in FC, but 

~ is to be found in FC, about half-way through the proo£ 
In the definitions at the beginning of the work, the most striking difference between ANH and FC 

is the translation of lll;wv as J.r-" ("axis") in ANH and as _,bi ("diameter") in FC. But there are plenty 
more differences, e.g. in the definition of"sphere" FC has ~.r-" for wmllit\Aixu; rloiv, where ANH 
has~ ~ J\......., a more accurate rendering. Similarly, in the definition of the pole of a circle ANH 

again has~ ~ J\....... and FC has this time ~JL..:.o. In this definition, FC has, simply, i)I..UI ~ J 
• ... ~ u" i_,.s:JI r)s-, which agrees with some Greek manuscripts; the reading chosen for the edited 

Greek text of Czinczenheim has additionally AiyELat; this is represented in the fuller version of ANH 
by i)b ~ ;_,.s:JI ~ .J J~ ~.lJI "~1, which in Gerard's Latin becomes "Res que in spera polus 
circuli dicitur." 

On the whole, the great differences in tenninology and style indicate two translations. They are too 
numerous and not consistent enough to be the work of a redactor. 

As an extended specimen of FC's style (and to show further its independence from ANH}, we give 
its version of the lemma to Proposition III 11. It will be noted that it corresponds to none of the forms 
of the lemma presented in manuscripts ANH; even the name of the point that carries the right angle 
is different (A in FC, B in the proofs in A and H). But it corresponds very well to the proof in the 
Hebrew translation by Moses b. Tibbon, as may be seen by comparing FC with Knorr's translation of 
a manuscript of the Moses b. Tibbon version in the Jewish Theological Seminary in New York [Knorr 
1986, 235-237].3 The following is a "mathematical translation:014 

When triangle ABG is right and the right angle is point A, draw ED to base AG. I say: GA : AD > LADE : LDGB 

Proof. Let DE II GB 

.'.DE>ADand <DB 

Construct a circle about centre D and with radius DE, going beyond A and cutting DB at Z 

Produce DA to meet the circle at H 

. '. sect. DEH > 6DAE; and sect. DEZ < t:,DBE 

. '. 6DAE: 6DBE < sect. DEH: sect. DEZ 

But t:,DAE: t:,DBE = AE : EB = AD : DG 

and sect. DEH : sect. DEZ = LADE: LEDZ 

. '. LADE: LEDB >AD: DG 

ComponendoAG: GD <LADE: [L]BDE 

3 The text by Jacob b. Machir (1290) is apparently an adaptation of the Moses b. Tibbon translation [Knorr 1986, 
235-237; and private communication from Knorr]. 
4 This is not an exact translation. It is intended to reproduce the mathematical reasoning. It is followM by the full Arabic 
text. 
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C<IIWtt'tmdo [L]&DB: [L]&DE<AG:...W 

And [L]&DE= [L]DGB 

:.AG:...W> (L}ADB: [L]DGB. Q,E.D. 

The only difference from the Hebrew of any consequence is in the line 

ComJI<1IttnlloAG: GD < LADB: [L]BDE. 

B 

Figure 1: Lemma to Proposition III 11. 
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The ttrm for conumendo in this Arabic text, ~ 1.)! ,5 that introduces the next line probably arose 
from a colloquial rendering of l:.:li \.)! ("when we tw'n around"),6 for ~ meant the convtr&ion of a 
ratio a: b into a: a- b.7 It seems probable that the text is distw'bed at this point. The Hebrew text 

translated by Knorr also has a deduction by componendo, but it is chosen so that it is the desired result 
(the argument forms the ratio a+ b: a from a: b, rather than FC's a+ b: b). 

In conclusion, we may say that the text representtd by FC was probably a translation, independent 
of ANH, and that it was~ basis of Moses b. Tibbons Hebrew. 

4 ~ .b:;.. >. 1 i,.u:.ll J! y ~ t:f' r::..f' J i ~ .wl.ill ~J!n ~Jl)l ~u >. y 1 ~ u!S' ll! 

r;..r; ui "'~-" , y >. .) 4o~ J! y :> 1 ~.h 4.-l t:f' ~i :;! J! 1 >. ~ v! J _,;\; , :> y .1»- _,... J ~~ 
t 

- ,. , , 
bW \.)! ci.l.lli y :> .1»- .;r _;.....:. !J :> I .1»- .;r ~\ • :> ...b.:.:.J 4 :> .1»- .1" J y >. J.a.:,;J \ul_,.. Ut:;.. ~ UtA.; .;r 

c ~ Js- 5)1..01 ~ ui J! G r;.#J J ~ Js- y :> .b:;.. J...:WJ I~ o :> ~ ;) ;) .r Js- 5)1.> 

.:r _;.....:.i 4 y.) ~ J! ;r:; ~ ~ • y .) ~ .:r _;.....:.1 J 4.) dU J ;r:; ~ .:r ~i c • .) &» s 

~ ~J yo .lot> Jl ;\.lot>~ yo:>~ Jl..-G ~ ~ ~jo:>&'J Jlc o:> c}d ~ . - , - -
t:f' ~~ y :> o ~.h J! 4 :>I ~.h ~ \.)~ J :> o ~.h J! 4 :> 11.ulp J • :> dU Jl C • :> dUJ >. :> J! :>I 

l.)}j o :> y ~IJ J! y :>I ~IJ ~ t:f' _;.....:.i :>>. J! >. l ~ vfo l:.:S"; l.)}j >. :> .1»- Jl :;\ .1»- 4.-l 
- . - - - ·- --J! >. l ~ l.>~ y >. :> ~Jl) ~J~ • :> I ~J\n :> I J! >. I ~ t:f' _;.....1 o :> l Jl y :> I ~ ..:.J\S" ~ 

. ~vi U:>} l.. ~.)J ' Y>. :> Jl y :>I~ t:f' ~i :;\ to 

s sic' C.~\.:;. F. 
' This was suggesttd by P.iiUl Kunl:tzsch (pmue communication). 
7 See the Euclid tats {Book V, definitions) l.o. MSS TehraJl, Malik 3586 (there is ao visible foliation) and Ldden 399,1 
[Besthom and Hdbe.rg 1932, .22] for the definition of .,.J;. The translation Is by~ Ibn Hunayn and revised by Thiblt 
ibn Qun-a. 

[~1_1 .Csupranxu [~J 7 .Fmarg, [;T"; ... J•l ~Js .C~ ,Fp~ [~ 4 .Cadd. tt~UL ~ [rl!J 1 

.F om. [ ~ l)t .F supra tlt)pM ,F "llliM [ ~f 10 .C t:UPM (_;...of .F Ml!l;M:l ( l.sAL;. 9 .C w.pra M:lW 
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