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Abstract

The linear astrolabe was invented by Sharaf al-Din al-TsT (fl. c.
1180) and although several Arabic monographs on the subject
have reached us, none have received sufficient scholarly
attention. As aresult, one of the most important features of TasT’s
invention, the gnomonic application, remains unknown. Based
on an analysis of all known monographs on the linear astrolabe,
this paper will discuss the gnomonic application of the linear
astrolabe, which is an alternative to the azimuth lines typical of
the plane astrolabe. We will also consider the potential role of
Tast’s pupil, Kamal al-Din ibn Ytnus (d. 1242), in the
improvement of this instrument. Finally, after surveying the
available manuscript copies of the above-mentioned
monographs, we present a full edition and translation of one such
text and an edition and translation of one chapter, on the
gnomonic application, from another text.

Keywords: Astrolabe, Gnomon, Kamal al-Din Ibn Ynus,
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Introduction

The linear astrolabe is an astronomical instrument invented by Sharaf
al-Din al-Tisi, a prominent mathematician, astronomer, and
philosopher of the 12" century, to replace the regular plane astrolabe.
The instrument is known in the literature as “al-Tas1’s staff” (‘asa al-
Tusi). Several Arabic monographs on the linear astrolabe have reached
us, two of which are attributed to Tiisi, one shorter than the other.! Apart
from their length, the main difference between these texts is that the
longer treatise describes a gnomon which is added to the linear
astrolabe. This gnomon is an alternative to the azimuth lines of the plane
astrolabe. The first modern study of the linear astrolabe was Carra de
Vaux’s edition and French translation of the sections devoted to the
linear astrolabe in Abii al-Hasan al-Marrakushi’s (fl. second half of
thirteen century) Jami‘ al-mabadi’ wa-al-ghayat (Combination of
principles and objectives).? Since then, Marrakushi’s text has become
the standard source for studies on the linear astrolabe. However, while
Marrakushi included the gnomonic application in his description of the
instrument, no study on the linear astrolabe has analyzed this feature.
Henri Michel, who studied this instrument and constructed a model of
it, offered only the following comments on the gnomonic application:?

1. As we will discuss later, there is a revision of Tast’s longer treatise that is attributed to TasT
himself, an abridgment of Tast’s longer treatise, and an anonymous treatise on the linear
astrolabe.

2. Marrakushi’s work was known in Europe through its French translation published by J. J.
Sédillot (in 1834) and L. A. Sédillot (in 1841) based on a manuscript in the Bibliotheque
nationale de France. The section on the linear astrolabe was among the part translated by the
latter who erroneously attributed its invention to Nasir al-Din al-TasT (d. 672/1274). H. Suter,
in his article on Jacob's staff (published in 1895), mentioned the linear astrolabe due the
similarity of the title of these two instruments (both of them have “staff” in their title). Carra de
Vaux, correcting the misattribution, edited and translated Marrakushi’s text (based on the same
BnF MS). See J. J. Sédillot, Traité des instruments astronomiques des Arabes, 2 vols. (Paris:
Imprimerie Royal, 1834-1835); L. A. Sédillot, Mémoire sur les instruments astronomiques des
Arabes (Paris: Imprimerie Royal, 1841); H. Suter, “Zur Geschichte des Jakobsstabes,”
Bibliotheca Mathematica (Neue Folge) 9 (1895): 13-18; M. Le Baron Carra de Vaux,
“L'Astrolabe linéaire ou Baton d'Et-Tousi,” Journal Asiatique 5(3) (mai-juin 1895): 464-516.
3. Henri Michel, “L'astrolabe linéaire d'al-Tasi,” Ciel et Terre 59 (1943): 101-107, reprinted in
Islamic Mathematics and Astronomy, ed. Fuat Sezgin (Frankfurt am Main: Institute for the
History of Arabic-Islamic Science, 1998), 94: 331-337. The translation of this passage follows:
“Finally, a “scale of the shadow” gives the length of the shadow of a gnomon directed parallel
to the axis of the Earth, on a plane parallel to the Equator, at various times of the year. This
scale is used mainly for the establishment of a sundial.”
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Enfin une «échelle des ombres» donne la longueur de I'ombre
d'un style orienté parallelement a I'axe de la Terre, sur un plan
paralléle & I'Equateur, aux divers moments de l'année. Cette
échelle sert principalement a I'établissement d'un cadran solaire.

This description is not precise enough since, as we shall show, the
gnomonic application, which was apparently inspired by the equatorial
sundials, is one of the most innovative, yet not the most practical,
features of TusT’s linear astrolabe as an alternative to the plane
astrolabe’s azimuth lines. Even in the recent publications related to the
topic, such as those by James E. Morrison' and Massimo Goretti,? this
application is neglected.

In what follows, we will give an overview of TusT’s life and the
events related to the linear astrolabe and we will also discuss the
potential role that Kamal al-Din Ibn Ytnus (d. 639/1242) played in the
improvement of the instrument. We will then discuss the gnomonic
application of the linear astrolabe, and conclude the paper with a
complete edition and translation of TiisT’s shorter treatise, as well as an
edition of a chapter of the longer treatise.

Tust and Kamal al-Din Ibn Yuanus

No biography of Tist is known in the primary sources and our
information about his life comes only from short biographical notices.?
Al-Qift1 (d. 642/1245),* Ibn Abi Usaybi‘a (d. 668/1269-1270),° lbn

1. James E. Morrison, The Astrolabe (London: Janus Publishing, 2006), 303-309.

2. Massimo Goretti, “The linear astrolabe of al-Tasi-Gnomonic Application,” The
Compendium, Journal of the North American Sundial Society, 2010, vol. 17, no. 2. Although
Goretti mentions the gnomonic application in the title of his article, he does not actually discuss
the gnomon of the linear astrolabe in the article.

3. For the modern account of his life see Adel Anbouba, “Al-Tusi, Sharaf al-Din al-Muzaffar
ibn Muhammad ibn al-Muzaffar,” Dictionary of Scientific Biography, ed. Charles Coulston
Gllispie (New York: Charles Scribner’s Sons, 1981), 13:514-517; Roshdi Rashed, Sharaf al-
Din al-Tist Oeuvres Mathématiques, Algébre et Géométrie au Xlle Siecle, 2 vols. (Paris:
Société d’édition «Les Belles Lettres», 1986), 1:XXXII-XLI (French), VIII-XIII (Arabic).

4. Ibn al-Qift, “Ali ibn Yasuf, Ta rikh al-Hukama’, ed. Julius Lippert (Leipzig: Dieterich'sche
Verlagsbuchhandlung, 1903), 426.

5. Ibn Abi Usaybi‘a, ‘Uyin al-anba’ fi tabaqgat al-atibba’, 2 vols, ed. August Mueller (Cairo:
al-Matba ‘ah al-wahbiyya, 1882) 2: 182 (Ibn al-Hajib), 2:191 (al-Harith).



Tarikh-e EIm, Vol. 17(2) (Spring 2020) /10

Khallikan (d. 681/1282),' and al-Subki (d. 771/1370)* mention him in
some of their entries, describing him as a tutor. Adel Anbouba’s entry
in the Dictionary of Scientific Biography is one of the best modern
accounts of TiisT’s life based on these sources.® Here we discuss a few
important events in TusT’s life related to our main subject.

TusT’s full name was Sharaf al-Din al-Muzaffar ibn Muhammad ibn
Muzaffar. In different periods of his life he lived in Tis, Damascus,
Aleppo, and Mosul. In addition to the two treatises on the linear
astrolabe, two other short texts attributed to him are extant: TusT’s
response to a question on geometry* and a two-page text on the
asymptote problem.> The latter may be a part of a lost work, known
today as Kitab fi al-mu ‘adilat (The book on [algebraic] equations),
which has been considered his most important work. The content of this
work is only known through an abridgment made by an anonymous
author.® In addition to the mathematical sciences, he is also known for
his knowledge of philosophy.

1. Tbn Khallikan, Shams al-Din Ahmad ibn Muhammad, Wafayat al-a ‘yan wa anba’ abna’ al-
zaman, ed. lhsan ‘Abbas (Beirut: Dar Sadir, 1977), 5:314, 6:52-53.

2. Al-Subki, Taj al-Din ‘Abd al-Wahhab ibn ‘Ali, Tabagat al-Shafi iya al-kubra, ed. Mahmad
Muhammad al-Tanahi and ‘Abd al-Fattah Muhammad al-Hilw (Cairo: Dar Thya’ al-Kutub al-
‘Arabiyya, no date), 8:386.

3. Adel Anbouba, “Al-Tiisi, Sharaf al-Din,” 514-517.

4. Two copies of this text are extant: Colombia University, Smith, or. 45, ff. 15b-18b; Leiden
or. 14, pp. 322-327. The latter probably is a direct copy of the former. The text has been edited
by Roshdi Rashed in Sharaf al-Din al-Tiist Oeuvres Mathématiques, 2: 137-143. The incipit of
the first copy says: “mas alatun sa’alaha Shamsu al-Dini Amiru al-Umard’i al-Nizamiyyati ‘an
al-Imami ... Sharafi al-Dini Baha'i al-Islami Hujjati al-Zamani Muzaffari ibn Mukammadi al-
Muzaffari al-Tist ... bi-baladi Hamadana sanati <...> wa-hamsami ati hijriyyati” (a problem
asked by Shams al-Din Amir al-Umara’ al-Nizamiyya from Imam ... Sharaf al-Din al-Tasi in
the city of Hamadan). The copyist only wrote the century when dating the treatise and omitted
the number of the year. The name Shams al-Din in this incipit probably is referring to Shams
al-Din Muhammad al-Pahlawan ibn Ilduguz (r. 568-582/1172-1186), the ruler of central Persia.
Before succeeding his father in 568, Shams al-Din was appointed as the commander of the
armies. It seems the title Amir al-Umara’ is referring to this position. Hence, the treatise
probably was written before 568. See Ibn Athir, al-Kamil fi al-ta rikh, ed. Muhammad Yasuf
al-Diqaqa (Beirut: Dar al-kutub al-‘ilmiyya, 2003), 10:8-9, 46-47; Bosworth, C.E., “Ildefizids
or Eldigiizids”, Encyclopaedia of Islam, Second Edition, Edited by: P. Bearman, Th. Bianquis,
C.E. Bosworth, E. van Donzel, W.P. Heinrichs (Leiden and London: Brill, 1986), 3:1110-13.
5. Two copies of this text are extant: Istanbul, Stileymaniye Kiitliphanesi, Ayasofya, MS 2646;
Baghdad, Muthaf, MS 30129.

6. This abridgment is edited by Roshdi Rashed in Sharaf al-Din al-Tist Oeuvres
Mathématiques.
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Ibn Abi Usaybi‘a, in his entry for a certain Muhadhdhab al-Din ibn al-
Hajib (d. c¢. 619/1222), says that when Sharaf al-Din al-TisT was in
Mosul, Ibn al-Hajib went there only to find TasT already taking leave
for Tts (a region and a medieval city in east north Persia). Unable to
study with him, Ibn al-Hajib stayed in Mosul for a while and then went
to the neighboring city of Irbil to study with Abt Shuja“ Fakhr al-Din
Muhammad ibn “Alf ibn Shu‘ayb, known as Ibn al-Dahhan (d. 590 or
592/1194 or 1196),! with whom he studied lbn al-Dahhan’s zij.? If
Sesen is correct about the attribution of the zij in Kutahaya, MS 2841,
to Ibn al-Dahhan,®> we can estimate the date of TaisT’s travel. The zij,
probably called al-Dustiir al-kafi (The sufficient canon),* was written
around 571/1175° for the latitude of Baghdad. Hence lbn al-Hajib’s
travel to Irbil must have taken place sometime after 571/1175, shortly
after TasT’s travel from Mosul to Tis. Subki seems to be referring to
TusT’s travel to Tis when he quotes Kamal al-Din ibn Yinus (d.
639/1242) as saying that:®

1. About Ibn al-Dahhan see ‘Alf Rafi'i, “Ibn al-Dahhan Muhammad ibn “Alf ibn Shu‘ayb,”
Da’irat al-Ma’arif-i Buzirg-i Islami (Persian), vol. 3 (Tehran: Markaz-i Da’irat al-Ma’arif-i
Buziirg-i Islami, 1369sh/1996), 13:522-523.
2. Here is the translation of Ibn Ab1 Usaybi‘a’s words:
ol ol e cla s Bl I pphalls 2aSdl B e sl Ty o sl By shall il 32 IS
Al 5 e s LB g B J] o5 6 olutr b e ity g s nazond ] 23l el 350 Sl
ol s 6 OIS I ) ame (s 435 et ez B el el o ol 55 L 0T ool ) ol !
Ghes e cdase aliig ade el 3 w5l Gl
“When Sharaf al-Din al-Tusi -who was distinguished in his time in philosophy, mathematical
sciences, and other [fields]- was in Mosul, Ibn al-Hajib and al-Hakim Muwaffaq al-Din ‘Abd
al-*Aziz traveled to join Tust and study with him. But they found him preparing to go to the
city of Tus. They stayed in Mosul for a time and then Ibn al-Hajib traveled to Irbil. Fakhr al-
Din ibn al-Dahhan al-Munajim was in Irbil, so Ibn al-Hajib got together with Ibn al-Dahhan
and accompanied him. Ibn al-Hajib studied with Ibn al-Dahhan the zzj authored by him and
perfected the study of the zzj with him. He copied the zzj and returned to Damascus.”
3. Ramazan Sesen, Mukhtarat min al-makhtitat al- ‘Arabiyya al-nadira fi maktabat Turkiya
(Istanbul: Islam Tarih Sanat ve Kiiltiir Arastirma Vakfi, 1997), 888. I should thank Dr. Benno
van Dalen for sharing his A New Survey of Islamic Astronomical Handbooks (unpublished) with
me, through which I got to know this MS.
4. This title is coming from the tittle of the first extant part of the zij on f.3b, where the author
says “al-fannu al-awwalu min al-Dustiri al-Kafi fi istikhrdji tawarikhi al-umami wa
a ‘yadihim”.
5. The author of the zij used the beginning of year 138 Jalali, which is equivalent to 29 Sha ‘ban
571 (13 March 1176), in a number of places in the zij, like on f.31a.
6. Al-Subki, Taj al-Din ‘Abd al-Wahhab ibn ‘Ali, Tabagat al-Shafi iya al-kubra, ed. Mahmid
Muhammad al-Tanahi and ‘Abd al-Fattah Muhammad al-Hilw (Cairo: Dar Thya’ al-Kutub al-
‘Arabiyya, no date), 8:386:
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I saw the handwriting of Kamal al-Din ibn Y@inus on the first part
of Euclid’s [Elements], corrected by Thabit ibn Qurra, that he
wrote: “I studied this section with [...] Sharaf al-Din [...] Abi al-
Mugzaffar [...] when he came back from Tis. I analyzed this
section [of the Elements], Almagest, and some parts of
[Apolonus’s] Conics in Tasi’s presence. I asked for the
fulfillment of what we intended regarding [Ibn Haytham’s] al-
Shukiik, thus he brought it and | copied it. This note was written
by Misa ibn Yinus ibn Muhammad ibn Mun‘a on the same date
[as the copy date of the book].” This was the copy of his note.
The date of the mentioned book was 19 Rabi' I 576 AH.

According to this quotation, TtsT took a trip to Tas and returned from
it shortly before Rabi’ I 576/August 1180. The above-mentioned Kamal
al-Din was Miisa ibn Ytnus ibn Muhammad ibn Mun'a, a Shafi 7 jurist,
who spent most of his life in Mosul where many scholars attended his
teaching circles. Some of his works on mathematics are extant and
indicate that he was a knowledgeable mathematician.! Ibn Khallikan (d.
681/1282), who met Kamal al-Din several times, confirms his studies
with Tasi. Quoting from Ibn al-Mustawfi’s (d. 637/1239) Ta rikh Irbil
(The history of Irbil),? Ibn Khallikan says:*

et e S5 s b5l or S 3] i e Y1l e e o el JLS sl s S
el Ui gl n 0350 ans el all plsl ol T e LSl 6 s Lodall 5 ] o 01 a1 (a1 Lo
aj..a_’-is djg.IJ\uL'.fdaﬂ\; U.\.G} QKLA 43_).,._.."..‘&\} Q\bﬁﬁ»&\ o ‘6:') M\ Utfckf‘“‘" 4:194111’-&_{)
S el ] Ll SEST B il 550 M L )B e o dems oy i () (50 4S5 4SSl
A e Bl sy S B I3V
1. On Kamal al-Din’s life and works see Younes Karamati and Hanif Ghalandari, “Zindigi-
nama-yi wa karnama-yi ‘ilmi Kamal al-Din ibn Yunus Mawsili (the biography and scientific
legacy of Kamal al-Din ibn Yanus Mawsili),” in Studies on the History of Sciences from
Antiquity to the XVII Century (Tehran: Mirath Maktab, 2011), 93-122; Sabine Arndt, “Judah
ha-Cohen and the Emperor’s Philosopher Dynamics of Transmission at Cultural Crossroads,”
(Ph.D., Oxford: University of Oxford, 2016), 98-102; Dag Nikolaus Hasse, “Mosul and
Frederick Il Hohenstaufen: Notes on Atiraddin alAbhari and Siragaddin al-Urmawi,” in
Occident et Proche-Orient: contacts scientifiques au temps des Croisades, ed. Isabelle
Draelants, Anne Tihon, Baudouin van den Abeele, and Charles Burnett (Turnhout: Brepols,
2000), 145-63.
2. Only fragments of Tarikh Irbil has reached us and this section is not extant.
3. Ibn Khallikan, Shams al-Din Ahmad ibn Muhammad, Wafayat al-a ‘yan wa anba’ abna’ al-
zaman, ed. lhsan ‘Abbas (Beirut: Dar Sadir, 1977), 5:314:
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The above-mentioned Abi al-Barakat al-Mubarak ibn al-
Mustawfi speaks of Kamal al-Din in 7a rikh Irbil. He says: “He
was a senior scholar, well versed in every science. He was among
those who were distinguished in the science[s] of the Ancients,
such as geometry, logic, and other [sciences]. He studied Euclid
[’s Elements] and the Almagest with the master Sharaf al-Din al-
Muzaffar ibn Muhammad ibn al-Muzaffar al-TusT al-Farabi, i.e.,
the inventor of the linear astrolabe which is known as the staff.”

However, the connection between Kamal al-Din and TusT was not just
that the former attended the latter’s teaching circle. Kamal al-Din also
had a role in the compilation of TaisT’s longer treatise on the linear
astrolabe. Ibn Khallikan again provides us with some valuable
information in this regard:!

It is said that the inventor of the astrolabe was Ptolemy, the
author of the Almagest. The reason for his inventing it was that
he had a celestial globe in his hand as he was riding, it fell, and

S orsphe U5 3 oy el Jle a1l L 7038 B0 S5 pidl sl oy )Ll DS o S5 il
dazes bl ol o8 ] e Jananlly ellBl (o L ad] Lo e Len b Glatalls B IS 161 (Lo
el O pmall (sl OV ooVl ol gmy o ) shall ol s
The English translation presented here is a revised version of William McGuckin de Slane’s
translation in Ibn Khallikan's Biographical Dictionary (Paris: Oriental translation fund of Great
Britain and Ireland, 1845), 3:470.
1 Tbn Khallikan, Shams al-Din Ahmad ibn Muhammad, Wafayat al-a ‘yan wa anba’ abna’ al-
zaman, ed. Ihsan ‘Abbas (Beirut: Dar Sadir, 1977), 6:52-53.
cdin o g;.,f\)jﬁ-\jl:guzﬁw QKMiAJWj ‘—"““OK} ‘M\ ;.:-Lpu»}:.glla W}u’"’d3idlg}:§}
SV o Vi peall o Gl o petimg 25U ohe Oyl 05 oY ooVl s o o Lgnieii 4l Lald
Jramss 3,505 Gl 505 eladl b e 1 oo 3l s e ety o, Ll 361 2ea Lo (8 o
Ll 3 sty sl e O ) ntine) n ol (ol Loy o] G o3 Y ooV 18 6,801 p oy Lo e
ez b sSaall gl ) 8 ) L ol oY oVl 5,801 Jlaxiul do Ttms Y1 3 o
YoV 58U r s pemidl s GTASL I 5 b wnd s o W5 Al Legamy o o el JLS e
SIS el ikl s 1 i s 3 118 01Ty sty By o Jaoy Ll ooy anisi o
o 2 ;ﬂ\@,\ﬂ; w\a)m.éﬁnuwybibgw sl B t.uﬁuiydgiq.ﬂ,ul, aday
& s Gt i olls skl e CSe pa (B el B s anlly Lty okl e s Y
S WY e b oy 0 g Vs Al (g g G ody Gas Yy (28 ity L Skl e 3)Le s (gl Lol
306 T35 Y Akl el O3 b eladls mland! O3 b Tasdl T LS Ll O b s Y ol Y T
Aleal e Sl ke @u’m, 3L Lol S ossas o Les g 5 1870l sy o s g 3 O sty
The English translation presented here is our revision of William McGuckin de Slane’s
translation in l1bn Khallikan's Biographical Dictionary (Paris: Oriental translation fund of Great

Britain and Ireland, 1845), 3:581-582. About this passage see David A. King, In Synchrony
with the Heavens (Leiden-Boston: Brill, 2005), 2:594-595.
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the animal on which he was riding stepped on it and flattened it
so that it became like an astrolabe. The practitioners of the
mathematical sciences thought, [till then,] that the image [drawn
on the globe] could only be drawn on a spherical body that looked
like the orbs. When Ptolemy saw that [flattened globe], he
recognized that it could be drawn upon a [plane] surface, as a half
of circle, and that such an instrument would yield the same result
as that given by the globe. He made the astrolabe, and no one
ever preceded him [in this invention]. Still, none of the ancients
was led to [recognize] that it can be done upon a line. So they
continued to use the globe and the astrolabe till the master Sharaf
al-Din al-Tsi, who was mentioned in the biography of Kamal
al-Din ibn Yinus and who was the teacher of the latter in
mathematics -peace be upon both of them- established what was
intended in the globe and the astrolabe on a line. He invented it
and called it the staff and wrote an elegant treatise on it. TusT
erred in an aspect of this invention, which was rectified by the
above-mentioned master Kamal al-Din. Tast was the first who
created this instrument; none of the ancients ever knew it. The
shape [of the celestial sphere] can be produced on a globe, that
is, a [solid] body having length, breadth and thickness, and on a
surface, which has only length and breadth, without thickness,
and on a line having length only without breadth and thickness.
Nothing remains other than the point, and it is not conceivable to
draw something on it since it is neither a solid, nor a surface, nor
a ling, but only the extremity of a line, in the same manner that
the line is the extremity of the surface, and the surface the
extremity of the solid. The point being indivisible, it is
impossible to conceive how anything can be drawn upon it.
These observations are foreign to our subject, but they furnish
some information that is better to know than not.

From this passage, it is important to highlight the following sentence:
“He invented it and called it the staff and wrote an elegant treatise on
it. Tus1 erred in an aspect of this invention, which was rectified by the
above-mentioned master Kamal al-Din.” Here, Ibn Khallikan tells us
that Kamal al-Din corrected the instrument invented by Taisi.! In two

1. Ibn Khallikan’s words can be interpreted differently such that Kamal al-Din’s correction
should be taken as a correction to TusT’s treatise, not the instrument. However, his use of the
term wad’ leads us to believe that he meant the correction was made regarding the instrument
itself.
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copies of TasT’s longer treatise we find an incipit that addresses what
Ibn Khallikan said.! The incipit reads:?

In the name of God, the beneficent, the merciful and blessing
upon our master Muhammad and upon all his family and his
companions. Risala fi ‘amal ‘asa al-Sharaf al-Tiist; he [= al-
TasT| dictated it -a dictation corrected by Kamal al-Din ibn
Yunus. He has another treatise which has been written down by
himself, but this one is simpler for the learner.

There is no mention of Kamal al-Din’s correction of the instrument
itself, but the incipit clearly says that TiisT dictated the treatise and that
Kamal al-Din corrected it. SO now the question is what exactly was
Kamal al-Din’s role? Did he modify the instrument itself, or did he just
correct the treatise? Ibn Khallikan might have received his information
on this correction either through the above-mentioned incipit or through
his personal communications with Kamal al-Din himself or his
students. As noted above, several monographs on the linear astrolabe
have reached us. We can divide these monographs in two groups
according to a distinctive characteristic: In one group, none of the
applications dealing with the azimuth were discussed while in the other,
the linear astrolabe features a gnomon designed for applications related
to the azimuth. Now the question emerges: was Ibn Khallikan and the
author of the incipit referring to this gnomon when they spoke of Kamal
al-Din’s correction? One possibility is that TtsT himself improved the
linear astrolabe after writing his original composition and reported the
final version of his invention in his final treatise. The latter would then
have been dictated to Kamal al-Din, who was responsible for the quality
of the text.

The second possibility is that there was an original version of the
treatise which TusT then dictated to Kamal al-Din who then edited it. In
this case, one of the multiple versions of TiisT’s longer treatise would
have be written by Tisi himself and another by Kamal al-Din. Those
copies of TusT’s longer treatise which bear Kamal al-Din’s name might
attest to the modified version since, as we will see, these two copies

1. We will discuss these copies in the following sections.
2. MS B, f.104a; MS C, f.27a (see Appendix 1):

w3y ezl o el odn (S0 8050 6 5T Ly dly e o ol LS 250, 230 WL
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contain a slightly different version of the text: The order of the two parts
of the treatise is changed in such a way that the construction part
precedes the part on working with the astrolabe. However, this
rearrangement was not done carefully and evidence of the original
arrangement remains in that text. We will discuss these differences later
but, for now, we can say that there is not sufficient evidence to take
these changes to be the correction announced in the incipit.

We have yet another manuscript witness that contains a text which
is ascribed to Tust (hereafter “Tust’s longer treatise 1I””) and which is
similar in content to his longer treatise and which discusses the
gnomonic application yet exhibits sufficient differences from the other
witness of TsT’s longer treatise such that we cannot identify the two as
being the same text. Yet, the two texts are sufficiently similar such that
one can claim that one of these two texts is a predecessor of the other.
It is certainly conceivable that one of these two texts was written by
Tast and the other by Kamal al-Din, but we do not yet have enough
evidence to judge this hypothesis, let alone determine which text is
which. The precise temporal and philological relation between these
two texts is not yet clear and requires further research.

Another possibility would be that Tust and Kamal al-Din had
discussed the linear astrolabe, and it was during their discussions that
they established together the idea of using a gnomon in the instrument.
Tast would then have dictated the final version of the text to Kamal al-
Din.

Yet another possibility would be that the gnomonic part of the linear
astrolabe was invented by Kamal al-Din himself. While this possibility
is in agreement with Ibn Khallikan’s words, it is not supported by the
above-mentioned incipit. A final possibility could be that, in
contradiction to what Ibn Khallikan and the aforementioned incipit say,
Kamal al-Din had no role in the quality of the text or the instrument
itself, but simply had the text dictated to him.

Although the available evidence does not allow us to come to a
decisive conclusion, the first three possibilities are the most likely
scenarios, as we will discuss in greater detail when treating the texts on
the linear astrolabe. But first, we turn to a study of the linear astrolabe
and its gnomon in the following section.
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The linear astrolabe according to its inventor

The most significant difference between Tusi’s two treatises on the
linear astrolabe is that the shorter treatise does not discuss the gnomonic
application. Beyond this, the two texts exhibit some important
differences. First of all, the treatises differ in the technical language
employed to explain the various applications of the instrument.
Moreover, other than the gnomon, the instrument explained in the
longer treatise is more elaborate. For example, the second treatise
specifies colors and additional signs to be used in the construction of
the instrument and offers more details on its operation. It is not trivial
to understand the gnomonic application of the instrument as explained
in the longer treatise, especially since the theory behind the gnomon is
not given in the treatise.! In order to show the difference in the language
of these two treatises we included the edition and translation of TasT’s
shorter treatise and the edition and translation of the section on the
gnomonic application in the longer treatise at the end of this paper.
Since the basic applications of the linear astrolabe have been discussed
by Henri Michel,> James E. Morrison,* and Massimo Goretti,* it would
be sufficient here to include a reconstructed diagram of the scales on
the linear astrolabe based on the description of these scales in the
shorter treatise.> The way that these scales should be drawn and the way
the instrument can be used is described in the treatise.

1. As we will discuss in Appendix I, there is an anonymous treatise whose language is closer to
the longer treatise, although it does not include the gnomonic application. It is possible that this
treatise might also have been written by Tast.

2. Henri Michel, “L'astrolabe linéaire d'al-Tusi”.

3. James E. Morrison, The Astrolabe, 303-309.

4. Massimo Goretti, “The linear astrolabe of al-Tusi”.

5. The base latitude for al-TtisT seems to be 36°, which is reported in some sources as the latitude
of Mosul (see the description of al-TasT’s treatises below). Hence, the reconstruction of the
linear astrolabe is here given for this latitude. A comparison between this diagram and what
Michel has drawn in his paper shows that his linear astrolabe differs from Tas1’s in external
appearance. Moreover, Tusi used just two threads, instead of the three threads used by
Marrakushi and his modern followers. However, no technical difference follows from the use
of two threads over three.
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Figure 1. The scales on the linear astrolabe based on Tasi’s shorter treatise.

In what follows, we focus on the application of the linear astrolabe
for finding the azimuth. In order to reconstruct TisT’s procedure, we
reverse the procedure he put forth in configuring the linear astrolabe
and thus consider first the final configuration of the linear astrolabe and
then explain the theory behind this configuration.! The following figure
depicts such a final configuration. Let MKEQE be the equator, P its

1. We should emphasize that this is not the way that Tust introduces the gnomon of the linear
astrolabe.
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northern pole, Z the zenith, MZP the meridian, PLK the circle of
declination, LEq the ecliptic, L the Sun’s position on ecliptic, Eq the
autumnal equinox, UW the horizon and ZL the altitude circle that passes
through Sun’s position.

Figure 2. The linear astrolabe configured in the celestial sphere.

Here, the Sun has risen above the horizon but has not yet reached the
meridian. Arc MK, the hour angle, is equal to angle a, and arc LK is the
declination of the Sun.

Let a gnomon be inserted perpendicular to the body of the linear
astrolabe at its pole (quzb) at the distance of 60 parts from the reference
point (called mumsik by Tasi). Let the linear astrolabe be placed at the
middle of the celestial sphere as the gnomon lays on the celestial
sphere’s axis OP, and let the body of astrolabe be directed to the point
K on the Equator, right below the Sun. If we draw the line MOA
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perpendicular to the axis of celestial sphere, in the plane of meridian,
the angle between MO and the body of the astrolabe will be equal to arc
MK, the hour angle. So, the angle SON is the hour angle.

There are some holes in the gnomon that allow the rays of the Sun
to pass through. Let LYX be one of the rays which pass through the hole
Y and falls on the body of the linear astrolabe at X. In this configuration,
the angle between the ray and the body of the astrolabe will be equal to
the declination of the Sun, arc LK. Now, if we calculate the declination
of the Sun, §, by following equation:

sind = sinA X sin¢
in which 4 is the longitude of the Sun, and ¢ is the maximum declination
of the ecliptic, we will be able to calculate the proper height of the hole
and the distance from the gnomon in which the ray reaches the body of
the astrolabe.

Based on the declination, the zodiac signs can be divided in two
groups: 6 northern signs and 6 southern. These two groups are
symmetrical around the equinoxes. Moreover, each of these two groups
is symmetrical around the solstices and so, having the declinations of 3
signs, we will have the declination of all the signs. TisT uses this
symmetry to calibrate the gnomon and the astrolabe. He applies the
declination of three signs: Aries, Taurus, and Gemini.

When the Sun is close to the equinoxes, its declination is less than
12 degrees, and when the declination comes close to zero, the ray
touches the body of the astrolabe far from the gnomon. Hence, Tiis1
separates the method of calibration for Aries from that of the other two
signs. For Aries, he fixes the place where the ray touches the body and
makes different holes in the gnomon for different declinations. But for
the other signs, the rays always come from the highest hole of the
gnomon' and fall on different places on the body of astrolabe that have
been already calibrated. The following diagram shows the gnomon and
calibration.

1. The gnomon has 12 parts height.
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The rays of Taurus and Gemini

Figure 3. The holes on the gnomon and their falling places on the astrolabe.

So, by this mechanism, we are able to set the angle LXK.

If we suspend a plummet from the point V, which is the highest point
on the gnomon (for the northern signs), the direction VN will be along
the axis of the zenith-nadir. The angle OVN will thus be equal to the
complement of the local latitude. In order to make this angle, Tusi
designed a scale on the body of the astrolabe for different latitudes
which determines the length of ON. If we join point N, which is a knot
on the thread attached to the base of the gnomon (called by TasT al-
khayt al-muthanna or folded thread), to the knot on the thread of
plummet, we are able to create triangle OVN. As a result, when putting
the linear astrolabe in such a configuration, we can set three angles:
OVN (the complement of local latitude), SOQ (the hour angle), and LXK
(the declination of the Sun). These angles are shown in the following
diagram.

V S
The rays of the Sun_Y X

ON Q

K

Figure 4. The linear astrolabe and its threads configured for the Sun’s rays.

Of these angles, we have already determined two. Finding the last
one, SOQ or the hour angle, is among the basic applications of the linear
astrolabe, including determining its chord. We use this cord to set SQ
on the thread of the chord.
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Now, having the three necessary components we can put the linear
astrolabe in the configuration described above. When this is produced,
the gnomon shows the direction of the pole of the equator, and the
triangle VON will be in the plane of the meridian. Thus, by hanging a
second plummet to the point O, and approaching the astrolabe to the
ground, the line between the two plummets on the ground will show the
meridian line. If we know the azimuth of other localities, such as that
of the gibla, we are able to trace the direction of those localities on
ground using the chord mechanism.

The two additional scales that Tusi introduced for the gnomon
application are shown in the following diagram:
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Figure 5. The scales for the gnomonic application.
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As Tust himself explains, the person who is working with the
astrolabe, in the mechanism above, needs to control at the same time
three angles with three movements:!

For this [configuration] three motions are needed: one of them is
that you rotate the astrolabe around itself such that it does not
move from its position, and the gnomon rotates around [the body
of the astrolabe], so the tip of gnomon goes up and down; the
second [motion] is that by which the end of the equalized line
inclines upward and downward; and the third [motion] is that by
which the end of the diameter pulled by two fingers moves
upward and downward.

But this procedure is so complicated that one may question to what
extant this gnomonic mechanism is practical. If we compare this
mechanism with what is required for the same applications in a regular
plane astrolabe, there will be no chance for the linear astrolabe to
compete in terms of simplicity. Tisi, in the longest of the three extant
introductions to his longer treatise,> wherein he compares the linear
astrolabe to the plane astrolabe, asserts that not only does the linear
astrolabe have no defect, but that it is better than the plane astrolabe:?

When we consider how the proofs for this matter [i.e., the
different kinds of astrolabes] could be derived, a linear astrolabe
became demonstrated to us, constructed on a [piece of] wood, in
any possible length, in which points have been determined, and

1. For the Arabic text see Appendix 2.2, paragraph 8: ) )

il ey andsn e Jimn ¥ oo s o OV BoY! 6 of baas TS O3 J] el b ol

St G JI ool 15l Tas ) L s 0 W1y s J1 5T 358 e J) ool ol ol b
o L3l 338 I el ooV el il b Ly sy (T 2B s

2. As we will discuss in the following section, TasT’s longer treatise reached us with three

different introductions/incipits.
3. The Arabic text is:

Gim dsb gl ais Jo fows Jos OV ol bae a3 el a5 oaldl ey Blinal 36565 Lo
Byl 8315 oo JlsNi o S SR DY oVl e O sy b e Glay b b 7 S
Joms o a8 i 3 delually B3l i e oy WS s Lsl ke s foiedle 3 b e ais Vs diomaally
JEC PN PN P PO CPYPRN RN (N AP S W SO [[R e PLIE VPR g P
o 513 o plie gl g s ST B Lo 08 BalT Lk e il a3 T e el J] e
et e o pllaall 75 Of an e 8515 ety Bilog S aiiall Slgs e 851 ilady Blag Sl il Sl
C"j_“' “"w‘wél"‘f“‘y‘:]buﬁgf*‘” ‘a"):u:""“j‘u’)f@“"'gus‘s‘aBJ:")‘J:‘*T“J‘)Q'::’M‘JQ&"‘JPB

3505 BLINy W e s B plie Bl ¢y gans (5L
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a single thread is suspended from it. The linear astrolabe
displaces the complete [plane] astrolabe in all applications with
more ease and accuracy. It not only lacks any deficiency in
comparison with the plane astrolabe but, in some cases, it also
surpasses it with less complexity, as will be explained. [The
linear astrolabe displaces the plane astrolabe considering] the
construction, since everyone is able to construct an astrolabe in
around one hour. After fulfilling all the applications of the
mentioned [plane] astrolabe by this method [of constructing the
astrolabe], [our] thinking led to some really wondrous things in
this art such as replacing 90 circles of almucantars with three
points for each latitude [of localities], and 180 circles of
almucantars, and 180 circles of azimuth, considering that
deriving the outcomes with this [replacement] is better and easier
than that of 270 circles. [This way], in all ninety-degree latitudes
which [start] from the equator [and end] at the pole, 270 points
stand for 24300 circles.

Having dismissed the complication of the gnomonic application,
TusT’s claims about the advantage of the linear astrolabe over the plane
astrolabe are correct. Since the construction of the linear astrolabe needs
the least equipment, anyone, even an amateur astronomer, using a few
tables available in works like al-Farghant’s al-Kamil fi sana ‘at al-
usturlab (A complete [work] on the construction of the astrolabe),’
would be able to make a sample for himself. Moreover, by increasing
the length of the astrolabe, we are able to increase the accuracy of the
divisions on the scales of the linear astrolabe. Despite all this, some
astronomers like Marrakushi were not convinced and were critical of
TusT’s invention. Marrakushi, in the beginning of his discussion on the
linear astrolabe in the fifth chapter of the third section of his Jami ‘ al-
mabadi’ wa-al-ghaydt, says:?

Some people considered this astrolabe [i.e., the linear astrolabe]

in the same rank as the southern plane astrolabe and the northern
one. But this is wrong since it is seriously defective. We will

1. This work is cited in the copies K and L of Tasi’s longer treatise.
2. The Arabic text:

Bl Legie ail o s bl yoy JUlly pyondl ombad) OV oV 135, 3 oY oVl s Jor o ol o
o Jordl LS 33 iy 1,28
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explain why [in the section] on knowing how to operate [the
linear astrolabe].

And later in the 14th chapter of fourth section, he says:!

Chapter. Deriving the azimuths by this instrument is seriously
defective, since it is not possible at all to find the azimuths of the
stars and also the azimuth of the Sun when the Sun is close to the
equinoxes. [Even] when the Sun is far from the equinoxes it is
possible [to derive], except that it would be inaccurate. The
inventor of this instrument did not mention this deficiency.
However, finding the meridian, which is one of the advantages
of finding the azimuth, has been discussed. The situation in
finding the meridian with this instrument is similar to what we
said about the azimuth. Finding the meridian using the stars or
anything else at night is not possible, and it is not possible to
derive the meridian using the linear astrolabe when the Sun is
close to the equinoxes. When the Sun is far from the equinoxes,
it is possible but with seriously increasing inaccuracy.

As we have discussed above, the gnomonic mechanism works with
the Sun’s rays, so it is not possible to find the meridian at night.
Moreover, as we have shown in the configuration previously explained,
the body of the astrolabe lies in the plane of celestial equator. So, when
the Sun is on this plane, there will be no intersection between the Sun’s
rays and the body of the astrolabe. And when the Sun is close to the
equinoxes, the point of intersection falls in physical infinity. The
equatorial sundials have this same problem. This makes the
measurement of the inclination of the Sun in these positions impossible.
Hence, MarrakushT’s critiques are also valid.?

1. The Arabic text:
o Y3 Sl ST, S o L iy 0 S ¥ T 5 0 T 35 Y1 ey ol 1 il Gy ot
aadl b3 STy oy iy STV (Kas a1 e sms ST Gy iz V1 e g 3 3813 en )
U573 o oo 5Ll Conas Tos il 5 A ol aly Sl sl o g Ll s o el S5 LS
L i OF oS Vs e Wy TSI S e L el s o Ly o s 0 (S ¥ 66 gl b
G 4 1 V] 5Kz JIze VI e sutny SIST13] Golg Jloe V1 e 3 et 3UST13] L el G Las
T
2. Among other astronomers who criticized the linear astrolabe is Najm al-Din al-Misri (d. c.

750/1350). However, his criticism is based on a confusion. His discussion on the linear
astrolabe is based neither on TiisT’s treatise nor on Marrakushi’s work. For this, see Frangcois
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The transmission of texts on the linear astrolabe’

Although no exemplar of the linear astrolabe itself has been discovered,
it seems it was a fairly well-known instrument in the east and west of
the Islamic world, as evidenced by a number of extant works on the
topic. As noted above, Abu al-Hasan al-Marrakushi discussed the linear
astrolabe in his Jami ‘ al-mabadi’ wa-al-ghayat. Marrakushi’s material
on the linear astrolabe was later quoted in a treatise entitled Sina ‘a alat
al-rasad, attributed to ‘Abd alCJAl1 alBirjand1 (d. 934/1527).2 The
Rasulid ruler of Yemen, ‘Umar ibn Yusuf ibn “Umar (d. 1297), in his
work on the astrolabe entitled Manhaj al-fullab fi ‘amal al-usturlab (A
student’s course on constructing the astrolabe) also mentioned TiisT and
his linear astrolabe.® According to Lisan al-Din Ibn Khatib (d.
776/1374), an Andalusian scholar by the name of Ibn al-Argam al-
Numayri (d. 1259) also wrote a treatise on the linear astrolabe.* Najm
al-Din al-Misri (d. c. 750/1350) discussed the linear astrolabe, although
his discussion was not based on any of TiisT’s treatise and he believed
that the linear astrolabe was not an astrolabe.® In addition to these texts,
five other treatises on the linear astrolabe have reached us, three of
which have been attributed to TuUsT:

TusT’s shorter treatise (available in two copies);
TusT’s longer treatise I (available in three MS groups, 5 copies);
TusT’s longer treatise II (available in one copy);

[ ]
[ ]
[ ]
e The abridgment of TGsT’s longer treatise (available in one copy);

Charette, Mathematical Instrumentation in Fourteenth-Century Egypt and Syria: The
llustrated Treatise of Najm al-Din al-Misr7 (Leiden and Boston: Brill, 2003), 62-63.

1. Among the texts discussed in this section Tasi’s shorter treatise, TasT’s longer treatise (I),
and the sections in Marrakushi’s Jami ‘ al-mabadi’ related to the linear astrolabe were edited
in my MA thesis “Linear astrolabe: description, structure and usage” at the Institute for the
History of Science, University of Tehran, submitted in December 2009.

2. Four copies of this work are known: Germany, Berlin, Staatsbibliothek zu Berlin, Sprenger,
1877 (1b-126b); Iran, Qom, Kitabkhana-yi Ayat Allah Mar‘ashi, 10612 (1b-61a); Iran,
Mashhad, Kho’1, 122; India, Delhi, Hamdard, MS 275.

3. One copy of this is in Iran, Tehran, Kitabkhana-yi Milli, 1510. The linear astrolabe is
mentioned on p. 7.

4. See: Ibn Khatib, Al-1hata fi akhbar gharnata, ed. Muhammad ‘Abd Allah ‘Anan (Cairo: Dar
al-Ma‘arif, 1974), 2:143; Roser Puig, “Ibn Arqgam al-Numayri (m. 1259) Y LA Introduccion en
al-Andalus del Astrolabio Lineal,” Nuevos Estudios sobre Astronomia Espanola en el Siglo de
Alfonso X, ed. J. Vernet (Barcelona: Consejo Superior de Investigaciones Cientificas, 1983),
101-3.

5. See Franccois Charette, Mathematical Instrumentation.
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e Ananonymous treatise (available in one copy).
In what follows, we will discuss each of these monographs in turn.

Tus?’s shorter treatise
This treatise was probably Tust’s first composition on the linear
astrolabe, two copies of which has reached us:

1) A (): Istanbul, Topkapi Sarayi Museum, Ahmed I1l, MS

3464, ff. 151b-154a.! This codex contains many important
works, some of which are related to middle books.? Some of
these texts are dated and the dates given vary from 625 to
630/1228 to 1233. The treatise on the linear astrolabe is
copied in the same seventh/thirteen century by a later owner
of the codex, on the blank pages in the codex. A text on
magical squares is copied by the same scribe on ff. 188v-
189r.

2) N (o): Ankara Universitesi, Mustafa Con, MS A 293, ff.

123b-126a, copied in 1267/1851. This codex contains

several witnesses, some of them on astronomical
instruments.

Our knowledge about the author of this treatise comes from a title

provided on the margin of the f. 151b of MS A, where the copyist of the

treatise wrote: “A treatise on the linear astrolabe by Imam Sharaf al-

1. Max Krause, “Stambular Handschriften islamischer Mathematiker,” Quellen und Studien zur
Geschichte der Mathematik, Astronomie und Physik, Abteilung B, Studien 3 (1936): 437-532,
at 490.

2. For the description of the MS and its contents, see: Roshdi Rashed and Athanase
Papadopoulos, Menelaus’ Spherics: Early Translation and al-Mahani/al-Haraw?r'’s Version
(Berlin; Boston: De Gruyter, 2017), 493-496; Richard Lorch, Thabit ibn Qurra on the Sector-
Figure and Related Texts, ed. Fuat Sezgin, Islamic Mathematics and Astronomy 108 (Frankfurt
am Main: Institute for the History of Arabic-Islamic Science at the Johann Wolfgang Goethe
University, 2001), 21-23; Elaheh Kheirandish, The Arabic Version of Euclid’s Optics: Edited
and Translated with Historical Introduction and Commentary (New York, NY: Springer,
1999), xxvi; Nathan Sidoli and Yoichi Isahaya, Thabit Ibn Qurra’s Restoration of Euclid’s
Data: Text, Translation, Commentary (Cham, Switzerland: Springer, 2018), 27-28; Nathan
Sidoli and Takanori Kusuba, “Al-Harawi’s Version of Menelaus’ Spherics,” Suhayl 13 (2014):
160-161; Paul Kunitzsch and Richard Lorch, Theodosius Sphaerica: Arabic and Medieval Latin
Translations (Stuttgart: Steiner, 2010), 3; Paul Kunitzsch and Richard Lorch, “Theodosius, De
diebus et noctibus,” Suhayl 10 (2011): 13. Sajjad Nikfahm-Khubravan and Osama Eshera, “The
Five Arabic Revisions of Autolycus’ On the Moving Sphere (Proposition VII),” Tarikh-e EIm
16(2) (2019): 7-70, on p. 44.
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Din al-TiisT — may God have mercy upon him.”! TiisT uses very simple
and concise language to describe the instrument throughout the treatise.
The treatise has been arranged in two parts: the first part on constructing
the linear astrolabe (in six chapters) and the second part on working
with the instrument (in seven chapters). When discussing the
construction, the method of drawing seven scales is explained: i) the
principle line; ii) the line of arcs; iii) the line of ascension (matali ‘) for
the terrestrial equator; iv and v) two lines for the ascension of the
locality; vi) the line of almucantars; vii) the line of the zodiacal signs.
These lines, based on their description in TusT’s shorter treatise, have
been reproduced in section 111 of this paper. Of these lines, the three
lines of ascension are drawn in MS A, but MS N contains only the
diagram for the ascension for the locality. As we have mentioned above,
this treatise did not treat the gnomon and the relevant scales on the
astrolabe. Hence, it deals with a primitive version of TlisT’s invention.
The treatise includes two tables: i) a table of distances of the centers of
almucantars and their end (nih@ya)? from the origin of the principle line;
ii) a table of the degrees of the zodiacal signs. MS A contains both
tables, while MS N only has the first. The first table in both copies has
columns for the latitudes 34°, 35°, 36°, 37°, 38°, and 39°; however, the
tables found in both copies are not filled completely. Only the column
for 36°3 has been filled in MS A while the columns for 36° and 38° are
filled in MS N. This table would probably have been calculated using
the tables of almucantars in sources like Farghani’s work on the
construction of astrolabe. Using Farghani’s table, we would just need
to multiply the entries of the tables by two in order to arrive at TisT’s
table. In preparing the edition of the shorter treatise provided in
Appendix 1.1 of this paper, we use MS A as the base copy and give the
variances of MS N in the endnotes. Some of the terms used in this
treatise are different from what we find in TusT’s longer treatise. In the
following table, we give some of the important technical terms.

1. Tast’s name as the author of the treatise is repeated in the table of contents of the codex on
an old added folio at the beginning of the codex, where the original opening folio of the codex
was already lost.

2 This is Tusi’s term. The end of the almucantar is the intersection of the almucantar with the
meridian in the plane astrolabe.

3 As we will discuss later, this is the latitude of Mosul.
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Term

Translation

Description

Jse) s

the principle line

The main line/scale on the body of the
astrolabe that defines the unit of
measurement for all scales. It is divided in
120 divisions.

s

the origin

The origin of the principle line.

the pole

The pole in the linear astrolabe stands for
the pole in the plane astrolabe. Its distance
from the origin is taken to be 60 parts.
This distance for the plane astrolabe was
given as 30 in many treatises.

the line of arcs

The scale for the chords of the arcs.

the line  of
ascension for the
terrestrial equator

two lines of
ascension for the
locality

the line of
almucantars

the end of
almucantar

This is equal to the point of intersection of
each almucantar with the meridian line in
the plane astrolabe.

the line of the
parts of the
zodiacal equator

the thread of the
axis

The thread suspended from the pole with
a plummet.

£l L

the thread of the
chord

The thread suspended from the origin,
used for measuring the chords.

!

almuri

A movable knot on the axis thread.
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TusT’s longer treatise (I)

This version of TusT’s longer treatise has been transmitted in three
manuscript groups, each of which has a different introduction. We will
discuss each of these groups separately in the following sections.

a) Tuasr’s longer treatise (I) with the longer introduction
To this group belong two MSS copies, in each of which no title is given
to the treatise and the text begins with a long introduction.

3) L (J): Leiden, Leiden University, MS Or. 591, pp. 1-25.!

The codex contains several texts, all of them related to
astronomical instruments. Although a copy date is not
provided at the end of the treatise on the linear astrolabe,
some other witnesses in the codex bear different copy dates,
ranging from 610 to 637/1213 to 1239.

4) K (&) Istanbul, Topkapi Sarayi Museum, Ahmed I, MS

3505, ff. 63b-79a.% It was probably copied directly from MS
L.

On f.63a of MS K, the title of the work is erroneously given as
Kitabun fi ma ‘rifati al-usturlabi al-musattahi wa-al- ‘amali bihi (A
book on the knowledge of the plane astrolabe and operating with it).> A
similar title is given to MS L in some modern bibliographical sources.*
However, on the title page of the MS L, the title of the treatise is
recorded as Risalatu Sharafi al-Dini Muzaffari al-Tiisi fi san ‘ati <?>°
tagiamu magamu al-usturlabi fi a ‘malihi (The treatise of Sharaf al-Din
Mugzaffar al-Tus1 on the construction of <?> that takes the astrolabe’s
position in its applications). This title is a correct description of the
linear astrolabe. The missing word in this title was perhaps the source
of the mistake in reporting the subject of the treatise by some scholars.

1. Jan Just Witkam, Inventory of the Oriental Manuscripts of the Library of the University of
Leiden (Leiden: The Lugt Press, 2007), 1:249-250; P. VVoorhoeve, Codices Manuscripti, vol. 7,
Handlist of Arabic Manuscripts in the Library of the University of Leiden and other collections
in the Netherlands (The Hague/Boston/London: Leiden University Press, 1956), 194.

2. Max Krause, “Stambular Handschriften,” 490.

3. See: Max Krause, “Stambular Handschriften,” 490, who recorded the MS K as “Kitab fi
ma‘rifa al-usturlab al-musattah wa’l-‘amal bihi” (The book on the knowledge of the plane
astrolabe and working with it).

4. For example, Jan Just Witkam, Inventory of the Oriental Manuscripts of the Library of the
University of Leiden (Leiden: The Lugt Press, 2007), 1:249.

5. One word is not readable due to damage.
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Adel Anbouba was the person who first recognized that the subject of
this treatise is the linear astrolabe, not the plane astrolabe.!

In the long introduction of these two copies, TisT describes the regular
plane astrolabe and then tells the reader how he came to the idea of the
linear astrolabe in which a limited number of dots can replace all the
circles in the plane astrolabe. At the end of this introduction, TisT tells
us that the treatise has three parts: i) a part on operating the instrument;
ii) a part on constructing the linear astrolabe; and iii) a part on testing
the correctness of the instrument. The last part, however, is not included
in any of the two aforementioned copies. It is probable, but not certain,
that this last part of the treatise was never actually written.

The first part of the treatise is arranged in five chapters, some of
which are divided into sub-sections. The first chapter introduces the
parts and scales of the linear astrolabe. Chapters 2, 3, and 4 are,
respectively, on the determination of the altitude of the Sun and stars;
knowing the time and the ascendant (zali ‘) using the altitude; and the
equalization of the houses (taswiya al-buyiit). The fifth chapter is
devoted to the gnomonic application of the linear astrolabe, the edition
and translation of which follow in Appendix 1.2 and Appendix 2.2. The
second part of the treatise, on the construction, is arranged in two
chapters. The first chapter is on the scales that do not pertain to any
locality: the principle line (called, by Tisi, the equalized line or khatt
al-istiwa’); the ascension for the terrestrial equator; the parts of the
zodiacal equator; the falling place of the rays of the Sun; the chords;
and shadows. The second is on the scales for specific localities:
almucantars; the two scales of ascension for the locality; and the scale
of the evening. Each of these chapters has its own sub-divisions. The
calibration of the astrolabe for the falling place of the rays of the Sun is
explained in the fifth section of the first chapter (see section I11 of this
paper).

In this version of treatise, two tables are included: i) a table of
degrees of the zodiacal signs, which is the same table we find in the
shorter treatise; and ii) a table of the falling place of the rays of the Sun
on the body of the astrolabe.

1. Adel Anbouba, “Al-Tisi, Sharaf al-Din,” 518.
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As noted above some of the terms used in TasT’s longer treatise are
different than the terms in the shorter treatise. In the following table,
some of these terms are listed.

Term Translation Description
The main line/scale on the body of the
. astrolabe that defines the wunit of
L= the measurement for all scales. It is divided in
<&yl | equalized line | 150 divisions. The name istiwa ™ has been
assigned to this line since all of its
divisions are equal.
The reference  point  of  the
, 1 the holding | principle/equalized line, although it is not
point at beginning of the line, but in 30 parts
from the beginning.
The distance of the pole from the
Ll the pole holding point is 60 parts of the equalized
line.
s the line of The scale for the chords of the arcs. It
. starts from the holding point and ends at
«:9“"“ | ares 120 parts from it.
This is a two-layer thread suspended
from the pole. At the length of 60 parts
Ll the  folded from the pole, there is a knot on this thread
stet | thread which is called the knot of the end of the
° diameter. There is a movable knot called
almuri on one of the layers of the folded
thread.

b) Tist’s longer treatise (I) with Kamal al-Din ibn Yiinus’ incipit
At the beginning of the two following copies of TusT’s longer treatise

(I), there 1s
mentioned.
5)

an incipit in which the name of Kamal al-Din ibn Yiinus is

B (<): Istanbul, Topkapi Sarayi Museum, Ahmed IIl, MS

3342, ff. 104a-112a.! This codex contains unique copies of
some very important treatises on astronomy and
mathematics. These texts were copied by different scribes.

1. Max Krause, “Stambular Handschriften,” 490.
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There are different copy dates at the end of these treatises,
such as 564, 632, 635, and 668.

6) C (z): Istanbul, Topkapi Sarayi Museum, Ahmed 111, MS

3494, ff. 27a-65a, copied in 877/1472 by Ahmad al-QudsT.!
This copy was most probably copied from MS B.

The longer introduction of version ‘a’ does not exist in this version.
Considering the incipit, one may expect to see a different version of the
treatise in these two copies than version ‘a’. However, some minor
differences between the text and its arrangement notwithstanding, the
main body of the text is identical in both versions. Version ‘b’ differs
from ‘a’ in that the part on construction comes before the part on
operating the astrolabe. But this rearrangement has not been done
carefully, since, in version ‘b’ the text starts with an introduction on
introducing the parts and scales of the linear astrolabe (it starts with the
phrases “fa-yajibu awwalan an nudhakkira al-asma’a al-wadgqi‘ata
fitha” (it 1s necessary first to mention the names [of the parts] that exist
in the astrolabe)). This introduction is actually the first chapter of the
first part of version ‘a’ but given here without the title of “chapter.”
After this introduction, the text continues with the part on construction.
The construction part has the title “part two” (al-qism al-thani),
although there was no “first part” before it. As we saw above, this part
was actually the second part in version ‘a.” This means that someone
simply copied the second part (construction) before the first part (on
operation). At the end of this part on the construction, the copyist
wrote:?

Thus ends the first part (magala) on the construction of TtsT’s staff,
and drawing it, and drawing its other lines. It will be followed in the
second part with how to operate the astrolabe and derive the operations
which can be [performed] in it.

After this, the part on operating the astrolabe begins. However, the
opening chapter is titled “the second chapter” (which is in fact the

1. Max Krause, “Stambular Handschriften,” 490.
2. The Arabic text:

Al gy Jond) RS BIEN W 3 o5k ghgas Sl oy gy ushall Liae Joe 0 S5 Ll 225
AR ]
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second chapter in the version ‘a’). This confirms that the rearrangement
in this version ‘b’ was based on a version like version ‘a.’"

Version ‘b’ also has two short extra passages that do not exist in version
‘a.” The first is a passage that bears the title fas/ (section), and is added
at the end of the part on the construction. This passage explains how
one can calculate the distance of the degrees of the zodiacal equators
from the reference point on the linear astrolabe. In version ‘a’ there was
a table for this matter, which is missing in the version ‘b’ (in fact there
are no table at all in version ‘b’). The second passage is added at the
end of the treatise and has the title “the sixth chapter and it is the
conclusion of the treatise.” This chapter has two parts, the first is on
how one would calculate the distances of the centers of almucantars
from the reference point using a table like what is in Farghani’s al-
Kamil. However, TisT’s shorter treatise and version ‘c’ of the longer
treatise (see below) include a table for almucantars, while version ‘a’
and ‘b’ lack this table. The second part of the passage is on how to
calculate the distances of the falling places of the rays of the Sun on the
body of the astrolabe. A table exists in versions ‘a’ and ‘c’ for this
purpose. Notice that this concluding chapter, which is related to
constructing the astrolabe, comes at the end of the part of the treatise on
operating the astrolabe. Although, if the above-mentioned tables existed
in the version ‘b’, there would be no need for these complementary
passages.

At the end of this version there is a nice diagram which traces the
eight lines of the linear astrolabe and the corresponding scales.? The
caption of the diagram reads:?

This is the quality of drawing the lines of Tasi’s staff—and
assistance is only with God. Let the reliance be upon what was
previously mentioned in the treatise regarding the drawing of the staff
such as to avoid the occurrence of error. | understood it.

1. There are some scribal errors in the text of version ‘b’ as well. Almost five lines of the text
are omitted in the introductory part of version ‘b’ which, as we mentioned, is the first chapter
of the first part of version ‘a.’

2. This diagram is reproduced in David A. King, In Synchrony with the Heavens (Leiden-
Boston: Brill, 2005), 2:69.

3. The Arabic text:

Lol s 1S 0 ook DLl 3 5581 e slaze V1 oSS Bl s oshall Lo bglas o B oias

s ol sl g By e D51
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Hence, it seems this diagram is a later addition to TasT’s treatise.

c) Tust’s longer treatise (I) with a shorter introduction
The last known copy of TiisT’s longer treatise (I) exhibits enough
differences from ‘a’ and ‘b’ such that we consider it a distinct version
‘c.” This copy is:

7) M (¢) London, British Library, British Museum, MS Or.

5479, ff. 86b-104b.! This collective volume contains three
other treatises on astronomical instruments. There is no
copy date. The scribe’s name is mentioned at the end of the
codex, f.113r: “Alt ibn Yusuf ibn Marwan.

The most important difference between this version and the earlier
two is that neither the long introduction nor the incipit that contains
Kamal al-Din’s name are found in this copy. Instead, we find a short
introduction that contains no technical information about the linear
astrolabe. The order of divisions in MS M is largely consistent with that
of version ‘a’ and, although there are some differences, some of those
are clearly due to scribal mistakes. One of these differences is the
misplacement of almost two pages from the first chapter of the first part
(on introducing the parts and scales). This segment appears at the
middle of the fifth division of the first chapter of the second part (f.99v,
linel0 — £.100v, line 10). This misplacement likely happened due to a
disarrangement of the folios of the original from which MS M was
copied. The main difference between ‘c’ and versions ‘a’ and ‘b’ is the
omission of certain passages in ‘c’ which are otherwise found in the
other versions. The first such passage is the last section of the first
chapter of the part on the construction, which is on drawing the scale of
tangent. The second missing section is that on drawing the scale of
evening. Still, all three tables mentioned above exist in this version: i)
a table of distances of the centers of almucantars and their end from the
origin of the equalized line; ii) a table of the degrees of the zodiacal
signs; iii) a table of distances in which the Sun’s rays touch the body of
the astrolabe.

1 A. G. Ellis and Edward Edwards, A descriptive List of the Arabic Manuscripts Acquired by
the Trustees of the British Museum since 1894 (London: William Clowes and Sons, 1912), 39.
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Tus’s longer treatise (1)

This text known through a single copy and is closely related to TasT’s
longer treatise but sufficiently different such that the two cannot be
counted as one text.

8) F (<): Istanbul, Millet Kitiphanesi, Feyzullah Efendi, MS

2178, ff. 134b-156b. This codex contains copies of several
works on astronomical instruments. The introductory
passage of this treatise (11) is found twice in the codex: once
with the treatise and again independently on f. 62a.
Apparently, the anonymous scribe of this witness started
copying the treatise on this folio but changed his mind and,
instead of continuing to copy Tiis1’s treatise, started another
text on f. 62b. On f. 156b the scribe tells us that he copied
TasT’s text from a defective copy of the text.

On the top margin of f. 134b, the title of the treatise and the name of
its author have been written as Risalatun li-I-shaykhi Muzaffari al-Dini
al-Tust fi al-usturlabi al-khattr. The treatise starts with the longer
introduction of version ‘a.” although the introduction announces three
parts to the treatise, only the first part on operating the instrument exists
in the MS F. There are several differences between the text in F and
TusT’s longer treatise in MSS B, C, L, K, and M. First, the text in F is
divided into following 17 chapters:

S Y obile gl b i Jeud lgde mlbas 1@l alend 31 O
J 5T % e BT F Ol Jollly Ll 3 331 B e 3 ¥ ol 5 S, Y1 s
s i B a3 7 O el 5Ll I B e 5D Sl p S e
el L Ble e 3 A OL S Bl 3V 0L AT G L)
Vo Dbt Gy Sl CSHSUN gl s B me S 4 O 1SS
o Jlas B,me B VY L sw;)‘}.,m)i)qu,ﬂ@lba,a;ﬂ
et g il gl s e B (3 VY O st oo B e 1Y L
Lo V0 b el ST 0 me 3 VP L ¢ el oiay 32201 g8 o La
35V B e 3V Ol el 315 O sl e
Among these, chapters 15 and 17 do not have any counterpart in

Tus1’s longer treatise. Chapter 16 here corresponds to chapter 5 of the
first part of the longer treatise on gnomonic application. Most of the
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other chapters are included in the third chapter in each version of TTsT’s
longer treatise (1). Some of the terms used in the longer treatise (I1) are
different from those in the longer treatise (). For example, while the
principle line in the longer treatise (1) is consistently referred to as khatt
al-istiwa’ (the equalized line), version (Il) uses the name khatt al-as!
(the principle line). The arrangement of the threads of the linear
astrolabe in the version (I1) is different than that in version (1) and is
like that of the shorter treatise. More importantly, although the text in F
generally follows the same ideas in the longer treatise, it is sometimes
completely different.

Marrakushi clearly used a version of Tts1’s longer treatise similar to
the text of MS F. Consider, for example, the corresponding passages
from version (1), version (I1), and Marrakushi’s Jami* al-mabadi’ on
the sun rays passing through the gnomon and falling onto the body of

the astrolabe:

Tus?’s longer
treatise (1)

Tus?’s longer
treatise (11)

Marrakushi

Slebasdl wlse oL el
}A)M‘\_ﬁﬂdﬁ.uu‘
zoA Gl s
Jomdl a Il A,V
«Dsdly Oliedls Aledly
oo BN Lol o 5SS
e (b 055 Ll
055Gy ikl sl L
.J.>|} d»ﬁ 619 L@éu
sy o1 B Leallsss
FRTRNC UON [ J{ F PP
sl ety
ol Y el
o gm0
ooy S Jaw NI sl
Sldardl AV ey >
BYCLIN NP PN L |
o &:qu-)ﬁ J“‘;‘b T..A:T

ol b O el
| glos G5 cia
S OY Lugadl g,
S s JBLal wa
Sl el e
S A Jadt
ol 055G p )
o or 28T de
s dlesYl dE e
S el e Ld aslad
o5 ol gl 5] e I
I grs sl
T o 1 = ;,u\
JERP O [
sl e e Lglelas
Toyll b il 558 309
o e ol
Al J) 4y SlI B
I Loy I )
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S F e SY R
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As discussed above, there is a possibility that the claimed revision
made by Kamal al-Din Ibn Yiinus was made on TasT’s longer treatise
(1) and the result was TiisT’s longer treatise (I). If this were the case,
then certain changes in technical terminology, in the arrangement of the
threads, and certain changes in the text could be attributed to Kamal al-
Din. Of course, this requires further investigation.

The abridgment of TiisT’s longer treatise
This abridgment is known only through an incomplete copy:

9) D (>) Dublin, Chester Beaty, MS Ar. 3035, ff. 147b-149b.!

The codex contains a number of recensions of middle books,
all written by a single hand. Only five pages of the
abridgment exist in the codex, and some folios from the end
are omitted. The copy date is mentioned at the end of the
first witness, f. 126r, as 669/1270.

According to a marginal note at the beginning of the treatise, the
abridgment was provided for the Ayyubid prince Al-Malik al-Mu‘izz
Mujir al-Din Yaqub (d. 654/1256) by certain Turkish figure. It is
apparently based on Tus1’s longer treatise since it starts with the longer
introduction although, since MS D is incomplete, it is not clear on
which of the versions (I) and (b) it is based.

An anonymous treatise on operating the linear astrolabe
One copy of this treatise is known:

10)  E (¢) London, British Library, India Office, MS Islamic 461,

ff. 2b-7b, copied in 1197/1784.

The name of the author is not mentioned in the treatise. On the title
page of the codex, f. 1r, however, it is attributed to “Khwaja Nasir,” i.e.,
Nagir al-Din al-Tusi (d. 672/1274). The codex is a collection of works,
including an abridgement of Sharaf al-Din al-T1s1’s treatise on algebra,
i.e., Kitab fi al-mu ‘adilat. There is a possibility that the text on the linear
astrolabe was by Sharaf al-Din al-Tasi as well. The gnomonic
application has not been discussed in this treatise. This treatise is similar
to the longer treatises of TusT in style and in certain textual features. If
we accept its attribution to Tisi, it is also possible that this was the
original work based on which Kamal al-Din prepared his revision.

1. Arthur J. Arberry, The Chester Beatty Library, a Handlist of the Arabic Manuscripts (Dublin:
Emery Walker, 1955), 1:13.
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Conclusion

In this paper, we have introduced several treatises on the linear
astrolabe. We have highlighted some of the differences and similarities
of this text. Some of these treatises were dedicated only to operating
with the linear astrolabe while other treatises included sections on both
construction and operation. The technical language employed in these
treatises is, in some cases, distinct and worthy of attention. That some
of these texts treat the gnomonic application of the linear astrolabe
while others do not bring to mind the possibility that there was an
evolution in the invention of this instrument and in the textual tradition
on the linear astrolabe. We have here considered some historical and
codicological evidence regarding one aspect of that evolution, namely,
the roles of the inventor of the instrument, Sharaf al-Din al-Tas1, and
his pupil, Kamal al-Din Ibn Yiinus. Nevertheless, the evidence we have
so far is not sufficient to yield definitive conclusions about their
respective roles and contributions. These questions notwithstanding, we
have indicated some aspects of the scientific significance of this
instrument and shown how the gnomonic mechanism, which works like
an equatorial sundial, could be used to compensate for the lack of a
counterpart for azimuth lines in the linear astrolabe.
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Appendix 1.1: Translation of Sharaf al-Din al-Tast’s shorter
treatise on the linear astrolabe

A treatise on the linear astrolabe by Imam Sharaf al-Din al-
Tist — may God have mercy upon him
Then, this is a treatise on the linear astrolabe arranged in two parts: the
first part on its construction and the second on its operation.

Part I: On the construction of the linear astrolabe, in six chapters

Chapter I: On drawing the chords and arcs

We pick a straight ruler made of wood or brass and draw a straight line
in the middle of it and divide it into 120 divisions and call it the
principle line. Then we make a hole in the beginning of the divisions
and call it the origin. [We make] another hole with the distance of 60
parts [from the origin] and call it the pole. We draw another line to the
left of the principle line and call it the line of arcs and draw a point on
this line opposite the origin [of the principle line]. From the table of arcs
and chords, we look for the arc of 5 degrees and see to which chord it
corresponds, then [we] take that amount from the principle line and
open the compass to that amount. [Using the compass, we] draw a mark
on the line of arcs. From the beginning [of the line of arcs] to this mark
is 5 degrees of the arc. Likewise is the process for 10 degrees of the arc,
15 degrees, 20 degrees, and the same up to 120 degrees of the arc and
more. In practice, the easier [method] is to find the arc of 10 degrees
from the table and see to which chord it corresponds. Then, we take that
amount from the principle line and subtract the chord of 5 degrees of
the arc from it. We open the compass to the remaining amount of the
chord and put [one of] its legs on the mark for the arc of 5 degrees and
the other leg where the chord of 10 degrees reaches, and we draw there
another mark. We operate in the same manner regarding the 15 degrees
of the arc and so on to the end of the operation [of drawing the line of
arcs].

Chapter I1: On drawing ascension of the zodiacal signs at the
[terrestrial] equator
We draw a line to the right of the principle line and call it the line of
ascension at the terrestrial equator. We look at the table of ascension at
the equator and find the ascension of 5 degrees of Aries. We take from
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the origin of the principle line a distance [equal to] that amount, and
opposite to the endpoint, drawing a mark on the line of ascension at the
equator. So, from the beginning of [this] line up to that mark is the
ascension of 5 degrees of Aries. So, we proceed for 10 degrees, 15
degrees, 20 degrees of Aries, up to the end of Aries. We do the same
for Taurus and Gemini, till it reaches the end of Gemini, at 90 parts of
the principle line. We write the mark for Aries at the beginning of the
line, then the mark for Taurus at the end of the ascension of 30 degrees
of Aries, and the mark for Gemini at the end of the ascension of Taurus.
Then we write the mark for the other zodiacal signs like the [following]
illustration, to obtain the ascension of signs at the terrestrial equator,
some in the sequence and some in counter-sequence:

| K H L G
CE B F A
[Figure 6]

J

Chapter I11: On drawing the ascension of the zodiacal signs at the
locality

We draw two lines to the right of the principle line and call them the
two lines of ascension at the locality. We look at the ascension table for
the locality and find the ascension of 5 degrees of Aries. We take from
the origin of the principle line a distance [equal to] that amount, and
opposite to the endpoint, drawing a mark on one of the lines of the
ascension at the locality. So, we proceed for 10 degrees of Aries, [till]
we finish drawing the ascension on two lines of the ascension at the
locality, like the [following] illustration, to obtain the ascension of
zodiacal signs, some in the sequence and some in counter-sequence:

D C B A
J K L

I H G
E F

[Figure 7]
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Chapter 1V: On drawing the horizon and the almucantars

We draw a line to the right of the principle line and call it the line of
almucantars. Opposite the origin of the principle line, we draw a point
on this line and write on it the latitude of the horizon [of the locality].
Then, we look at the table of the distances of the centers of almucantars
for the latitude of the locality and open the compass to the amount of
the distance of the horizon at that latitude from the origin of the
principle line, and we draw a mark there [i.e., where the second leg of
the compass reaches on the line of almucantars]. This mark is the center
of the horizon. We open the compass to the amount of the distance of
the center of the almucantar of 5 degrees and draw a mark there. In the
same way, we draw the centers of all almucantars. Then we look for the
end of the almucantar of the horizon at the latitude of locality and its
distance from the origin of the principle line and obtain its end on this
line [of almucantars]. Then we obtain the end of almucantar of 5
degrees, 10 degrees, and so on, till we obtain the ends of all
almucantars. This is the representation of the table of the distances of
the centers of the horizon and the almucantars and their ends from the
beginning of the principle line:

The distances of the center of horizon and almucantars
and their ends from the beginning of the principle line
Latitude| 34 35 36 37 38 39
Circles centeriendicenteriendicenter| end |centeriendicenterendicenteriend
d midmd midmd m|d m/d m{dm/d m{dm/d m|dm
Horizon 5 54(7246
5 12 54(7054
10 18 14/69 3
15 22 286716
20 254816530
25 28 2416348
30 3046(62 4
35 3238|6020
40 34105838
45 3528|5654
50 36 325510
55 37 24/5324
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60 38 105140
65 38 464952
70 391214812
75 39 324640
80 3948/44 8
85 395642 6
90 39 583958

Chapter V: On drawing the divisions of the [zodiacal] equator
We draw another line to the left of the principle line and call it the line
of the divisions of the [zodiacal] equator. Opposite the origin of the
principle line, on this line we draw a point. We put [a] leg of the
compass and open it to the amount of one part of principle line. We
draw a point [on this line] at the endpoint of the other leg. [From] the
origin of the principle line to the drawn mark, 15 degrees of Capricornus
has passed. We divide it into three parts such that each part is 5 degrees
of Capricornus. Then we look for what is opposite to the other degrees
of Capricornus in the table of the divisions of the [zodiacal] equator,
[we] open the compass to that amount from the principle line and put
the leg of the compass [on the beginning of the line]. Wherever the other
leg of the compass falls, we draw a point as a marker for those degrees
[of Capricornus]. Like so, we continue until we reach 10 degrees of
Gemini. Then we open [the compass] to the amount of 34 1/3 parts for
the beginning of Cancer, [and draw its mark]. We divide what is
between it and 10 degrees of Gemini in four parts. [In this way,] the
parts of the [zodiacal] equator from the beginning of Gemini up until
Cancer are divided. This is the table:

The divisions of the [zodiacal] equator

Degrees|Capricorn|AquariusPisces|/Aries|TaurusGemini

d| m d|m|dm|dim|{d{m|d|m

0 0| 0 | 3 |36]11|22|20/52(27|57|32|36| 30
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10 (0| 25 | 6 | 3 |14(42|23|22|29(49|33|31| 20

15 | 0| 58 | 6 |24|16(21|24|36/30(38|33|50| 15

20 1] 39 | 8 |38|17(50|25/45/31|23|34| 6| 10

25 |2| 36 |10]|20 |19(30|2653|32| 2 |34 (15| 5

Sagittariug Scorpio |Libra|Virgo| Leo |Cancerdegrees

Chapter VI: On the completion of the discussion on [the
construction of] the astrolabe

Having drawn these lines, we pick a long thread and pass it through the
hole which is at the beginning of the divisions of the principle line and
stretch it on the astrolabe till it enters the hole of the pole. We call that
[part of thread] which comes out of the hole of the pole the thread of
the axis, and the part that comes out of the origin of the principle line
the thread of the chord. We pick from the thread of the axis a part [equal
to] what is between the origin of the principle line and the pole, which
is 60 parts, and make there a fixed knot. Then we make another knot
[on the thread of the axis], this time movable on the part between the
pole and the fixed knot, and we call it the muri. We suspend a plummet
from the thread of the axis which stretches the thread of the chord and
makes it straight. We fix the end of the thread of the chord in the first
part of the thread of axis so that it moves with the muri. Thus, we end
[the construction of] the instrument named the linear astrolabe.

Part I1: On the operation with the linear astrolabe, in seven
chapters

Chapter I: On measuring the altitude of the Sun in order to know
[other] operations
We superpose the first part of the thread of the axis on the principle line
so that the fixed knot lies on the origin of principle line. We put the
muri on the division of the Sun on the [zodiacal] equator. Then we
suspend the plummet and the thread of the axis, and we stand in front
of the Sun. We take [in hand] the part of the astrolabe that reaches the
origin of principle line and go forward and back until [no] shadow of
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the astrolabe remains.! [Then] we stretch the chord thread up to the
fixed knot of the thread of the axis and we superpose that amount of the
chord thread on the principle line. [The mark on the chord line opposite
to] the divisions of the principle line that are covered by the chord
[thread] is the complement of the altitude of the Sun; we subtract it from
90 and the result is the altitude of the Sun.

Chapter 11: On the knowledge of the hours of the distance

between the Sun and the meridian [i.e., the hour angle]
We put the muri on the end of the almucantar of the altitude [of the Sun]
of the [current] moment and hold it with the left thumb. Then, with a
finger of the right [hand], we stretch the chord thread from the muri to
the center of that almucantar and superpose the right thumb on the chord
thread stretched on the principle line. We suspend the plummet and the
axis thread such that the thread [showing the] radius of the almucantar
becomes a straight line, while the axis thread is straight [as well].
[Then] we stretch the chord thread from the origin of the principle line
to the fixed knot on the axis thread. Then we superpose [the chord
thread] on the principle line: The divisions of the arc [line] to which it
is opposite, starting from the point opposite the origin of the principle
line, are the hours of the distance between the Sun and the meridian
[i.e., the hour angle].

Chapter I11: On the knowledge of the ascendant

We look for the part of the Sun on the line of ascension for the
[terrestrial] equator and move from it counter-sequentially in the
amount of the hours of the distance [of the Sun] from the meridian, if
the altitude of the Sun is eastern, and move from it sequentially in the
amount of the hours, if the altitude is western. The degree which we
reach is the degree of the tenth. The degree opposite to it on [the lines
of] the ascension of the locality is the ascendant.

Chapter IV: On the knowledge of the half of the arc of daylight
Its method is similar to what we mentioned for the hours of the distance
from the meridian, except that we leave the muri in its place and we
apply the end of the horizon instead of the end of the almucantar, and
the center of the horizon instead of the center of the almucantar. Then

1. In both copies we find ‘an yabga li-I-usturiabi zillun’, but it should be ‘an [Ia] yabqy li-I-
usturlabi zillun’.
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we measure the hours of the distance from the meridian, which is the
half of the arc of daylight. Doubling it would be the daylight.

Chapter V: On the knowledge of the passed hours of the day

If the altitude of the Sun is eastern, we subtract the hours of the distance
from the half of the arc of daylight; and, if it is western, we add it to it.
The result is the arc of revolution, we divide it by 15 and it represents
the hours of the day which have passed. For the [number of] hours
[until] noon, we divide the half of the arc of daylight by 15, the result
would be the hours of noon, and doubling it would be the hours of
daylight.

Chapter VI: On the equalization of the houses

We find the half of the arc of daylight for the degree of the ascendant.
Then we take one third of the half of the arc of daylight and pick the
degree of the tenth on [the line of] ascension for the [terrestrial] equator
and move sequentially the amount of one third of the arc of daylight,
the degree which we reach is the degree of the eleventh. Then we move
sequentially from the degree of the eleventh by the amount of one third
of the arc of daylight, and the degree which we reach is the degree of
twelfth. Then we subtract one third of daylight from 60, what remains
would be one third of the nadir. We move counter-sequentially from
the degree of the tenth by the amount of one third of the nadir, [the
degree] which we reach is the degree of the ninth. We move counter-
sequentially from the degree of the ninth by the amount of one third of
the nadir, [the degree] which we reach is the degree of the eighth. We
set the degrees of the houses [which are] opposite to these [above-
mentioned] houses [to be] equal to them, thus we obtain the degrees of
the other houses.

Chapter VII: On [the knowledge of] the altitude of the star and
deriving the actions from it
We take the altitude of a star whose distance from the pole is less than
60 parts. Apply that degree [of the star] in place of the degree of the
Sun [in order] to derive the actions, except when deriving the passed
hours, we move from the degree of the tenth to the nadir of the Sun, in
this way we obtain the hours of the distance of the Sun from [the hidden
half of] the meridian. Then we subtract these hours from half of the arc
of the night, if the movement were sequential, and add to it if it were
counter-sequential—what remains or stands out is the arc of revolution
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from the sunset. We divide it by 15, the result is the hours which have
passed of the night. Thus, the treatise is complete, with the assistance
of God and best of his help.
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Appendix 1.2: Translation of Sharaf al-Din al-T1s1’s longer treatise
(1) on the linear astrolabe, part 1, chapter 5

Chapter V: On finding the direction of the gibla, the pole and the
meridian line, and the north and south points

[1] Be aware that the places of the rays passing through the hole of the
gnomon —which is the scale of the shadow— [for] four zodiacal signs,
that is, Aries, Virgo, Libra, and Pisces, [on the body of astrolabe] are in
front of those three points that are next to the points of the divisions of
the [zodiacal] equator, and are on the same side (zi/ ) with [the divisions
but] in different color, and their distance from [the point] in front of the
holding point (mumsik) is 2;30 parts from the divisions of the equalized
line (al-istiwa ). The rays of the beginning of Aries exit from the lowest
hole [on the gnomon], and for every 2;30 degrees [of Aries, the exit
place] elevates hole by hole until it reaches the highest hole for the end
of Aries. For the beginning of Taurus, as well, [the rays exit from the
highest hole].

pole locality scale Gemini double point holding point
\J \J \/ \/
I I e ——
Cancer tﬁple points Aries trisle points

[Figure 8 (our reconstruction)]

[2] For the 5 degrees of Taurus, [the falling place of the rays] proceeds
forward one of those [points on the body of astrolabe] from the
alignment of the triple points in the direction of pole. Likewise for every
five [degrees], point by point. For the beginning of the Gemini there are
two points, then for every five [degrees] point by point and for the
beginning of Cancer there are three points. Then degrees of Cancer
return along the degrees of Gemini, as was the case for the [zodiacal]
equator divisions, until it returns [for] the beginning of Virgo to the
point of Aries and the beginning of Taurus.

[3] Then, for 5 degrees of Virgo, [the exit place of the rays on the
gnomon] descends two holes and, likewise, for every five [degrees] it
descends one hole until it reaches the last hole for the beginning of
Libra. Then it starts to rise two holes for every five [degrees] of Libra
till, for the beginning of Scorpio, it reaches the highest hole. For all [the



Tarikh-e EIm, Vol. 17(2) (Spring 2020) /50

degrees of] Scorpio, Sagittarius, Capricorn, and Aquarius, the rays
come out from the highest hole and [the falling place] passes through
the mentioned parts for Taurus and [through] what is after that, till, [for]
the end of Sagittarius, it reaches the end of points of Gemini. [Then]
Capricorn returns through the dots of Sagittarius [till], at end of the
Pisces, [the falling place] returns to the beginning of Scorpio. Then [the
exit place of the rays on the gnomon] descends two holes for every five
degrees of Pisces until, for the end of Pisces, it reaches the last hole.
[4] Section on the quality of operation [with the astrolabe]. Let all
the holes of the scale [of the shadow, i.e.,] the gnomon, be closed except
the one through which the ray should come out, based on the position
of the Sun [according to] its [zodiacal] sign and degree. Then, if the Sun
is in the northern signs, hang the thread of plummet from the twelfth
hole and, for the southern [signs], from the sharpened ending of the
gnomon which is not on the surface of equalized line.

[5] Be aware that, in this operation, you need a variety of motions. It is
necessary to make a knot —similar to the knot of the end of [the
previously] mentioned [thread of] diameter— in the thread of the
plummet which is hanged from the tip of the gnomon, such that it moves
on this thread. Make also a similar moving knot on one of the layers of
the second part of the folded thread (muthanna) on which the murt is
not. Put this part on the base of the gnomon and stretch the folded thread
and put the end of the diameter upon the holding point (mumsik). This
knot is called the knot of junction (multagd), and also the knot of
plummet thread [is called the knot of junction]. When the end of the
diameter is joined to the holding point, superpose the junction knot
upon the point from the line of [the falling] places of the rays (khatt
mawaqi ‘ al-shu ‘a ‘at), that is aligned with the letter mark for the latitude
of the locality. Also, the thread of this plummet [should] remain always
suspended from the highest hole. Also, pull the knot until it reaches and
coincides with the point with which the other knots coincide, which is
aligned with the mark of the latitude of the locality.
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gnomon plummet knot (junction knot)

holding point
Y

folded thread

junction knot (first part)

chord thread
-

folded thread
(second part)
>

>
end of diameter

[Figure 9 (our reconstruction)]

[6] Take the astrolabe by one of your hands from a point close to the
falling place of the ray, based on the Sun’s position. With the thumb
and index finger of the other hand, take the end of the diameter from
the knot and, with the [other] three upper fingers, take the chord [thread]
close to the holding point (mumsik) such that [the chord thread] first
passes through [the space between] the thumb and index finger, below
the folded thread (muthanna), at the end of the diameter. It first passes
leaning on a point on the index finger close to its tip, the knot of the end
of the diameter being above it. Take the tip of the thumbnail above the
end of the diameter to hold it on the chord [thread] such that this knot
[of the end of the diameter] and its passing on the chord [thread] under
[the thumb] is visible. Then pass the rest of the chord [thread] behind
the body of the other three fingers and hold it by them.

[7] Then, when needing to increase [the length of] the chord [thread],
which is between the end of the diameter and holding point (mumsik),
loosen this hold and pull the end of the diameter in the opposite
direction of the astrolabe so the end of the diameter moves on the chord
[thread] and its distance from the holding point increases. Then hold [it]
strongly such that the chord [thread] does not increase in distance [from
the holding point]. When needing to decrease [the length], bring the
hand holding the end of the diameter and the chord [thread] close to the
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hand holding the astrolabe. Then grab the excess of the chord [thread]
—which exceeds the end of diameter— with the tip of the thumb and
middle finger which are surrounding the astrolabe. Release the chord
[thread] from the three fingers and continue to hold gently [the chord
thread] at the end of diameter between the thumb and index finger. Then
pull this hand from the astrolabe and holding point (mumsik) [until] the
part of the chord [thread] between the end of the diameter and holding
point (mumsik) passes and comes out through the thumb and index
finger and becomes [part] of what is between the places taken by the
fingers of the two hands.

[8] Then, after the reaching a [desired] length of the chord [thread]
between the holding point (mumsik) and the [end of] the diameter using
this method, you need to superpose the two junction knots (multagd).
For this [configuration], three motions are needed: one of them is that
you rotate the astrolabe around itself such that it does not move from its
position, and the gnomon rotates around [the body of the astrolabe] so
the tip of gnomon goes up and down; the second [motion] is that by
which the end of the equalized line inclines upward and downward; and
the third [motion] is that by which the end of the diameter pulled, by
two fingers, moves upward and downward.

[9] Then, to superpose the two [junction] knots, after taking a length of
the chord [thread] between the holding point and the end of the
diameter, pull the end of the diameter and rotate the astrolabe by the
first motion and the end of diameter by the third motion until the
plummet knot touches the diameter thread. If, then, [the plummet knot]
superposes on the knot of the diameter, that is what was desired. If the
knot of the diameter is below the tangency position, rise the head of the
astrolabe by the second motion and the end of diameter by the third
motion and lower the tip of the gnomon by the [first] motion, then the
two knots will be superposed. If the knot of the diameter is above the
tangency point, lower the head of the astrolabe and the end of diameter
by the second and third motions, and raise the tip of the gnomon by the
first motion. Also, if the two knots are superposed upon a length of the
mentioned chord [thread] and [then] the chord has been increased a little
bit, [to return the superposition of the knots] lower the head of the
astrolabe by the second motion and the tip of the gnomon by the first
motion and the end of the diameter by the third motion. If the [length
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of] the chord has been decreased, raise these three by the three motions
so the superposition returns.

gnomon

holding point
Y

plummet (junction)

'junction knot

folded thread
(second part) <chord thread

[Figure 10 (our reconstruction)]

[10] After these preliminaries, if the Sun is in the northern [zodiacal]
signs, face the gibla such that the west is on your right hand and the east
is on your left hand. Take the astrolabe by the hand that is not in the
direction of the Sun, from a place close to the alignment of the falling
place of the Sun’s rays. Take the thumb above the equalized line on the
[same] place aligning the [falling] place [of the rays of the Sun]. Take
the end of the diameter by the hand which is in the direction of the Sun,
i.e., if the Sun is eastern, take the astrolabe by the right [hand] and the
end of the diameter by the left [hand], and the opposite [in] the opposite
[case].

[11] Take a length of the chord [thread] —between the end of the
diameter and the holding point— that is thought to be the hours of the
Sun’s distance from the meridian. The greater the distance, the longer
you take the chord [thread]. Then, look at the shadow of the astrolabe
cast on your clutched fingers, i.e., if the shadow is toward the east, turn
your whole body toward west until the shadow of the gnomon returns
to the equalized line. If the ray that passes through the hole [of the
gnomon] does not reach the tip of the thumb, decrease the chord
[thread] which is between the end of the diameter and the holding point
and revert the superposition of the knots. And if [the ray] exceeds it,
increase the chord [thread] and revert the superposition of the knots.
Then, examine the shadow of the gnomon with regard to the equalized
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line and test [the falling ray] similarly, and increase [or] decrease the
chord thread until the ray falls on the tip of the thumb.

[12] Upon that [configuration], the tip of the gnomon is directed toward
the pole of the world such that if an observer looks on the alignment [of
the gnomon] his eyes fall on the northern pole. The triangle formed
from the gnomon, the plummet thread, and the half of the diameter will
be in the plane of the meridian circle, and the plane shaped from the
half of the diameter and the equalized line will be the plane of the
equinoctial, such that if someone faces the direction of the half of the
diameter, he will be facing toward true south and north.

[13] Then, superpose the chord thread, which is from the holding point,
to the end of the diameter on the equalized line. The number of divisions
of the arcs [on the astrolabe] which are in front of this chord from the
holding point to the end [of the chord thread] is the hours of the distance
[of the Sun] from the meridian.

[14] However, if the Sun is in the southern [zodiacal] signs, hang the
plummet from the sharpened ending of the gnomon and take the
astrolabe such that the narrow half of the gnomon is above and the wider
[half] is below and place the east on your right hand and the west on
your left and your sight on the equalized line. Look at it and at the
gnomon from below. This [configuration] obtains if you put the
equalized line perpendicular to the horizon and the end of the line is
above and you look at it. Then, incline its upper head toward yourself
and raise it up in this configuration. The plummet suspended from the
sharpened ending of the gnomon touches the side of the astrolabe and
it almost touches the equalized line, if the thickness of the astrolabe
does not push it. The astrolabe should be in the hand that is not in the
Sun’s direction, as we mentioned, and the end of diameter in the hand
that is in its direction, as we mentioned in the northern [zodiacal signs].
[15] Then, take a length of the chord [thread] based on the approximate
hours of the Sun’s distance from the meridian. By the first motion,
incline the sharpened tip of the gnomon toward the direction of the Sun
and the half of the diameter, and superpose the two knots by those three
motions. Then, look at the shadow of the astrolabe cast on your fingers
clutching the astrolabe, as we mentioned. Rotate your whole body in
the opposite direction [of the shadow] until the shadow of the gnomon
falls on the equalized line. If the [falling] ray does not reach the tip of
the thumb, increase [the length] of the chord thread and lower the head
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of the astrolabe with the second motion and the sharpened tip of the
gnomon with the first motion, and revert the superposition of the two
knots and turn until the ray comes back to the equalized line. If [the ray
falls] longer, it is necessary to raise all of those and decrease the chord
[thread] and test it likewise until the ray falls on the tip of the thumb. In
this [configuration], then, the sharpened tip [of the gnomon] is directed
toward the north pole and the triangle [formed] by the gnomon, the
plummet thread, and the half of the diameter is in the plane of the
meridian circle, and the plane formed by the equalized line and the half
of the diameter [is] the plane of the equinoctial, and the mentioned
chord [thread] is equal to the hours of the [Sun’s] distance [from the
meridian], and that is what was desired.

[16] As for the knowledge of the direction of the gibla, it is necessary
to increase significantly the length of the plummet thread and hang
another heavy plummet from the end of another thread. Make this
thread pass through the clutched thumb and the index finger at the end
of the diameter and the chord [thread]. [Then], execute the mentioned
operation until you determine the length of the chord [thread] —
between the holding point and the end of the diameter— and the ray
falls on the desired place. Then, release this second plummet while
preserving the length of the chord thread which is between the end of
the diameter and the holding point such that it does not increase or
decrease. Then, lower the two hands with the astrolabe while preserving
the superposition of the knots and the falling of the ray on the necessary
position and [preserving] the length of the chord and the tautness of the
end of the diameter, until the plummet of the tip of the gnomon reaches
the ground. The tip of the mentioned suspended plummet also has
reached the ground such that both [plummets] touch together on the
ground. Then the line connecting them is the line of the meridian. If the
plummet of the tip of the gnomon reaches the ground, but then the
plummet of the end of the diameter does not reach, release the excess
of the thread of this plummet which is between the thumb and the index
finger. This [can be done] since that the plummet has extra weight and
you loosen the hold between the thumb on the index finger which grabs
the end of diameter and this thread until a length of the thread is pulled
by the weight of the plummet, and then grab it [strongly] and thus the
length [of the thread] has been increased. Test it until, by the mentioned
operation, both plummets together reach the ground and the meridian
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line will obtain. Then, place the astrolabe on [the meridian line] such
that the end of the equalized line is toward the south and its beginning
is toward you and the equalized line is facing the sky. Take a length of
the chord [thread] from the holding place and superpose it on the
equalized line up to a place such that the divisions of the arc aligned
with it up to its end equal the inclination of the locality [from the gibla].
Take with the thumb and index finger the end of the diameter on the
end of this length of the chord [thread] and pull them until both of them
straighten. If the inclination of the locality is eastward, then pull them
toward the west, and if it is westward [pull them] toward the east. Then,
[at this configuration], the alignment of the half of the diameter is
toward the gibla, and that is what was desired.
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Appendix 2.1: Edition of the Arabic Text of Sharaf al-Din al-Tas1’s
shorter treatise on the linear astrolabe (MSS A and N)
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Appendix 2.2: Edition of the Arabic Text of Sharaf al-Din al-Tas1’s
longer treatise on the linear astrolabe, part 1, chapter 5 (MSS B, C,
L, K, and M)
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Appendix 2.3: Apparatus
Tus’s shorter treatise
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