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pgesimal digits for every minuke of are. Fae the compositien of tos
ke 21-KashT first used Jinear incerpalstion. buc he Tater invented che
remazrkable iterption mettod described in kis lost Treatize o the Cherd
gnd the Sime. The medhad is alw deseribed in five othec ese: (1)
(he Bersann tregtise (F the Explundiiod cf the Determination the Jine
af Orte Degree [Dar bayde-i isnkfiedj-1 javh-é yak derafa) by b-Romd;
(211he Commentary o gk Beg 't Astnanemical Tabied (Shark-i 28
tugh Beph by al-QishyT, {3f the Ruler af ike Clpdmrian and Correc:
clon of the Table { fradndr ai-'ame wa tashth af-jagwal] by the Torkish
asimnamer MInm Cheledr (4, 151577 thas wexr wee @i knowo under
sho= NidLe Staasde-d JH-i Clugh Beg. (&) e COMUTEMRDY £m the ZTi-i L gh
Beg by tht Fersian sstranamer *Abd al-“AlT el -Blgjrnedd (d. 152877 (5)
e ureanise pablished in the present paper.

A manucctapt of e Bersian fmeatise (1) of al-ROMmT is noa in Wb
Gerrnan Seete Labrary 1o Berlin (Pertsch n? 3390, A copy of this -
scnpt was made pvuilable to me by Tn Klaus Seharmharst (Berlin,
Humbakdt Unavecsity). The teatise (2] by al-Qishf sy b extant [17,
142] bl has apparenihy ool besm studied. The sectign on the sine of
17 of ithe work ¢ 33 of Mrmim Chelekd appesed in French frnalatios by
L., S&bllon in [24] erel in [27, 77-B2], ard in Rucsian Cranalation in
19, 311-319). This trxn ws used by F Woepcke [32] and by A, Asboe
[17. MTwaen Chelebd wrobe thal his exposation in (33 is based on the com-
menlary 42} of 41-QHixhjl and on an unspevifed sreatize of O-Ramt [27.
£9, T1|. A comparison berseen (3 znd he mastuseedpt of (1) ghows
Tha (13 was abe weise by wl-Raml g whach Miam Chelet refam=d in
(3} The section of the seoand book of al-BEjandr's commentary {43 o5
the determingion of 1he sate of 17 wos pablished io Bussian cransialion
by & Ahmedaw [1] ca the basis of manuscoips oo, 74 of the Taehken!
Insticuee for Choental Swadics. The Peosian vext of paen of 3his seclion
app:.a_n-.d in | L%, 153-167)

3 The treatite pablizhed in this popde. by Borés Rosenfeid

This papes commins & facsimale edition with English iranslation and
cummnary, of the Ambic taxe (3], enutled “Trealive an the Delermine-
e of the Sine of Ome Degree” (080 T 1780 fayh dormje wdiida),
The Imealise musl bhave Besn wrilten alter the death of @l-EEkhT, Bacauze

1 R MHrim Chebebl pee (1% 0500545, |29, RS, 117, 473404]. (31, ILG-3L7]
Efim w13 =tz grand o of o1 Rl [2an af his on) wed of 2l Q@i (e ol bk daz ghor
! For wl-Blrjared] 42 | 14, -4 ] -543] (29, IRT-108, [T 175 [75]. [71, 124-2Le)
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bis narre i1 always aecompenied by e worde "may Grd be mecciful b
hirry! “The oesliss conaans deseripiiens of iwe methods for delenmdning
the aune o 17, o by Bl-BashT ard ene by the aonymous anthor.

The treatise has come dhvwn Lo os io al Least eight manuseripes, of
which ibiree are anoyemeaws and Arve e glwabured o al-Faml. Thus
the werk e in al] probekatity witoen i ehe Samargand observoteny of
Ulugh Beg. Here 13 @ List of the Blasiusceps!

(a} The tanklanon ac tid paper 25 based in pard on the anony mous
manuscriff which o mew o the Scicaufie Library of the Humbalde
Unaveosidy in Bexlan; before Wield War 1 bc was in dhe Enstijut fikr
Craschichte dew Mecizin ucid > sruewissenscheflen in Berlin, under num-
be=r 115 [2d, 168|. Thes ranuscnpr 5 @ hendwriceen copy of (h), madks=
in the= =arly 20nh cemary a0 Carg dor Cae Schoy. who symmgrize=d part
of bt weawss o [23, 356 58 This menusoipl was slso lodied Ty
Paul Lul;ke:,' i ibe 040

(h) The zevand manusavapl 25 o Caars, Netiordl Libmry, Sustsfb
Fadil oylsla no. 37, Do thed odnuscfiprsee 300 A0 (1L E45E, 112120
124]. 1o has Swrvey of ke Serennife MaHuG oM in e Eypiian ba-
tioral Libras |12, 158], DA, Bang woooe hal thiz manoscrpt is anony -
rus el was copaed arcdand 1737, King aferiteled 1be manuseoips 1
al-BidnT tom (he Baga; of the referenes o pl-R0m by MInm Chelebd in
bt [3) menticred above |27, 7T

(e The coed enanuseript of our eatise is in [ssanbul, Eandilli O
s 1ory (0. M), This ma)y have been the manwweripl which ses sUm-
sarnsed and anel yzed by the Tuekish histocian of mathemsncs Saiih
Zeki in his bock Remaning Tracer (Athdr-i Bdyivva) 136, 1:133-1349).
Zeki alsn oxcribed the= treatize to al-Biird o0 the becis af the refererce
by Mirim Chelebl.

td} The fourth manusenpl is an lsanbal, Litrary of Hilseyin Celebi
(oo, TS The title of has sansscnpl is “Toealise on the Dedepmi-
nation ol the Sine of Cne Degree Accaeding 1o Operacion: Extablished
h}' Anhmetic and Geomelnc Kulet L] the Method of ﬂhi}'llh al-Thin
Al-Kpshi' (Revala B rikkerdr fayd durmie v Chida F-o'sdl s msnese
Al girwd’id hirdbivea wa hendosiye "ald faefgor Ghpdrh of-Dom e
XA rAI), and thes l=nl is astnbuted 1 a-B 00T

1 Luzkcy charscitneet et modk o our meony meoas muhor 41 follows e Y-
[arkr dn Kamomeniars U eeben dien Lebupruchen sul B[4 KEAa] eine siclken-
mens kkalich ropeinds und wpirdniskas Ktk und Bal kevaen B&wen Chedenien
in das WecThhien hine i geongen ™ [14. 137 Compare foomeds 53060 8, 65 belew
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{=) Atifth enanescripe of ehis freadi se, whick is sun bured to al-Rame,
is in 1he Maahhed LSbrary AscEn-i quesd Ridawd (o, 172356).5

[ & sinih penuserpd of this teatise is o the Malek Library in
Tehran fmao. J1E00.

() A sevenit manuscript of dhis oealise 35 in the Malsk Library in
Tehran {na. 3535601

rhi An eighih manuserpe of this eatise is i the dajlis Libaey in
Tehmn{na. ERII[LT1990.

The manuscriptt (7, (g1 and (h) are mentionsd By A Crorbaniin [17,
1872] 35 mitritwaled i al-B0mT.

(i) The Arabic st af oUp WNORYMOus realst wes printed fogsther
withitie tax1 of al-KashT's Sutlom ol Samd @ and an anonymous ireatise
an mulliplicatiom <n dust boards in e lithogragh edition’ in Tehmn in
AH. 2% 1881-2 AD. It is wnclear on which manuserips this edilion
is ased, el sino= e editaon () was priried in Tebean i s possible
That [ reproduces aae of the manuseripts o7, (g1 of (k). Howpess, the
fst 1hmt e dacne &l- K3shT appears sy 81035007 1 the preamiulz of {3
suggests thal the peramibule was ool written o D, where e Tetter 947
is promounced ay gh, but caaher im Turkey, whee b fane 125 thic leci=
wig prornunced as k and the comhination & was woiden 45 g4 Sincs
manuscop (&) conLins & ohble freprodced | 38]) cloce to Table & in
editicn (1) (reproduced below, il is alse possible thas the pmoype of
euditiict (g) L5 MARUSCERPA (5] 0T b ooy O s manuscrip .

A Facsimile of the Arabac text on pp. 5849 of the |ithagreph edieon
01 1 Apperrdad 10 the pres=nt paper.

We o discuss the auibrorship of e imause. Yanows possibililies
wily b gonsidered: A! bl-KashT himself; B: QAA-Zadeh al-Bemp O
Ulugh Beg; and D " A0 el-CrIshis,

A7 The Turkish Riscocian Bajil KhalTa f LEM-1657) listed o work
by 21-KEahT earitled "Treuise on the Deternunavon &f e Sine of Cne
Deegree” (Rirdlr (Tsrikhed) fard dereia whicdop (3, 110:263], This is slsa
the ¥ille of gur trearise 0 the anonymcus Becin and Cairg manwscrips
(6] and (h). Thus the manuscnpls (20 and {h) were ascribed 10 21-KEshT
in Ihe card catalogue of the Scieptific [abrary of Humbaldt Mndversily
in Berlin mnd by H. Sucer [29. 174], [0, 3] cespectively, But our

* Bor 2= thind. fosrth pnad fires maeacnpes ses |7, 4]

* The L ctand "Soun 8o Hearen! The imite i concemed wilh the i it
dissmeces of the plasett abd arer 10 the Peokemas e

" Than tvegrapsy eediian doge ok coerein e ongined seal of sl Kkl oesuse on
e deprminativan af e are ol 1™
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treakise cknrecd have been wrilten by al-KEShT ecause he is merlioned
55 by "rapeyd hegther'” of its auther.

B: 10 156 a Russian erastlacion af the Berdin manuscapd () pp-
pepred dn [23. In thar article 1he eeanise was awribated 10 al-FEam
fallowing the cpinion of &, Zekd |36, 133}, We pace chat fve of 4bs
¢ight known mpnuscripts are ariributed 10 al-Roml. The anonymous
manuscripls (), (b and (c} wene alse atabured w al-E0mi by Roseo-
feld in |22). by King in §13] and Feki o [36]. Manascript (2] is at-
eribeled bo al-BOmd in o colephan by & copyise, menucerip (e} is ot-
tritwaeed 1o ab-BLOMT in che caiddnpue oF ihe Tibrary, thal es (o say, Ty &
tibeassan, and probably the menvscripes [, {g) and dh) were alser as-
eritiaved oo al-BOmT by popyisse ar likeadans.

The nams &l-FAms is menliened in the edation (p] in the prearbala 1o
the realice [se¢ p. T o1 1his poper) asthe persoa wha edited and revised
the eslize, This preamitala mfubes the authershup of al-Rams.

C: In his wsvnomicel tables, Ulugh Beg stacs thet he compossd
& work on che dedermination af the sane of one degree by mathemas-
ical proof [17, 53, The comomentary by al-Bigands pravides addi-
nipnal infarmnacion, [n che paper ~Uugh Beg and Saway Jay Sangh” [3],
Prod. T3, Qary-Niyazay of Tashkent quokss this copyneatary from the
mawsripd Tasbieedy, Iastiuee for Coicnical Studies oo 458, Al-Bijandl
aays: “Hisoe the approsimiaee methad for determining the sine of one
degree has bevoene known, [also wenl 10 give the proot of ths way of
deterrnaniog 1. Theoe ane 1wo anys 8 determiining if: one which was
Frrurud by Ahe Sulein af the Goomelers Ghiyhth &l-Tn Jomshld el -BASRT,
nngd ppethesr gre which was explained in che saegk of tke Haly Sulthn.
Mprtyr Ltugh Beg, ler thees be hight on his grese ™ The commentary
of ol -BTgared aecluk=y an expositumn of 1he Wealise of Elugh B=g on
hiz method For the del=rmination the e of 17 The chapier centaining
this expesiiton wos published in Russan manslsuon by A, Ahmedoy
in [3]. We have found & close pgreement Belwemn this deseripsion by
al-BTrjandT ardd the anonymaaus teatise published in thus paper.® This
apreernent ard Ulugh Beg's reference bo this Ereatise ane argumems for
LUlugh Beg"s seborship of she aronymaog treatise.

The artabucion of oar anenymous frealice o Llugh Beg was 0
pirsed by Azhraf Ahbedos and Rosenfeld in 1975 [2], and the Bussian

¥ o e Parmpan el pee [0, 250250 T 770 o the muaascnpe LY. 107]. and alan
[ 1A 1l

P orbine |18, L59-1657) i ywancd ol -l ju=dTs sumumars pf the method cal-Kishl
kul e %= Lurreeanry & the mehof of Uik Brg.
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translaton of che man per of this tceatiss wath the table!” from the
ook &f 5. Zaki |36, 179] was published 45 2wtk of Llugh Beg i
the Spuece Boak iy the Mistory of Markemane £ | 3%, 79-8I], edited by
AP Yosheeeichan L9765, A reper on Ulugh Beg s suthoership of the
Arealive was presenced by Ahmedey and Rutenield in 1993 £ 1he sym-
prsium an the occadion oF the 600tk hinthday of Ulugh Beg in Il
Th= ceport wis publishad in 2000 in [20], and our anonymeus treatise
i ulsu artribuaed v ogh Beg in§153 and (211, Anacher argument foc
Lilugh B 's uthorshipis given in Docsinode 33 below,

Siace modie of the sxtand manoscripns of (his ceatise ore serialed 1k
[lEugh Beg, and five of chem e atiobuted 10 al-RawT . some historians
of soeoce Belitve thas the secpnd method for ehe dererminadiom of the
wnes iof 19 and the reatize peblished in Wia paper must be stmibuted
al-Raras rather then 1o Ulugh Beg. Ve pode thal ob-Fhshi could heve
b called “dearest beother’ by both Viugh Beg and al-Rami,

D: In Bis comume LTy do the ZF af Ulugh Beg, MIfm Chelehl wrole
that theme are okt melhods for ihe delstinacian of dhe sine of 1°,
which wert explained in the commeowsy (3) by al-Q0shjl 727, 23F.
Munutcripd B2 A 13472 inthe 3. Perectburg Insunne fos Criertad Slud-
ies (Formctey e Asintic Muszumy ot enitled “Treatise o0 Arithmelc
Kuley and Geametic [ndicatipns" (Ritdla fT [gawed @f-hordbinme
o '-dald o ml-benderya). The oaaksonpl had been sitribolsd 1o al-
QshiTin [1%, 11-555], bal in the camalogus of manusorpts of tes bn-
sticuee published in 1966 §10, 45%), the reariss is acribed to BahE' al-
Dn al- Amilt (1547.1622], the prontinens Eranian matbemartician ard
Shaykh al-lelim ar the pour of the Salawid Shah ' Abbks 1. Thi manu-
scrupd 35 Locaed berwesn |wo manuscrepts sos A 134 and A 1341 of
al-" AL, which ane boih ihealagical wearises [L0, TEL 1] munuscrip
134 is indesd 8 work of gl-"Amall, there o nodaubd chat it is a cevi-
sicn of a weatase of al-CshjT with the sacve cive. BLA. Rosenfield poants

] B, : - H i g i 5
put that s Site almeost cofnides with the suheide of ur gnonymeas

treadine in Ehee manwsceipl Hesevin Celedi ), so al-<hash;l mny olso be
the authar ai &ar (reariss

Tu surm wp, the zuchor of our test has Aol yeo been identifed with
cectainty, but the reaciss wos clearly woues by & machemotician in the
Samarqund BbAsrvaLory.

Thet ranslation in this papey is based on the Fehman Lithagraph odi-
tiom |j) of which a facsirule hins been appended. The earine 1exr his

H Thic whle ce+ambhesoa Takbe 2 but ks no e idenbical o il Toc peckably
sk it Trowh e mAnUKCA ek
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e camypared with manusiripe (a). The versicn in (j) coniadng several
Fayshges which art mitsing in (ap and alsp fwe ahbes [Tobles 1 and 20,
whert tanutmp (a) bad woly blank SpRCes. Tn the f=w ingtences where
wi fuve socrecied the L=k in () by menns of (2} 1he comections have
beeo mentioned in foonoles. In the (moslgion, numbers in parenibe-
set (2], (i3 e, and (27), (2] ks, rfer be the beginning of pages in
tha lithagraph edilinn {j} pnd 1he manuscript (8], Our own eaplanetony
ackditicins lppr.nrin squm brockels.

Ye thamk Cm Klaus Scharohorst (Berling for sending oopies of
the Beslin manuserip (ak Professor fohe L. Begggren |Bumaby BC,
Carmda), and D, Micheel Bgzenmarn (Washin gren D0 for comement-
ing an eaglizr versions of this peper. and Prof. Mohammed Bagher
(Tehunn for serding a copy of the lithegraph sdinon (p) whick his been

repTodced jn this paper,

4 Truathurior &y Berir Korenfeld ard fen P Hageadifh

ialiqj32) A THEATISE ON THE LETERMINATION OF THE SINE OF
Ok DEGRER WiTH TRVE PRECISION, DETERMISEDR BY THE MO5T
PERFECT NF THE GROIMETERS. JAMEHTD al-QAEAKT, EDITED AND
REVISED IK THI15 [ETTER BY OQAD]-TADEH AL-RCMT, THE AL-
THOR GF THE COMMENTARY ON CHAanMTNT e

{82} [n 1be neme 91 (hod, the Merciful. the Compassionals,

[ preiss Him for His abk:ndant blessings and His praceful kicdness
wd [ prey for His servanls [i e, the Prophese] whe follow His revels-
tion: and teschings. mnd Tof theis families who are aghily guided by
His generosity and His inspicaion.

Further. whis realize is nboar che deserminatton of e sine of one de-

are by prerarinns haced on erameune amd srchreseis moles spopeersd
SNt DY OPSTanDns J3580 O ZeoMEunC ald BfeNORSALS fules SUgRESEd

bj-' the dearesl brother, whe wit uaidue io hs time, Jamshidabn Bas' id,

" Ok the wpsnammer pl-Chaghmind o wl-degsmin odicd cn 1220080 (14, O:34E-
XL L35, 1HE W che yenr of hoy deash 743 BH21345 ATV in | 250 L] and [17, 214
A v oederest Ai-Lhaphminl wpy e pulhisr of e Compemgtinem pn dspnaccmy
al-mulakbkhm T wbhay'sy Mo dan 190 Arebic manuscms af this commeseary
e =] in [ B-21)] Por w Ooamas manalwoon of Sor s ok e [12] Al-Road wmic
B COMTUTEGAry ON T B,

" 8 lynuermpt (n] beam e itk =8, Tevaling v he teiermenatinn of B sine f one
degree.” oo whicd manuecnpe [d) #35 "LCNEA O Openied 210kblEbed by ant-
ineta: uid penmc i fulih By the methal ol Gikeydth 3]-THn sl-K3shm



