A Universal Plate foi' Timekeeping by the
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and Preliminary Commentary
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1 Introduction

Most publications of texts by historians of ancient and medieval exact sci-
ence demand (1) a mastery of the primary sources coupled with (2) an ability
to provide a technical interpretation within (3) an acceptable historical per-
spective. The authors of the present paper, while hoping to have satisfied
the first and third criteria, have to admit their present inability to fulfil the
second one adequately. In this paper we present an Arabic treatise on the
construction of a ‘universal plate’ for timekeeping by the stars. No such
instrument is known from Islamic or European sources. !

*Universal plates’ in Islamic sources usually correspond to one of the following three
devices: (1) the ‘plate of horizons’ (al-saftha al-afagiyya) or its generalization by Ibn
Baso, (2) the universal stereographic projection on the front of the plates known as the
shakkéziyya and the zargalliyya or on the mater of the universal astrolabe, and (3) the
orthogonal projection on the back of the zargalliyya. In a paper by Prof. Paul Kunitzsch
(1994, p. 8S), there is a reference Lo a treatise in a manuscript in the collection of Khan
Malik Sasani in Iran, entitled Kitab fi ‘Amal musattah yagiamu maqgama al-asturlab (fi)
Jjamt al-‘uriid wa-1-buldan (*‘Book on the construction of a planisphere which takes the
place of the astrolabe [in] all latitudes and places’). It would be very interesting to
know which kind of instrument this refers to, but unfortunately the manuscript is not
accessible to us.



108 F. Charette & P. Schmid!

The treatise is anonymous but we can attribute it with confidence to the
renowned ninth-century Abbasid astronomer Habash al-Hasib. This instru-
ment of his is a computing device of great ingenuity. Although our under-
standing of seVeral details of its construction is not satisfactory, the text and
the accompanying illustrations give us a more or less limpid picture of its
morphology. Unfortunately, not a single word of the text is devoted to its
use, and we have not yet been able stretch our imaginations far enough to
‘crack’ this problem. We therefore submit Habash’s text to colleagues in
the hope that some of them might help us to see more light about how this
ninth-century scientist might have conceived the practical operation of his
invention.

The unique copy of the text which is the object of the present study
is found in an important manuscript in Oxford (Bodleian Marsh 663) con-
taining an impressive collection of scientific texts, most of them from the
early period of Islamic science, which was copied between Rajab 639 H and
Muharram 640 H by Ibrahim b. ‘Abd al-‘Aziz b. “‘Abd Allah al-‘Umari.?
A second manuscript in London (British Library Or. 426 = Add. 7473,
dated 639 H) originally formed together with the Oxford manuscript a sin-
gle book, which was later split in two halves.® Yet a third manuscript in the
Siileymaniye Library in Istanbul (Yeni Cami 784), containing (1) the Pen-
tateuch of Dorotheos, (2) the Zij of Habash al-Hasib,* (3) al-Zij al-Jami‘ of

On this manuscript see the lacunary description by Uri (1787), sub no. CMXLI. Studies
based on various parts of this collection include: Rosenthal (1950), Rosenthal (1949),
Pingree (1968), p. 63, Kennedy (1968), Kennedy (1990) and Burnett & Yamamoto
& Yano (1997). Both authors of the present paper could examine this manuscript at
the Bodleian Library in July 1997. We are grateful to Dr. Colin Wakefield for his
generously giving us access to it and providing photographs of the section dealing with
Habash’s instrument.

3 On the contents see CCMO, sub no. 426, Taken together the Oxford and London
manuseripts encompass 379 folios, but the original foliation in Coptic numerals shows
us that the original majmii’a was an impressive book of at least 516 folios! The
first author of this paper has prepared a description of the two manuscripts for future
publication.

4 On this work see Debarnot (1987).
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Kushyar b. Labban, as well as (4) Kashyar’s treatise on the astrolabe, reveals
the same characteristic handwriting and paleographical peculiarities as the
two above-mentioned manuscripts and was clearly also copied by Ibrahim
al-“Umari.’

On p. 205 of the Oxford manuscript an anonymous and untitled treatise
begins with the words “if we want to construct the plate, we make the univer-
sal plate ... . Since a few folios of the codex have been bound in disorder,
the text beginning on pp. 205-206 actually continues on pp. 239-247. In the
upper margin of p. 205 a later reader has given this treatise a short title: fi
al-saftha al-jami‘a (‘on the universal plate’). In the last sentence of the text
on p. 247, however, what was presumably the original title of the treatise is
mentioned more precisely as fi ‘amal al-saftha al-jami‘a (‘on the construc-
tion of the universal plate’). The possible significance of this treatise was
already recognized by Fuat Sezgin in the sixth volume of his Geschichte des
arabischen Schrifttums.® Some three decades earlier, Franz Rosenthal had
already tentatively attempted to identify this treatise with al-Kindi’s R. fr
al-‘Amal bi-lI-ala al-musamma al-jami‘a (‘Treatise on the Use of the Instru-
ment Called the Universal One’).” This supposition has been repeated with
caution by Charles Burnett, Keiji Yamamoto and Michio Yano in a recent
paper.®

A preliminary investigation of this work was conducted by us in the
Spring of 1997 as part of a seminar on Arabic scientific texts given by Prof.
David King at Frankfurt University.” It was soon realized that Habash al-

This confirms the dating of this manuscript by Krause (1938) and Sezgin (1978) to the
thirteenth century.

Sezgin (1978), p. 281 under the heading ‘Ein Anonymus’: “Die Risala [...], iiber das
Planisphirium [sic], steht auf einem hohen Niveau astronomischer Mathematik.”

7 Rosenthal (1949), p. 150; a treatise with this title is attributed to al-Kindf by Ibn Abt
Usaybi‘a. If the ‘philosopher of the Arabs’ was indeed the author of a work with this
title, then it would concern the use of some universal instrumen} (not necessarily a
‘plate’). Hence it cannot be identical with the text extant in manusétipt Marsh 663.

8 Burnett, Yamamoto & Yano (1997), pp. 61-62, esp. n. 12.

The treatise had also been studied by King and Dorothea Girke seven or eight years
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Hasib was a serious candidate for author. The first reason for our suspicion
was mainly the particular value of the latitude given in one of the worked
examples, as well as the star coordinates given in the tables. We shall now
discuss these points further and present more evidence for our attribution.

1.1 The attribution to Habash

There are four decisive arguments in support of our attribution:

1. The latitude 34° (intended for Samarra, the Abbasid capital from
221/836 until 279/892) is used in a worked example (p. 240 of the
manuscript; see our edition below): the use of this latitude is peculiar
to many of Habash’s writings. In his Zij all of his worked examples
as well as the star table mention the name of, or employ the latitude
of Samarra,'? and likewise in his treatise on the melon astrolabe.!!

David King has recently argued that the treatise on sundials attributed
to al-Khwarizmi might actually be by Habash, firstly because in Ibn
al-Nadim’s bibliography such works are indeed associated to the for-
mer and not to the latter, and secondly because “the most elaborate
tables in the set are for latitude 34°”.'2 It is not known whether al-
Khwiarizmi was ever associated with the Abbasid court at Samarra,
although it is true that we know very little about his life. 13 The only

before us. In 1997, however, we began from scratch.
See Debarnot (1987).

Kennedy, Kunitzsch & Lorch (1999). Two other works by Habash have been published,
one dealing with the use of the spherical astrolabe (see Kunitzsch and Lorch (1985)),
and another one entitled On the Sizes and Distances, which in fact discusses various top-
ics relating to the achievements of the group of scientists who worked for al-Ma’min;
it was probably written in Baghdad shortly after the caliph’s death — see Langermann
(1985) and King (2000). Rida A.K. Irani’s M.A. thesis entitled “The Jadwal al-tawgim
of Habash al-Hasib”, (American University of Beirut, 1956) has unfortunately never
been published.

King (1999), p. 350.

But the same remark also applies to Habash!
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astronomers apart from Habash who can be securely associated with
Samarra were in fact the Bani Miisd and al-Mahani."* We do not
know to what extent they might have collaborated with him, but it
appears that Habash adopted several parameters based on their re-
spective observations. '

2. The star table encountered in the work under discussion was directly

taken from Habash’s version of the Mumtahan star table in his Zij;'¢
furthermore some star coordinates not found in the latter source are
confirmed in Habash’s treatise on the melon astrolabe.!”

3. In a worked example, values are given for the Sines of 34° and

56°, and these again correspond exactly with the respective entries
of Habash’s Sine table.'®

See Sayili (1960), pp. 92-94. al-Birtni and Ibn Yiinus report several observations made
by the Bani Miisa in Samarra. It is curious that Habash’s association with this city is
never mentioned in the standard biographical articles, such as Hartner (1971) and Tekeli
(1972), or even in Sayili’s essay on Islamic observatories cited above. The first mention
is in fact in Debarnot (1987).

In his Qanan, al-Birunt states that in general, Habash’s parameters derive from the
observations of the Banit Musa (Debarnot (1987), p. 43). Atone place in his Zij, Habash
gives an example for latitude 34;12° (instead of the rounded value 34° which he usually
employs). 34;12° is precisely the latitude of Samarra which is recorded by al-Biraini in
his Qdniin (Kennedy & Kennedy, 1987) and also in his Tahdid (al-Birani, pp. 85, 212—
213). al-Biriini does not ascribe the determination of this value to anybody in particular,
but says that it was due to “other observations [than those of the Banii Miisa he quoted]”
(p. 85), and also that it was accepted by the majority (p. 213). In fact, we learn from Ibn
Yinus (MS Leiden Or. 143 [= 1057], p. 223) that it was al-Mahani who found it on the
basis of observations conducted in Samarra in 243 H (= 857 A.D.). This measurement
is remarkable since it is only one minute different than the modern value for Samarra
(34°13') given in Kennedy & Kennedy (1987).

See note 113 on p. 139 for reference to the sources.

E.g. the declination of fam al-samaka (see Table 3, note [, on p. 143) and the mediation
and declination of suhayl (see Table 4, note ¢, on p. 144 and note m to the table on
p. 146).

Seen. 119 on p. 150.
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4. Two different values of the obliquity can be detected in this work,

namely 23;35° and 23;33°. The former parameter underlies a list of
right ascensions given in the text (see p. 151 below) and the latter is
explicitly visible on the declination scale featured in Figure 6 (anal-
ysed on p. 154). It is well known that Habash used the value 23;35 in
his Zij'® and in the treatise on the melon astrolabe.?® In the first ver-
sion of his Jadwal al-tagwim, however, Habash had rather employed
23;33° 2! The parallel use by Habash of these two different values of
the obliquity is confimed by Ibn Yanus.??

5. Finally, the style and technical terminology of the treatise on the uni-

20

21

22

versal plate are very close to those encountered in the treatise on the
melon astrolabe. Four examples might suffice to illustrate this claim:

(a) On some geometrical diagrams, numbers in abjad notation are

used as ‘diagram letters’ designating specific points of a numer-
ical scale associated with those numbers. For example a point
associated with a longitude of 12 degrees measured from point A
will be denoted A-12 (v ). Compare Section [5] of the present
treatise with f. 147r:8-24 of Habash’s treatise on the melon as-
trolabe (Kennedy, Kunitzsch & Lorch, pp. 64-67). Incidentally,
the respective sections of both works turn out to be very similar;
see further our commentary on Section [7]. This method of let-
tering is a unique and extremely interesting example of a fully
neglected aspect of Islamic scientific practice, namely the tech-
niques employed to convey non-verbal information by means

Debarnot (1987), p. 47.
Kennedy, Kunitzsch & Lorch (1999), pp. 97, 102.

Debarnot (1987), pp. 48, 62. This value is reported to have been determined in 213 H
by Yahya b. Abi Mansiir; see al-Biriini, pp. 89-91.

MS Leiden Or. 143, p. 223.
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of diagrams, graphs, tables, etc.”? The procedure of combining
letters and numerals for marking elements of a mathematical di-
agram is apparently first attested in Europe in some works by
Leibniz.>*

The peculiar use, in both treatises, of the word majra (instead of
madar) in the expression mayl majra al-kawakib ‘an mu‘addil
al-nahdr, to designate the declination of fixed stars. Compare
Sections [2] and [3] and Table 3 of our edition with f. 141r:7-8
and Table 3 of the treatise on the melon astrolabe (pp. 18 and 88
of the edition, respectively).

The expression ka-hay’at ... (‘in the form of, such as [some
geometrical element]’) in reference to a geometrical diagram.
Compare the first sentence of our edition with the treatise on the
melon astrolabe (f. 141r:8, p. 18 of the edition).

The common structure of Sections [2] and [3] of our treatise
and of the various problems presented in the first half of the
treatise on the melon astrolabe, which consists of first present-
ing a graphical solution to a given problem, then its equivalent
trigonometric formula and finally a worked example.

More details concerning the points evoked in items 2 and 3 will be given
in our commentary. Another argument in favour of Habash is the fact that
three short sections extracted from his Zij — and explicitly attributed to him
— do appear in the Oxford manuscript:

1. Min Zij Habash ft ma‘rifat masir al-shams wa-l-gamar al-musahhah
(pp. 55-56): identical with the section of Habash’s Zij in MS Istanbul
Yeni Cami 784/2, f. 151v:11-22.

2. Ma‘rifat bu‘d al-shams min markaz al-ard li-Habash (p. 56): corre-
sponds to MS Istanbul, ff. 151v:22-152r:5.

23

On the lettering of diagrams in Greek mathematics see the fascinating study by Reviel

Netz (1999), pp. 12-67.

24 See Cajori (1928-29), 1, p. 421.
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3. Bab ft ma‘rifat bu‘d al-gamar min [markaz al-ard li-Habash]®
(p. 57): corresponds to MS Istanbul f. 152r:6-15.26

4. Finally, the table on pp. 55-56 corresponds to that in MS Istanbul,
ti153e2!

1.2 General presentation of the treatise

The text we now publish belongs to the later period of Habash’s presum-
ably long career, and it was possibly during an interval of about a decade
before or after it that he composed his treatise on the melon astrolabe, with
which it shares several elements of form and contents. It is indeed fortunate
that this very interesting work by Habash has been the object of a recent
publication by three of the foremost specialists in the history of Islamic as-
tronomy.”® In a recent publication, David King has made the interesting
observation that Habash’s universal plate for timekeeping by the stars might
be the ‘sister-instrument’ of the medieval European navicula de Venetiis, a
universal instrument for determining the time from the altitude of the sun,
thereby formulating the conjecture that Habash might also have been the
inventor of the latter (not necessarily in the form of a ship).?’ Whereas it
is not our intention to deny the possibility of an Islamic predecessor of the
European navicula, nor to deny Habash'’s ability to invent an ingenious in-

25 The upper-left corner of this page is damaged in the manuscript so that the end of the

first few lines are illegible.

26 Jtems 1-3 have been translated and analysed in al-Saleh (1970).
27 For a description of those four items see Debarnot (1987), p. 49, under Ve-Vd, Ve, VI
and Table 29, respectively.

2 Kennedy, Kunitzsch & Lorch (1999).

29 King (1999), pp. 351-358, esp. the conclusion on p. 354: “The tentative connection

of the idea behind the universal hour-dial on the navicula with Habash is suggested by
the fact that it was he who designed a device for timekeeping by the stars which is also
highly ingenious” [emphasis in the original].
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strument of this kind, we cannot at present confirm King’s hypothesis.*® Let
us hope that further research will shed more light on this issue. We now turn
to Habash's own description of a very interesting device.

2 Text

Source: MS Oxford, Bodleian Marsh 663, pp. 205-206 and 239-247.

Editorial remarks: Words between acute brackets are our restorations to the
text. Lacunae are rendered as < --- > . All hamzas have been silently restored,

= F

so that 551> would be written 5,15 in the manuscript, and «;> would be written as
35>, etc. Because we are dealing with a unique copy, we have thought appropriate
to reproduce voweling and nunation (fanwin) as they appear in the manuscript, but

we have also indicated vowels whenever it facilitates the understanding of the text,

especially with verbal forms. The copyist’s usage of shaddas is rare but curious,’’

so our shaddas do not reflect those in the manuscript. We also represent the punc-
tuation sign used by the copyist — a small circle open at the top, with a dot in the
middle, similar to the letter y— in this edition by the symbol .

30 ¢ should be noted, however, that at least three sets of trigonometric markings are fea-

tured on the universal instrument described in this paper as well as on the navicula:
(1) the latitude scale along the upper half of the vertical diameter, which in both cases
corresponds to the tangent of the latitude, (2) the lateral declination scale, and (3) the
sine markings in the lower half (see further Section 5.2 below). It is also true that both
instruments are clearly intended to solve similar problems of spherical astronomy; the
navicula, however, strictly serves for finding the time from the solar altitude in a me-
chanical way, whereas the universal plate seems to be a much more versatile device,

whose operation requires that the user be fully in control of his subject.
31 For example, we encounter in the basmala .#) and in the first line <241 ! But in the

first case the shadda might be intended for the preceding letter.
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Figure 2

Figure 1
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Figure 4

Figure 3
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3 Translation

Notes of the editors: Words between parentheses are our additions to render the
translation more intelligible to a modern reader. Text between square brackets cor-
respond to emendations made to the Arabic text. All numbers are written with
full words in the text; the only exception is the number 45 in the header of Table
I, which is noted in abjad. When the words daraja or juz’ appear in the Arabic
text, we render them in our translation with the word ‘degree’, but when they are
implicitly assumed, we use the symbol “°” instead.

Treatise on the construction of the universal plate
(205)

In the name of God the Merciful and Compassionate
and to Him we call for help.

[1]  If we want to construct the plate, we make the universal plate (as
follows): we draw a circle in any size we wish in the form of circle ABGD
and divide its upper half, adjacent to the suspensory apparatus, into 180
equal parts. From the degree markings with which we want to divide the
plate in the quadrant for measuring the altitude, we draw lines cutting the
zenith line, which goes from the suspensory apparatus to the lowest point
(i.e. the centre H), at right angles (to it). These (lines) will be the sines on
the quadrant as we have drawn (them) in quadrant AB and this will be the
sine quadrant.

[2.1] We suppose in quadrant AD some fixed stars whose paths (across the
sky) we find inclined by up to 45 degrees (declination) in the direction of
north or south. We (would like to) mark the positions that result from these
on quadrant AD. We measure from point D on arc GD the amount of the
greatest declination of the star we wish to trace on the plate as we have
measured the greatest declination on arc DW as 45 degrees. We draw two
lines WZ and WE and measure from point D on arc DW the declination of
the star we wish as we measure arc DH. We draw from point H two lines,
(one) parallel to (line) DE (and the other to) EG. These wili be the two
lines HT and Y H. We draw from point ¥ line YKL parallel to line EG. We
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measure with the compass (ra’s al-midwar)®’ the length of line ET, and
we put one of its two legs on centre E, the other where it reaches on line
KL. There we mark point M. We draw the line EMN passing through point
M and cutting quadrant AD at N. At this point N we trace the star pointer
whose path (across the sky) we find inclined to the equator by the amount
of arc DH to the north or to the south.

[2.2] If we wish (to determine) the position of the star pointer on the quad-
rant of the plate by the method of calculation, we multiply the sine of the
declination of the star by the cosine of the greatest declination.We have di-
vided the product by the sine of the greatest declination and the quotient we
multiply by 60. Then we divide the product by the cosine of the declina-
tion of the star. The result will be the sine of the arc corresponding to the
position of the star pointer on the quadrant.

[2.3] Example. We find the star Capella (al-‘ayyig) at 5 degrees and 5
minutes of Gemini. Its latitude in the direction of north of the ecliptic is 22
degrees and 50 minutes and it culminates (with the point of the ecliptic) at
29 (206) degrees and 47 minutes of Taurus. Its declination is 43 degrees
and 36 minutes north. We make arc DH 43 degrees and 36 minutes. Its
sine is line HT and line YK is the same. < ... --- > The star pointer
(will indicate) the inclination of its path (across the sky) to the equator. The
inclination of its path to the zodiacal belt* appears at the star pointer.

(Figure 1)

[3.1] (239) We draw again circle ABGD and measure on arc DG the dec-
lination of the star with the greatest declination appearing on the plate, and

87 Here the author chose the unusual, but appropriate Arabic word midwar to designate a
compass; elsewhere he uses the Arabicized Persian birjar.

88 There is a lacuna of several lines here. The missing part certainly continued with the
geometrical construction and trigonometric calculation for finding the position of the
pointer for Capella, according to the procedure presented in [2.1] and [2.2]. Moreover,
the last two sentences appear o be corrupt, so our translation is problematic.

89

The expression “zodiacal belt” should probably be emended into ‘equator’.
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arc GW?° will be 45 degrees. We draw from point W two lines WZ and HW,
(one) parallel to (line) DE (and the other to) GE and measure from point D
on quadrant DG arc DT?! as the amount of the latitude of any locality we
wish. We draw line ET cutting line WZ at point Y and draw line KY L par-
allel to line DE. We measure with the compass the distance EH. We put
one of its extremities on centre E, the other where it cuts line KY L and mark
on it M. We draw line EMN °? and draw NS parallel to line DE. Line ES
will be the sine of the half-excess of daylight of any star whose declination
equals arc GW?? which we have taken as 45 degrees in that region whose
latitude will be equal arc DT. At point § we suppose the line of the equation
of daylight of the star on line EH.

(Figure 2)

[3.2] (240) If we wish the longest half-excess of daylight for declination®*
45° by the method of calculation we multiply < the sine of > the declination
of the star by the sine of the latitude of the region. Then we divide the
product by the cosine of the latitude of the region. The quotient we multiply
by 60. Then we divide the product by the cosine of the declination. The
quotient will be the sine of half-excess of daylight of a northern star or the
sine of the half diminution of daylight of a southern star with respect to
daylight of the equinoxes in that region.

[3.3] Example. In our region where the latitude, is, for example, arc DT 34
degrees® and its Sine OT is 33;33,6 approximately. Arc GT is 56 degrees
and its Sine OE is 49;44,30,30. Each of the arcs DW and GW are 45 degrees

90 The text has DW. This makes no difference in the particular case of Ay = 45°, but in
general the procedure would be wrong if DW were to represent the maximal declination,

91 The text has GT.

9 The text has RMN for ZMN.
93 The text has DW.

94 The text has ‘latitude’.

95 Latitude 34° is for Samarra. See the discussion in the introduction on p. 110.
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(and) each of their sines are the lines WZ and EZ. Likewise line EM will
be 42:25,35. If we multiply (the length of) line 7O by (the length of) EZ¢
and we divide the product by (the length of) line OE, the quotient will be
(the length of) line YZ and (the length of) line EK is the same, namely
28;37. If we multiply (the length of) EK by (the length of) EN, namely 60,
and then divide the product by (the length of) line EM, the quotient will be
(the length of) line ES, namely 40;28,10 approximately and arc DN will be
42;25° approximately.

Likewise we calculate the sines of the equation of daylight of the stars
for all remaining regions but in order to make it easier for us to find it, when
it is needed, we make a table for which we begin with the climate inscribed
as latitude 12 (degrees). We take the increment (of the arguments) of the
table as two degrees, and we finish with latitude 44 degrees.

[4] We add to line EG in the quadrant BG a tabular scale (jadwal) on
which appear the sines of the half-excess of daylight of the region to facili-
tate finding the equation of daylight of the fixed stars. In the same way we
also add to line DE on quadrant AD °7 a tabular scale in which appear the
sines of the half-excesses of daylight for the summer solstice (lit. the begin-
ning of Cancer). The scale will touch the region marked for latitude 12° and
go up to latitude 54°% for finding the equation of daylight of the degrees of
the ecliptic in that region.

(241)

[Table 1 (right-hand side)]

Table for the half-excess of daylight for declination 45° for the equation of
daylight of the stars on the plate. Latitude of the localities. Arcs of the
half-excess of daylight for declination 45°. Sines of the arcs of the
half-excess of daylight for declination 45°.

9% The text has ED.

97 The text has AG.

98 Perhaps we should read 44, as in Figure 37 Bul the last argument of Table 2 is 51!

There is obviously some confusion here. It is possible that Habash originally intended
Table 2 to end with argument 54; in this case only the last line would be missing in the
table.
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[Table 2 (left-hand side)|
Table for the half-excess of daylight for the summer solstice for the
equation of daylight of the degrees of the ecliptic on the plate. Latitude of
localities. Arcs of the half-excess of daylight of the summer solstice. Sines
of the arcs of the half-excess of daylight of the summer solstice.

(242)

[Table 3 (right-hand side)]

Direction of the disc of the star pointers on the universal plate. The names
of the stars. Direction of the disc of the star pointers on the quadrant of the
universal plate. Inclination of the path of the stars from the equator to the
north. What appears on the universal plate on the southern belt. Inclination
of the path of the stars from the equator.

[Table 4 (left-hand side)]

Direction of the disc of the star pointers on the belts of the zodiac and of
the equator. The names of the stars. Direction of the disc of the star
pointers on the equatorial belt. Direction of the disc of the star pointers on
the zodiacal belt.

(243)
(Figure 3)

[5] We suppose on the other side of the plate the zodiacal belt and this
will be circle ABGD.”® We begin at point A corresponding to the beginning
of Aries. We divide quadrant AB'% with the right ascensions of the degrees

9 The text has AKzGD. ‘Kz’ is written together as if it were the abjad notation for

27°. It is significant that the integer part of a(A = 30°) is 27. On Figure 4 there is a
hardly legible symbol vis-a-vis the end of Aries on the longitude scale. This could be
the origin of the confusion. But it is strange that 27" (Kz) would represent this point
instead of ‘30" (L), according to the convention introduced in the next few lines. And
the systematic confusion in this section between the letters Kz and B to designate the
end of the first quadrant is likewise difficult to understand.

100 The text has A Kz.
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of the ecliptic, according to the divisions with which we want to divide the
plate, be it bi-, tri- or sexpartite. If we want it sexpartite, a right ascension of
6 degrees from the beginning of Aries will be arc A-6'"" (corresponding to) 5
degrees and a half; a right ascension of 12 degrees from it (i.e., the beginning
of Aries) will be arc A-12 (corresponding to) 11 degrees and one minute; a
right ascension of 18 degrees from it will be arc A-18 (corresponding to)
16 (244) degrees and 35 minutes; a right ascension of 24 (degrees) from
it will be arc A-24 (corresponding to) 22 degrees and 12 minutes; a right
ascension for the end of Aries will be arc A-30 (corresponding to) 27 degrees
and 53 minutes; a right ascension for the end of Taurus will be arc A-60
(corresponding to) 57 degrees and 37'%? minutes; a right ascension for the
end of Gemini will be arc AB'" (corresponding to) 90 degrees. We divide
the remaining three quadrants of the plate, each of the quadrants with the
same divisions as on the one opposite it.

[6] We make the diameter of the largest circle divide the smallest circle'**

in two different arcs so that the arc in the direction of the beginning of Aries
will correspond to the arc of daylight of Capricorn in that region and (the
other arc) in the direction of the beginning of Libra will correspond to the
< arc of > daylight of Cancer in that region. <--- =105 We put (lit. we
suppose) the movable cursor (shaziyya) at the position of the circle of the
small plate in the region we wish. Likewise we put (lit. we suppose) on the
movable cursor for all of the regions we wish < -+ >

[7] Then we take an alidade (for measuring) the altitude, pierced at the

101 The notation A-n, which we have borrowed from Kennedy, Kunitzsch & Lorch (1999,

p. 67), represents the arc going from A to a point labelled with the abjad notation for n,
relating to the right ascension of an ecliptic arc of n®. CL p. 112

102 Read 47,
103 The text has A Kz.

This smaller plate has not been introduced yet, but see Section [9], which should logi-
cally precede this Section.

105 Lacuna?
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centre, on which there are two slotted rules (majra'"®) running from the
pole (quth)'" to the rim of the circle: these divide the breadth of the alidade
equally at right angles. We divide the side of the alidade adjacent to the pole
according to the graduation of the diameter in 18 '°% equal parts. We divide
the other side according to the divisions of the sines in the form we have
divided line AE on quadrant AB of the plate.

[8] We take also a fine cursor (shaziyya) with two different sides, one
(side) like a catch (mumtana‘a) and its opposite like the latch (dabba), on
the diameter of the plate going down from the position of the suspensory ap-
paratus to the lowest point of the large plate. We take the length of this cur-
sor larger than one sixth of the diameter of the circle of the largest plate, so
that if we make the two centres of the two plates (coincide at) one pole and
if we make their perpendicular diameters (tarabr‘ahd) (coincide) precisely
(on) one line, then we will make them (i.e., their common diameters?) meet
the (outer) side of the scale of the smaller plate <and> the (inner) side of
the cursor.'?” Then we move the small plate which moves uniformly on the
diameter of the larger plate, which goes down from the beginning of Aries
to the beginning of Libra, and we move the pierced tabular scale (also) uni-
formly. The cursor will take up its position in the way which we have shown
in this figure. We move the small plate at the inner part of the larger (plate)
uniformly about (?) the two diameters of these two until the distance of these
two diameters coming down from the two (common centres?) at the middle
of the smaller circle will correspond to the arc of half-excess of daylight in
Cancer over (the arc of) half-daylight at the equinoxes in that region.

(245)

(Figure 4)

A majrd in this context means a slotted rule, in which the shaziyya can be moved.

197 On an astrolabe qugb refers to the broad-headed pin passing through the hole at the

centre. See Kunitzsch (1982), p. 545.
108 The text has 28.

The Arabic text of the last sentence is quite obscure, and our translation is intended as
a tentative reconstruction.
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The second alidade
The back of the plate

[91 We suppose inside of this belt on this plate the scale WZHT"!° to rep-
resent the equator. We begin from line AE and divide (this scale) into 360
equal parts. We suppose the star pointers to be at those points which cor-
respond to their mediation. Then we prepare a small plate whose diameter
is approximately two thirds of the diameter of the large plate in the form of
plate Y KLM.""" We divide it into 360 equal parts and we pierce along its di-
ameter with two rectangular and parallel holes of equal length and breadth,
one of them (running) (246) from the centre of the circle to the beginning
of the divisions and the other from its rim opposite to the beginning of the
divisions towards the centre like the two tabular scales. They should not
join each other and there should be enough space in-between on the plate
so that we can grasp it, and so that they do not separate from each other.
We take a movable cursor (shaziyya) corresponding to the scale which we
pierce inside the plate close to the centre, and it will be like the slotted rule
(majra) on the tabular scale without one half of the splits (filga) and without
the ruler. We mount it on the front of the plate bearing the small plate, if
God wills.

(Figure 5)
(247)
(Figure 6)
Figure of the alidade
The lower majra The upper majra
divided into 60 divided as the radius of the plate
divided as the radius of the plate divided into 60

The treatise on the construction of the universal plate is completed. To Him
who gives understanding, praise without end and thanks without limit.

N0 The text has ZHT.

T The text has KLM.
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4 The Tables

Two distinct sets of numerical tables are presented by Habash in his trea-
tise. In the first two tables, functions related to timekeeping are tabulated
for a range of terrestrial latitude. The half excess of daylight and the Sine
thereof are featured in Table 1 for a declination A = 45° and for arguments
of latitude ¢ = 12°,14°,...,44°, and these can be expressed as

arcSin(Tan ¢) and Tan ¢

for the entries in the first and second columns, respectively, where the tan-
gent function is to base R = 60 (i.e., Tan¢ = Rtan¢). The same functions
are also featured in Table 2, but for a declination corresponding to the oblig-
uity of the ecliptic &, so that they can be expressed as

Tan¢ Tang o Tan¢ Tang
R R ’

arcSin

We present an edition of both tables as they appear in our sole source,
together with recomputed values and restorations of the entries. It is indeed
evident that Habash’s original tables — which were, as we shall see, very
accurately computed — have heavily suffered at the hands of successive gen-
erations of copyists. The entries in the second columns of both tables under
the heading ‘recomp.’ are based on exact recomputation with the modemn
formulae given above. Recomputations of the entries in the first column of
each table are found by calculating the arcSine of the restorations of the
corresponding entries in the second column.''? Since this also corresponds
to the logical order of compilation of the tables, we have displayed the sec-
ond column before the first one. Errors in seconds are indicated next to those
recomputations (following the convention error = text — recomputation); er-
rors larger than 60 seconds that are due to scribal errors are indicated by “!!”.
In the third column all entries obviously corrupted by scribal errors have

112 For this purpose we have also compared the results with the exact arcSine against those
found with Habash’s Sine table (see n. 119), using linear interpolation. But the few
divergences from modern computation were not significant.
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been restored, and the actual (original) errors have been given next to them;
restored digits are underlined. Several entries in the first columns of Tables
1 and 2 have zeros in the seconds; this could indicate that either a copyist
replaced illegible entries for the seconds by zeros, or that rounding and/or
truncation occured at an early stage (either by Habash or an early copyist).
Closer examination, however, makes the first hypothesis inacceptable, for at
least six entries in both tables have been clearly rounded upwards; indeed all
entries with zero in the seconds can be explained by rounding to the nearest
minute. Why some of the entries were rounded and others were not remains,
however, a mystery. In the edition below rounding has been indicated by ‘r’.
The fact that Tables 1 and 2 reveal no numerical interdependance is rather
surprising, since we would expect the entries in the second column of Table
2 with the same arguments ¢ as those in the second column of Table 1 to
have been found by multiplying the latter by the constant Tang, but this is
not the case. Two independent (co)tangent tables appear to have been used.

The next set of tables contains lists of stars with various coordinates.
Our analysis has revealed that these are identical with the star coordinates
associated with the Mumtahan tradition,''? and this new treatise by Habash
provides a further source for the recovery of the original coordinates. Table
3 gives the declination of 21 stars together with the quantity arcSin(TanA),
and Table 4 features 20 stars with their mediation and right ascensions.
Since Figure 5 reveals star-pointers with the corresponding declinations, we
have presented them in tabular form. We have also listed the names featured

3 The Mumiahan star table is preserved in its original form (ecliptic coordinates, declina-

tion and mediation of 24 stars for the year 214 H) on f. 192r of the Istanbul manuscript
of Habash’s Zij introduced above, and also in the eponym Zij of Ibn Abi Mansiir, of
which a late recension is extant in MS Escorial drabe 927. In this manuscript we find
two versions of the table in two different hands; the table on f. 95r is for the year 214 H
and is virtually identical with that presented by Habash. All extant star lists related
to the original Mumtahan table have been edited and analysed as Part 1 of an unpub-
lished study by Dorothea Girke (1988), which we have used together with the original
manuscript sources. In our apparatus we use the following siglae: HZ = the version in
the Istanbul manuscript of Habash’s Zij; MZ = that on f. 95r of the Escorial manuscript.
The sigla M refers to the Mumtahan table in general, whereas the number following it
corresponds to a continuous numbering of the stars featured in it.
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on the star-pointers illustrated in Figure 4. In Table 4 we have recomputed
the right ascension o, which is not featured in the Mumtahan table, from the
given values of the mediation u, using the modern formula and assuming an
obliquity of 23;35°.''" The data on Figure 5 is badly degenerate, and we
have marked the corrupt digits by underlining them. In the next column we
give the declination from Table 3 and the Mumtahan table for comparision.

114 With £ = 23;33° there are no changes éxcept for entries 6, 10 and 13, where the errors
become -1, 1, -1, respectively, instead of 0 everywhere.
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(b) second column: Tan ¢

Table 1

(a) first column: arcSin(Tan @)

(0] MS recomp.  eIr. restor. CIT. (0] MS recomp.  eIr. restor. err.
12 | 12;46,15 | 12;45,12 1] 12:45,15 3 12 | 12;14,00 | 12:16,23 1| 12;16,00 r
14 | 14;37,16 | 14;57,35 1] 14;57,36 1 14 | 14;26,00 | 14;26,17 r
16 | 17:12,18 | 17;12,17 1 16 | 16;40,00 -| 16;39,49 r
18 | 19;20,42 | 19;29,43 1| 192942 -1 18 | 18;18,00 | 18;57,38 ] 18:58,00 r
20 | 21;50,17 | 21:50,18 -1 20 | 21;20,40 | 21;20,39 1
22 | 24:14,30 | 24;14,30 0 22 | 28:49,00 | 23;49,49 1] 23:49,00 t
24 | 26;13,00 | 26;42,49 1] 26;43,00 114 24 | 26;26,00 | 26:26,28 r
26 | 29;17,50 | 29;15,50 | 29;15.50 0 26 | 29;14,00 | 29;11,30 ] 29:12.00 r
28 | 31;34,08 | 31;54,09 1] 31;54,08 -1 28 | 32,07,20 | 32;07,14 6
30 | 34;38,20 | 34:38,28 -8 30 | 35;1545 | 35;15,43 2
32 | 37;29,34 | 37;29,32 2 32 | 38:40,25 .| 38;40,24 1
34 | 40;28,15 | 40;28,14 1 34 | 42;25,00 | 42;24.59 1
36 | 43;35,33 | 43;35,33 0 36 | 46;36,00 | 46;35,50 T
38 | 46;53,00 | 46;52,38 22¢ 38 | 51;28,18 | 51;23,17 1] 51,23,18 1
40 | 50;20,44 | 50;20,46 -2 40 | 57;04,45 | 57;02,40 N 57,02,45 5
42 | 54;01,27 | 54,01,27 0 42 | 64;14,40 | 64;12,40 "] 64;12,40 0
44 | 57;56,29 | 57;56,29 0 44 | 74,5645 | 74;56,52 -7

A0 JDSI2AIUN) S, YSOGDE]

@ These two entries seem to have been rounded to the nearest minute, and this would make them the only such cases in the second

columns of Tables 1 and 2.
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Table 2
(b) second column: Tan¢ Tang/R (a) first column: arcSin(Tan¢ Tang/R)
[} MS recomp. err. restor. err. [0} MS recomp.  eIT. restor. err.
12 | 05;32,57 | 05;34,03 -66“ 12 | 05:18,14 5,18,24  -10 5,18.24 0
15 | 07;01,06 | 07:01,06 0 15 | 06;43,00 6;43,03 r
18 | 08;30,35 | 08;30,38 -3 18 | 08;09,15 8;09,13 2
21 | 10;03,16 | 10:03,16 0 21 | 09;37,00 9,38,48 i 9;39,00 7 r?
24 | 11;39,42 | 11:39,42 0 24 | 11;12,34 11;12,27 7 | 11;12,27?7 4 09
27 | 13;20,45 | 13;20,45 0 27 | 12;51,10 12:51,07 3| 12;51,77 ¢ 07
30 | 15;07,09 | 15:07,20 -11 | 15:07,20 0 30 | 14:36,00 14:35,53 r
33 | 17;00,30 | 17;00,35 -5 33 | 16;28,00 16:28,03 r
36 | 19;01,18 | 19;01,48 -30 | 19;01,48 0 36 | 18:30,00 18:29,30 T
39 | 21;52,36 | 21:12,37 1| 21;12,36 -1 39 | 20:42.00 20:42,06 T
42 | 28;34,55 | 23:35,02 " 2_3534.55"’ -7 42 | 23,08,31/ | 23;08.36 -5
45 | 26;11,38 | 26;11,33 -5 | 26;11,33 0 45 | 28:53,00 25;53,06 11| 25;53,00 r
48 | 29;05,24 | 29;05,23 1 48 | 29;10,00 29;00,05 | 29;00,007
51 | 32;20,13 | 32;20,42 -29 | 32,2043 1 51 | 32,37,18 32;37,18 0

@ The fact that the original value used by Habash was already affected by a significant error is confirmed by the corresponding entry
in the first column: we have indeed arcSin5:32,57 = 5; 18,24°, and it is straightforward to assume that this was then miscopied as
5:18,14°. On the other hand, since Sin5; 18,14° = 5;32,47, it is also possible that the copyist error be only in the second column,
but then we would have errors of -76 and -10 in the second and first columns, respectively, instead of -66 and 0. The original value
of Tan 12° Tane in Habash's table might have been 5:33,57 [error -6], which he could have later misread or miscopied as 5:32,57.

b Emending 23;34,55 to 23;34,50 would explain the entry 23:08,31 ( = arcSin 23;34,50) in Table 2a. Another, less likely
possibility is that 31" is a scribal error for ‘0’ (whose abjad symbol could conceivably corrupt into “31°). 4 The corruption
of 27" into ‘34" (;5 — A ) is conceivable. ¢ The corruption of ‘7 into ‘10’ (; — (g ) is conceivable. /" See note a to
Table 2b.

i
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Table 3

M | Star name A arcSin(TanA)  err.

I | — | mankib al-jawza’ 6:16 (sic)? 5417 [-1]

2 | 20 | al-nasr al-ta’ir 457 (sic) 6:18 ol
3 12 | al-shi‘ra al-sha’amiva | 0:00 (sic)* 7:20 -1/
4 6 al-dabardn 13:30 13:13 0
5 | 13 | qalb al-asad 17:14 17:39¢ 1

6 | 23 | mankib al-faras 21545 23;31 0
7 15 | al-simak al-ramih 25;34 28;39 0
8 16 | al-munir min al-fakka 31;05 3707 0
9 4 | ra’s al-ghal 36,00 46:36 0
10 | 19 | al-nasr al-wagqi* 38:12 51;54 0
| 22 | al-ridf 41;02 60;30 0
12 |1 10 | al-‘ayyig 43;36 72;13 -1
13 | 5 | al-jadhma 44;54 85,08 -7
14 | 8 | al-surra’ -2;37 2:37 0
15 14 | [al-simak] al-a‘zal -4:38 4:39 0
16 | — | al-zalim -8:23 8,29 1
17 | 7 | rijl al-jawza® -10;16 10;25 -1
18 | 11 | al-shira al-yamaniya -15;:48 16;244 2
19 | 17 | qalb al-‘agrab -22;50% 2454 0
20 | 21 | fam al-samaka -37:30" 50,07 0
21 | 24 | rijl qantiiris -44;05 75;33 -2

“ 6;16° is actually the value of A for the next star in this table (M20). b Mankib
al-jawza’ might have been confused with yad al-jawza® (M9), since 5;41 corresponds to
A = 5;39%; the declination of yad al-jawza’ given in the Mumtahan table is indeed 5;40°. If
5;41 is based on A = 5;39°, then the error would be -1. ¢ The Mumtahan table has
6;16° for M20 (see preceding entry). 4" Error for A = 6;16°. ¢ The Mumtahan
table has 7;17°. The preceding entry in this table has 4;57°, which could indeed be a scribal
error for 7;17°. I Error for A = 7;17°. £ This corresponds to a declination of
16:52° (there is no star with this value in the Mumtahan table). " Should be 18;4°.
' al-sida () MS. /' 6;24° MS. k" The declination of this star is not given in
M, but recomputation from the given values of A and B yields A = —22;50°. The plate
illustrated in Figure 5 (p. 246 of the manuscript) has indeed -22;50°!) MZ has rather -
24;50°, where the 4 might be a scribal error for a 2. ! M has erroneously A = —13;0°
for this star. Recomputation of the declination from the Mumtahan values of A and B yields
-37;26°. The Mumtahan value must therefore be restored to -37;30°. The rounded value -38°
is furthermore confirmed in Habash’s treatise on the melon astrolabe (Kennedy, Kunitzsch
& Lorch (1999), pp. 88-89, no. 9)
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Table 4

M | star name I o o recomp.  err.

I | — | al-zalim 071558 14:41 1442 -1
2 4 | ra’sal-ghil 1400;09 28,00 28,02 -2
3 5 | al-jadhma 102,59 30:47 30;45 2
4 6 | al-dabaran 1924;15 51;51 51:51 0
5 | 10 | al-‘ayyiig 12947 57:34 57:34 0
6 | 7 | rijl al-jawza’ 1915444 43;[114" 43;14 0
7 | 25 | suhayl 282[7]:40¢ 87;244 87:.27 -3?
8 | 11 | [al-shi‘rd] al-yamaniya 2728;31 88:20 88;23 -3
9 | 12 | [al-shi‘ra] al-sha’amiya 308;00 [9]8;46¢ 98:43 3
10 | 13 | galb al-asad 4%13;05 135;35 135:35 0
11 | 24 | rijl gantiiris 5420;30/ 1[717:1[8]% 171;17 1
12 | 14 | al-simak al-a‘zal 6'05;53 1[85];24" 185;24 0
13 | 15 | al-simak al-ramih 6'21:24 199:45 199:45 0
14 | 16 | al-munir min al-fakka 713,04 220;36 220;35 |
15 | 17 | galbal-‘agrab 72144 229,16 229;17 -1
16 | 19 | al-waqgit 8'29;27 269;36/ 26924 127
17 | 20 | al-ta’ir 9'11:31 282;38/ 282:32 67
18 | 22 | al-ridf 9+28,00 300;00% 300,07 -7?
19 | 21 | fam al-samaka 10°24:47' 326;33 327:06 -33?
20 | 2 | al-khadib 11716;00 REVHVI 347;08 -1

¢ M has 2%5;44° (the corresponding o would be 63;49°). b 43;54° MS.

¢ 2%24:40° MS. The corresponding entry of Habash’s Mumtahan table has been left empty
(whilst suhayl is not featured in the Mumtahan Zij). Habash’s treatise on the melon astrolabe
gives A = 2°29;10°, B = —75;10°, and A = —51 7';": Lt is given as 2°29° in Table 3 of
the same work but as 2°27;40° in the text (148r:2,4), emended to 2'29;40° by the editors.
Since recomputation of i from those ecliptic coordinates yields 2Y29:41°, this emendation
is indeed justified. Nevertheless, the value for the right ascension in the present table is
obviously derived from the incorrect value pu = 2°27;40° which is also confirmed twice in
the treatise on the melon astrolabe. The corruption was thus already present in at least one
copy of Habash’s star table when he compiled this treatise and the present work.

4 perhaps scribal error 87;27° — 87;24° (55 — A5) ? ¢ 28:46 MS (1) M
- has pu = 6%19;32° (sic), which would correspond to ot = 198;01°. Recomputation from A
and B yields it = 6'3;46°, which corresponds to o = 183;27°. £ 106;13° MS (Las —
a5 g3land £ — £ ). h106;24° MS (45 —3 b — ¢31). i Perhaps scribal
error 269;26° — 269;36° (35 — ) ? /' Perhaps scribal error 282:33° — 282;38°
(&— a ? k' perhaps scribal error 300;5° — 300;0° ? I u is omitted in HZ,

and MZ gives the erroneous value 10°18;24” (which is the A of M22!); Habash’s treatise
on the melon astrolabe (Kennedy, Kunitzsch & Lorch (1999), pp. 88-89, no. 9) has rather
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10°27°. Hence we have no possibility of controlling this entry against those sources. Perhaps
10°24; 47 should be emended to 10°24; 17, which would correspond to o = 326;37°. Less
likely is the possibility that oz = 326;33° be a scribal error for 327;13° (£, 58— 4 53).

M 347:50° MS (j — ).

The Star Names with Declinations on Figure 5

Tab. 3 | Star name [ A | AMM
Outer segment (north)
2 al-t@’ir 17:56 6:16
3 al-sha’amiya ) % b 7:17
4 al-dabaran 13;30 13:30
5 qalb al-asad 17;14 17:14
T [al-simak al-ramih]" 45:37 25:34
8 |al-munir min al-ﬂzkka]"’ 31:50 31;05
9 al-ghil 36— 36;00
10 al-wagi* 18;42 38;12
11 al-ridf 41;50 41,02
12 al-‘ayyig 13;500 ¢ | 43;36
— | al-khadib ;M| 52:514
13 al-jadhma 44;511¢ | 44,54
Inner segment (south)
15 al-azal 5,38 4:38
16 al-zalim 3:13 8;23
18/ [al-shi‘ra al-yamanival® | 5(7);48 15:48"
19 | galb al-‘agrab 22;50 | 22:50°
20 | fam al-hat 87:30 | 37:30/
— | suhayt* 51;200 | s1;20m
21 rijl gantiiris 44;05 44;05
4 [al-simak) al-azal MS: the two simdks have been confused!. b al-galb () MS.
 The nin for SO minutes () might be contaminated by the 3 of al-‘ayyiigq. 4" The

MS has something like Las ! This star is not featured in Table 3, but 52;51 is the value from
the Mumtahan table, which is also confirmed in the treatise on the melon astrolabe.

¢ The value in the text might be contaminated by the star-name or by the previous incorrect
entry! 1 Between al-zalim and this entry there is the caption al-mayl al-janiibt.
% The text has sha’amiya (confusion with the other shira!). " al-shi‘ra al-yamaniya
has A = —15;48° in Table 3.  This is the recomputed value (cf. note [ in Table 3).

I This star is called fam al-samaka in Table 3. The treatise on the melon astrolabe has the
rounded value -38° (Kennedy, Kunitzsch & Lorch (1999), pp. 88-89, no 9). k' Suhayl
is not featured in Table 3. ! The minutes are written below the star name. = ' The
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declination of suhayl is not given in HZ, but the value -51;20° is attested in Habash’s treatise
on the melon astrolabe (Kennedy, Kunitzsch & Lorch (1999), pp. 88-89, no. 2),

The Star Pointers on Figure 4

Inner plate, CCW from top: ra’s al-ghil, al-jadhina, al-dabaran, al-‘ayyiq, al-sha’amiya,
galb al-asad, al-ramih, munir al-fakka, al-t@’ir, al-ridf, al-khadib.

Outer plate: al-zalim, akhir al-nahr (= Mwntahan no. 1, but not in Tables 3 or 4), suhayl,
al-shi‘ra [al-yamaniyal, [rijl] gantiiris, qalb al-‘agrab, galb al-dalw (not in Tables 3 or 4 and ~
not in the Mumtahan table).

Stars featured in Tables 3 and 4 that are missing on Figure 4: al-surra, mankib al-jawzé’, rijl
al-jazwa’, mankib al-faras, al-waqi', al-simak al-a‘zal, fam al-hiit/al-samaka.

5 Commentary

The aim of the following commentary is to present an analysis of the dif-
ferent sections of the text and to present together all information about the
construction of Habash’s universal plate that can be obtained from it and
from the accompanying tables and illustrations. Speculations about the way
to use the instrument are beyond the scope of the present paper.

5.1 The Text

[1] The treatise begins somewhat abruptly by describing in a few sen-
tences the construction of a sine quadrant in the upper-left quadrant AB of
the plate ABGD.'"> The sine markings are traced horizontally, from each
equal division of arc AB until line AE. Cf. our remarks on the illustrations
of Figures 3 and 5 below.

15 On the sine quadrant see for example King (1995).
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[2.11 The next step consists in representing the position of a given fixed
stars of declination A on quadrant AD by a geometrical construction. The
procedure is as follows:

Assume circle ABGD, centre E. L
On quadrant DG find
DW = Amax(=45°) and DH = A.
Trace WE; WZ || GE;
HY || DE, with Y on EW;
HT || GE, with T on ED. B
Construct YKL || GEA,
with K on ED and L on AD.
Find M on KL so that EM = ET;
extend EM to N on AD. W
AN is the desired arc.

G

There results point N which gives the angular position of the star pointer.

[2.2] Next, a trigonometric formula is given as an alternative to the above
procedure:

SinDH Cos DW
Cos DH SinDW’
Note that since arc DW is chosen by Habash to be 45°, this quantity reduces

to TanA. We can easily prove the equivalence of this formula with the above
procedure:

SinAN =R

EZ = CosApax, WZ = SinApax
TH = KY =SinAET = EM = CosA
KYJEY =ZW[EW = EY =R SinA/SinAyx
Cos Ajax SinA
R SinApax

EK SinA |
; =R —=—— =R CosAypy—
hence SinAN =R EM COSAIMKSiI’lAmnx CosA

EK/EY =EZJEW = EK-=
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from which we get the above formula given by Habash.

Remark: It should be noticed that the above procedure not only yields an
angle AEN but also a radius EM = R CosA. These in fact could represent
the (polar) coordinates of the star-pointer in quadrant AD, although the text
is not at all explicit about it. But this is suggested by the illustration on
p- 243 of the manuscript.

[2.3] The worked example for the star Capella (al-‘ayyiq, o Aur) gives its
ecliptic coordinates as A = 2°5;5° and 8 = 22;50° N, which agree with the
entries of the Mumtahan star-table.!'® The mediation and declination are
then given in the text as g = 1929;47° and A = 43;36°, values taken from
Table 4, which themselves likewise agree with the entries in the Mumtahan
table. Then various geometrical objects are associated with numerical val-
ues, but in the manuscript this Section breaks off after it has been mentioned
that DH = A and SinA = HT = YK. The last two sentences concerning the
star-pointers are not clear.

[3.1] In this Section a geometrical construction of the half-excess of visi-
bility d(¢,A) of a star is presented with reference to Figure 2. The procedure
can be summarized as follows:

116 Cf. note 113 on p. 139.
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On DG, find GW = A
(= 45° in this example),
and DT = ¢.
Trace WE; WH || DE, H on EG,
WZ| GE,Z on ED
and OT || EG, O on ED.
ET cuts WZ at Y; B 2@ 1p
construct KYL || ED, L on DG. g
Find M on KY L so that EM = EH; v
extend EM to N on GD. K r}‘{"’
Construct NS || DE, S on EG. o= A
You obtain ES = Sind(¢,A)
and DN =d(¢,A).

S

Q

It is worth noticing that the above procedure is in fact a variant of the
method described by Habash in ‘Problem 1’ of his treatise on the melon
astrolabe.!'” The only difference is that instead of finding M on KYL, one
rather finds S on EG, so that ES = EA, where A is the intersection of EW
and KL (A corresponds to L in the related diagram of the treatise on the
melon astrolabe). It is not difficult to show the equivalence of both proce-
dures. The first half of the construction — identical in both sources — can be
explained by means of an ‘analemma’ construction.'!

[3.2] The above is then expressed as a trigonometric formula as follows:

SinA Sing R

i DN =
SRR Cos¢ CosA

which corresponds to the modern formula for the half-excess: sind =
tan ¢ tanA.

"7 Kennedy, Kunitzsch & Lorch (1999), pp. 20-27 and pp. 94-97.
18 Eor more details see ibid., pp. 94-96.
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We can demonstrate the equivalence of this formula with the construc-
tion in [3.1] as follows:
EH =CosA,EZ = SinA
OT =Sing.EO =Cos ¢
EZ/ZY = EO/OT
EK=ZY and EM=EH
EK/EM =ES/EN
7y — SinA Sing
Cos ¢
ES =R zy _ SinA Sin¢
EH CosA Cos¢
[3.3] The worked example chosen to illustrate this assumes DT = 34°,
which is the latitude of Samarra (see p. 110 abovz), and its complement
GT = 56°, We have

OT = Sin34° =33;33,6 and OE = Sin56° = 49;44,30,30.

Both values are taken from Habash’s Sine table, itself directly derived from
Ptolemy’s Chord table.!'® We also have a declination of GW = DW = 45°,
and WZ = EZ = Sin45°. Furthermore we find EM = EH = Sin45° =
42;25,35, and

TO-EZ  Sin34° Sin45°

EK=YZ= =
L OE Sin56°

= 28;37,
so that
R-EK 60.28;37
ES= EM =~ 42:25,35
and DN = arcSin(40;28,10) = 42;25°.

= 40,28, 10,

119 Habash’s Sine table is preserved in MS Istanbul Yeni Cami 784/2, f. 127v. Entries
are given to four places for each 0;15° of argument; the last digit is either 0 or 30, a
consequence of the division of Ptolemy’s Chords by 2. The use of Habash’s Sine table
is suggested by the fact that his entry for Sin56° noticeably differs from the exact value
49;44.32,7, and also from the result that other early Islamic Sine tables would yield.
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[4] Two scales of the Sine of the half-excess of daylight are marked along
the radii EG and ED of the plate. The first along EG is based on Table 1 and
gives the half-excess for each 2° of terrestrial latitude from 12° to 44° and
for the assumed maximal declination of a star 45°. The second one gives
the same quantity for the sun at summer solstice, for each 3° of latitude
from 12° to 51°. These quantities related to timekeeping by the sun are also
needed for timekeeping by the stars, since at night one is basically interested
to find the time elapsed since sunset, not the time since a particular fixed star
has risen or culminated.

[5]1 A right ascension scale around the outer belt on the back of the plate
allows to find the right ascension from the longitude, or vice-versa. Habash
gives the values of ¢¢(A) for each 6° of A up to 30°, and then for 60° and 90°,
as follows: a(6) = 5;30, a(12) = 11;1, a(18) = 16;35, a(24) = 22;12,
a(30) = 27;53, o(60) = 57;[4]7 [57;37 MS] and (90) = 90. These
are the accurate values of the right ascension,'?® assuming the obliquity
£ = 23:35°.12! The scales on all other three quadrants are constructed sym-
metrically to that on quadrant AB.

[9]'** Inside of this zodiacal scale is a second ring divided into 360 parts
representing the equator. Between it and the zodiacal scales there are star-
pointers which point at the value of the mediation of various fixed stars.
These elements can be easily recognized in Figure 4. A second plate of

120 The same values of the right ascension for the same series of arguments are also given
in the treatise on the melon astrolabe, with the exception that there ct(18) has been cor-
rupted through scribal error into 17;35 (£ — &aww), but not emended in the published
edition. Moreover, on p. 67, line 2 of the translation in Kennedy, Kunitzsch & Lorch
(1999), one should read ‘5%"‘ instead of *5°" for a(6).

Cf. our discussion on p. 112 above.

122 ogically this Section should occur between [5] and [6], because the text begins by

referring to “this belt” which can only be the zodiacal belt mentioned in [5]. Secondly,
the information about the smaller plate which is introduced in this Section is necessary
for the understanding of Section [6], where the smaller plate appears without having
been properly introduced.
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diameter ca. two thirds of the diameter of the larger plate is also mounted
on the back. It has a similar scale along its rim which is also divided into 360
parts. Two rectangular portions of this smaller plate are pierced along the
vertical diameter, leaving just the central region. These rectangular regions
are clearly sketched in Figure 4, where we notice that the lower extremity of
upper one has a triangular shape. Some movable cursor has also to be fitted
within the slotted rule which goes along the vertical diameter of the larger
plate, and which is provided with a tabular scale.

[6] The centre of the smaller plate can be freely moved within the slotted
rule described in [9], which runs along the vertical diameter AG. The centre
of this smaller plate has to be set so that its circumference will be divided
by the horizontal diameter into two arcs, in such a fashion that the upper arc
represents the daylight of the terrestrial latitude at winter solstice, and the
lower arc, the daylight at summer solstice. There appears to be a latitude
scale along the lower radius to allow for an easy setting of the small plate
according to a given latitude. The last portion of this Section concerns a
movable cursor, but the text appears to be seriously corrupt.

[7] This Section presents a description of the alidade that is illustrated
in Figure 6, and which has to be mounted on the face of the plate. Both
sides of the alidade bear two facing scales, one of them divided into 90
equal parts, the other one into 60 unequal parts defined according to the
corresponding values of the Sines. The central part of the alidade is pierced
out, presumably in order to see the scales that have been traced along two
radii of the plate. At the side of this pierced rectangle is a slot in which a
cursor can be moved between the centre and the extremity of the alidade,
for marking distances from the centre. From Figure 6 we can deduce that
the graduations on the alidade begin at the centre.

[8] Here the text describes some kind of locking cursor with catch and
latch which has to be fixed to the vertical slotted rule on the back. Its length
must be such that when the smaller plate is concentric with the larger one
and their respective diameters are superposed, the locking device will touch
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the outer side of the smaller plate. The text suggests a possible length of
ca. one sixth of the diameter of the larger plate. A likely interpretation is
that this cursor serves to lock the respective position of the two plates once
they have been set for a particular latitude. The sentences that follow seem
to describe the manner of inserting the smaller plate and a tabular scale into
the slotted rule along the vertical diameter, so that the locking cursor will
take up its place on the back. The last sentences seem to repeat in a different
fashion the information that has been already given in [6], on the way to
set the small plate relative to the other one so that the distance between their
centres will represent a quantity corresponding to the half-excess of daylight
at summer solstice. Given the less obscure instructions in [6], we find that
this distance between the centres has to be rsind(¢, €), where r is the radius
of the smaller plate.

5.2 The illustrations

Given the defective state of the text, it is fortunate that our manuscript
presents excellent illustrations. The copyist Ibrahim al-‘Umari drew the fig-
ures with care, using black and red ink. In view of the contradictory infor-
mation displayed on Figures 3 and 5, it seems that the illustrations in his
manuscript source were at least as defective as the text. We can be grateful
that he did his best to carefully reproduce them. We now present a detailed
description of Figures 3 and 5.

I. The altitude quadrant (labelled in Figure 3 rub® al-irtifa) displayed
in the upper left agrees very well with the instructions in Section [1].
On Figure 3 the labelling of the lines corresponding each 5° of altitude
along radius EA has been traced in a rectangle overlapping the upper
right quadrant.'”® This is probably a mistake, not repeated in Figure
5 where these labels are written on the left-hand side of line AE.

2. The quadrant of the azimuth in the lower left (labelled rub® al-samt

on both illustrations) is another sine quadrant with vertical instead of

123 Note that the lettering A, B, G, D, E in Figure 3 is consistent with that in Figure 1. Figure

5 is not lettered but we shall refer to it by using those same five letters.

Subayl 2 (2001)



154 F. Charette & P, Schmidl

horizontal lines. On Figure 3 the outer scale is labelled at each 10°
from G to B, and the same labels are repeated along the radius EB. On
Figure 5, however, the outer scale BG is graduated clockwise from 0
to 90 at each 5°, whereas the labels along the horizontal radius run
from E to B as in Figure 3.

3. A ‘quadrant of declination’ (labelled rub‘ al-mayl in Figure 3) is dis-
played in both figures in the lower right, together with a scale along
the rim. On Figure 5 it is labelled rub® al-mayl wa-huwa rub“ ta‘dil
al-nahar, ‘quadrant of the declination, which is the quadrant of the
equation of [half?] daylight’). It features a sine quadrant similar to
that on the altitude quadrant; it is graduated along arc GD for each 5°,
but the labels along the vertical radius EG run in the opposite direc-
tion, as on the quadrant of the azimuth described above. On Figure 3
they are only labelled along the vertical radius for each 10°.

The scale along the rim serves to find the declination from the solar
longitude. Its representation in Figure 3 is quite confusing: the outer
scale is numbered from D to G at each 5°, and the inner band is only
numbered in the first 30°-portion, starting at D, at each 6°. It is curi-
ously labelled al-mayl / al-matali* (‘the declination / the ascension’),
but does this perhaps rather belong to the upper right quadrant? On
Figure 5 the outer ring is numbered for each 6° of longitude, also from
D to G; and the inner ring is numbered with the corresponding value
of the declination in degrees and minutes. The maximal value of &,
corresponding to the obliquity, €, surprisingly turns out to be 23;33°,
which is inconsistent with the values for the right ascension given in
the text, which are based on & = 23;35°!'?* The values of the decli-
nation are reproduced in the table below. Errors against recomputed
values are indicated between square brackets; these can be explained
either by scribal mistakes in the manuscript tradition of our treatise,
or by scribal mistakes in the seconds in the original declination ta-
ble used by Habash, which would have affected his rounding to the

124 See our remark on p. 112, note 4 above.
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nearest minute.

T B(h) A B8(A) | A (A
6 2:24 36 13:35 66 21;20 -4
12 446 42 1530 |72 2219 I
I8 75 -1 |48 1716 | 78 230

24 921 54 18[512' | 84 23:25

30 11331 60 20:15 |90 23:33

© 1812 MS

4. The scale of Tan¢ which is sketched in Figures 2 and 3 along radius
EG is lacking in Figure 5. The scale of Tan¢ Tang/R, however, is
correctly represented in Figure 5 just above line ED, but its numbering
is defective (it has the irregular series 12, 15, 18, 24, 30, 36, 42, 48,
59!). On Figure 3 it is not drawn to scale: the mark for latitude 44°
should have a distance of ca. 25 parts of the sexagesimal radius from
the centre, whilst it is drawn near the outer rim on this Figure.

5. The scales reminiscent of the ‘shadow square’ (on the back of as-
trolabes) displayed in Figure 5, whose lower base coincides with the
scale above, are quite mysterious. They are labelled al-‘ard li-ta‘dil
al-shams (‘the latitude for the equation of the sun’), but the last two
words should probably be read ta‘dil al-samt, ‘the equation of the az-
imuth’, an auxiliary quantity used by Muslim astronomers in azimuth
calculations.! The construction and purpose of the scale represented
on the upper edge of the ‘square’ is not clear at all. It should be
noticed that the height of the rectangle on the illustration measures
Sin20° ~ 20.5, but this is probably not conform to the original design
of the instrument.

6. Three star-pointers are represented in Figure 3 in the upper right quad-
rant for the stars galb al-asad, suhayl and munir al-a‘zal. Their re-
spective angular distance from point A, measured on the illustration,

125 See King, SATMI, 1-1.2 and I-8.
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are approximately 25°, 42° and 55°. These do not correspond with
what can be obtained from the formula arcSin(TanA) given in [2].
The presence of suhayl on this figure as well as in Figure 5 contra-
dicts Habash’s information in [2] that the maximal declination of the
stars represented is 45°, for the declination of suhayl is 51;20° south
(see Table on p. 145 above, where we also encounter al-khadib with
[reconstructed] declination 52;51°). The position of the star names
with their accompanying declinations on the same quadrant in Figure
5 is unrelated to the position of their respective pointers. The informa-
tion is displayed there in a tabular fashion, and we have reproduced it
on p. 145.

Figure 4 corresponds rather well with the textual information of the back
in Sections [5], [9] and [6], and has been treated above in our commentary
on the text. We have listed the star-pointers featured on this illustration
on p. 146. On the smaller plate only the names of the stars are written,
and their pointers have not been drawn. Also featured on this figure is the
second alidade, which has to be mounted on the back of the instrument; on
the illustration it does not bear any graduation.

5.3 The tables and their purpose

We now turn to the tables which we have edited and analysed in Section 4
above. Tables 1 and 2 clearly serve to construct the scales described in Sec-
tions [2] and [3] of the text. The second column of Table 3 readily gives the
angular position of the star-pointers in the upper right quadrant of the front.
Apparently, the declination of each star has to be written near its pointer
(as suggested by Figure 5), which would explain why this information is
given in the first column of Table 4, as well as in Figure 5. The star coor-
dinates (mediation and right ascension) in both columns of Table 4, on the
other hand, serve for constructing the star-pointers on the larger and smaller
plates on the back, respectively, according to the instructions in Sections [5]
and [9] of the text.

Suhayl 2 (2001)



Habash's Universal Plate 157

6 Conclusion

Habash’s universal plate is a complex instrument which features on the front
three sine quadrants, special star-pointers in a fourth quadrant, and some
trigonometric scales. The quantities provided by these various markings
can be transferred by means of the alidade with cursor and scales. The discs
on the back of the instrument provide the user with relevant coordinates of
some fixed stars in relation to the ecliptic and the local horizon. The exact
procedure intended by Habash for using this instrument, however, still needs
to be reconstructed.

The purpose of our endeavour was to make Habash’s description of this
unusual device, extant in a unique manuscript, available for the first time,
together with a commentary on the text and the accompanying tables and il-
lustrations. We repeat the hope expressed in the introduction that colleagues
will be able to help us in the further elucidation of the use of this fascinating
instrument from mid-9th-century Abbasid.culture.

7 Bibliography

al-Biriini. Kitab Tahdid nihayat al-amakin, ed. P. Bulgakov, Cairo, 1962. (English
translation by Jamil Ali, The Determination of the Coordinates of Cities ... by
al-Birani, Beirut, 1968.)

Cajori, Florian (1928-29). A History of Mathematical Notations, 2 vols.

Burnett, Charles & Yamamoto, Keiji & Yano, Michio (1997). “al-Kindi on Finding
Buried Treasures”, Arabic Sciences and Philosophy 7, pp. 57-90.

CCMO = (W. Cureton and C. Rieu), Catalogus codicum manuscriptorum orien-
talium qui in Museo Britannico asservantur. Pars secunda, codices Arabicos
amplectens, London, 1846-1871.

Debarnot, Marie-Thérese (1987). “The Zij of Habash al-Hasib: A Survey of MS
Istanbul Yeni Cami 784/2”, in From Deferent to Equant. A Volume of Studies
in the History of Science in the Ancient and Medieval Near East in Honour of
E. S. Kennedy, ed. D. King and G. Saliba, New York (Annals of the New York
Academy of Sciences, Vol. 500), pp. 35-69.

Girke, Dorothea (1988). “Drei Beitriige zu den friihesten islamischen Sternkatalo-
gen”, Johann Wolfgang Goethe-Universitit, Institut fiir Geschichte der Natur-
wissenschaften, Preprint Series No. 8, Frankfurt am Main.

Suhayl 2 (2001)



158 F. Charette & P. Schmidl

Hartner, Willy (1971). Article “Habash al-Hasib al-Marwazi” in Encyclopedia of
Islam, 2nd edn., Leiden, Brill, Vol. III, pp. 8-9.

Kennedy, Edward S. (1968).“The Lunar Visibility Theory of Ya‘qub b. Tariq”,
Journal of Near Eastern Studies 27, pp. 126-132; repr. in idem et al. (1983),
pp. 157-163.

Kennedy, Edward S. (1990). “Two Topics from an Astrological Manuscript: Sind-
hind Days and Planetary Latitudes”, Zeitschrift fiir Geschichte der arabisch-
islamischen Wissenschaften 6, pp. 167-178.

Kennedy, Edward S. er al. (1983). Studies in the Islamic Exact Sciences, Beirut.

Kennedy, Edward S. & Kennedy, Mary-Helen (1987). Geographical Coordi-
nates of Localities from Islamic Sources, Frankfurt, Institut fir Geschichte
der arabisch-islamischen Wissenschaften, 2 vols.

Kennedy, Edward S., Kunitzsch, Paul & Lorch, Richard P. (1999). The Melon-
Shaped Astrolabe in Arabic Astronomy. Texts Edited with Translation and
Commentary. Stuttgart, Steiner.

King, David A. (1995). Article “Rub®” in Encyclopedia of Islam, 2nd edn., Leiden,
Brill, Vol. VIII, pp. 574-575.

King, David A. (1999). World-Maps for Finding the Direction and Distance to
Mecca. Innovation and Tradition in Islamic Science, Leiden, Brill.

King, David A. (2000). “Two Many Cooks ...: A New Account of the Earliest
Muslim Geodetic Measurements”, Suhayl 1, pp. 207-241.

King, David A. SATMI: Studies in Astronomical Timekeeping in Medieval Islam,’
Leiden, Brill, forthcoming.

Krause, Max (1936). “Stambuler Handschriften islamischer Mathematiker”,
Quellen und Studien zur Geschichte der Mathematik, Astronomie und Physik
Abt. B, 3, pp. 437-532.

Kunitzsch, Paul (1982). Glossar der arabischen Fachausdriicke in der mittelalter-
lichen europdischen Astrolabliteratur. (Nachrichten der Akademie der Wis-
senschaften in Gottingen, 1. Phil.-Hist. Klasse 11), Gottingen, Vandenhoeck
und Ruprecht.

Kunitzsch, Paul (1994). “The Second Arabic MS of Ptolemy’s Planisphaerium”,
Zeitschrift fiir Geschichte der arabisch-islamischen Wissenschaften 9, pp. 83—
89.

Kunitzsch, Paul & Lorch, Richard (1985). “Habash al-Hasib’s Book on the
Sphere and its Use”, Zeitschrift fiir Geschichte der arabisch-islamischen Wis-
senschaften 2, pp. 68-98.

Langermann, Y. Tzvi (1985). “The Book of Bodies and Distances of Habash al-
Hasib”, Centaurus 25, pp. 108-128.

Suhayl 2 (2001)



Habash's Universal Plate 159

Netz, Reviel (1999). The Shaping of Deduction in Greek Mathematics. A Study in
Cognitive History, Cambridge, University Press.

Pingree, David (1968). The Thousands of Abu Ma‘shar, London, Warburg Institute.

Rosenthal, Franz (1949). “From Arabic Books and Manuscripts II: Kindfana”,
Journal of the American Oriental Society 69, pp. 149-152.

Rosenthal, Franz (1950). “Al-Asturlabi and as-Samaw’al on Scientific Progress”,
Osiris 9, pp. 555-564.

al-Saleh, Jamil Ali (1970). “Solar and Lunar Distances and Apparent Velocities
in the Astronomical Tables of Habash al-Hasib”, Al-Abhath 23, pp. 129-177;
reprinted in E. S. Kennedy et al. (1983), pp. 204-252.

Sayili, Aydin (1960). The Observatory in Islam and its Place in the General History
of the Observatory, Ankara, Tiirk Tarih Kurumu Basimevi, repr. New York,
1980.

Sezgin, Fuat (1974). Geschichte des arabischen Schrifttums, Band V: Mathematik
bis ca. 430 H., Leiden, Brill.

Sezgin, Fuat (1978). Geschichte des arabischen Schrifttums, Band VI: Astronomie
bis ca. 430 H., Leiden, Brill, 1978.

Tekeli, Sevim (1972). Article “Habash al-Hasib, Ahmad ibn ‘Abdallah al-
Marwazi” in Dictionary of Scientific Biography, ed. C. C. Gillispie, Scrib-
ner’s, New York, vol. V, pp. 612-620.

Uri (1787). Bibliothece Bodleiance codicum manuscriptorum orientalium catalo-
gus, Oxford, Part 1.

Suhayl 2 (2001)





