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Summary: This paper contains an edition with translation and commentary of a corpus of
short tracts on portable instruments, preserved in two complementary manuscripts (Berlin Landberg
56 and Istanbul Aya Sofya 4830). Some of these texts are explicitly attributed to the ninth-century
Abbasid scientist Abu Ja‘far Muhammad ibn Musa al-Khwarizmi. The lengthiest one is a treatise
on the use of the astrolabe — the earliest such text in Arabic that is preserved — which until now
has only been available in German and Russian translations. All other texts are here published
for the first time. This ‘Khwarizmiana’ gives us a vivid evidence for al-Khwarizmi’'s innovative
involvement with practical astronomy, which bears witness to the scientific interests of the cultural

elite of Abbasid Baghdad during the first half of the ninth century.
I Introduction®

Muhammad ibn Musa al-Khwarizmi, the extolled founder of algebra, is perhaps
the most notably mythicised icon of Islamic science. In stating this, we do not
intend any devaluation of his accomplishments, but we make the equally bold claim
that the true nature of his scientific interests, goals and practices have never been

* Acknowledgments. The authors gratefully thank the following persons for their assistance. In the
first place we thank Prof. David King, in whose seminar on medieval scientific Arabic texts this
paper was initially conceived. His numerous critical readings have much contributed to improve
the present work. Prof. Paul Kunitzsch and Dr. Richard Lorch have also provided useful remarks
on the penultimate version and suggested several corrections. Finally, we are very grateful to the
anonymous referree whose very meticulous reading has uncovered several mistakes and blunders.

Of course all remaining errors are entirely ours.
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appropriately understood within the context of early Abbasid culture.! This may
have to do with the very limited biographical information available on him, and the
semilegendary reports (in the primary and secondary literature) on the institution
patronized by the caliph al-Ma’mtin, to which al-Khwarizmi is generally thought to
have been one of the foremost associates, namely, the famous Bayt al-Hikma (House
of Wisdom).? The frequent references in the secondary literature to al-Khwarizmi’s
pioneering ‘genius’ and ‘revolutionary’ achievements focus on the theoretical part of
his al-Kitab al-Mukhtasar fi al-jabr wa-l-muqabala and make complete abstraction
of its practical parts as well as of all his other writings in the mathematical sciences
— the almost entirety of which have been preserved, either in Arabic or in Latin
translation.?> The prevalence of al-Khwarizm’s concerns for the practical utility of
scientific knowledge is, however, nowhere as obvious as in the very introduction of
that treatise, in which he tells us that al-Ma’mun’s patronage has encouraged him

to compose an abridged work on algebra (al-jabr wa-l-mugabala), in which I concentrate
on the most subtle and noblest operations of reckoning needed by people for (the appor-
tionement of) their successions and bequests, their shares (in commercial associations)
and law-suits, for their commercial transactions and for all matters they might encounter

relating to surveying, the digging of canals, geometry and other similar things.*

This paper is concerned with a corpus of early ninth-century texts on astronomi-
cal instrumentation and practical astronomy. Two of these are explicitly attributed
to al-Khwarizmi and the remaining ones are anonymous, though most if not all of
them clearly stem from the same milieu. A brief survey of most of this material has
been already presented by David King,® in which he speculated whether some of the
anonymous material might also be by al-Khwarizmi. In this paper we shall discuss
the possible attribution of these texts to al-Khwarizmi in more detail. The texts pre-
sented here provide us with vivid evidence for the practical scientific preoccupations
of the educated elite of early Abbasid Baghdad and Samarra, and they enrich our
still too monochromatic picture of al-Khwarizm1’s innovative involvement with a full
spectrum of topics and problems pertaining to the mathematical sciences. It may
also help to bring nuance and texture to our still relatively blurred understanding
of scientific practice during the formative phase of Islamic science.

We thus strongly disagree with Gerald Toomer, according to whom “al-Khwarizmt’s scientific
achievements were at best mediocre” (DSB, VII: 362).

2See Cutas (1998: 53-60) for a convincing argument that this institution was in fact nothing more
than an administrative palatial library that followed a common Sassanian model.

3A typical example of this triumphalist yet reductionist view can be found in Rashed (1997: 31).
“al-Khwarizmi (1968: 16).

*King (1983).
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The core of this paper consists of an editio princeps, accompanied by a new trans-
lation and commentary, of al-Khwarizmi’s treatise on the use of the astrolabe, the
earliest extant work in Arabic pertaining to this ubiquitous genre of astronomical
writing. Until now this text has been available in German and Russian transla-
tions® In addition to this central text, we also present editions of shorter tracts
dealing with the construction of the astrolabe and the construction and use of other
portable astronomical instruments such as the sine quadrant, the horary quadrant,
the cylindrical dial, etc.” These texts are also edited for the first time and their
translation appear for the first time in a Western language other than Russian.®
Our edition is based on two complementary manuscript sources (which is to say
that each text is preserved in only one of the two manuscripts), namely Berlin,
Staatsbibliothek, Landberg 56, and Istanbul, Siileymaniye, Aya Sofya 4830.

1.1 Description of the Manuscripts
Berlin, Staatsbibliothek, Landberg 56

We shall denote this manuscript with the siglum B. The first part of B (ff. 1-77r
= Ahlwardt 5790) contains a fine copy of al-Farghani’s treatise on the astrolabe,
entitled al-Kamil fi san‘at al-asturlab.’ The latter part (ff. 77v-97v = Ahlwardt
5793), contains the Khwarizmiana on which the present work is mainly based.!”
Since the most interesting codicological and paleographical features of this codex
have never been discussed before, we thought it appropriate to present some relevant
information here.

The title page (f. 2r) bears unintelligible inscriptions in the upper half and in the
left margin. In the middle of the page, two lines of an inscription can be partially
read, and the next two or three lines have been erased:!!

5 Frank (1922) and Matvievskaya (1983), respectively. A few extracts were also edited by Prof. Paul
Kunitzsch (1987), who has shown that they form in part the source of the Sententie astrolabii.
"We are not concerned with al-Khwarizm’s treatise on plane sundials, on which see p. 109 below.
8We provide below detailed references to published Russian translations.

?On this work see Sezgin (1969-84), VI: 150-151. A German translation of the introduction is in
Wiedemann (1919). An edition and translation is currently being prepared by Dr Richard Lorch in
Munich.

10T his section of the Berlin manuscript has been previously discussed in relationship to al-Khwarizmi
in Rozenfeld & Sergeeva (1977), King (1983a) and Bulgakov, Rozenfeld & Akhmedov (1983: 143—
153).

"There are two or three illegible words on a fifth line, above which a later hand has inscribed in
large letters the title and author of the treatise contained in the book: Kitab al-Kamil li-l-shaykh
Shihab al-Din Ahmad ibn Muhammad ibn Kathir al-Farghani.
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This refers to the Yemeni Rasulid Sultan al-Malik al-Ashraf Ismal ibn ‘Abbas (reg.
778-803 H/1377-1400),'? who was obviously alive when this note was written since
it asks God to make the Sultan’s dominion last forever. This provides us with a
terminus ante quem for its dating. That of ca. 900 H. proposed by Ahlwardt is
hence much too young. We would rather favour a dating of ca. 700-750 H. The
title page also bears possession marks (with a seal from the Ottoman period) of one
Muhammad ibn Taqwa al-Husayni, who also owned the precious Ms. Paris ar. 2494
(apparently datable to the 6th c. H. — cf. Sezgin (1969-84), VI: 223) containing the
unique copy of Abtu 'I-Wafa® al-Buzajant's famous astronomical handbook entitled
al-Majisti.'> A second possession notice in the lower left corner reads fi hiyazat
al-fagir Salih ibn Muhammad al-Kawrant (7).

All folios save 1-7 and 10-15 are paginated in Arabic alphanumerical notation
(abjad). This pagination is posterior to the copying of the manuscript but was
made before the writing of the marginal notes on ff. 82r-83r (since on f. 82r the
author of these glosses has deliberately avoided to write over the folio number).
A modern European individual (probably its previous owner, the Swedish Arabist
Carlo Landberg) has written the equivalent numbers in European ‘Arabic’ numerals
beneath. The codex consists of thirteen quires generally of eight folios, labelled in
words in the upper left corner of ff. 9r, 17r, 25r, ..., 97r, respectively. The total
number of folios is noted in the upper left corner of f. 2r: awraq 97.

The manuscript is the work of a single, careful copyist, whose handwriting, an
excellent naskhz, shows characteristics which fit well with our suggested dating of
ca. 700-750 H (See Figure 2 for a sample). The text is thoroughly vocalized and
indicates most diacritical marks, as well as several additional marks that follow more
ancient scribal conventions.'* Shaddas, sukuns and hamzas are also marked most
of the time. The copyist has revised his text and noted occasional corrections in
the margins. Glosses are otherwise rare. One reader (ca. 17th century) has written
short glosses on ff. 3r and 32v, and he has corrected a word on f. 58r. The margins of
ff. 82r—83r, on the other hand, are filled with extracts from an unidentified treatise
on the use of the astrolabe (on account of the style, datable to the period ca. 1400
1600), of which we present an edition in Appendix 1 (cf. Figure 2 on p. 161). The

'2This Sultan is well-famed as a litterateur for his history of the Yemen entitled Fakihat al-zaman
... ft akhbar man malaka al- Yaman, preserved in a probably unique manuscript in the John Rylands
Library, Manchester: see Gottschalk et al. (1963), cols. 406—410.

130n this work see Carra de Vaux (1892).

4Undotted letters such as > are distinguished from their dotted counterparts (e.g., 3) by a dot
underneath: » (likewise with e, b etc.); the ‘ayns (&) are distinguished from the ghayns (&) by a

tailless ‘ayn (=) below.
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entries of the tables on ff. 94r-95v combine the abjad and Indo-Arabic numerals, an
unusual feature.'® In our edition, we have reproduced them as they appear in the
manuscript. Let us now describe the contents of B:

1. 1-77r : al-Farghant’s astrolabe treatise entitled al-Kamil fi san‘at al-asturlab
(see note 9 above).

2. 77v-81v : An anonymous treatise on the construction of the astrolabe (San‘at
al-asturlab), with table on f. 78v and two sections entitled sqa ‘Amal al-
mugantarat bi-’l-handasa (79r-80v) and ‘Amal al-zill fi zahr al-asturlab bi-’l-
handasa (81r—81v). This section was believed by Wiedemann, Frank and others
to be part of Farghant’s treatise.!%) In our commentary we present some ar-
guments for attributing it to al-Khwarizmi, as well as some evidence that runs
contrary to this hypothesis. This is edited and translated here as Text 1.

3. 81v:4-91v:7 : al-Khwarizmi, On the use of the astrolabe (untitled, incipit:
Qala Muhammad ibn Musa al-Khwarizmi. Awwal ma yahtaj ilayhi al-nazir
ft “l-“amal bi-’l-asturlab'”). This is edited and translated here as Text 2. As
mentioned above, this text has previously been translated into German and
Russian.'® There is no title, and it is not completely clear where the treatise
actually ends.'® The chapters from the bottom of f. 88r to line 7 of f. 91v
(corresponding to §24-§31 in our edition) have individual, centered headings
in the manuscript.

From f. 91v onwards there are various sections with individual headings, which
save for one, are not related to the use of the astrolabe. We list here these
additional sections as separate items.

4. 91v:8-92r:16 : On the construction and use of a compass for finding the times
of prayer (‘Amal birkar yu‘raf bihi al-awqat li-’l-salat wa-yuqas bihi al-zill and
Sifat al-‘amal bi-hadha al-bikar [sic]). This text was translated in German by
J. Frank and E. Wiedemann (1919). It is edited and translated here as Text 3.

5. 92r:17-93r : On the construction of a plate for measuring the altitude and
finding the times of moonrise and moonset (‘Amal safiha yw’khadh biha al-irtifa
wa-yu‘raf biha tulu® al-qamar fr kull laylat wa-mata yaghib wa-kam yamkuth.).
On f. 93r there is a diagram of the instrument. This text has never been
previously translated. It is edited and translated here as Text 4.

6. 93v : Table of the normed right ascension for each 3° of solar longitude
(3° < XA <90°), given with two sexagesimal fractions. Numerical investigation

15For an example see Figure 4 on p. 162. Cf. King (1983a: 11 and Plates 2 and 3.).
6See Frank (1922: 5).

"The manuscript has erroneously f7 ‘amal al-asturlab.

8See note 6.

YFrank (1922: 5) and Kunitzsch (1987: 234, n. 5) have already made this observation.
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suggests an underlying obliquity of 23°35",20 but some evidence also suggests
a link to al-Khwarizm1.?! This table is edited in Appendix 2.

94r : Table of the solar altitude at the times of the day prayers (zuhr, beginning
of “asr and end of ‘asr), for each 6° of solar longitude and for latitude 33°.22
This table actually belongs to item 3 and has been misplaced in the codex.
It was thus overlooked in the study by Frank and Wiedemann (1919); Its
relationship with the treatise on the compass was first established by King
(1983a: 7), and it has been recently investigated in King (2004, I: 233-235,
568-569). We have integrated this table to our edition of Text 3.

94v : Table of the solar altitude at each temporal hour as a function of the
meridian altitude h,, (with 25° < h,, < 90°). This is edited in Appendix 2.
95r-v : Table of the ‘sine of the hours’, a curious name denoting an auxiliary
function for computing the previous table. Jan Hogendijk has established that
this table stems from al-Khwarizm1.?? This is edited in Appendix 2.

96r : A ‘chapter’ on the different ‘species’ of astrolabes (bab ma‘rifat al-illa
allati summiya biha al-asturlab tamman wa-summiya nisfan wa-thulthan wa-
sudsan wa-ghayr dhalika min al-asma’). Frank (1922: 16) included this item
and the next two in his translation of item 2, but it is doubtful whether they
really belong to it. This is edited and translated here as Text 5.

96r-v : Finding the projection of the rays with the astrolabe (matrah al-shu‘a’
bi-l-asturlab). Translation in Frank (1922: 17). This is edited and translated
here as Text 6.

96v : Ptolemy’s definition of the five terrestrial zones (gismat Batlamiyus:
al-tara’iq al-khamsa). Translation in Frank (1922: 17). This is edited and
translated here as Text 7.

96v-97v : On the construction and use of the sine quadrant (‘amal rub® yus-
takhraj minhu al-jayb ilkh and sifat al-‘amal bi-hadha al-rub® idha “umila). This
text has never been previously translated. It is edited and translated here as
Text 8.

97v : A table without title, in a much later handwriting, giving for each tem-
poral hour and each zodiacal sign the solar altitude. The signs are incorrectly
arranged and one column is missing. The entries are extremely corrupt, but
seem to imply an underlying latitude of 32°9’ and an obliquity of 23°34’. We
have not included it in our edition since it obviously does not belong to the

290n this value see p. 163.

21King (2004, I: 147, n. 11) has shown that two of the three values of the right ascension given in

a Latin text relating to al-Khwarizm1’s table of a certain auxiliary function can be explained from

our right ascension table.

22The manuscript has 13°, a trivial scribal error.

23See Hogendijk (1991). Cf. King (2004, I: 89, 92).
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Abbasid corpus that is the subject of this paper.?4

Istanbul, Stileymaniye, Aya Sofya 4830

This valuable manuscript (which we shall denote with the siglum A), copied in Dam-
ascus in Ramadan 626 H [= July-August 1229 AD],?® is a bulky majmu‘a of 235
folios which contains several important Greek, Abbasid and Buyid mathematical and
astronomical works, by authors such as Apollonius, ‘Agatun’, al-Kind1, Thabit ibn
Qurra, Abu Sahl al-Kaht and Ibn al-SarT. It also contains numerous — mostly anony-
mous — short tracts on astronomical instruments, spherical astronomy, gnomonics
and mathematical geography. This manuscript was briefly described in Ahmedov,
ad-Dabbagh and Rosenfeld (1987) with special condideration for the material con-
tained on ff. 183r—-199v and 228v—235r, wherein two texts are explicitly attributed
to al-Khwarizmi. They thereby naively assumed that every single item within this
group could be attributed to al-Khwarizmi:

[T]he fact that all the group of treatises that are in f. 182a[sic]-199b and f. 228b-235a
of this codex belongs to Al-Khwarizmi was established by D. A. King ... on the basis
of closeness of the language and the topics studied in these treatises, to which it should
be added such a distinctive feature for the time of Al-Khwéarizmi as the value of ‘the

complete sine’ . ..equal to 150 which was borrowed from Brahmagupta.2®

In fact, King stated that “the problem of the attribution of each one of them [i.e., the
seven texts investigated in King (1983a)] to al-Khwarizmi — a problem which I am
the first to admit exists — may not be solved until the discovery of new material”.?”

In their paper, Ahmedov, ad-Dabbagh and Rosenfeld organized the above ma-
terial — quite unfittingly — into 59 ‘chapters’, thus conferring illusory unity to an
hodgepodge of texts. This confusion is repeated in Rosenfeld and Ihsanoglu (2003:
24-25). In this paper we shall restrict our attention to the following three texts, of

which we provide an edition and translation with commentary:

1. A passage on finding the azimuth and determining the meridian with the astro-
labe (ff. 198v—199r), explicitly attributed to al-Khwarizmi (but different from
the equivalent section in B:89v—90r). This has been translated into Russian in
Rosenfeld et al. (1983: 216-217) together with the unrelated material immedi-

24See however King (1983: 29, and 27 Plate 8 and Table 9).

250n this codex see Rosenthal (1956), Rashed (19932002, vol. 1: 841, vol. 3: 498, vol. 4: 601-602),
and Ahmedov, ad-Dabbagh & Rosenfeld (1987).

26 Ahmedov, ad-Dabbéagh & Rosenfeld (1987: 164).

2TKing (1983a: 2).
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ately following it in the Istanbul manuscript on ff. 199r-199v (Ibid.: 217-219).
It is edited and translated here as Text 9.

An anonymous treatise on the horary quadrant (ff. 196v—197r) which may be
attributable to al-Khwarizmi or his milieu. Russian translation in Ahmedov
(1991: 193-195). It is edited and translated here as Text 10.

An anonymous tract on a portable sundial called the mukhula (f. 192r, with
illustration on f. 192v), probably not by al-Khwarizmi, but nevertheless clearly
from the ninth century. Russian translation in Ahmedov (1991: 187-189). It
is edited and translated here as Text 11.

But before turning to the specific topic of our paper, we think it is worth men-

tioning other anonymous tracts in the Aya Sofya manuscript which obviously relate

to the general concern of this paper for the practical scientific interests in Abbasid

society.

e 189r-190r : On a water-clock (binkan).2

e 190r-190v : On a water-clock that shoots pebbles.?

e 191r-192r : On a horary lifting wheel (dawlab)3°

e f.193r : On a double sundial on the slopes of a roof, called maknasa.!

e 194v-196v : A geographical table indicating the latitudes and longitudes of
163 localities.??

e 197r-197v : On an ‘optical compass’ to trace large circles, e.g. around a
military camp, hence called birkar al-hilla.?

e 198r : On an instrument for predicting lunar eclipses, being the work of ‘Umayr
ibn Sam‘an (unidentified) (lawh fi ma‘rifat al-kusaf, ‘amal ‘Umayr ibn Sam‘an)
with a diagram on 198v labelled Ala yulam biha al-kusuf.3* This text should
be investigated in a separate study — yet to be conducted — devoted to the early
history of instruments for predicting eclipses (sometimes called eclipsiorum in
medieval Latin).3?

e 199r-199v : On the latitudes of the seven climates (Marifat ‘urud al-agalvm)

28Russian translation in Ahmedov (1991: 182-185).

®Translation in Ahmedov (1991: 185).

30Translation in Ahmedov (1991: 185-187).

31See Charette (2003: 205-207). Not in Ahmedov (1991).

32Not in Ahmedov (1991).

33Text and English translation in Ahmedov, ad-Dabbagh & Rosenfeld (1987: 182-184); Russian
translation in Ahmedov (1991: 197-198).

34Translation in Ahmedov (1991: 199-200).

350n an eclipse plate by al-Kashi see Kennedy (1951). On medieval Latin examples see North
(1976, II: 265-270, III: 211-216).
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with table.36

e 200r : Diagram of an instrument with circles for the earth, moon and sun,
probably related to the eclipse plate described on ff. 198r—198v.

e 231v-235r : al-Khwarizmi, Treatise on plane horizontal sundials (‘Amal al-sa‘at
ft basit al-rukhama).3” David A. King has recently questioned al-Khwarizmi’s
authorship of this treatise,>® but we have argued elsewhere that there is in fact

no reason to doubt it.??

Remarks on the edition and translation

We have divided the material edited in this paper into eleven different items, to
which we shall refer as ‘Text 17, ‘Text 2’, etc. Some of the material in Text 2 has
been slightly reordered to preserve thematic consistency. In the edition we indicate
restorations of words or passages that are missing in the manuscript by putting it
between acute brackets < --- >. Restorations of completely illegible words — mostly
because of wormholes — are enclosed by square brackets | ...], whereas passages that
have to be removed in order to render the text intelligible are indicated by curly
brackets { ...}.

36Russian translation in al-Khwarizmt (1983a: 217-219).

3TPartial Russian translation in al-Khwarizmi (1983b: 221-232). Cf. King (1983a: 17-20).
3 King (1999: 349-350).

39Charette (2003: 181); see also Charette & Schmidl (2001: 110-111).
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II Edition

Text 1: On the construction of the astrolabe — B:77v—81v
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Text 2: On the use of the astrolabe — B:81v-91v
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Text 4: On a plate for finding the times of moonrise and moonset
— B: 92r-93r
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Text 5: On the species of astrolabes — B: 96r

b Y leo¥ Uy o ) AL B e L
Al o I3 by Long Uiy Bty i o

el ol s g ol ol we 5 Ol U sk ¥ 1 gl U]

3 W Lol oda (b elgtN) Bsg LI Caal Ly cadly Jedly ol A1l

G 0sS Y kil Sl cand Wy E01000s U i Y ol ko) om

S50 shal @3t 0 3Y G T a3 0K slly Gl 0 a3 05 il A0 S

U s T ol o Bl ehal a0l J oy o8 e sl

ey Sae 0o e boae 09 OV N OY Uas DA Sht cok sl
9 f\..méljb dAs

5 53a Ms



128 F. Charette and P. Schmidl SCIAMVS 5

Text 6: On projecting the rays with the astrolabe — B: 96r—-96v
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Text 9: On finding the meridian with the astrolabe — A: 198v—199r
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Text 10: On the horary quadrant — A: 196v—197r
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Text 11: On a portable sundial (mukhula) — A: 192r
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IIT Translation

Text 1: On the construction of the astrolabe — B:77v—81v

In the name of God, the Merciful and Compassionate.

The construction of the astrolabe

The determination of the radii from the table in which is written (al-jadwal
al-muthbat fihi) the distance between the centre and the altitude circles, which are
located to the north and to the south of the equator on the meridian, for each single
degree (of argument).

If you want (to calculate) that, divide the <half->diameter (into) 150 (parts).
Then subtract from 90 the latitude for which you want to construct (the astrolabe).
(In the table) take (the entry) opposite the remainder in the first column, which is
the northern one, and this will be the distance of the horizon for this latitude from
the centre of the astrolabe. Add to it (the entry) in the second column, which is the
southern one. Then take half of the sum, and this will be the radius of the horizon
for the latitude you want.

If you want the radius of another altitude circle among those (located) between
the centre and the horizon, subtract from the latitude the number of the altitude
circle which you want. Subtract the remainder from 90 and take (the entry) opposite
it in the first column, and this will be the distance of that altitude circle from the
centre of the astrolabe and towards the horizon. Keep it in mind. Then add to the
latitude the number of this altitude circle. Subtract the result from 90. Take (the
entry) opposite this (value) in the second column. Add it to what you kept in mind
and take half of (the sum), and this will be the radius of the altitude circle which
you want.

If the altitude circle is one of those (located) between the centre and the side
(78r) of the suspensory apparatus, subtract the latitude from (the number of) the
altitude circle. Subtract the remainder from 90, and take (the entry) opposite the
result in the first column. [Keep it in mind.] Then add the latitude to the number
of the altitude circle. Subtract the sum from 90. Take (the entry) opposite the
remainder in the second column. Subtract from it that (quantity) which you kept in
mind. Take half of the remainder, and this will be the radius of this altitude circle.
Keep on doing this until you find that (the entry) opposite the altitude which you
want is smaller than 150; when this happens, insert the circle on the plate, and you
can dispense with the radii.
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Table 1: (78r) Table for determining the altitude circles for all latitudes, in which are
the (given) centres and radii between the centre of the astrolabe and the positions
of the altitude circles on the meridian to north and south of the equator, which is
good and tested in the best possible manner, God Exalted willing, and with Him

(alone) is strength.

F. Charette and P. Schmidl

SCIAMVS 5

78v | Number | north | south Number | north | south Number | north | south
1 96;31 | 99;14 31 55;34 | 173;38 61 25;24 | 379;39
2 94;11 | 101;40 32 54;27 | 177;8 62 24;29 | 393;49
3 93;12 | 103;28 33 53;19 | 180;50 63 23;34 | 409;0
4 91;35 | 105;18 34 52;13 | 184;40 64 22;40 | 425;58
5 89;59 | 107;9 35 51;7 188;37 65 21;46 | 442;54
6 88;25 | 109;2 36 50;2 192;42 66 20;52 | 461;17
7 86;53 | 110;18 37 48;57 | 196;16 67 19;58 | 482;36
8 85;22 | 112;17 38 47;53 | 201;19 68 19;5 505;8
9 83;52 | 114;18 39 46;50 | 205;12 69 18;12 | 529;46
10 82;23 | 117;1 40 45;46 | 210;35 70 17:19 | 556;52
11 80;56 | 119;7 41 44;45 | 215;28 71 16526 | 586;45
12 79;31 | 121515 42 43;43 | 220;32 72 15;33 | 619;57
13 78;8 123;26 43 42;42 | 225;49 73 14;40 | 657;0
14 76;45 | 125;40 44 41;41 | 231;19 74 13;48 | 698;39
15 75;23 | 127;57 45 40541 | 237;5 75 12;55 | 745;44
16 74;2 130517 46 39;41 | 243;2 76 12;3 799;42
17 72;29 | 132;41 47 38;42 | 249;16 7 11;11 | 861;19
18 71;41 | 135;8 48 3742 | 25547 78 10;19 | 934;11
19 70;2 137;35 49 36;43 | 262;36 79 9;27 1019;43
20 68;45 | 140;13 50 35;44 | 269;45 80 8;35 1122;48
21 67;29 | 142;14 51 34;46 | 277;14 81 743 1247;36
22 66;14 | 145;34 52 33;48 | 285;5 82 6;51 1404;9
23 65;49 | 148;21 53 32;51 | 293;21 83 6;0 1605;21
24 63;45 | 151;12 54 31;57 | 302;5 84 5;8 1873;30
25 62;33 | 154;8 55 30;57 | 311;20 85 4;17 2248;11
26 61;21 | 157;40 56 30;1 321;8 86 3;26 2811;12
27 60;10 | 160;13 57 29;5 331;30 87 2:34 3748;7
28 59;0 163;24 58 28;9 342;28 88 1;43 5624;11
29 57;11 | 166;41 59 2714 | 354511 89 0;52 11252;50
30 56;42 | 170;4 60 26;59 | 366;20 90 0;0 —
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(78r) The stars. If you want to determine the distance of every fixed star from
the centre in terms of the parts (you) divided into one hundred and fifty, which is
(the distance) between the centre of the astrolabe and the tropic of Capricorn from
this table — God Exalted willing, and with Him (alone) is strength, (then consider
the following).

If you want that, look how much is the declination (bu‘d min mu‘addil al-nahar)
of the star, (79r) whether it is northerly or southerly. What you obtain (as) is its
declination, enter it in the columns of argument (of the table) and take the entry
opposite to it in the first column when the declination of the star is northerly. The
result will be the distance of the star from the centre (of the plate). If you also have
minutes (in the argument), interpolate for them. If the star is southerly, take the
entry opposite the argument in the southern column: the result will be its distance
from the centre. If there are minutes (of arguments), interpolate for them, so that
you get a better (result), God Exalted willing.

Construction of the altitude circles by geometry. Trace a circle of the
same size as your plate. Divide its radius into 55 parts: this is line AB. Then
from the centre draw a vertical line (‘amud) whose length is 24 of those 55 parts,
perpendicular to the centre (sic! read: ‘perpendicular to line AB’): this is line BG.
From point G trace a line going to point A: this is GA. Take line GA and put it
aside. Then make it a radius, and trace a circle around it whose radius is GA. From
this circle you take the centres of the altitude circles. Then divide this circle into
four quadrants. Take line BG which is 24 parts (in length) and put it (so that it
goes) from point G, being the centre, to point D. Then from point D draw a line
parallel to the (half-) diameter (79v) AG (that goes) in the direction of the letter
A towards ‘infinity’. This will be line ZH, intersecting the circle at Z, and then
line ZD will measure the same as line AB on the first circle. Write down at the
extremities of the diameter (passing through) GD the letters T', K. Then divide the
quadrant AT into ninety (equal parts).

Next choose (istakhrij) the latitude of the plate. Count from point 7' the amount
of the latitude of the plate which you want to make and let this be point Y. Then
mark this same amount from K to H: this will be K L. From point T trace a line
passing through Y (and which, i.e. arc TY, is the) latitude of the locality, until it
falls on line ZH outside of the circle. It falls on point X. Trace also a line from
point T to (point) L. Look where it cuts line ZH and let this be the position of M.
(The distance) from point D to point M will (measure) the distance of the middle
of the horizon from the east-west line, and half of line XM (will give you N) the
centre of the horizon.

If you want, put the foot of the compass with this opening, namely line X N.
You have put it on the line of midheaven, where it meets (the line of) the beginning
of Aries and Libra. The point which you obtain is the one whose distance from
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the east-west line is the amount of DM. Then draw (a circle): you have thus
determined the horizon. The procedure for the horizon is like that for any latitude.
Add six (degrees) to the latitude if the astrolabe is sexpartite or three (degrees) if
it is tripartite. Then you add six (degrees) to the (parts corresponding to) point
(Y); there results arc T'S. Trace a line from 7' to line ZH through S. (80r) Let
this fall on C' (on line ZH). Return to line (read: arc) KL and subtract six degrees
from it on the side of L: this will be O. [Trace] a line [from T to O], which will cut
line ZH at F. Line DF will be the distance of the second altitude circle from the
east-west line. The middle of line C'F is point Q.*° Then line CQ is the distance
of the centre of the second altitude circle (from point C'), provided you put it on
the line of midheaven. (The procedure) is for all the altitude circles, God, Almighty
and Sublime, willing.

80r

24 parts B

The first circle

80v

Lo

K

The quadrant AT is divided into 90 (parts) and the computation is based on this.

1ONote that on the diagram point Q happens to almost coincide with Z. This is entirely fortuitous!

In the manuscript @ is located between D and N.
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Construction of the shadow (scale) on the back of the astrolabe by
geometry.(81r) With the compass take the amount which is most appropriate,
that is six parts of ninety,*! (measured) from the centre, which is point G: let this
be GD. Then trace line DH parallel to line T'A which is the east-west line. Divide
line GD into twelve (parts) and divide line DH in those parts (agsam). Then trace
another line parallel to line T'G, which is as close to HD as appropriate. Divide the
parts into ‘fifths’ (khamasat),*? as you can see on the figure along the line next to
line HD. Write in alphanumerical notation on them along the line next to T'G as
you can see (on the figure), and begin by writing ‘w’ [= 6] which is next to the centre
of the plate. Whenever you take the altitude with the alidade you get a shadow in
(terms) of the parts of the vertical (line) whose (length) is (assumed to be) twelve,
i.e., (line) GD.

Example thereof. If the altitude is the arc AB, line DH is parallel to the line
of the horizon, which is line T'A, and the vertical gnomon is line GD, (then) the
shadow of line GD will be (the line) DE. If the altitude, being arc AB, is the half
of ninety, that is forty-five, then DE will be equal to GD. And if you divided GD,
which is the gnomon, (into) twelve (parts), and you divided DH in terms of those
parts, you will (also) get (a result) in terms of those parts. You will then get the
shadow of one hour as sixty-odd parts, each twelve thereof being equal to line GD,
which is the gnomon. Know this — there is no strength but with God! This is the
figure (relative to) that, (where) each single one of these parts (means) two parts,
because the length of each (fifth) division is like line GD, and each box (on the
scale) represents twelve (units of shadow, i.e., digits).

SERRSRSEEEEGEERRRSEREE-RR]

“1See the commentary.
“2Here the word khamasat should be taken in a generic sense, for the subdivisions are at every six

divisions.
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Text 2: On the use of the astrolabe — B:81v-91v

[1] Muhammad ibn Musa al-Khwarizmi said: (81v) The first thing a person
who wants to use the astrolabe needs is to take the altitude. If you want to take
the altitude turn the astrolabe (so that you can see) its back, then suspend it with
your right (hand) (82r) and stand with the sun in line with your left shoulder. Place
the 90 lines (of the altitude scale) on the back of the astrolabe toward the centre
of the sun (‘ayn al-shams). Then keep on raising the alidade until you see the sun
entering both holes (of the sights). Then look where the pointer on the alidade —
which is its sharp end — falls on the 90 parts which are on (the scale of) the back,
and this will be the altitude of the sun at that time, so keep it in mind.

[2a] If you want to determine the ascendant and how many hours of
daylight and fractions thereof have elapsed, take the altitude as I described
to you, and likewise (for) the position of the sun in its sign and its degree that you
have determined. Then place (the mark corresponding to) the degree of the sun
in its sign (darajat al-shams fi burjiha, i.e., the solar longitude) on the appropriate
altitude circle (‘ala mithl dhalika al-irtifa® min al-muqantarat), on the east side if
your measurement is before noon, and on the west side if your measurement is after
noon. Then look which sign and how many degrees thereof is cut by the first of the
altitude circles on the east side (i.e., the horizon), then the degrees of that zodiacal
sign will be the ascendant. Then look at how many hours the degree opposite the
sun (nazir darajat al-shams) falls, beginning with the number of the hours on the
west side, and this will be (the amount) elapsed of the hours of daylight, and the
fractions thereof if there are any. Keep in mind the whole hours.

[2b] If you want to determine the fractions (82v) to be added to the
whole hours, look where the index (muri al-ajza’) at the beginning of Capricorn
falls on the degree(-scale) of the limbus. Then, look at the degree opposite the sun
until you place it on the hour which is completed. Next, look at how much the index
has decreased from the place where it was. These degrees are the excess over the
whole hours, and this is to be put in proportion to the parts of the hours of daylight
for that day.

[2c] If you want to determine the parts of the hours of daylight, bring back the
degree opposite the sun to the other hour from this second position. Then look at
how much the index has decreased from its second position. These will be the parts
of the hours, so keep them in mind. Put this fraction of an hour in proportion to
it, and this will be the hours of daylight elapsed and the parts thereof. Then look
which sign and which degree is cut by the line of midheaven through the suspensory
apparatus (i.e., the vertical axis), (and) this will be the degree of midheaven and
the (degree of) the ‘pivot of the earth’ (watad al-ard) is the same as this.

[2d] Example for this. We measured the sun in Baghdad (madinat al-salam)
and we found the altitude to be twenty four degrees in the first (half) of the day.
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The sun is the 12th degree of Scorpio. We place the degree of the sun on the twenty
fourth altitude circle on the east side because the altitude was (measured) in the first
(half) of the day. We find the eastern altitude circle (that is, the eastern horizon) to
cut (83r) the signs (on the ecliptic scale) at nine degrees of Sagittarius. Hence we
know that the ascendant is nine degrees of Sagittarius. And we find the midheaven
22 degrees of Virgo. The degree opposite the sun is 12 (degrees) of Taurus. We find
that it has fallen on a part of the third hour. We look at the index and find it at
two hundred and sixty three degrees on the limbus of the astrolabe — we keep it in
mind.

Then we move back the degree opposite the sun and place it on the (curve for)
two whole hours. We find that the index has moved back from its (original) position
by six degrees. So we know that the six degrees are the increase over the two hours.
These are to be put in proportion to the degrees (corresponding to) the hours of
daylight. We find that the index has moved to 257 (degrees) of the limbus — we
keep it in mind. Then we want to know the parts (corresponding to) the hours of
daylight, so we move back the degree opposite the sun to three whole hours, then
we look at the index and find that it falls at 270. So we take the excess between
that and 257 and find it to be 13 degrees. Thus we know that two (whole) hours of
the day and six out of 13 parts of an hour have elapsed.

[8] If you want to determine the ascendant and the hours at night by
measuring (the altitude) of the fixed stars,*® suspend the astrolabe with your
right (hand), face the star which you want to measure with the two holes of the
alidade. Then look through both holes of the alidade until you see the star (83v)
with one of your eyes through both holes. Then look at which mark (of graduation)
the index — (namely) the pointer of the alidade — falls, and this will be the altitude
of the star you have measured. Then turn the astrolabe (so that you can see its
front) and place the sharp end of the star (pointer) on the same altitude (circle) on
the east (side), if the star is not (yet) decreasing from midheaven, or on the same
altitude on the west side, <if the star is decreasing from midheaven>. Look at
which sign and which degree (thereof) is cut by the eastern horizon, and this will
be the ascendant. (Then look at which degree) is cut by the line of midheaven, and
this will be the degree of midheaven. Then look on which hour the degree of the
sun falls: this is the number of hours of night elapsed. Operate with the fractions of
the hours with the degree of the sun at night — just as you operate with the degree
opposite the sun by day.

[4a] If you want to check the correctness of the astrolabe against its
defects, observe (gis) the sun, determine the ascendant and the hours of daylight
elapsed, according to what we described at the beginning of the book. When you
determined this with the astrolabe, then determine it by calculation with a zzj. If it

43Text: ‘and the measurement is by the fixed stars’.
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agrees with the result (obtained) with the astrolabe, the astrolabe is accurate.

[4b] Example for this. We observed the sun: it is in the fifteenth degree of
Taurus. We found the altitude to be 44 degrees. We determined the hours of
daylight elapsed by calculation with a 2zj. It was three hours (84r) and a sixth —
that is, fifty three degrees and fifteen minutes of the sphere had revolved. <...>.
We bring that in (the column of) the ascension for Baghdad (madinat al-salam)
listed in the z7. We find the ecliptic degree opposite to it (as) 24 degrees and two
minutes of Pisces, and this will be the degree of midheaven. If you find the same
result on the astrolabe, then it is accurate.

[5a] If you want to determine the arc of daylight for every day, place the
degree of the sun on the eastern horizon (muqantarat al-mashriq). Then, look where
the index falls and put a mark on it. Turn (the rete) until the degree of the sun falls
on the western horizon. Next, look at where the index falls. Count what is between
the first and second positions of the pointer (on the eastern and western horizons)
in terms of the scale of the limbus (min al-‘adad alladhi ‘ala al-hujra): this will be
the arc of daylight.

[5b] If you want to determine the amount of the nocturnal arc, subtract
the arc of daylight from 360. The result will be the nocturnal arc. If you want to
determine the nocturnal arc by (the use of) the astrolabe, operate with the degree
opposite the sun.

[5c] If you want to determine the hours of daylight, divide the arc of
daylight by 15. This will be the hours of this day. Subtract the hours of daylight
from 24. The remainder will be the nocturnal hours.

[6] If you want to determine the right ascensions with the astrolabe,
place the first line (i.e., subdivision) of Capricorn (84v) on the line of midheaven.
Then look how many degrees around the limbus are cut by the pointer, and this
will be (the point) with which it rises. (Operate) in the same manner for all (other)
signs.

[7] If you want to determine the ascensions of every locality, (that is,
the oblique ascensions), place the (plate for the) latitude of the locality on top of
the (other) plates. Then consider (i‘tarid) whichever sign you want and place its
beginning on the eastern horizon. Then rotate it until it comes to its end. Look
at how many (degrees) are cut by the index: this will be (the point) with which it
rises. Operate in the same manner for all (other) signs.

[8] If you want to determine the degree of the sun, take its maximum
altitude for this day. Then determine in which season of the year you are. Rotate
the (corresponding) signs of the season in which you are on the line of midheaven.
The (degree) among them that falls upon the altitude you have found will be the
degree of the sun.

[9a] If you want to determine the degree of the moon or of the five
planets, measure the maximal altitude (i.e., the meridian altitude) of the moon or
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of whichever of the five planets you want. Then measure the altitude of one of the
fixed stars at the same time as you measured the (meridian) altitude of the moon
or of whichever of the five planets you want. Determine the ascendant from the
(altitude of the) fixed star, as I described to you at the beginning of the book.**
Then look which sign and which degree (is cut) by the line of midheaven: this is the
degree of the (moon or) planet.

[9b] If you want to determine the latitude of the planet, look at how much
is the altitude of the planet which you measured, and determine its position. If
it is more than the altitude of its degree (on the ecliptic scale) (85r) in which you
have found it (i.e., the planet),* take the difference between both: this will be its
northern latitude. If the altitude of the planet is less than the altitude of its degree,
the difference between both will be its southern latitude.

[10] If you want to determine the declination of whichever degree you
like, place the degree you want on the line of midheaven. Then look at how many
(degrees) of altitude are cut by it, and keep it in mind. Next, look at the circle on
the plate on which rotate the beginnings of Aries and Libra, (and look at) how many
(degrees) of altitude it meets the line of midheaven. Take the difference between
both, and this will be the declination of the degree — God willing. If the altitude
of the degree is more than the altitude of the beginning of Aries, the declination is
northerly, if it is less, it southerly.

[11a] If you want to determine the positions of the fixed stars on the
astrolabe, place the sharp extremity of the star (pointer) on the line of midheaven.
Then look at which sign and which degree (thereof on the ecliptic belt) coincides
with the line of midheaven: this will be the position of the star with respect to the
longitude.*® Know it, God willing.

[11b] If you want to determine the latitude of the fixed stars, look at
the altitude of the degree with which the star culminates (yamurru) on the line of
midheaven, and keep it in mind. <Look also at how many degrees of altitude the
star pointer cuts on the line of midheaven.> Then take the difference between both,
and this will be the latitude of the star. If the altitude (85v) of the extremity of the
star (pointer) is larger than the altitude of its degree (of mediation), it is northerly.
If it is less, it is southerly.

[12a] If you want to determine with which degree the star rises, place its
sharp extremity (i.e., of the star pointer) on the eastern horizon. Then look at which

““The ascendant as such is not required here. The implied meaning is that the appropriate star
pointer should be brought over the altitude circle corresponding to the observed altitude of the star,
exactly as in §3, whose purpose was, among other things, to find the ascendant.

4°In other words, if the measured meridian altitude is more than the meridian altitude of the degree
of the ecliptic corresponding to the longitude of the planet.

46This is actually the mediation of the star.
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sign and which degree (thereof) coincides with the eastern horizon: the star will rise
together with this degree.

[12b] If you want to know with which degree (the star) sets, place the
extremity of the star (pointer) on the western horizon. Then look at which sign and
which degree (thereof) coincides with the western horizon: it will set with it (lit.:
in it).

[12c] If you want to determine which degree (of the ecliptic) makes its
daily rotation with the star (ma‘a ayyi daraja yajri al-kawkab), and how much
its meridian altitude is, place its sharp extremity (i.e., of the star pointer) on the
line of midheaven. What coincides with it will be the meridian altitude of the star,
that is, its maximum altitude for this locality. Then rotate the ecliptic belt: the
degree corresponding to this altitude on the line of midheaven will be the one on
whose path the star makes its daily rotation.

[13] If you want to determine the declination of the star, look on (the
line of) midheaven at the altitude of the extremity of the star (pointer) and at the
altitude of the tropic of Aries. Take the difference between both: this will be its
declination from the equator. If the extremity of the star (pointer) is inside the
tropic of Aries, on (the side) towards the pole, its distance is northerly. If it is
outside, on (the side) towards the limbus, its distance is southerly.

[14] If you want to determine the arcs of any star you like, place the
extremity of the star (pointer) on the eastern horizon. (86r) Then look where the
index falls, and keep it in mind. Then rotate the extremity of the star (pointer)
until it is placed on the western horizon. Then look where the index falls and count
(the divisions on the outer scale) from the first position to the second one, along the
day-circle of the star: this will be its arc of visibility (gaws naharihi).

[15a] If you want to determine the shadow from the altitude and its
construction, that is, how it is made, place the index which is on the alidade
on the forty fifth (division) of the altitude (scale). Then look where, on the circle of
the back of the astrolabe, falls the extremity of the index which is opposite (that)
altitude. Put a mark on it. Then from this (point) draw a line perpendicular to
the line opposite the suspensory apparatus of the astrolabe, which is the (vertical)
diameter of the circle, and another line perpendicular to the line which cuts the
east-west line. Then divide each of these two lines into 12 equal parts. This is its
construction.

[15b] If you want to know its use so that you can determine the shadow,
measure the (altitude of the) sun whenever you want. Then look at which of the
two lines opposite the altitude (scale) the index will fall upon, and on how many of
its divisions. If the altitude is less than 45 (degrees), count from the (upper) right
angle to the index: this will be the vertical shadow (quitr al-zll*"). If the altitude is

47See the commentary.
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more than 45 (degrees), count from the (lower) right angle (to the index): this will
be the (horizontal) shadow.

[16] If you want to determine the latitude of the locality, measure (the
altitude of) the sun at midday as high as possible and keep it in mind. (86v) Then
turn the astrolabe (so that you can see its front) and place the degree of the sun
on the line of midheaven. If the value of the altitude you obtained coincides (with
it), then you are in this climate whose latitude is the same as the latitude of this
plate for which you have measured (the solar altitude). If the (measured) altitude
is different from the (meridian) altitude of the degree of the sun (as found on the
plate), take what is between the altitude of the degree of the sun and the altitude of
the beginning of Aries?® on the plate, and keep it in mind. If it is on the northern
side, subtract what you have kept in mind as the difference between both altitudes
from the altitude you obtained by measurement: this will be the altitude of (the
beginning of) Aries in your climate. If the sun is on the southern (side), add what
you have kept in mind to the measured altitude, and this will be the altitude of
(the beginning of) Aries for your locality. Subtract the result of the addition or
subtraction from ninety. The remainder will be the latitude of the locality.

[17] If you want to determine the altitude from the ascendant, look at the
degree of the ascendant and put it on the eastern horizon. Then look at how many
(degrees) of the altitude circles the degree of the sun falls: this will be the altitude
of (the sun at) this hour. Then look (whether) it is from the east or from the west.
Know this, God willing.

[18] If you want to determine (the amount) of the hours of daylight
elapsed from the ascendant, place the degree of the ascendant on the eastern
horizon. Then look, if it is by day, (87r) at how many hours and fractions thereof
the degree opposite the sun falls, according to what I have shown you: this will be
(the amount) of the hours of daylight elapsed. If it is at night, look at how many
(hours and fractions thereof) the degree of the sun falls: this will be (the amount)
of the hours of night elapsed .

[19] If you want to determine the altitude of the sun from the hours,
place the degree opposite the sun on (the curve for) whichever hour you want. Then
look at how many (degrees) of altitude the degree of the sun falls <on> the altitude
circles on the east or west side: this will be the altitude.

[20] If you want (to determine) the altitude of some stars from the
ascendant at night, (namely the stars which are) above the earth (i.e.,
above the horizon), place the degree of the ascendant on the eastern horizon, if
you want (to find) this from the ascendant. If you want (to find it) from the hours,
place the degree of the sun on (the curve for) whichever hour you want. Then look
at which (degree) of the altitude on the east and the west corresponds to the visible

481.e., the colatitude of the locality.
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star: this will be the altitude of this star <at> this hour.

[21] If you want to determine from the altitude of a star whether it is
night or day. The altitude of the star is given to you as a certain number (fa-gila
laka irtifa® al-kawkab ‘adad ma‘lam), towards the east side or the west (side), and
you want to know (whether it is) by night or by day: place the extremity of the star
(pointer) on the corresponding altitude (circle) towards the direction in which it, I
mean the star, is. Then look at the degree of the sun: if it falls on some part of the
altitude circles, it is (during the) day. If it falls on (something) different from this,
it is (during the) night.

[22a] (87v) If you want to convert the equal hours into seasonal (hours)
or the seasonal (hours) into equal (hours), place the degree opposite the sun
on (the curve for) whichever hour you want. Then look where the index falls, and
keep it in mind. Then rotate the degree opposite the sun until it falls on the western
horizon. Next, look where the index falls. Take the quantity between both (positions
of the index) on the limbus: this will be the amount of revolution of the sphere since
the rising of the sun until this hour. Divide it by 15, then this will be the equal
hours (elapsed since sunrise).

[22b] If you want to determine the seasonal hours from the equal hours,
take the equal hours and multiply them by 15. Keep (the result) in mind. Then
place the degree opposite the sun on the western horizon. Look where the index
falls, and keep it in mind. Then rotate the index in the sense of the rotation of the
sphere (‘ala madar al-falak) until it has decreased from its position by the amount
resulting from your multiplication of the hours by 15. Next, look at how many
hours the degree opposite the sun falls: these will be the seasonal hours. If there
are fractions, do this operation with the degree of the sun just as you did it with
the degree opposite the sun.

[23] If you want to determine the twelve houses when you know the
ascendant and the ‘cardinal points’ (al-awtad), take the degree opposite the
ascendant and place it (88r) on the (curve for) two hours on the west side. Then look
which (part) of the signs is cut by the line of midheaven: this is the (beginning of the)
‘House of Hope’. Then place the degree opposite the ascendant on the (curve for)
four hours. Then look which part (shay’) of the signs is cut by the line of midheaven:
this is the ‘House of Enemies’. Then place the degree opposite the ascendant on the
(curve for) six hours. Then look which (degree) is cut by the line of midheaven:
this is the ascendant. If it coincides with the ascendant, then you are right. If it is
different, then you are at fault: fix up your work! Next, place the ascendant on the
(curve for) ten hours which is towards the west; (or), if you want, on (the curve for)
two hours which is towards the east. Then look which part sign and degree (thereof)
cut the line of midheaven: this is the ‘House of Travel’. Place the ascendant on the
(curve for) eight hours which is towards the west. Then look which (part) of the
signs is cut by the line of midheaven: <this is> the eighth house. The ‘House of
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Property’ is opposite the eighth house. The ‘House of Brothers’ is opposite the
‘House of Travel’. The ‘House of Fathers’ is opposite the line of midheaven. The
‘House of Children’ is opposite the ‘House of Hope’. The ‘House of Illness’ is opposite
the ‘House of Enemies’. The seventh house is opposite the ascendant. If you wish to
determine (the houses) with the astrolabe, (consider the following): when you have
determined one of these houses on the line of midheaven, that which cuts the ‘pivot’
of the earth will be the opposite of this house — God Exalted willing.

[24] “° The determination of the projection of the rays (matrah al-shu‘a)
with the astrolabe. Place the part of whichever degree you want on the horizon
(awwal mugantara), and put a mark at the beginning of Capricorn. (88v) Then
add 60 to the (degree of the outer scale corresponding to that) mark, and increase
(the position of) the beginning of Capricorn to which you have added (60). The
ascendant in degrees (ajza’) on the eastern horizon will be (the ray of) the sextile
light (nar al-tasdis). In the same way (you can find) the quadrature (al-tarbi), and
the trine (al-tathlith). The opposite (al-muqabila) of the degree of the ascendant is
the degree of the descendant (darajat al-gharib).

[25] The year-transfer of the nativities (tahwil sint al-mawalid) with the
astrolabe. If you want to know this, then consider the (number) of whole years
of nativities elapsed. Multiply it by 93 degrees and two minutes. Subtract from
the sum one rotation (that is, 360 degrees) if there is (one) and keep the remainder
in mind. Then rotate the rete until the ascendant of the nativity coincides <with
the eastern horizon>. Then determine the position opposite the index on the lines
of the limbus. Next, add what you kept in mind to the (value corresponding to
the) position of the pointer. Bring the index to the position vis-a-vis the number
reached (as a result of the addition). Then what is on the the eastern line will be
the ascendant of the year of nativity.

[26a] If you want to determine the ascendant of the year with the astro-
labe, consider the ascendant of the year elapsed and place this degree on the eastern
horizon. Look at what it will be and add to it 93: this will be the ascendant — God
Exalted and Sublime willing.

[26b] If you want to determine the ascendant of the first season (of the
year) (al-rub‘ al-awwal), place the ascendant of the year on the eastern horizon.
Then look at which number of the degrees on the limbus the index falls. Add to this
49. Then rotate the index to the number which you have added. (89r) Then look
at the eastern horizon. Which sign and which degree it cuts (this) is the ascendant
of the first season. Add to the first season its increase. This is the second season.
In the same way you do with whichever season you want — God Exalted willing.
[26¢] (89v:7-11) I found in another copy: If you want to know the ascendant

49This section and the following ones have their heading centered on individual lines, which may

indicate that they are additions taken from other sources. Cf. §26c.
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of the year add to the ascendant of the year elapsed 93 degrees and 15 minutes.
Between the ascendant of the year and the first season are 49 degrees and two thirds
of a minute. Between the ascendant of the year and the second season are 173;50
(degrees). Between the ascendant of the year and the third season are 171;45%
(degrees). Know this — God Exalted willing.

[27] (89r (cont.)) To determine whether the city in which (you are) is to
the south or to the north (with respect to another one). Consider (the city
with) the greater altitude (of the sun): (it) will be nearer to the south. And the (city
with the) smaller altitude (of the sun) will be nearer to the north. FEzplanation of
this: If you measured (the altitude of) the sun at Rayy when it enters the first degree
of Aries, you found it 53 degrees. Then you measured it in Kufa and you found 58
(degrees) on the same day. Between the two (altitudes) there are five degrees, and
the (city with the) greater altitude is the one nearer to the south. Measure in the
same way (in other cities) — God Exalted willing, and with Him (alone) is strength.
[28a] The determination of daybreak and nightfall. Place the degree (juz’)
of the sun on 18 (degrees) of the altitude circles on the west side. Then look at how
many hours the degree <opposite> the sun falls: this will be the hour at which the
day breaks. Know this, God willing.

[28b] Nightfall: If you want to determine when the night falls, place the degree
opposite the sun on 18 (degrees) of altitude on the east side. Then look at how
many hours the degree of the sun falls: this will be the hour at which the night falls.
[28¢c] (89v:1-6) The determination of the time of midday prayer (al-zuhr)
and afternoon prayer (al-‘asr). If you want (to know) this from the altitude,
observe the sun until it is on the line of midheaven (and measure its altitude). Then
subtract seven degrees from the altitude: this will be (the altitude at) the midday
prayer. As for the afternoon prayer, take the meridian altitude of your day, and
subtract 90 from it. Take one tenth of the remainder and add this tenth to one half
of the meridian altitude of your day. The result will be the altitude at the time of
the afternoon prayer — God willing.

[28d] (90r:11-17) The <end of the> time of midday prayer. If you want to
determine the end of the time of midday prayer, place the degree of the sun on 14
(degrees) of the azimuth (circles) on the west side. Then look at how many (degrees)
of the altitude circles it falls, and this will be the altitude at the end of the time of
the midday prayer, on the west side.

[28¢e] If you want (to determine) the end of the time of afternoon prayer,
always subtract the meridian altitude from 90. Take one tenth of the remainder,
and add it to the meridian altitude. The result will be the altitude (of the sun) at
the end of the time of the afternoon prayer. Know this!

[29] (89v:12-17) The determination of the azimuth with the astrolabe.

50Read 271;45.
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Take the altitude, and put (the degree corresponding to) the degree (juz’) of the
sun on (altitude circle) for the value of the altitude which you obtained, either on
the eastern or the western side. When you have done this, look at which of the
curves engraved for the azimuth the degree of the sun coincides with: this will be
the azimuth at the time when you have made the measurement. If the number which
you obtained runs from the east (mashrig al-istiwa’) towards (the line) ‘underneath
(90r:1-11) the earth’ (that is, the northerly part of the meridian line), the azimuth
will be between the east and the north. If (the number) which you obtained for the
azimuth runs from the east towards the (line of) midheaven, the azimuth will be
between the east and the south. If the azimuth which you obtained is from the (line
of) midheaven towards the west point, the azimuth will be between the south and
the west. If the azimuth is from the west towards the line ‘underneath the earth’,
the azimuth will be between the west and the north.

Let your use of the azimuth (be as follows): If you want to use it and to determine
with it the meridian line by this method (consider the following): The eastern line!
(is found by means of) the azimuth lines as being the line that separates them
between the two six-degree marks (al-khatt al-fasil laha fima bayna al-wawayn) on
the eastern (side). And the western line, on the western (side), is the line that
separates <them> also between the two six-degree marks.

[30a] (90v) The determination of the time of moonrise. If you want this,
determine the longitudes (juz’) of the sun and of the moon. If there are less than
180 degrees between the moon and the sun divide it (i.e., the ascensional difference)
by the duration of daylight in hours. The result in hours will be the hours of the day
that have elapsed until the time of its rising (i.e., of the moon). If there are between
the sun and (the moon) more than one hundred and eighty (degrees), multiply the
duration of daylight in hours by 12 and subtract it from the distance between both.
Divide the remainder by the (duration) of night in hours: this will be the hours of
night elapsed until its rising. What is used as a ‘distance’ for the division is the
(quantity) between the sun and the moon considered as ascensional degrees. (To
find) the longitudes of the sun and of the moon (consider the following): If (the
difference in ascensions) between the moon and the sun is less than the half-arc of
daylight and if it is nearer to the rising (of the sun), find the true positions (from the
mean positions — gawwimhuma) at sunrise. If it is nearer to midday, find the true
positions at midday. If it is nearer to sunset find the true positions at sunset. And
do the same at night if it is more than the arc of daylight and less than <the arc of
daylight and> the half-arc of night. If it is nearer to the beginning of the night, find
the true positions at midnight. If it is nearer to sunrise (find the true positions) for
the following day. This is an approximate method. If you want to determine it more
exactly, find the degrees of the sun and of the moon at the time (91r) corresponding

511.e., the eastern half of the prime vertical.
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to these hours which you derived, at night or by day. Then operate with it just as
for the first operation.

[30b] If you want to know how long it stays (visible): If the night has
started when (the moon) rises, subtract the distance between it (i.e., the ascensional
difference sun-moon) and the arc of daylight <from the arc of day of the moon>.
Divide the remainder by the duration of each hour of night (azman sa‘at al-layl).
The result will be the hours of its visibility (sa‘at makthihi). And it is rising. Know
this — God Exalted willing.

[30c|] The determination of the ascendant by means of the moon with the
astrolabe. Take the altitude of the moon and determine whether it is towards the
east or the west. Calculate the longitude of the moon at this hour and its latitude.
If the latitude of the moon is northerly, subtract from the altitude of the moon the
amount of the latitude of the moon. If the latitude of the moon is southerly, add to
the altitude of the moon the amount of latitude of the moon. The altitude of the
moon you obtain after this <you keep in mind>. Place the degree of the moon in
its sign on the value of this altitude on the east side, if the moon whose altitude you
have taken is in the east. If it is in the west, (put it) on the west side, just as you
did for the sun. Then the degree of the sign which is on the eastern horizon (khatt
al-mashriq) will be the ascendant. Know that if the moon has passed the ‘Head (of
the Dragon)®? and has not yet reached the ‘Tail (of the Dragon)’,% then its latitude
is northerly. If the moon has passed the ‘Tail’ and has not yet reached the ‘Head’,
then its latitude is southerly. (91v) Al-yamani (?) is the south and al-jawfi (?) is
the north. Know this — God Allmighty willing.

[31] If you want to determine the ‘meridian differences’ (intisaf al-
nahar) in the cities, take the (altitude of the) sun (through) both holes of the
alidade at midday in one of the two cities. Take it in the other (city) on that same
day. Then subtract the smaller (altitude) one from the greater one. Every 15 (de-
grees) of the difference you obtain represents one equal hour. The greater of both
will be nearer to the East.

[31b] Example for this: The longitude of Baghdad is 70 (degrees) and the longi-
tude of Damascus is 60 (degrees). There results two thirds of an hour.

Text 3: On a compass for finding the prayer-times — B: 91v—92r

The use of a compass with which the prayer times are determined and
the shadow measured. If you want to do what we have mentioned, take —
sublime is the name of God! — a compass, if you want of ivory or if you want
of something similar to whichever [...] you want. Make it perfectly quadrangular,

52That is, the ascending node.

53That is, the descending node.



SCIAMVS 5 Al-Khwarizmt and Practical Astronomy 151

smooth and extremely straight (rabbi‘hu tarbi‘an mustawiyan muhandasan shadid
al-istiwa’) from the grip to the two pins (lit. ‘pens’, galaman). Make for that the
two pins of iron. Divide the breadth of the compass on the west side into four parts,
and the length into four equal parts. Write on it the signs from Aries to Virgo in the
(correct) order. Take (ukhrij) its calculation from the table. Write opposite every
sign which is for that by the calculation just as you see it represented. Then divide
also the east side of the compass in the same way. Write on it the signs from Libra
(92r) to Pisces. Write opposite every sign its calculation just as you have done for
the first (time). Then divide on the north side — that is, the front of the compass
— and the south respectively into twelve parts. Write on it the number. Begin
the writing of the number on the side of the two pins of the compass. If you have
finished this totally, fasten the compass with nails of iron. At the end of the nails
are small metallic disks (fils) just as you see it represented — know this!

Table 2: <Table of the beginning of midday prayer, the beginning of the afternoon
prayer and its end, for every six degrees of solar longitude and> for latitude 33°
(B:94r)

West East
2 13 25 0
al 2 13 25 6 = 8 20 32 6
Bl 2 14 25 12 S| 9 21 34 12
2 14 25 18 10 22 34 18
Sl 2 14 25 24 m% 11 23 36 24
Ol 2 14 25 30 12 24 36 30
2 14 26 6 12 25 36 6
- 5 3 15 27 12 - 8“ 13 25 38 12
= _ 3 16 28 18 % |14 26 39 18
z, & 4 16 28 24 A | 2|16 28 39 24
4 17 28 30 16 28 41 30
5 17 29 6 17 29 41 6
S0 6 17T 29 12 ogf 17 29 42 12
6 18 31 18 18 31 43 18
E1 7 19 31 24 53“ 18 31 44 24
8 20 32 30 18 31 44 30
2] o 2] -
[Marginal note:]  If you want to determine the midday shadow of your day, subtract the half arc of

daylight from the ascension (of the arc) between the beginning of Cancer and the end of Sagittarius.
Divide the remainder by 15 and the result will be the midday shadow of your day, God Exalted

willing.5*

540n this procedure see King (2004: 235). A rapid investigation of this method demonstrates that
it does not make any sense whatsoever (it yields shadow lengths varying from 6;17 to 10;6 digits,

instead of 2;0 to 18;10).
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The description of the use of this compass. If you want to determine the
prayer times with this compass for which I have described the making, put (it) in a
level place on the ground. Join the compass until the two pens get together. Then
plant the two pens of the compass on the ground until (the two pens) sink into
(the ground). Then put a mark on the end of the shadow which comes out by the
compass at every time you are. Then pull out the compass from its place and survey
by it the shadow in fingers divided on the compass — there are twelve fingers. The
resulting sum of fingers, and keep it in mind. Then look at the shadow of the times
which are on the compass opposite the sign in which the sun is. If the shadow which
you kept in mind corresponds to the shadow on the compass, this is the time of this
prayer. If it is less or more observe it a little bit until your shadow for this prayer
becomes complete according to that on the compass — God willing.

Text 4: On a ‘moon plate’ — B: 92r-93r

The use of the plate with which the altitude is measured and the moonrise
is determined (92v) for every night, and when it sets and the duration of
its staying. If you want to do what I have described, take — by the blessing of God
— a firm and thick plate of the size you want. Draw on it two lines cutting each
other at the centre at right angles. Write on it its four (cardinal) directions: East,
West, South, and North. Then trace three circles on the southern side, the first one
being the circle of the five (degree arguments) (da’irat al-khamasat). Divide it from
the East to the West into thirty six parts. Write on it ‘circle of the five (degree
arguments)’. Begin your labeling of (the circle) of the five (degree arguments) from
the east and the west simultaneously until you reach (from both sides) the ninety-
degree division on the (line of) midheaven. The second circle is the altitude circle.
Divide it into eighty-eight parts. The third circle is the circle of the duration of
the nights (‘adad al-layali). Divide it into twenty-eight parts. Label it from 1 to
28, beginning your writing from the west to the east as you can see it written on
the plate. When you have finished (the labeling) on the southern side, trace a wide
circle on the northern side, and divide it into 28 parts. Write on it the (result of
the) calculation according to what is in the table. Begin your labeling from the east
to the west as you can see it written on the plate. Then make an alidade for it, and
mount it upon it in a smoothly fitted way. Use it — God Exalted willing, and by
Him is strength. (93r)
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Text 5: On the species of astrolabes — B: 96r

(96r) The Chapter of the knowledge of the cause by which the astrolabe is
called ‘complete’, ‘bipartite’, ‘tripartite’, ‘quinquepartite’, ‘sexpartite’ or
otherwise. As for the markings which do not differ on any astrolabes, these are the
great circles, that is, the day-circles of Cancer, Aries and Capricorn, the meridian
line and the East-West line. All these markings are indeed found on all astrolabes
(and) do not differ at all. But (those which) differ are the altitude circles, because
there is 90 (of them) on the complete (astrolabe). On the bipartite (astrolabe) there
are 45. On the tripartite there are 30, since for every three degrees (of altitude)
there is one circle. That which is called quinquepartite has between any pair of
(altitude) circles five degrees. If there are 15 (altitude circles) it is called sexpartite.
If there are 9 (altitude circles) it is called decempartite, because the astrolabe is
(called) after the (quantity) between two circles, which is ten (degrees). According
to this number the zodiacal signs are (likewise) divided.

Text 6: On projecting the rays with the astrolabe — B: 96r—96v

Projecting the rays with the astrolabe. Consider the planet for which you
want to project the rays. Take its degree and place it (i.e., the corresponding point
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of the ecliptic) on the horizon. If you want (to) throw its rays to the left sextile, put
a mark on the beginning of Capricorn. Then decrease it from its place by 60 degrees.
(96v) Then look at which sign and which degree corresponds to the horizon. This
is the place of its left sextile. If you want its right sextile, rotate the beginning of
Capricorn by sixty (degrees) towards the opposite of its position: what corresponds
to the eastern horizon will be the position of its right (sextile) ray. If you want the
trine, add one hundred and twenty. (If you want) the quadrature, (add) 90. You
should operate with the right and the left like (you have done) the first (time) —
God Exalted willing.

Text 7: Ptolemy’s division of five terrestrial zones — B: 96v

The division of Ptolemy: the five (terrestrial) zones (al-tara’iq al-
khamsa). The first zone is near the north (pole): 36 degrees and 9 minutes. The
second (zone) is 30°. The third (zone) where night and day are equal is 23%> degrees
and 51 minutes north (of the equator). It is the same towards the south. The fourth
(zone) is 30°. The fifth (zone) which [...... ] is not seen in the south:%¢ 36 (degrees)
and 9 minutes. The sum of that is 180 degrees.

Text 8: On the sine quadrant — B: 96v—97v

The construction of a quadrant with which the sine, the declination and
the hours of daylight that have elapsed can be determined.

If you want to make this quadrant, take — by God’s blessing and help — a quadrant
of [...] made at right angles, coming out of the circle of the graduated plate (da’irat
safihat al-gisma). Then divide it into ninety (equal) parts. Divide (the line going)
from the centre (of the quadrant) to the extremity of the ninety parts (97r) into
150 parts, each part equal. This is the (scale of the) sine. Then suspend there
(sc., at the centre) a thread with a plummet. Then make on (the scale of) the
sine a (graduation mark for the) sine of every degree, following what is in the table
prepared (for that purpose). (This) can be determined correctly from the table
consigned (muwagqa‘) in the sine table. In order to know this you must take the
sine of (every) five (degrees) of altitude. Look at how many units of the sine this is.
Draw a line (corresponding to this) inside the quadrant on the plate as you can see
it represented. Know this — God Exalted willing!

55Text has 47. See the commentary.
56The probable meaning is that under northern latitudes, the stars whose declinations correspond

to the fifth zone are not visible on the southern horizon.
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The description of the use of this quadrant, once it is made. If you want
to determine the declination of every degree (of longitude), do exactly as I describe
you. If we want to determine the declination of (the end of) Aries, we place the
thread on the side of the thirtieth (division) of the altitude (scale). Then look at
which place on the red circle — which is the declination circle (da’irat al-mayl®) —
the thread will fall. Then take there the direction (of the sine along the horizontal
lines). We find that the thread which we have taken there falls on twenty five degrees
(sic!®®) and (some) minutes of the ninety degrees. This is the declination of Aries.
Likewise, if you want the declination of (the end of) Taurus, take what is vis-a-vis
60 (units) of the altitude (on the declination circle). Operate with this in the same
manner. The declination of (the end of) Gemini — (whose longitude) is ninety
degrees (juz’) — is the complete declination (i.e., the obliquity). The declination of
the end of Cancer is the same as the declination of the beginning of Gemini. The
operation with the remaining (zodiacal signs) is similar.

If you want to determine (the amount) of the hours of daylight elapsed, (97v)
look at how much is the meridian altitude for your day. If we assume it to be 60, we
find it to reach the fifth circle, namely, the line which comes out of the extremity of
the ninety unit scale, which is the sine (scale), (and goes to) the circle of the degrees.
This is the (graduation) on which is (written) 130 (units) of the sine.?® If we assume
the altitude at the time of the measurement to be 30 (degrees), the thread will cross
the fifth circle at some place on it. We take its direction toward the altitude (scale)
and we find it to be at twenty five (degrees) and (some) minutes. We therefore know
that one hour and two thirds and a fraction of the day have elapsed, because 15
(degrees) of the altitude (scale) represent one hour. This is for the beginning of the
day. If the measurement is after midday (you will find) the (time) remaining of the
day in hours.

If you want to operate (with) a sexagesimal sine, divide the sine (scale) of the
quadrant into sixty (divisions).

Text 9: On finding the meridian with the astrolabe — A: 198v—199r

Witty (pieces) from the work of Muhammad ibn Musa al-Khwarizmi: On
knowing the azimuth with the astrolabe.

If you want to know the azimuth with the astrolabe, measure (the altitude of)
the sun when you want. Then look at which line corresponds to that altitude and
put the degree of the sun (on the zodiacal belt) on its corresponding altitude circle.

57The Ms has ‘circle of Aries’.
*8The expected declination is of course §(30°) = 11°40’.
59We have indeed 1505in60° = 129; 54 ~ 130.
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Look at which line of azimuth reaches this altitude. What you obtain will be the
azimuth of that hour.

If you want to know the meridian line, and the sun is east-southerly, count the
quantity of this azimuth on the quadrant where you took the altitude®® and put
the edge of the alidade on it. Then make the back of the astrolabe be parallel to
the level ground, and rotate it to the right or to the left, until the shadow of the
kursi®? falls (completely) on the back of the alidade, or until the (solar) rays enter
through the hole (of one of the sightings) and hence fall on the line which is on
the middle of the alidade. If you can see it as this (i.e., as I have described), then
the meridian line will be the diameter at the back of the astrolabe which has the
suspensory apparatus on it.%3 Do the same if the sun is in the northwest, except that
the suspensory apparatus in this operation will be on the northern side, whereas it
was on the southern side in the first operation. (199r)

If the sun is east-northerly, count [the quantity of the azimuth on the other
quadrant] at the right of the quadrant with which you took the altitude, and let
your counting be from below towards the side of the suspensory apparatus. Then
put the edge of the alidade on this number, and make the back of the astrolabe
be again parallel to the level ground. Rotate it to the right or to the left, until
the alidade gets shadowed by the sightings (kursz), or until the (solar) rays enter
through the hole (of the upper sighting) and fall on the medial line (of the alidade).
If it occurs like this, then the meridian line will coincide with the diameter which
goes through the suspensory apparatus, and the suspensory apparatus will be on
the northern side. Operate in the same manner if the sun is west-southerly, except
that the suspensory apparatus will be on the southern side.

We explain (this) to you: The sun is either north or south of the azimuth arc
(on the astrolabic plate) which starts at the rising-point of Aries, goes through the
zenith and ends at the setting-point of Aries. If the sun is in the (region) between
this arc and the side of the centre of the astrolabe, then it is northerly when it is in
the east and also when it is in the west. If it is outside of this arc in the (region)
between it and the edge of the astrolabe, then it is southerly, be it in the east or in
the west. This procedure (sifa) (only) applies to the astrolabe <on which> its (i.e.,
the sun’s) azimuth is written from the azimuth arc of the rising-point of Aries until

59T.e., which azimuth circle passes through the degree of the sun at that altitude circle.

51This is the upper-left quadrant at the back of the astrolabe.

52This term designates here the sightings of the alidade, not the throne of the astrolabe. This
curious usage is also attested in a short text in A4:197r-v — see Ahmedov, ad-Dabbagh & Rozenfeld
(1987: 182-184) — as well as in a brief chapter of Ibn Yunus’ Z7j, in which he presents a method
for determining the meridian with an instrument called a musatira — see Janin and King (1977:
255-256) and Charette (2003: 89).

531.e. which is adjacent to the suspensory apparatus.
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the meridian line and until (the line of) the pivot of the earth, 90 (degrees) on both
sides.

As for the astrolabe whose azimuth numbering starts from the meridian line and
ends at the pivot of the earth, 180 (degrees) fully on both sides, I mean the east
and west (sides), then when you have taken what comes out to you in terms of
azimuth, keep it in mind. If the sun is easterly, notice whether it is in the north or
in the south, and then count what you have kept in mind from the right of the the
beginning of the altitude.’* Put the alidade on it and make the azimuth of the sun
coincide with it according to what we have described.

Text 10: On the horary quadrant — A: 196v—197r

The construction of a horary quadrant. If you want (to do) this, take a quarter
circle and make two (sighting) parts on it for (taking) the altitude. On both sides of
the quadrant trace two lines meeting at right angle, this angle being the position of
the hole in which there is the thread with which the altitude can be determined. If
you want the division of the hours, divide an amount of three quarters of the vertical
line on the side of the quadrant into thirteen (equal) parts (and mark them). Put the
compass at the centre of the quadrant and open it at each of those thirteen marks.
Trace circular arcs with these (radii) that join the two straight lines that have been
divided. The outermost arc will correspond to the beginning of Capricorn, while the
innermost one will correspond to the beginning of Cancer. When you begin with the
uppermost one, the first arc is for Cancer, the one next to it is for its middle, and
the one next to it is for Leo. (Continue) half-sign after half-sign (in this manner)
until you reach Capricorn. Then return along the lines and you will reach the middle
of Capricorn, which is also the middle of Sagittarius. (Proceed) this way until you
finish with the end of Gemini. Then you begin (again) with Cancer, God willing.

I have prepared for you a table of the altitude at the hours for the zodiacal signs
and their middles: be aware of it (7). As for our computation of the altitude of the
hours: if you want that, take the sine of (the meridian altitude at the beginning of)
Cancer for the climate in which you are and keep it in mind. Then take the first
kardaja of the sine and multiply it by the sine of the beginning of Cancer. Divide
(the product) by 150, (197r) and the result will be the sine of its opposite sign (7).
<...> this will be the altitude of (the sun at) the first hour of Cancer; keep it in
mind. Take the first and second kardajas and multiply them with the sine of the
meridian altitude. Divide it by 150. Take the arc corresponding to the result, and
this will be the (solar) altitude at the second hour. Then take the first, second
and third kardajas and operate with them in the same manner. The result will be

4] e., the counting begins at the meridian line.
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the altitude at the third hour. And likewise (for) the fourth, fifth and sixth hours.
For other (signs) operate as you did for Cancer. It is the same (procedure) for all
zodiacal signs.

Also, if you like, take fifteen degrees and take its sine. Multiply the result by the
sine of the meridian altitude of Cancer. Divide the product by 150, and take the
arc corresponding to the result, which will give you the (solar) altitude at one of the
hours of Cancer (namely the first one). Then take thirty (degrees) and operate with
it in the same way, (and so on) up to ninety (degrees). There will result the hours
of Cancer. Do like this for all zodiacal signs.

I have prepared the table and the illustration. Be aware of that.

Table of the quadrant

Names of

the signs 1 2 3 4 5 6
Cancer 14,0 29;0 44:0 59;0 73;0 81;0
half 14,0 29;0 44;:0 58,0 72;0 8050
Leo 14;:0 29;0 44,0 57,0 70,0 770
half 14;,0  28;0 43;0 56;0 67;0 73;0
Virgo 14,0 27;,0 41;,0 53,0 63;0 69;0
half 13;0 26;0 39;0 50;0 59;0 63;0
Libra 12:0 25,0 36,0 47:0 54;0 57,0
half 12;0  23;0 33;0 42;0 48;0 51;0
Scorpio 11;0 21;0 30;0 38,0 43;0 450
half 10;0 19;0 28;0 35,0 39;0 41;0
Sagittarius | 9;0 17;0 25,0 31;0 350 36;0
half 80 16;0 23,0 29;0 33,0 34,0
Capricorn 80 16,0 23;0 28,0 32;0 33;0

This quadrant is used for the
hours, as we have described
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Text 11: On a portable sundial (mukhula) — A: 192r

Construction of the mukhula for the hours (sc., as a sundial), which is
suitable for the column, the whip (sawt)®® and the stick. If you want (to
do) this, take an instrument (made) of wood or (something) similar. Let the head
of this sundial (miqyas) be five sixths of its base. Then divide it along its width5
into six divisions, (one) for each (pair of) zodiacal sign(s), or, if you wish, (make
also divisions) for each half (of a zodiacal sign). Take the length of this instrument
and trace a line on a surface and put it aside. Let this line (correspond to) the
length of the sundial and divide it into thirty equal parts: this will be the shadow
scale. Then take (as the results) of the calculation (which are consigned) in the table
(the vertical shadows of) the hours for each zodiacal sign, in terms of the graduated
scale. Lay one foot of the compass atop (the sundial) at the place of the gnomon
(and make a mark for each value of the table) until the hours are completed for
all zodiacal signs. Then take a gnomon (miqyas) similar to what you see, whose
outgoing (part) from the side of the instrument has five parts. (It has a) sharp
head similar to the gnomon of the horizontal sundial and it revolves around it (the
sundial) under the suspensory apparatus with which the sundial is being hanged.
If you want to know the time of day elapsed in (temporal) hours, determine the
position of the sun, suspend the instrument and face the line that goes through the
sun. You will have written the names of the zodiacal signs on the lines. Bring the
gnomon above (the appropriate zodiacal sign): the shadow will then fall upon the
time of day elapsed in (temporal) hours, God willing,.

[Table of the length of vertical shadows for each temporal hours (1-6),
for latitude ¢ = 33°, obliquity ¢ = 23;33° and gnomon length 5.]%7

hours|| Cancer Leo Virgo Libra | Scorpio™ | Sagittarius | Capricorn
Gemini Taurus Aries Pisces | Aquarius
1 113 +8| 112 +4| 111 +4|106 -1| — |058 43049 -3
2 || 238 46| 236 +4| 2;33 +3|2;18° -1| —  [1;24  -18]1;29 -5
3 4:47 +18| 4;38 +11| 4;19 4+6(3;39 -2 — 2;22 -412;,09 A4
4 750  -9| T35 46| 6;40 +1|515 -2 — 3;02 -212;44 -3
5 15;0 ?79113;38 +2|10;07 -2[6;50 -5 — 3;30 -413;07 -3
6 |/30;00 -2]22;02* -3|12;32 -11|7;37 -5 — 3;41 -313;16 -2

* This column is missing.  * Text 29;02 ° Text 2;58 ¢ Recomputation 22;05

55 Although it may not be related to the intended meaning of a mukhula-type sundial, it is interesting
to note the following expression in Lane (Arabic-English Lexzicon, s.v.): ‘sawt bi-zill : light entering
from an aperture in a wall, in sunshine’.

56The text has ‘length’.

57The table has been considerably mixed up: one column is missing, and as a result the zodiacal signs
have been placed pairwise in the six remaining columns, in the following order: Cancer/Gemini,

Leo/Taurus, Virgo/Aries, Libra/Pisces, Scorpio/Aquarius, Sagittarius/Capricorn.
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Tlustration of the conical sundial
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Figure 1: The latter part of Text 1 with the diagram showing the geo-
metrical construction of altitude circles, and the beginning of the section

on the shadow scale (B:80v-81r), (courtesy Staatsbibliothek Preussischer
Kulturbesitz, Berlin).
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Figure 2: The end of Text 1 and the beginning of Text 2 in the Berlin
manuscript (B:81v—82r), with parts of the marginal notes edited in Ap-
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Figure 4: Some tables attributable to al-Khwarizm1 found in the Berlin

manuscript (B:94v-95r), edited in Appendix 2 (courtesy Staatsbibliothek
Preussischer Kulturbesitz, Berlin).
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IV Commentary

IV.1 The construction of the astrolabe

The tentative attribution of this anonymous text to al-Khwarizmi, first made by
David King,% is very appealing. First, we know from Ibn al-Nadim that he composed
treatises on both the construction and the use of the astrolabe. Second, the fact that
a diameter of 150 — the Indian trigonometric base consistently used in al-Khwarizm1’s
writings — is used for the plate of the astrolabe, clearly points to the beginning of the
ninth century. And as King already noticed, the style is not inconsistent with that
of the following treatise for which we have a clear attribution to al-Khwarizmi. Yet
things may not be that simple, for we will see below that the table for constructing
the markings on the plates is very likely based on an obliquity of the ecliptic of 23°35’
(see our analysis below),% which we can link to Habash and several other Abbasid
astronomers, but not to al-Khwarizmi, who seems to have preferred Ptolemy’s value
of 23°51’. Of course, we cannot exclude the possibility that al-Khwarizmi, being alive
at the time of the mumtahan observations and being apparently close to the caliphal
court, might have at some point adopted the more modern parameter, which was
even sanctioned by al-Ma’mun. Be it as it may, for the sake of simplicity we shall
refer to the author of this text as being al-Khwarizmi; the reader should nevertheless
keep the speculative nature of this attribution in mind.

This treatise reveals an entirely different approach to the construction of the
astrolabe to what we might expect from the formative phase of Islamic astronomy.
Instead of adopting a geometrical method, al-Khwarizmi relies entirely on numerical
tables, an approach further developed by al-Farghant whose treatise on the astrolabe
proved quite influential.”® He does not explain the basic function underlying the
operation with this table, but rather goes straight to explain its use. The table

58 “The treatise is anonymous and judging by the style of the Arabic and the nature of the contents
is clearly an early ninth-century production. But more important is the fact that the treatise is
copied immediately preceding al-Khwarizm1’s treatise on the use of the astrolabe and also that the
tenth-century bibliographer Ibn al-Nadim mentioned that al-Khwarizm1i wrote treatises on both
subjects: in view of this, and also from a consideration of internal evidence, I see no reason to
doubt that the treatise is also by al-Khwarizm1.” King (1983a: 23-26, at 23).

59This parameter was first determined in 214 H as a result of the observations sponsored by the
caliph al-Ma’miin, a year after the astronomers had determined it to be 23°33’. This new determi-
nation led the caliph to reject the first observations: see al-Birtint (1962: 90-91); the value 23°35’
was determined again a few decades later by the Banti Musa in Baghdad and by al-Battant in Raqqa
(see ibid.: 94-95).

A paper by David King and the first author currently in preparation examines the tradition of

making astrolabes by means of tables and surveys in details all extant texts and tables on the topic.
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given on f. 78v contains two columns, labelled ‘north’ and ‘south’, in which two
quantities, which we can designate by fn(6) and fg(6), respectively, are tabulated
for arguments 1° to 89°. We can express the functions to which they correspond in
modern notation as follows:

fn(0) = R tan <y> and fs(0) = R tan (

90+0>

The function thus gives the distance from the centre of an astrolabic plate corre-
sponding to the stereographic projection of a point of the celestial sphere having a
declination 6.

The radius R of the sphere of projection is not indicated in the text. We learn,
however, that the radius of the plate is 150, which is indeed the Indian base adopted
by al-Khwarizmi for his trigonometrical operations. Numerical analysis of the table
(see below) yields an underlying parameter R = 98; 11, with which we can associate
an obliquity of 23°35'; since 150/ tan(%m) =98;11.

The altitude circles can be constructed from two quantities easily derived with
the table. The distance of the northernmost point of the horizon from the centre of
the plate is given by fn(90 — ¢), and the radius of the horizon will be

$ wtoor =0+ 1s(00° - 0},

The distance from the centre of the northernmost point of an altitude circle,
when h < ¢, i.e., when it is projected between the horizon and the centre, is fx(90°—
¢+ h), and the radius of the altitude will be

%{fS(QOO—¢—h)+fN(90°—¢+h)}- (1)

When h > ¢, i.e., when the northernmost point is projected between the centre and
the top, that distance becomes fn(90° — h+ ¢), and the radius of the altitude circle
is given by

%{fs(QO"—<z5—h)—f1v(90°—h+¢)}~ (2)

al-Khwarizm1 omits to mention that when ¢ + h > 90°, the first member of
equations (1) and (2) should rather be fy (¢ + h — 90°).

The distances of the pointers for the fixed stars are simply given by fy(A) or
fs(A) when the declination is northerly or southerly, respectively.

"'Note that al-Farghant rather more conveniently defined his basic function so that its argument is

the arc measured from the north pole, which avoids his dealing with two different cases.



SCIAMVS 5 Al-Khwarizmt and Practical Astronomy 165

Construction of altitude circles by geometry (79r-80v)

It is not certain whether this section on constructing altitude circles geometrically
really stems from al-Khwarizmi, since the radius of the astrolabic plate is here taken
to be 60, instead of 150. The rather awkward procedure advocated in the text
corresponds to the following geometrical construction (see the diagram on p. 139).
We draw a circle of centre B with radius AB equal to 55 and a perpendicular
segment BG of length 24. This forms a right-angled triangle whose hypothenuse G A
determines the radius (of length /552 + 242 = 60; 00,30 = 60) of a second circle,
which we draw separately. We then trace a line parallel to its horizontal diameter at
a distance of 24 parts above its centre, so that it defines (within the circle) a chord
of length 110. The horizon (inclined to the vertical diameter at an angle equal to
the latitude) and the altitude circles are then projected stereographically onto the
line representing the tropic of Capricorn.

This procedure, though yielding correct results, is both naive and clumsy. The
parameter 55 for the radius of the plate appears to derive from a basic radius of
60 (55 being approximately equal to 60 cose€), so that it can be interpreted as the
radius of either of the tropics on a celestial sphere of radius 60. But our author does
exactly the converse and derives 60 from the quantities 55 and 24 by a geometrical
construction!

The basic circles are then projected stereographically within a circle of radius
60, onto the ‘tropic of Capricorn’ instead of onto the ‘equator’. The construction is
purely artificial. It is not wrong, but it would have been much simpler to consider
directly a circle of projection with radius 55, and to project onto its equator.”

Construction of a linear shadow scale (81r-81v)

The device described in this section for obtaining a shadow from an altitude (or
conversely) represents a precursor of the shadow square that is omnipresent on the
backs of astrolabes from the 9th century onwards, and which is featured in §15 of
Text 2.7 Instead of a square, our text describes a linear scale in the lower-right
quadrant, parallel to the horizontal diameter and at a distance of six units below
it. The text seems to suggest that these six units are taken on a radius of 90 units,
but from the accompanying diagram it appears that we should actually assume
a diameter of 60 units.”* Those six units correspond to twelve units of shadow
(i.e., digits), and the horizontal scale should be divided using the same units, with

721t happens, however, that the radius of the equator is nearly equal to 60 — 24 = 36 and that the
radius of Cancer is nearly equal to 24! But since the text does not go as far as to suggest to use
these quantities, the correspondence might well be fortuitous.

"0n the history of this device, see King (2004, Part XIIa, App. B).

"™Hence our emendation o
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divisions at each 12 digits (labelled ‘6’, ‘12’, ..., instead of ‘12’ ‘24’ etc.), and
further subdivided for each 2 digits, one subdivision corresponding to two digits,
as specified at the end. With this scale it is possible to find the horizontal shadow
corresponding to an altitude within the range ca. 12° — 90°. It is well possible that
al-Khwarizm1 was the first to design such a shadow scale (cf. our remarks on p. 180

below).
Analysis of the table on f. 78v

We present in the following table al-Khwarizmi’s entries as found in the unique
manuscript and the associated errors in minutes corresponding to a recomputation
with R = 98;11. This parameter indeed provides the best fit with the numerical data
of the manuscript.” In the next column we have corrected obvious scribal errors
and indicated the corrected error next to it. An asterisk means that the correction
is uncertain.

IV.2 Text 2: The use of the astrolabe (5:81v-91v)

al-Khwarizm1’s treatise on the use of the astrolabe is the earliest such text preserved
in Arabic.” Several texts on the astrolabe are documented from the eighth century,
but none of them has survived. From the pre-Islamic period only two texts on the
astrolabe have been preserved, namely the treatises of the sixth-century Alexandrian
philosopher Johannes Philoponus,”” and that of the Syrian bishop Severus Sebokht,
written in Syriac in the second half of the seventh century.”™ Otto Neugebauer™ has
suggested that both works preserve the contents of a common source: the treatise
on the ‘small astrolabe’®® by Theon of Alexandria. In fact, a comparision of al-
Khwarizm1’s and Sebokht’s treatises makes it apparent that the former was likewise
strongly dependent on Hellenistic sources that relate to Theon’s lost treatise (see fur-
ther our commentary on Text 7). These similitudes notwithstanding, al-Khwarizm1’s
treatise does contain several new types of problems and operations with the instru-
ment. Thus the following topics appear for the first time in the astrolabe literature:

We used the Levenberg-Marquardt method in the Statistics package of the Mathematica™ soft-
ware. The result is the same with the corrected data.

" An alternative candidate is the treatise by ‘Ali ibn Tsa (fl. ca. 830 AD), who was actually a
younger colleague of al-Khwarizmi1 in Baghdad. From the style and contents of this work, though,
we find very unlikely that it was written before the treatise edited in this paper. See Cheikho (1913)
and the translation in Drecker & Schoy (1927).

""Philoponus (1839); idem (1981).

8Nau (1899).

" Neugebauer (1949: 242-243).

89The large one being the armillary sphere.
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Table 3: Stereographic projection of a point of declination # on the northern hemi-

sphere

0 MS err | Correction | err || 6 MS err | Correction | err
T 9631 2 16 | 3941 | 1
2 94;11 | -38 | 94;51 2 47 | 38;42 1
3 93;12 2 48 | 37;42 1
4 91;35 2 49 | 36;43 0
5 18959 | 1 50 | 35:44 | 0
6 | 8825 | 1 51 | 3446 | 0
7 86;53 1 52 | 33;48 0
8 85;22 1 53 | 32;51 0
9 | 8352 1 54 | 3157 | 3
10 | 82;23 0 55 | 30;57 0
11 | 80;56 0 56 | 30;1 0
12 | 79:31 | 1 57 | 29:5 0
13 | 78;8 2 58 | 28;9 0
14 | 76;45 2 59 | 27;14 0
15 | 75:23 | 3 60 | 26:59 | 41 | 26;19 1
16 | 74:2 3 61| 2524 | 0
17 | 72;29 | -10 | 72;39 0 || 62 | 24;29 0
18 | 71;41 21 | 71;21 1 63 | 23;34 0
19 | 70:2 0 64 | 2240 | 0
20 | 68;45 0 65 | 21;46 0
21 | 67;29 0 66 | 20;52 0
22 | 66:14 | 0 67 | 19:58 | -1
23 | 6549 | 50 | 64;59 0| 68 | 19;5 0
24 | 63;45 -1 69 | 18;12 0
25 | 62:33 | 0 70 [ 17:19 | 0
26 | 61;21 0 71 | 16;26 0
27 | 60;10 0 72 | 15;33 0
28 | 59:0 0 73 [ 1440 | 0
29 | 57;11 | -39 | 57;51 1 74 | 13;48 0
30 | 56;42 1 75 | 12;55 -1
31 | 55;34 1 76 | 12;3 0
32 | 5427 | 2 77 (1111 0
33 | 53;19 0 78 | 10;19 0
34 | 52;13 1 79 | 9;27 0
35 | 51,7 0 80 | 8:35 0
36 | 50:2 0 81 | 743 | -1
37 | 48;57 0 82 | 6;51 -1
38 | 4753 | 0 83 | 6:0 0
39 | 46:50 | 0 84 | 58 1
40 | 4546 | -1 85 | 4:17 0
41 | 4445 0 86 | 3;26 0
42 | 4343 | 0 87 | 2:34 0
43 | 42;42 1 88 | 1;43 0
44 | 4141 | 0 89 | 0;52 1
45 | 4041 | 1 90 | 0:0 0




168

F. Charette and P. Schmidl

SCIAMVS 5

Table 4: Stereographic projection of a point of declination # on the southern hemi-

sphere

0 MS err | Correction | err || 6 MS err | Correction err
1 99;14 -41 | 99;54 -1 46 | 243;2 1

2 10140 | 0 47 | 249:16 1

3 103;28 0 48 | 255;47 0

4 105;18 1 49 | 262;36 0

5 11079 0 50 | 269:45 0

6 | 1092 | -1 51 | 27714 2

7 | 110;18 | -41 | 110:58 1| 52 | 28555 4

8 112;17 | -40 | 112;57 0 53 | 293;21 -5

9 114;18 | -39 | 114;58 1 54 | 302;5 -6

10 | 1171 0 55 | 311;20 -4

11 | 119y7 1 56 | 321;8 1

12 | 121515 0 57 | 331;30 2

13 | 123;26 0 58 | 342;28 4

14 | 125;40 0 59 | 354;11 9

15 | 127;57 0 60 | 366;20 -6

16 | 130;17 -1 61 | 379;39 0

17 | 132;41 0 62 | 393;49 1

18 | 1358 0 63 | 409;0 2

19 | 137;35 -4 64 | 425;58 41 | * 425;18 1
20 | 14013 | 0 65 | 442:54 1

21 | 142;14 | -37 | 142;54 3 || 66 | 461517 38 | 461;57 2
22 | 14534 | 0 67 | 482:36 1

23 | 14821 | 1 68 | 5058 1

24 | 151512 | 1 69 | 529:46 1

25 | 154;8 1 70 | 556;52 2

26 | 157;40 32 | *157;10 2 71 | 586;45 2

27 | 160;13 0 72 | 619;57 3

28 | 16324 | 0 73 | 657:0 2

29 | 166;41 0 74 | 698;39 2

30 | 170;4 0 75 | 745;44 -3

31 | 173;38 6 76 | 799;42 4

32 | 1778 0 77 | 861;19 -26 | * 861;49 4
33 | 180;50 0 78 | 934;11 2

34 | 184;40 1 79 | 1019;43 3

35 | 188;37 0 80 | 1122;48 34 | *1122;18 4
36 | 192;42 0 81 | 1247;36 4

37 | 196;16 | -40 | 196;56 0 || 82 | 1404;9 4

38 | 201;19 1 83 | 1605;21 4

39 | 205;12 | -39 | 205;52 1 84 | 1873;30 3

40 | 210;35 2 85 | 2248;11 -35 | *2248;51 5
41 | 215;28 1 86 | 2811;12 -24 | *2811;52 7 16
42 | 22032 | 1 87 | 37487 -81

43 | 225;49 1 88 | 5624;11 -44

44 | 231;19 1 89 | 11252;50 | 128 | * 11250;50 ? 8
45 | 237;5 3 90 | —
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1) degree of the ecliptic rising, culminating or setting with a star; 2) conversions
between equal and seasonal hours; 3) astrological problems (houses, projection of
rays, transfer of the years of nativities, ascendant of the year); 4) shadows; 5) prayer
times; and 6) finding the azimuth and the meridian.

As we have mentioned in the introduction, al-Khwarizm1’s treatise on the use of
the astrolabe has been available in a German translation for more than 80 years.
Our purpose is mainly to make a first edition of the Arabic text and to provide
a more accurate translation than Frank’s. Our commentary will not concern the
whole text, but aims at clarifying and expanding the still valuable commentary that
accompanies Frank’s translation. We shall assume that the reader of this paper is
familiar with the use of the astrolabe.®!

82c The first worked example concerns the basic use of the astrolabe. Given the
terrestrial latitude (in this case Baghdad, ¢ = 33°), the solar altitude and solar
longitude, one is asked to find the ascendant, midheaven, and the time of day
in temporal hours. In Baghdad (madinat al-salam), the altitude of the sun is
measured before midday as 24°, and its longitude is Scorpio 12° (A = 222°). The
ascendent is stated to be Sagittarius 9° (Ay = 249°), the midheaven Virgo 22°
(Ayy = 172°) and the nadir is said to be located in the third hour. To find the
fractions of hour involved, one observes that the index (murt) of the rete indicates
263° on the limbus. If the nadir is placed on the hour-line corresponding to two
complete hours, the index will point to 257°, and it will indicate 270° if placed on
the third hour-line. The fractions of hour corresponding to 263° will be given by

263—257 _ 6 . S 6
S70—557 = 15- Lhe time of the observation is thus 275 hours.

We can check these results by comparing them with exact recomputations. For
the configuration given, the position of the index will correspond to the oblique
ascension of the ascendant, which we recompute as 262.8°; the recomputed ascendant
is 249.2° and the recomputed midheaven is 172.1°. Finally the recomputed time of
day is 2.48 ~ 2% hours. All compare very well with the values given in the text.
The accuracy of the results suggests they were numerically computed, rather than
derived using an astrolabe.

84a The examination of the astrolabe’s accuracy by means of comparison against
numerical computation became a frequent feature of the Islamic literature of the use
of the astrolabe, as for example in al-Saff’s extensive book.%?

81Other readers may consult any of the following modern treatments of the principle and use of the
instrument: Michel (1947); North (1974); National Maritime Museum (1976); d’Hollander (1999);
Morrison (forthcoming).

82Gce al-Siff (1986: 470-509).
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Figure 5: The configuration of the astrolabe for the first worked example

84b The second worked example is very similar to the first one. It aims at establish-
ing the faultlessness of the astrolabe. The parameters are the following (again for the
latitude of Baghdad): altitude of the sun h = 44°, solar longitude A = Taurusl5°.
There results a time since sunrise of 2 hours and 1/6, or 53°15' [recomputation
53°17']; and the degree of midheaven is A\y; = Pisces 24°2" or 354°2' [recomputation
354°3].

88 The procedure described here is sound in theory but quite inaccurate in practice.

89b This is of course a rough approximation, since, if we express the latitude vector
in equatorial coordinates, it assumes that its right ascension component is zero,
which is true only at solstices. The same approximation is employed in §11b.

812c The operation consists in finding the degrees of the ecliptic whose declination
is equal to that of a particular fixed star. Of course this applies only to stars located
within the celestial tropics.

815 The shadow square has been a standard feature of Islamic and Western astro-
labes for several centuries. Here we probably encounter its very first mention in the
astrolabe literature. A similar device which may well have been its prototype was
described in Text 1 (see p. 165).
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The term quir al-zill (lit., ‘diameter of the shadow’) usually refers to the hy-
pothenuse of the shadow, i.e., the equivalent of our modern secant function. Here
however it rather seems to refer to the vertical shadow (of length 12 tan h), whereas
the term al-zill simply means the horizontal shadow (12 cot h).

817-19 These are the inverse operations of those explained in §2a.
820 This is the inverse of §3.

821 This operation could be useful to find out whether an observation reported by
someone else was made during the day or night.

822 This seems to be the earliest description in the astrolabe literature of how to
convert between equal and seasonal hours, an operation which became very common
thereafter.

8§23 The determination of the twelve astrological houses are likewise not mentioned
in earlier sources. The terminology for each house is the standard one, and so is also

their determination by means of the seasonal hour curves.®3

824 See the commentary on Text 6.

825 and §26 The ‘transfer of the year of nativity’ is attained, when the sun reaches
the same point of the ecliptic as it was at the time of birth. It is equivalent to a
tropical year. The excess of revolution (fadl al-dawr) is the excess of the tropical
year over 365 days, expressed in equatorial degrees. In §25 and §26¢, two different
values are given for this parameter. In the first case this is given as 93°2', and
in the second case as 93°15’. The copyist noted that the second passage (13:89v,
7-11) corresponds to a variant found by him in a different manuscript (wa-wajattu
ft nuskha ukhra). The first one indeed agrees with al-Khwarizmi’s value of that
parameter, as given in a list in the Mumtahan Zij (Ms Escorial ar. 927, f. 8r) and
transcribed in Kennedy (1956: 147).8% Now, there are several parameters for the
length of the sidereal year that are associated with al-Khwarizmi, and each of them,
when rounded to the nearest minute, corresponds to an excess of 93°2/.8°

830n the variety of definitions for the astrological houses in Islamic sources see Kennedy (1996).
810ur control of the parameters under discussion was facilitated by consulting E. S. Kennedy’s
parameter database, compiled in electronic form by our colleague Benno van Dalen, a preliminary
version of which is made accessible through the internet at http://www.rz.uni-frankfurt.de/~ dalen.
85There is a considerable confusion around the values used by al-Khwarizmi for the length of
the sidereal year (and related parameters): the only value which appears to be secure is that
of 365;15,30,22,30 days (corresponding to an excess of 93;2,15°), which is said to pertain to the
Sindhind tradition, and which can indeed be linked to Brahmagupta. Two different values of the
anomalistic mean motion per day were ‘squeezed’ by Kennedy from the same table of al-Khwarizmit
(Suter 1914: 115), namely 0;59,8,10,21,30,54 and 0;59,8,10,21,44,35, and correspond to excesses
approximately equal to 93;2,17° and 93;2,8°, respectively. The excess of 93°2" found in our astrolabe
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The second value of 93°15’, which the copyist of our text says he found “in a differ-
ent manuscript copy”, is associated, in the same list contained in the Mumtahan Zij,
with the Zij-i Shah and with Masha’allah and al-Hasan ibn Sahl ibn Nawbakht. This
parameter is also linked to the Persian tradition and to the astrologer Masha’allah
by al-Hashim1.?® On the other hand, al-MajiTti’s recension of al-Khwarizmt’s Z7;%7
also mentions a year length of 365;15,32,30, which corresponds precisely to an excess
of 93°15’. But this may not necessarily be due to al-Khwarizmi, and the passage in
§26¢ is probably interpolated from a different source.

827 The underlying latitude of Kufa is here 32°, which was certainly rounded from
al-KhwarizmT’s value of 31°50’.%8 The underlying latitude of Rayy, 37°, is however
problematic, for in all versions of al-Khwarizmi’s geographical table it is given as
35°45'; only five attested sources give a latitude that could be rounded to 37°.%9

§28a-b 18° is a most common value for the solar depression at twilight.”"

§28c—e None of the definitions of the midday and afternoon prayers mentioned here
are attested elsewhere. They also differ widely from the commonly used definitions
in terms of shadow increase. For further discussion the reader is referred to King
(2004: II-3.1 and IV-4.5).

8§29 The addition of azimuth curves on astrolabic plates was an innovation of Ab-
basid astrolabe-makers in the late eighth or early ninth century. This section proba-
bly contains their very first mention in the literature. The reference to the determi-
nation of the meridian in the last paragraph is not clear; on this topic see however
Text 9.

830 This section, which explains an approximate method to determine the time of
moonrise, is not directly related to the use of the astrolabe, but this instrument can
be used to determine the requested ascensional difference between the luminaries.
The text is corrupt at places. Our corrections agree with those suggested by Frank,
to whom we refer for a more detailed commentary.”!

§31 The longitudes of Baghdad (70°) and Damaskus (60°) mentioned in this ex-
ample agree perfectly with the data in the anonymous geographical table related to

treatise and associated with al-Khwarizmi in the Mumtahan Zij can be explained by rounding any
of the above three values of the excess of revolution to the nearest minute.

86Haddad, Kennedy & Pingree (1981: f. 132r).

87Suter (1914: 42).

88Kennedy & Kennedy (1987: 190).

89Kennedy & Kennedy (1987: 284). These sources are MLH-YAQ, ATH-FID, BAT, TOL and MRS.
9See King (1997); cf. idem (2004: 11.4.10).

9 Frank (1922: 28-29).
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al-Khwarizmi in A:194v-1961.92
IV.3 On a compass for finding the prayer-times

The first half of this section explains the construction of a special ‘compass’ for
finding the times of afternoon prayers that depend on shadow lengths. The compass
has two quadrangular legs with square base. An iron pin (galam) is attached at the
base of each leg. One side of one of the legs, called the western side, bears a scale
divided as a 4 x 4 grid. The table to which it is referred in the text is actually found
on f. 94r (see Table 2).”3 The arguments in the first column contain the names of
the zodiacal signs from Aries to Virgo, the signs of equal declination being in the
same square. The following three columns contain the results of ‘the calculation
as represented [in the table]’, namely the shadow lengths at the midday prayer, at
the beginning of the afternoon prayer, and the end of the afternoon prayer.”* One
side of the other leg, called the eastern side, will be inscribed in the same way, from
Libra to Pisces. The other sides of the compass are called the northern side, or front
of the compass, and the southern side. They are divided into twelve equal parts,
and fixed together by a nail or rivet of iron (mismar hadid), both sides opposite
the zodiacal scale being put on top of each other. So the compass consists of two
legs attached together and inscribed with two scales, one with which one can find
the shadow lengths at various prayer times for each zodiacal sign, and another one
which will serve to measure the shadow lengths.”®

The use of the compass is straightforward. On a level ground, the legs of the
compass are brought vertically alongside each other and their pins are sticked into
the ground. In this manner the compass can be used as a vertical gnomon. After a
mark has been made at the end of the shadow, the compass is opened horizontally

92This table is edited in Kennedy & Kennedy (1987: 409-412) as source KHZ. It is interesting to
note that in al-Khwarizmi’s Kitab Sarat al-ard (KHU in ibid.) the longitude of Baghdad is 73°,
whereas Damascus has also 60°.

931t is obvious that the table belongs to this text, because it is labelled ‘north’, ‘south’; ‘east’ and
‘west’, which only makes sense on the instrument. This table is discussed in King (2004, I: 233-234),
without reference to the treatise it actually belongs to. However King (1983a: 7) had already shown
that it in fact belongs to Text 2.

“Frank & Wiedemann (1920-21: 124, n. 4) assumed that the second column should be filled with
strokes at every five degrees, the third column with strokes at every degree and the fourth column
with the shadow lengths at the afternoon prayer.

95 A similar instrument, but only to measure ‘standardized’ parts of digits or feet, is described by
Muhammad b. Abt Bakr al-Farist (Yemen, d. 1278/79) in his folk astronomical treatise Kitab Tuhfat
al-raghtb wa-turfat al-talib fi taysir al-nayyirayn wa-harakat al-kawakib. On al-Farist and his folk

astronomical treatise, see King (1983b: 23—24); on the instrument itself see Schmidl (to appear).
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to form a 24-digit scale with which that shadow length can be measured.”® The
result is then compared to the entries in the table engraved on the western and
eastern sides of the compass. The author recommends to wait for a while when the
shadow length is shorter than that of the expected prayer, but astonishingly he also
recommends to wait when it is too long! Could this allude to a time shortly before
midday when the shadow is still decreasing?

The shadow lengths in Table 2 are given as integer numbers. The midday shadow
lengths agree only very roughly with the values we might expect (assuming that the
zuhr occurs indeed at midday). We have been able, however, to figure out how the
values might actually have been computed.

shadow at the zuhr = ( Cot(90° — ¢ + 4)),

where (0) is the integer part of 6, and Cot # gives the horizontal shadow of a vertical
gnomon of length 12 (i.e., Cot§ = 12 cot #). Recomputation of the midday shadow
according to the above formula is shown in the following table next to the value
tabulated in the manuscript. Only three entries diverge, which we have underlined;
all three of them could be explained as a result of a scribal error. As for the lengths of
the shadow at the beginning and end of the “asr prayer, the entries in the manuscript
are close to, but do not really coincide with the standard definition, according to
which they are given by adding to the midday shadow the gnomon length 12, and
twice the gnomon length, 24, respectively. Our recomputations below are based
on those standard definitions. Here the discrepancies can not be merely explained
through scribal errors, but no clear computational pattern is discernable.

9When the shadow exceeds 24 digits, it is not difficult to measure n segments of 24 digits, and

then the remaining digits.
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X' zuhr rec. beg. ‘asr rec. end ‘asr rec.
90 2 2 13 14 25 26
84 2 2 13 14 25 26
78 2 2 14 14 25 26
72 2 2 14 14 25 26
66 2 2 14 14 25 26
60 2 2 14 14 25 26
54 2 2 14 14 26 26
48 3 3 15 15 27 27
42 3 3 16 15 28 27
36 4 4 16 16 28 28
30 4 4 17 16 28 28
24 5 5 17 17 29 29
18 6 5 17 17 29 29
12 6 6 18 18 31 30
6 7 7 19 19 31 31
0 8 7 20 19 32 31
-6 8 8 20 20 32 32
-12 9 9 21 21 34 33
-18 10 10 22 22 34 34
-24 11 11 23 23 36 35
-30 12 12 24 24 36 36
-36 12 12 25 24 36 36
-42 13 13 25 25 38 37
-48 14 14 26 26 39 38
-54 16 15 28 27 39 39
-60 16 16 28 28 41 40
-66 17 17 29 29 41 41
=72 17 17 29 29 42 41
-78 18 18 31 30 43 42
-84 18 18 31 30 44 42
-90 18 18 31 30 44 42

IV.4 On a plate for finding the times of moonrise and moonset

The ‘moon plate’ whose construction is described in this section is a rather simple
device for finding approximately the times when the moon rises and sets, and the
duration of its visibility in the night sky. The title also implies that this circular plate
can be used to measure the altitude. No indications are given about the use of the
instrument. The extremities of its two perpendicular diameters are labelled ‘north’,
‘west’, ‘east’ and ‘south’. Three graduated rings enclose the outer rim: the outer one
has 18 subdivisions in each quadrant; they are numbered from 5 to 90 starting at
the east and west and until the north and south, as on the diagram on p. 153. The
next graduation has subdivisions for each single degree. The inner ring, called ‘circle
of the number of nights’ (da’irat ‘adad al-layali) is divided into 28 parts along each
of the southern and northern halves. On the southern half the numbers 1 to 28 are
written from east to west. The text then says to write on the northern half computed
numbers taken from a table (wa-ktub “alayha al-hisab ‘ala ma fi ‘l-jadwal). There
are indeed such numbers written on the scale of the diagram in the manuscript, in a
mixture of abjad and Hindu numerals; obviously they have considerably suffered at
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the hands of successive copyists. Fortunately, the underlying function being (quasi)
linear, it is very easy to reconstruct the original numbers, which are represented
on the diagram in our edition and translation. Within the northwest quadrant is
inscribed: ‘(the moon) rises at midnight’ (yatla‘u nisf al-layl), and similarly in the
northeastern one: ‘(the moon) sets at midnight’ (yaghibu nisf al-layl). Finally, the
plate is fitted with an alidade.”

The plate can be used to determine the time of moonrise or moonset as follows:
Starting from new moon, the moon rises every day approximately 50" later than on
the previous day. If we place the pointer of the alidade on the number corresponding
to the day within the lunar month on the ‘circle of the number of the nights’, the
other pointer will indicate the time of moonset of the nights from new moon to
full moon or the time of moonrise of the nights from full moon to crescent. The
first number indicates the hours, and the second one the sixths of an hour. The
northwestern scale indicates thus the rising times in seasonal night hours, counting
from sunset to sunrise, whereas the northeastern one indicates the setting times.
Transposing the data on these scales in tabular form and writing the values of time
in hours and minutes we thus have:

A% N

28 27 26 25 24 23 22 21 20 19 18 17 16 15

12 11h10" 10h20° 9h30" 8h40" 7h50° 7h 6h 5h10" 4h20" 3h30° 2h40" 1h50" 60’
N (0]
14 13 12 11 10 9 8 7 6 5 4 3 2 1

12h 11h10° 10h20" 9h30" 8h40’ 7h50° 7h 6h 5h10° 4h20" 3h30° 2h40’ 1h50° 60’
IV.5 On the different species of astrolabes

This short passage gives a nomenclature of astrolabes that only depends on the
number of altitude circles drawn on the plates. It does not deal with unusual types
of astrolabes that involve either a combination of northern and southern projections
— as on the crab or myrtle astrolabes — or non-stereographic projections — as with

the melon astrolabe.”®

The different types mentioned are the complete (tamm),
bipartite (nisf), tripartite (thulth), quinquepartite (khums), sexpartite (suds) and
decempartite (‘ushr) astrolabes. The plate of a complete astrolabe has 90 altitude

circles, of a bipartite 45, a tripartite 30 and so on, because ‘the astrolabe is called

97 A suspensory apparatus is neither mentioned in the text nor drawn on the diagram. The purpose
of the altitude scales is not clear. Perhaps it is a standardized procedure to have altitude scales on
astronomical plates, also helpful for the inscription of the moon scales, or, most likely, it is intended
to be inscribed on the back of an astrolabe.

90n non-standard astrolabes, see Lorch (1994), Charette (2003: 63-83) and Kennedy, Kunitzsch
& Lorch (1999).
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(after) the quantity between two circles’.%® Severe Sebokht (fl. 7th c. AD) in his
treatise on the astrolabe mentions the bipartite and tripartite versions.'%
There is also a thirteenth-century Latin text on the astrolabe which describes

this nomenclature in a similar way.'°!

IV.6 On projecting the rays with an astrolabe

The procedure for performing the astrological operation of ‘projecting the rays’'??

with the help of an astrolabe is here equivalent to, but far clearer than, that described
in §24 of Text 2. The same method is found in several treatises on the use of the
astrolabe.!'% The most thorough mathematical treatment of this topic was given by
al-Birtint in his Qanun (magala 11, fasl 3).104

IV.7 On Ptolemy’s five terrestrial zones

This short passage on ‘Ptolemy’s definition of the five terrestrial zones’ describes a
division of the world different from the seven climates known from Classical Antig-

105 The five zones described here include the inhabited as well as the uninhab-

uity.
ited world, spanning all latitudes from the north to the south pole. This division of
the terrestrial sphere was also known in Antiquity and is in fact earlier than Ptolemy
and Posidonius, but it is doubtful that it really goes back to Thales, Pythagoras or

Parmenides.'® These five zones are delimited by the arctic and antarctic circles

90n the terminology see Hartner (1939: 2539).

1008ee Nau (1899: 89).

1015ee Kunitzsch (1994). The first distinctio begins with “Incipit liber de diuersis speciebus as-
tralaborium”. According to Kunitzsch, the author of this anonymous abridged treatise could be
Adelard of Bath.

1920n this astrological operation see Kennedy & Krikorian-Preisler (1972), and Hogendijk (1989).
193For example Ab@i al-Salt — fasl 76 in al-Marrakushi’s recension (al-MarrakushT 1984, II: 290).
The latter notes that this is the method of “some of the ancient (astrologers), but not that of
al-Battani, although it is very close to the correct result. Al-Battani’s method is the one adopted
by the majority of modern astrologers, but it is not possible to use it with an astrolabe, except if
it is a southern one (7)”.

different and less simple methods: see al-Suff (1986: 207-215); cf. idem (1995: 194-198).
104 31-BirinT (1954-56).

al-Saff in chapters 158-159 of his treatise in 402 chapters presents two

195 As described in the classic study Honigmann (1929). The seven climates cover the inhabited
world of the northern hemisphere between the equator and the arctic circle. The breadth of each
climate is defined by the length of daylight at summer solstice, in successive steps of half an hour.

106See Harley & Woodward (1987: 136), 169; Dicks (1960: 23) and Szabé (1992: 104f).
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and the tropics of Cancer and Capricorn.'%” Sometimes the equator is taken into
consideration as a fifth limit, so that six zones are counted.!?®
In our text the limits depart from the standard scheme, as they are defined as

follows:19?

first zone 36°9' N

second zone 30° N

third zone  [23]°51' N and S
fourth zone 30° S

fifth zone 36°9" S

sum 180°

The limits of the second and the fourth zone look at first sight arbitrary, as they have
been reduced to two belts of 30° instead of 42°18’. Hence the limits between the first
and second zones or the fourth and fifth zones coincide with the parallels of 53°51’
N and S — instead of 66°9" which corresponds to the arctic and antarctic circles.
Interestingly, the very same system is described in Chapter 24 of Severus Sebokht’s
astrolabe treatise, where it is likewise attributed to Ptolemy.''? Just before, Sebokht
had described another, closely related scheme attributed to “the philosopher”, who
Neugebauer has shown to be Theon of Alexandria.''’ The zones are divided as
follows (again from north to south poles): 36°, 30°, 48°, 30°, 36°. The scheme,

which is equivalent to one featured in our text, rounded to the nearest degree, is

107The basis of this division is either based on a transfer of the celestial circles defined by the yearly
path of the sun — see Aujac (1974: 195) — or more probably on the behavior of the midday shadow:
see Szabd (1992: 114-115); Berggren & Jones (2000: 85); Harley & Woodward (1987: 169).
108Szabs (1992: 104-105 and 115, fig. 7).

10971y the manuscript the value for the third zone is given as twice 47°51’, which of course should
be emended to 23°51’, so that the third zone spans twice the obliquity, i.e., 47°42" (the degrees for
the whole zone have obviously contaminated those of its half given in the text).

HONau (1899: 301):

CHAPITRE XX1IV. Il y a encore une autre division faite par I’astronome Ptolémée. D’abord
la zone arctique de 36°9". En second lieu la zone d’été de 30°. En troisiéme lieu la zone
équatoriale qui est de 23°51” au nord et autant au sud. La quatriéme est la zone d’hiver
de 30°. La cinquieéme est la zone antarctique de 36°9". Cela fait en tout 180 degrés; il
est évident qu’ici encore ce philosophe nous apprend a mesurer la latitude depuis le pole

nord jusqu’au poéle sud.

"1Neugebauer (1949: 243). Theon’s astrolabe treatise — lost but whose table of contents is known
through al-Ya‘qubt — also had a chapter on the division of the terrestrial sphere into zones. See

Klamroth (1888: 20).
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well-attested in Classical Antiquity, for it is mentioned by the astronomer Geminus
(fl. ca. 70 BC).!'2 In such divisions of the terrestrial sphere the terms ‘arctic circle’
or ’antarctic circle’ describe parallels that define the limits of visibility of fixed stars
at a particular location, in this case for a latitude of 36°, intended for Rhodes.!!?
In Classical Antiquity it was apparently a convention to use the parallel of Rhodes
(¢ = 36°), situated in the middle of the inhabited world, even when one’s locality
had a different latitude. Consequently the parallel circle of 54° defining the limit of
the ever visible stars for Rhodes was often used more generally.!

Now Sebokht and al-Khwarizmi probably did not have a latitude of 36°9" in
mind. We think, with Neugebauer, that Sebokht (or his source) rather confused the
minutes of the second and fourth zones with those of the first and fifth zones.!!®
The original scheme was more likely to have been: 36°, 30°9/, twice 23°51’, 30°9
and 36°, the difference with Geminus and Theon being that a more accurate value
of the obliquity is used, namely that of Ptolemy, which probably explains the — most
likely unfounded — attribution to the latter. The fact that al-Khwarizmi reproduces
Sebokht’s erroneous description could either mean that he had access to a translation
or adaptation of his Syriac treatise, or that he relied on the same Greek source as

Sebokht, which would have already contained the confusion.
IV.8 The sine quadrant

This text contains the earliest description of the sine quadrant known to date. In
view of the style and the fact that it advocates a trigonometric base of 150, at-
tributing it to al-Khwarizmi does not seem unreasonable. And the fact that the
thirteenth-century astronomer al-Marrakusht in his encyclopedic treatise on spher-
ical astronomy and instruments informs us that some people call the sine function
al-jayb al-khwarizmsi, that is, the sine (quadrant) of al-Khwarizmi, lends further cre-
dence to this attribution.''® There are other instances where al-Marrakushi refers to
the sine, shadow and declination scales on the back of an astrolabe (cf. p. 165 above)

H2Geminus (1898: 58fF).

13Gee for example Aujac (1974), Harley & Woodward (1987: 140-141 and fig. 8.8); Szabd (1992:
104fF).

H4Aujac (1974: 196); Dilke (1987: 185) and Aujac, Harley & Woodward (1987: 170). Later
the concept of the arctic circle as the limit of visibility for a specific latitude came into oblivion.
. Cf. Dicks (1960: 166): “Latin writers such as Manilius, Hyginus and Martianus Capella, not
understanding the Greek usage of variable ‘arctic’ and ‘antarctic’ circles, took them as fixed at 36°
from each pole ...”

H5Cf. Neugebauer (1949: 253).
116 «

wa-min al-nas man yusammi hadha al-jadwal al-jaydb al-khwarizmi”: al-Marrakusht (1984, I:

39); translation Sédillot (1834: 120).
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as jadwal al-jayb al-khwarizmi, jadwal al-zill al-khwarizm, and al-zill al-khwarizma
wa-l-mayl al-khwarizmi, respectively.!17

The sine quadrant described by al-Khwarizm1 — assuming he really is the author
— bears along the outer arc an altitude scale divided into 90 equal parts, and a
scale along the vertical radius divided into 150 equal units, thus assuming an Indian
trigonometric base instead of a sexagesimal one. A thread with plummet is attached
at the centre. We can also assume that a pair of sightings are found along the vertical
radius Horizontal lines go from each 5° graduation of the altitude scale to the 150
unit scale. Although the text is obscure in this respect, it seems that the instrument
also bears concentric circular arcs whose radii coincide with the extremity of those
horizontal lines along the vertical scale. Our reconstruction of the instrument is
shown in the figure below. There is an additional circular arc called da’irat al-

mayl''® which is drawn in red ink. This information suggests an instrument of
1_119

wood or a similar material instead of meta As its name says, it is used to

determine the solar declination.
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Figure 6: A reconstruction of al-Khwarizmi’s sine quadrant

To find the declination, one lays the thread on the outer scale at the graduation
corresponding to the ecliptic distance of the solar longitude to the nearest equinox.

17See al-Marrakusht (1984, I: 250; I1: 200).
18 The manuscript has wrongly ‘d@’irat al-hamal’.
H9Unfortunately the manuscript has a wormhole precisely at the place where the material of the

instrument appears to be mentioned.
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At the intersection of the thread with the ‘declination circle’, one follows a horizontal
line to the outer scale, and this will give the declination In the text a numerical value
of 25° and some minutes is given for the declination of 30°, which is of course absurd.
There follows a procedure to determine the time of day in seasonal hour by means
of the instantaneous solar altitude and the meridian altitude. Since it is valid for all
latitudes, this procedure is based on the well-known universal approximate formula
for timekeeping:'2°

Sinh; = Sin Ay, Sin(157)/R

Though approximate, the above formula yields excellent results for tropical and
Mediterranean latitudes (¢ < 40°) Unfortunately the graphical procedure described
in the text is erroneous, since it is equivalent to the formula Sin 15¢ = Sin h Sin h,,.
The error is further confirmed by the numerical example given for h,, = 60° and
h = 30°, which is said to yield a time of one hour and two thirds. We have indeed

arcSin(Sin 30° Sin60°)/15 = 25;40/15 ~ 1 hour and 2/3!
whereas the correct answer would have been two hours and one third.

IV.9 On finding the meridian with the astrolabe

The title of this text, “Witty (pieces) from the work of Muhammad ibn Musa al-
Khwarizmt: On knowing the azimuth with the astrolabe”, seems to imply that it
is extracted from a larger work. The first paragraph concerns the simple operation
of finding the azimuth with an astrolabe whose plates bear azimuth circles. This
procedure is also described in more detail in §29 of Text 2. Even though the text
is titled ‘on finding the azimuth’ it actually deals with the determination of the
meridian.

This operation is divided into four cases according to the four quadrants within
which the sun can be located: south-east, north-west, north-east, and south-west.
After setting the alidade vis-a-vis the value of the azimuth on the altitude scale of
the back, the astrolabe is laid horizontally. When the alidade is perfectly oriented
toward the sun, the vertical (north-south) diameter on the astrolabe will correspond
to the meridian. Depending in which quadrant the sun is located, the throne may
be southerly or northerly. This is because the altitude scale on the back is engraved
only along the rim of the two upper quadrants.

After describing the above procedure, some additional information concerning the
determination of the azimuth on the plate of the astrolabe is provided. al-Khwarizmi
writes that if the sun is located between the prime vertical (the azimuth circle going
through the east and west) and the centre of the plate, it will have a northerly

120See King (2004, I1, Part XI).
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azimuth, and a southerly one if it lies outside of it. The next remark tells us that
two conventions for measuring azimuths coexisted during al-Khwarizm1’s times: the
most common was to measure it from the east and west, but a numbering from the
north was also possible, going up to 180° at the south.

Similar methods for finding the meridian are described by al-Sufi (Rayy, 903-
986) and Ibn al-Samh (Granada, b. 979) in their treatises on the use of the as-
trolabe.'?!  According to Frank (1922: 27), we also find them in the treatises of
[pseudo-]Masha’allah'?? and Aba al-Salt'?? (Egypt and al-Mahdiyya, b. 1067).

IV.10 An horary quadrant for a specific latitude

This text succinctly describes the construction of a standard horary quadrant with
equidistant day-arcs (see Figure 7). It represents the first documented description
of this instrument.'?* On both radii of the quadrant (or radius R), a mark is made
at a distance of R/4 from the centre, and the two segments from those marks to
the extremities of the quadrant are divided into thirteen equal parts, which define
the radii of the concentric day-circles on the quadrant. Here the outermost day-arc
represents Capricorn. Each hour-line is to be drawn by joining 13 points marked
on the day-arcs of each zodiacal sign and its half. For that purpose, a table of the
solar altitude at each 15° of solar longitude is provided for each of the six seasonal
daylight hours before (or after) midday.

To compute the entries in this table, the text advocates using the approximate

formulal?®

Sin h; = Sin hy, Sin(157)/R,

which we have already encountered in Text 8 on the sine quadrant, where its use
was implicit (but with an incorrect procedure). Here the trigonometric base is taken
as R = 150, which again could be a sign of al-Khwarizmi’s authorship. The use of
the term kardaja to designate the sines of each multiple of 15° reveals in this text
the influence of Indian trigonometry.!?6 The above formula is explained twice in the

1213]-SiifT, in his treatise in 402 chapters, devotes chapters 161-162 and 164-166 to this topic; see
al-Sufr (1986: 217-232); cf. idem (1995: 199-204). On Ibn al-Samh see Villadrich (1986: 130-131).
122Kunitzsch (1981) has shown that the likely author of a treatise on the construction and use of
the astrolabe by ‘Messahala’ is in fact Ibn al-Saffar (early 11th c.), like Ibn al-Samh a disciple of
Maslama al-Majrit1.

123)\1s London, British Library, Or. 5479, ff. 22r-v (bab 55). Cf. fasl 45 in al-MarrakushT’s recension
(al-Marrakusht 1984, II: 277-278).

1220n the horary quadrant see Charette (2003: 116-139).

1250n the history of this formula see King (2004: vol. 2, Part XI).

1260n this word see Woepcke (1854) and Nallino (1944: 220-221).
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text, once by means of kardajas, and again by mentioning instead the sines of 15°,
30°, etc. Perhaps the term kardaja was becoming old-fashioned when this text was
composed.

The table accompanying the text is indeed based on the above formula, but for
the specific latitude of 33° (for Baghdad). Figure 7 shows a reconstruction of the
horary quadrant described in Text 10. Three families of lines are superposed on the
figure, showing the hour-lines constructed from the numerical entries in the table
(continuous), and those deriving from the exact formula (dotted) and the above
approximate formula (dashed).

IV.11 A portable conical sundial

This short tract describes a portable vertical conical sundial called a mukhula. This
name designates a container for eye cosmetic (kuhl), of which the shape of the
instrument is reminiscent.'” This text is probably not by al-Khwarizmi but could
nevertheless stem from an Abbasid author. The obliquity of the ecliptic ¢ = 23°33’
underlying the accompanying table, associated with the Mumtahan observations,
suggests a date after ca. 830 AD.128

Whereas the description of the sundial as well as its depiction on f. 192v confirm
its conical shape, the instructions of its construction and the accompanying numer-
ical table rather suggest that it is cylinder. If we assume that it is conical, then we
can also rely on the descriptions of such dials by later authors such as al-Marrakusht
or Yahya al-Siqilli.'?® It conmsists of two parts: a vertical truncated cone and a
hemispheric head that bears a movable gnomon. The head of the cone measures
five sixths of its base. The circumferences of the head and base are divided into six
sections, which means that the lines, and not the spaces between them, represent
zodiacal signs of equal, which is more clearly stated at the end of the text.'>? The
cone bears a shadow scale along its side, its length being divided into 30 equal parts.
The shadow lengths for the six unequal hours are taken from a table and marked by
means of a compass. The length of the projecting part of the gnomon is five parts.
It is fixed with the hemispheric head that rotates over the truncated cone. For time

1270n the etymology of the word see further Wiedemann & Wiirschmidt (1916: 359-360); on its
history see Livingston (1972: 299-300). According to Forcada (1990: 66), its first occurence in
Andalusi sources is in a text by al-Umawt al-Qurtubt (Cordova, b. 1120/21).

128 This value was first determined by Yahya ibn Abi Mansir in 213 H [828/29 AD]. See Biraini
(1962: 89-90).

129Gee Livingston (1972), Wiirschmidt & Wiedemann (1916), Sédillot (1834: 450) and Charette
(2003: 150-153).

139The figure on A:192v is unreliable: it shows seven divisions, but the outer lines are not used, and
the remaining ones are incorrectly labelled in pairs, as in the table on f. 191v. We have reproduced

it in the edition exactly as it appears in the manuscript.
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90

Figure 7: A reconstruction of the horary quadrant for the latitude of Baghdad
described in Text 10. The dark lines are based on the table provided in the text
(using linear joints between each dot). The dashed and dotted lines are accurate
representations of the hour-lines based on the approximate formula advocated in the
text and on the accurate formula, respectively.

reckoning the dial has to be suspended and turned towards the sun, the gnomon has
to be rotated vis-a-vis the appropriate sign, and the time in unequal hours can be
read by visual interpolation of the tip of the shadow between the hour-lines.
Conical sundials are closely linked to cylindrical dials, also known as shepard’s
dials, which are constructed and used in a similar way.!3' But the mukhula has

131See Wiedemann & Wiirschmidt (1916: 373fF) and Livingston (1972: 303); for a Roman cylindrical

sundial, see Arnaldi & Schaldach (1997); for later European cylindrical dials, see for example
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the advantage that if the sun is very high or even in the zenith, it may be possible
that its shadow will fall on the surface of the cone. The hours around midday are
more distinct on a conical sundial than on a cylindrical sundial, where the markings
around midday are very close to each other. This may be of special importance for
the midday prayer. Further a conical sundial could be smaller than a cylindrical
sundial and still achieve the same purpose with the same precision.

It is not totally clear which sort of a sundial the table on A:192r serves. It seems
to agree rather well with a recomputation for a cylindrical sundial for the latitude
¢ = 33° (Baghdad), an obliquity ¢ = 23°33’ and a gnomon length of five parts
— which is an uncommon parameter!3? — but the errors are not insignificant (see
p. 159). Of course, it is well possible to use a table of vertical shadow lengths to
construct the hour curves on a conical sundial by means of ruler and compass, so
we cannot exclude that the table was indeed intended to construct the instrument
described in the text.

Glasemann (1999: 42f); Michel (1974: 16f); Turner (1991: 146) or Willers (1992: 616).
1320n base five for shadow functions, see King (2004: 25).
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V  Appendices

Appendix 1: Marginal glosses on the use of the astrolabe — B: 82r—
83r

[NB: these glosses are posterior to the wormholes and to the Arabic foliation — the handwriting may

be 17th or 18th century, whilst the text of the glosses might be from a Mamluk source.]
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Appendix 2: Various tables found in B: 93v, 94v-95v

F. Charette and P. Schmidl

A table of the right ascension for each 3 of longitude

(93v)
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® This is erroneous (recomputation is 59;14,25).
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A table of the solar altitude at each seasonal hour for latitudes 25° to 90°
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® Entry partly illegible (worm-

“ Original entry deleted and é written in another handwriting.

¢ Entry ¢s emended in the margin

hole) and restored in the margin (handwriting of al-Tulani?).

4 Wormbhole.

(handwriting of al-Tulani?).
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A table of the ‘sine of the hours’ for latitudes 25° to 9P
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Remarks: This table has been analyzed in Hogendijk (1991). In this edition we have performed
obvious restorations only. An asterisk means that a reconstructed or emended entry is given in
Hogendijk (1991).

T These entries are repeated (likewise in abjad notation) in the first line, last three columns of the

following table on f. 95v (argument 58) and the rest of the entries are consequently displaced.
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@ oy (1) Ms. b L Ms. ¢ Ly Ms. 4 In this column the entry > is written once in each cell,

serving three entries at once. But since the last cell serves four entries (because of the displacement),

the entry for argument 90 has been omitted.
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