On the Early History of the Universal Astrolabe
in Islamic Astronomy, and the Origin of the Term
“Shakkaziya” in Medieval Scientific Arabic

Davip A. Kinc*

OR SOME YEARS I have been interested in the origin of the name

of a medieval Islamic astronomical instrument, the gsafita shakkdziya.!

My interest was first aroused by a remark of Prof. Willy Hartner, who, in his

valuable study of the astrolabe stated: “another early variety of Al-Zarqali’s

astrolabe is the safiha shakkdziyya (or shakdriyya), about which we do not yet
possess any accurate information.””?

The term shakkaziya relates to a grid as shown in Plate 1. The safika of
al-Zarqallu (fl. Toledo and Cordova, died ca. 1090)° consists of two such grids
superimposed on a single plate at an angle equal to the obliquity of the ecliptic:
see Plate 2. Al-Zarqallu is known to have proposed such a double shakkdziya
grid with a special alidade, and this is generally accepted as a simplification of
the universal astrolabe of the contemporary Toledo scholar Abu’l-Hasan
°Ali ibn Khalaf ibn Ahmar (?) al-Saydalani (== the apothecary).* Ibn Khalaf
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2. Hartner, p. 317 (reprinted from EI,, I,p. 727). (Italicized abbreviations are references to the
bibliography).

3. On al-Zarqallu sce the article ¢‘al-Zarqali'’ in DSB by J. Vernet and the references there cited,
especially the various studies of J. Millds Vallicrosa.

4. “Ali ibn Khalaf’s treatise is in Libros del Saber, I1I, pp. 1-132, and has been discussed in Millas
1, 2, and 3. On the identity of the author see especially Millds 2, pp. 443-446 and 3, PP XXX-XXXVi,
and also Vera, pp. 93-95. “Ali ibn Khalaf’s instrument is generally overlooked in modern studies of
the astrolabe: thus, for example, it is not mentioned at all in Michel, and the only account of it in
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Plate 1: A shakkdziya plate illustrated in the treatise of John Blagrave of Reading published in 1584
and dealing with a universal astrolabe of the kind invented by °Ali ibo Khalaf.
(Courtesy R. Webster, Adler Planetarium, Chicago)
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is mentioned along with al-Zarqdllu in the eleventh-century biographical
work entitled Tabaqdt al-umam by $3°id al-Andalusi (born Almeria, 480/
1029, fl. Toledo, died 456/1064).° His astrolabe, which is known only from
the description in the thirteenth-century Libros del Saber, bears a rete, shown
in Plate 3, part of which is a semicircle of shakkdziya curves. This rotates over
a shakkdziya plate, and with such a device, problems of spherical astronomy,
which are essentially problems of conversion of coordinates on the celestial
sphere, can be solved with facility for any latitude. Al-Zarqéllu proposed
an alidade fitted with a perpendicular rule, shown in Plate 4, to replace the
rete of Ibn Khalaf’s astrolabe, and both devices can be used toward the same
end, namely, the solution of problems of spherical astronomy for all latitudes.
Since Ibn Khalaf’s rete for his universal astrolabe also included a projection
of the ecliptic and the fixed stars, his instrument is superior to al-Zarqallu’s
plate and alidade.®

In later Islamic astronomy Ibn Khalaf’s astrolabe was apparently not
known outside Andalusia, but both the safita shakkdziya, with one set of
shakkaziya markings, and the safika zargalliya, with two sets, were popular,
and there are several later treatises in Arabic, Persian, and Turkish, on the
use of one or the other.” In some recent publications Profs. J. Samsé Moya
and M. A. Catala have drawn attention to a shakkdsiya quadrant, and I have
discussed a double shakkdziya quadrant. All of our studies were based on
fourteenth- and fifteenth-century Syrian and Egyptian sources.® In none
of these treatises on the universal astrolabe or quadrant currently known to
me is there an indication of the origin of the mysterious word shakkdziya.

Prof. Samsé has collected various references to the epithet shakkaz, “bleach-
er of hides”, and to a quarter in medieval Toledo where such people worked.?
One could infer that the originator of the single plate bearing this grid was
called al-Shakkiz, so that his plate was called al-safiha al-Shakkaziya and the
subsequently-developed quadrant was called al-rub® al-Shakkdzi or rub®
al-Shakkaziya, both of which are attested. This derivation must be considered
as a serious possibility. To support Prof. Samsé’s thesis I can cite one medieval
text which implies that the term shakkdzi relates to the name of the individual
who invented the grid. In a treatise on the use of the shakkdziya grid by an
astronomer named °Abd Allih ibn Muhammad al-Tujibi (on whom we have

the recent literature is in Maddison-Turner (preprint), pp. 123-125, Likewise, “Al ibn Khalaf himself
is omitted from Suter and Brockelmann.

5. Cf. Said al-Andalusi, ed., p. 75, and trans., pp. 138-139. Sce 2lso note 16 below.

6. Cf. J. Vernet in his article ‘‘al-Zarqali’’ in DSB, where it is suggested that al-Zarqallu’s plate
is an instrument superior to that of Ali ibn Khalaf.

7. A survey of Islamic writings on universal astrolabes and quadrants is in preparation.

8. Cf. Samss 1,2, and 3; Samsé-Catald; and King 1. :

9. Samsé 3, p. 187.
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Plate 2: A zarqdlliye plate illustrated in the Libros del Saber.

(Courtesy Harvard University Library and Owen J. Gingerich)
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no biographical information) extant in the unique copy MS Cairo Taymir
riyada 159,1 (pp. 1-61, copied 1320H!), we read:
Je Lom Va8 Bl Y a1y 5 ey g S U el Ugb gy,
eraifljl,..‘l gl C.‘JIL..JJ e | g MJIA»EJ; u dsel Co,‘},uY_,!u\jl
s C.:-JL.‘,.)...J <Yy U.;-lJacL.z;ngs.Ju._J.l o...s..-Jl;ulu;-_,JbJ L &
+» When I saw that people in former times and recently had prepared many treatises on instru-
ments for timekeeping, especially on the astrolabe, but no one had prepared a treatisc on either of the
two safikas,I mean the saffha of Shaykh Abii Ishdq Ibrihim of Toledo, known as al-Zarqillu, may
God have mercy upon him, and the safifa attributed to al-Shakkazi, and since these two instruments
are nevertheless the best ones because of their universality...

If al-Tujibi thought so much of al-Shakkazi’s safika it is curious that he
did not invoke God’s mercy on al-Shakkazi as well as on al-Zargallu. I suspect
that al-Tujibi was not too sure about the identity of al-Shakkizi. In the trea-
tise on the single shakkadziya quadrant by the early fourteenth-century Aleppo
astronomer °Ald’ al-Din Tibugha al-Dawadir al-Baklamshi, extant in MS
Cairo Dar al-Kutub migqat 774 (14 fols., copied 864H),*® we find already some
confusion between the personal name al-Shakkizi and the instrument al-
shakkaziya: [See the note added in proof on p. 255]

SIS G o bzl Y5 S gl SV § G QY oY oy 5 45 ey L

... There has already been made a universal (mughni = dispensing with plates for different latitudes)
astrolabe for solving astronomical problems for all latitudes, invented by al-Zarqallu and al-shakkdziya..

I shall now present threc new sources which seem to indicate that al-
shakkdzi(ya)is a corruption of another word. We begin with MS Escorial ar.
962 (82 fols., copied ca. T00H ?) of al-Zarqillu’s treatise in 100 chapters on the
use of his safika. In the colophon of this particular copy of his treatise (fols.
81v-82r)"* we read the following onte:

SUY Ol 15 g sl Wldh fociall 3 B, L Oyl Bt 1 2o oYY et 7 S
'”J‘FJ'JA GJ'J&—'L'J C.JJWIJ.-LJJJYIJIJJL-\.J‘ d‘quAaJ.uiJsJL‘a.alsﬂ L}AJ
oot Ui Jo @ Juy

which seems to mean (free translation):

The book of ... al-Zarqallu of the plate which is universal for all latitudes and horizons is finished.
This is the plate which he constructed finally (?) after Abu'l-Shajjar had made another plate
similar to al-Zarqallu's first plate but on which he had constructed a rete. This led to al-Zarqal-
lu’s making the instrument described in this treatise.May God bless and eave our Lord Muhammad,

10. On al-Baklamshi see Brockelmann, II, p. 135, and SII, p. 167. Hajji Khalifa states that al-
Baklamshi invented the Shakké:ziya quadrant (see Samsé-Catalé, pp. 7 and 11), by which is meant
that he was (perhaps) the first to consider the solution of problems of spherical astronomy approxi-
mately using a quadrant of shakkdziya curves and a thread attached at the centre. The treatise attri-
buted to Ibn Tibugha preserved in MS Cairo Dar al-Kutub migat 64,4, fols, 63v-73v, copied 803H,
which is considered in Samsi-Catala, may be by °Ali ibn Tibugha, a mutvaqqit of Aleppo who was
perhaps the son of al-Baklamshi. Another copy of the treatise by Tibughi al-Baklamshi himself is MS
Princeton Mach 4912 = Yehudn 373, fols. 149v-157v, copied 1060H.

11. Cf. Renaud, p. 501.
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Plate 3: The rete of “Ali ibn Khalaf's universal astrolabe illustrated in MS Madrid Biblioteca
Nacionel L 97.

(Courtesy Biblioteca Nacional, Madrid)
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The appellation shajjar is attested in clascical Maghribi Arabic and means
“hotanist” in the modern sense of “‘herbalist.”’* For reasons which become
apparent below, I think that Ibn al-Shajjir is more likely than the Abu’l-
Shajjar which occurs in the text. Nevertheless, this text seems to imply that
al-Zargallu wrote an early treatise on his plate, that Abii /Ibn’l-Shajjar added
a rete to this plate, and that al-Zarqillu was thereby prompted to write his
treatise in 100 chapters.

A second souree for our study is the unique copy of the Zij of Ibn Ishaq,
an astronomer of thirteenth-century Tunis, recently rediscovered in MS
Hyderabad Andra Pradesh State Central Library 298 (440 pp., copied ca.
800H).** This work is a valuable new source for the history of astronomy in
the Maghrib. In a list of earlier observers Ibn Ishiq lists two individuals “Ali
al-Shajjar and Ibn Wiafid as astronomers who made observations in Toledo
in 477 Hijra (— 1084-85). From this information, we learn that Ab#i/Ibn al-
Shajjar was named °Ali and that he collaborated with Ibn Wifid, who is well-
known for his work on pharmacology and medicine.!* However, Ibn Wafid’s
date of death is generally accepted as 1075 A. D.

Gur third new source is MS Leiden Universiteitsbibliotheck 468 (282 fols.,
copied ca. 750H), a unique incomplete copy of a treatise on timekeeping by
an unidentified early-fourteenth-century Egyptian astronomer.’ Here the
author quotes a version of Sa‘id al-Andalusi’s 7abagat el-umam, and mentions
(fol. 88r) Abuw’l-Hasan Ali ibn Khalaf ibn Khyr (!) al-Saydalini (written
without diacritical marks) along with al-Zarqgallu as a scholar of Toledo and
as a distinguished geometer (here the name is simply al-Saydalani although
actually the manuscript has al-Sandalani). However, later in the text (fol.
90v), our author quotes a different work by $a®id al-Andalusi entitled Kitab
Tabagat al-hukama’,® and states that al-Zarqillu wrote a treatise in 100
chapters on an instrument called the zargdlliya which he invented around
440 Hijra (=1048-49), and that Abu’l-Hasan °Alf ibn Khalaf ibn Akhyr “whom

12. Deozy, I, p. 730.

3. On 1bn Ishiq sce Suter, no. 356.

14. On Ihn Wifid (1008-1075) sce the article in DSB by [I. Vernet. Ile was not previously known
to have conducted astronomical observatione.

15. On this monuscript sce Foorhoere, p. 153. The work is based mainly on the treatise of Abfi “AlT
al-Marrikushi (sce note 19 below) and the thirteenth-century Egyptisn Mugfalah Zij, but it nlso con-
tains interesting historical information.

16. On the available works of al-Andalusi sec the remarks of R. Blachére in §iid al-Andalusi,
tr., pp. 12-15.

It is of interest that the Egyptian scholar Ibn al-Qifti(on whom see the article **Ibn al-Kif{i” in
EI, by A. Dictrich) used the Tabagdt al-umam of Sacid al-Andalusi, but Ibn al-Qifti’s biographical
dictionary is extant only in a recension in which °Alf ibn Khalaf is not mentioned. A more careful
investigation of the historical and bio-bibliographical material in the Leiden manuscript would Dbe
worthwhile, not least because the author ndds to his quotes from Siid al-Andalusi’s works some
information on several Egyptian scientists from the thirtcenth century whose nomes arc new to the

modern literature.
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Plate 4: The alidade to be used with al-Zargallu’s plate, illustrated in the Libros des Saber
(Courtesy Harvard University Library and Owen J. Gingerich)
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we have mentioned before and who was known as al-Sh’wy’ had made an
instrument in 464 Hijra (= 1071-72) for al-Ma’miin, amir of Toledo, which
he had called al-asturldb al-Ma’mini, and which had a universal (set of) hori-
zon(s). The orthography al-Sh’wy is easily conceived as a corruption of al-
Shajjar, especially by an Egyptian who might have been influenced by a well-
attested name like al-Sakhawi. The Arabic text reads as follows:

Gl sy GV [1] el o s o de bl sl Ll Wbl O e e s 5 AM S
o (1] GVl adt § g sy [1] 36,30 Wy Syl 2Lt o o 2

G QB Ll (Y s Gl gl 0 873 el el SN g B A S
pres Bl by sl Beagte d Sl AL L Jedl G s [ RGN AT 6, e
[$] sl @3 0pldl D po ibadl Gmg o 875 paidl [1] ol e o e o)
Gl 0¥ BVl Ly dua¥h Bl (381 aa S e dlalley ¥ 000 5 0 o et
i Bl oy OEes pot Te Q) BY) S

Compare the published text of Said al-Andalusi:

oF 2 ) Gl il sl s o e bl Ll s Al OIS e o s Ve e
[hve oo ] GYardl ol o fe ekl S0V gty L, W gy sy alf AL

From these sources preserved in El Escorial, Hyderabad, and Leiden,
we might perhaps conclude that shakkdz is a corruption of shajjar, “herbalist”.
The confusion of a Maghribi j for a k by a non-Maghribi copyist is conceivable,
and the change from r to z in Arabic requires only a dot. The Hyderabad
manuscript informs us that the astronomer al-Shajjir bore the name °Ali.
The Leiden manuscript informs us that al-Shajjar (written al-Si'wy) was
none other than Ali ibn Khalaf himself. Since the Escorial manuscript refers
to this individual as Abu’l-Shajjar it might be that we should read Ibn al-
Shajjar and consider the epithet al-Shajjar as referring to “Ali’s father Khalaf.
€Ali himself is referred to by $aid al-Andalusi as al-Saydalini, “the
apothecary”. On the other hand there is no reason why °Ali ibn Khalaf could
not have been both a herbalist and an apothecary.

The fact that some medieval authors, or at least copyists, were uneasy
about the orthography of al-shakkdz is indicated by the existence of an anony-
mous treatise on the safika shakkdziya entitled al-Sakkdjiya,'” and by the
foct that in a treatise by an individual named Abu’l-Fath ibn “Abd al-Rahmian
al-Daniishiri, the shakkdzi quadrant is called rub® al-shankdziya.'® But even
AbGi “Ali al-Marrakushi, an astronomer of Moroccan origin who worked in
Cairo in the late thirteenth century, used the term shakkdziya,'® which was

17, Extant in MSS Cajro Dir al-Kutub Zakiya 706,1 (fels. 1v-8v, ca. 1100H) and Alexandria Mu-
nicipal Library D 2052, 1 (fols. 1v-14r, ca. 1150H). :

18. Extant in MS Tunis Sadiqiya Ridwin 108 (not examined): ¢f. Samsé 1, p. 391, and 3, p. 183,

19, Cf. Sédillot-fils, p. 183. On AbG “Alf al-Marrikushi see Suter, no. 363.
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used in all of the known treatises on the instrument thereafter, except for
those noted above. When the universal astrolabe was invented again in Aleppo
in the early fourteenth century by the astronomer Ibn al-Sarrij,”® who
says he hit upon the idea after contemplating the solution of the problem of
determining the hour angle from a celestial altitude with a shakkdziya plate,
he called the instrument al-Sarrdjiya after himself. Nevertheless, the idea
behind his instrument, illustrated in Plate 5, goes back at least to a Herbalist
of eleventh-century Toledo.

According to the dates given in the Leiden manuscript al-Zarqallu wrote
his treatise on the safifa zarqalliya almost twenty-five years before Ibn Khalaf
made his universal astrolabe for al-Ma’miin. Our source states that Ibn Khalaf
actually made an instrument for al-Ma’miin, but his treatise on its use in the
Libros del Saber is also dedicated to al-Ma’miin. Now al-Zarqallu wrote three
separate treatises on his instrument, rather than two as is generally acknow-
ledged. Those in 100 and 60 chapters are well known, and are both now available
in the original Arabic; also, a unique copy of a treatise in 80 chapters by al-
Zarqallu, dedicated to a ruler whose name is not specifically mentioned, has
recently been identified in Istanbul®* This treatise contains a star catalogue
for the year 459 Hijra (= 1067) and thus postdates his treatise in 100 chapters,
if this was indeed compiled about 440 Hijra. The treatise in 60 chapters is in
some versions dedicated to the amir al-Mu‘tamid ibn “Abbad, who came to
power in 461 Hijra (= 1069) when al-Ma’miin was still in power in Toledo,
and who finally wrested Cordova from al-Ma’miin in 471 Hijra (= 1078). We

20. On Ibn al-Sarraj see Suter, no. 508 (confused), and on his nstrolabe see Gunther, 1, pp. 284-
985 and Maddison-Turner, no. 61. T have prepared a detailed analysis of this instrument uting rome
medieval treatises on its use: see King 2 for a summary.

21. A unique copy of a treatise in 80 chapters dedicated to a ruler who is not named (probably the
Caliph al-Ma’miin of Toledo) is MS Istanbul Aya Sofia 2671,1 (fols. 1r-75r, 621H). This manuscript,
listed in Krause, p. 482, has not been previously identified as a copy of a treatise distinct from the
other two (sce below). The same Istanbul manuscript contains (fols. 133v-151v, ¢f. Krause, p. 525,
no. 15) a treatise on the planispheric astrolabe which can from internal evidence nlso be attributed to
al-Zarqallu, See the first note added in proof on p. 255,

The treatise in 100 chapters is extant in several manuscripts, including MSS Escorial 962 (cf. Re-
naud, p. 101), Istanbul Esat 3804,3 (fols. 123-146, 665H - listed as anonymous in Krause, p. 526), and
Cairo Dar al-Kutub migdt 647 (61 fols., ca. 600H). It was translated into Castilian and included in
the Libros del Saber (I1I, pp. 135-237).

Al-Zarqallu’s treatise in 61 chapters is extant in MS Cairo Dar al-Kutub hay’a 40 (54 fols., ca. 950H,
anonymous). Two later copies of the same treatise (both entitled al-Shakkdziya - ¢f. King 1, p. 219,
note 1) arranged in 60 chapters are MSS Istanbul University Library A4800 and Cairo Taymir riydda
131,4. This treatise was translated into Hebrew and Latin (both published in Millas 3) and exerted
considerable influence in Europe (¢f. Poulle).

Also related to these is an anonymous treatise in 130 chapters extant in MS Leipzig Karl-Marx-
Universitiitsbibliothek 800 (¢f. Millas 2, pp- 447-448). This was ecither incorporated into or taken
from the Kitgb Jémi® al-mabddi® wa'l-ghdyit of AbG °AH al-Marrikushi, a compendium on astronomi-
cal instruments compiled in Cairo in the late thirteenth century (cf. Sédillot-fils, especially p. 183-184).



] Plate 5: The universal astrolabe of Ibn al
mstrument differs from that of

metric grid on the back;

-Sarrdj preserved in the Benaki i

iahe ol . re: i Museum in Athens. This
at of Ali ibn Khalaf in that it contairs a reries of plates and a special trigono-
it is in fact an astrolabe which can be used universally in four different ways

(Courtesy Benaki Museum, Athens)
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may presume that shoi'l:ly thereafter al-Zarqillu moved from troubled Toledo
to Cordova, and that he wrote a new treatise for al-Mutamid to compensate
for the fact that he had previously written one, or maybe even two, for al-
Mu®tamid’s rival al-Ma’mn.

Now that all of al-Zarqillu’s treatises on his safila, as well as a treatise
by him on the planisphaeric astrolabe, are known to exist in the original Arabic,
a closer investigation of his works on instruments would be worthwhile. In
such an investigation it should be borne in mind that the available evidence
does not indicate that the astronomers of Muslim Spain contributed much
that was original, and the extent to which al-Zarqallu might have been influ-
enced by earlier Eastern Arabic sourccs must remain a matter of speculation.
The carly ninth-century Damascus astronomer Habash is known to have
written on the plate of horizons, to which the single shakkdziya plate is closcly
related.?? His treatise is lost, but another was written by the mid-tenth cen-
tury scholar of Shiraz, al-Sijz1, and this has recently been located in a unique
copy in Damascus.®® It may eventually be possible to prove that the shakkd-
siya grid is of Greek origin:* T find it curious that the Europcan name for
this plate was ‘“‘meteoroscope”.” Ptolemy used the terms astrolabe and
meteoroscope, the first referring to both spherical and planisphaeric instru-
ments, and the second, known only from the commentary of Pappus to Book V
of the Almagest, referring to a related spherical instrument.*®

29, The evidence for this is a remark by a Jater Maghribi astrone mer al-ThaqalT, recorded by Morley
in Gurther, I, p. 7, note 12 . (For Morley’s ¢ Hunash™ read «Habash".)

23, MS Damascus Zihiriya 9255, copied ca. 1500 AD. On ul-Sijz1 sce the article in DSB by Y.
Dold-Samplonius.

24. Sce Samsé 4, p. 2.

25, Sece for example, North,

26. See Rome and Neugebauer, 11, p. 9H.

Notes added in proof

1. The Ayn Sofia manuscript of the treatise in 80 chapiers mentioned in note 21 is in fact
anonymous. However, another copy of what appears to be the same work, now arranged in 79
chapters and attributed to al-Zarqiliu, bas come to light in MS Istanbul Nurosmanive 2926,6
(fols. 118r-150r, lute copy in two different hands).

9. Prof. Franz Rosenthal of Yale University kindly suggested to me various minor corrections
to my readings of difficult pasenges and I have incorporated these into the text of the article. In
particular Prof. Rosenthal noted that in the extract from al-Baklamshi presented on p. 248 we
should perhaps read al-ggfurldb al-mughni... al-mustanbay min al-zarkdliya wa-l-shakkdziya, which
would mean *‘the universal astrolabe... derived from the zarqalliys and the shakkdziye (plates)”.
This not only makes better sense but also accords with the fact that one of al-Baklamshi’s pre-
decessors in Syria in the fourtcenth century had compiled a treatise on a universal instrument which
he labelled al-agfarlib al-mughni. A translation of this treatise is contained in my forthcoming
monograph on th: instruments of Ibn al-Sarraj (scc note 20 above), which is to be publiched by the
Benaki Museum.
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