
Scientiarum Historia 18 (1992) nr. I 5 

SOME REMARKS ON ISLAMIC ASTRONOMICAL 
INSTRUMENTS 

To my friend Hossam Elkhadem, 
in appreciation 

David A. KING 

1. INTRODUCTION 

Our knowledge of astronomical instrumentation in the medieval Islamic world 
between the eighth and nineteenth centuries is derived essentially from two 
sources : 1. the instruments which survive in various museums and private col
lections around the world, and 2. the treatises on the construction and use of 
instruments which are preserved in manuscript form in libraries mainly in Europe 
and the Near East (1). The surviving instruments are legion, over six hundred 
astrolabes and a few dozen each of quadrants and sundials, although most 
postdate the creative period of Islamic science that lasted from the eighth to 
the fifteenth century. No inventory of these instruments has been published 
yet, and important new examples are continually showing up in dealers' salons. 
The texts exist in similar profusion, and several were compiled during the early 
period of Islamic science. Also some describe instruments far more interesting 
than the standard astrolabe or quadrant or sundial, and of which there are 
no surviving examples. Many more manuscripts have yet to be uncovered 
in the various uncatalogued collections of Arabic (and also Persian and 
Turkish) scientific manuscripts, particularly those in libraries in the Near East 
and India. 

The Islamic astronomical texts, let alone such illustrations as that of the Obser
vatory in Istanbul in the late sixteenth century — see Plate 1, bring these in
struments back to life again and save us from the antiquarian attitudes so 
prevalent amongst those who deal only with instruments. The study of Islamic 
instruments is but a small chapter in the history of Muslim interest in astronomy 
for over a millennium. We also need to be liberated from the notion that Islamic 
instrumentation is of consequence only as a prelude to European developments. 

1. This paper is abridged from the Enghsh original of a study now pubUshed as "Strumentazione 
astronomica nel mondo medievale islamico," in G. L'E. TURNER, ed., Storia delle scienze — 
Gli strumenti, Turin, 1991, pp. 154-189 and 581-585 (extensive bibliography). A useful study which 
pays considerable attention to transmission to Europe is J. SAMSO, "Instrumentos astronomicos," 
in (J. VERNET et al.), Historia de la ciencia drabe, Madrid, 1981, pp. 97-126. See also various 
papers reprinted in E.S. KENNEDY et al.. Studies in Islamic Exact Sciences, Beirut, 1983 ; and 
D.A. KING, Islamic Astronomical Instruments, London, 1987. 
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Plate 1 — An artist's view of the astronomers at the Istanbul Observatory in the late sixteenth century 
and their instruments. The Director of the Observatory is depicted holding a standard astrolabe, 
and most of the other instruments are well-known. However, many far more interesting instruments 
are described in .\rabic manuscripts, such as those stacked vertically on the shelves on the upper 
right. (Taken from MS Istanbul U.L. Yildiz 1404, courtesy of Istanbul University Library.) 

file:///rabic
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Only some of these various Islamic instruments and related mathematical pro
cedures were influential in Europe, but to the historian of science they should 
none the less be of interest. 

It is convenient to consider Islamic instruments in two main categories, namely, 
observational and non-observational instruments. Those instruments used by 
Muslim astronomers for observations followed closely in the tradition of the 
devices described by Ptolemy of Alexandria (fl. ca. 150 A.D.) : the armillary 
sphere — a physical representation of specific astronomically-significant circles 
on the celestial sphere, such as the horizon, the meridian, the celestial equator 
and the ecliptic ; the mural quadrant — a device for measuring the meridian 
altitudes of celestial bodies ; and the parallactic ruler — a structure for measuring 
the zenith distance of a celestial body (2). 

Instruments whose primary function was not observational are mainly for 
solving problems of spherical astronomy, the mathematics of configurations on 
the celestial sphere about the observer. The main problems are related to 
timekeeping, using the risings and settings of the sun and stars over the local 
horizon, or more commonly, the culminations of the sun and stars across the 
local meridian. Such instruments include : 1. the celestial sphere — a model 
of the universe in which the sun and stars are represented on a sphere that can 
rotate about the celestial axis, so that risings and settings can be simulated over 
any horizon ; 2. analogue computers like the astrolabe and the astrolabic quadrant 
for representing — in two dimensions rather than three — the positions of the 
sun and the fixed stars with respect to the local horizon ; 3. mathematical grids 
like the sine quadrant for obtaining numerical solutions to problems of 
trigonometry without calculation ; and 4. sundials and other devices for 
measuring the time of day by means of shadows. Another variety of Islamic in
strument was 5. the equatorium, a device for determining planetary positions 
according to geometric models of the Ptolemaic kind for the sun, moon, and 
planets. With the exception of the astrolabic quadrant and the trigonometric grids, 
these instruments were known to the Muslims from Greek sources. 

No satisfactory account of Muslim achievements in astronomical instrumen
tation exists yet. Descriptions of a few of the available instruments are scattered 
throughout the learned journals, and most of the major textual sources are still 
available only in manuscript form. However, three new monographs dealing with 
Islamic instruments promise to revive some scholarly interest in this subject. These 
studies are firstly the survey of Islamic celestial globes by E. Savage-Smith 
(published 1985) (3), secondly, the repertory of Islamic astrolabists and their works 
by A. Brieux and F. Maddison (in press) (4), and thirdly, my own catalogue of 

2. The fundamental study of islamic observatories is A. SAYILI, The Observatory in Islam..., Ankara, 
1969, reprinted New York, 1981. 

3. E. SAVAGE-SMITH, Islamicate Celestial Globes: Their History, Construction, and Use, 
Washington D.C., 1985. 

4. A. BRIEUX and F. MADDISON, Repertoire desfacteurs d'astrolabes el leurs oeuvres, I : Islam, 
etc. (in press). 
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Islamic (and also early European to ca. 1550) astrolabes, quadrants, sundials 
and other instruments, currently in preparation (5). 

In the present paper — because of the limitations of space — I shall con
centrate on portable instruments — globes, astrolabes, and quadrants — and 
shall not mention Islamic equatoria (6) or sundials (7). 

2. CELESTIAL GLOBES 

The problems of spherical astronomy can be illustrated by means of a three-
dimensional celestial globe. The stars and the ecliptic, the apparent path of the 
sun against the back-ground of fixed stars, are represented on the outside of a 
sphere of arbitrary radius which is set inside a horizontal ring representing an 
arbitrary horizon. The axis of the sphere is fixed in the plane of the meridian, 
but its inclination to the horizon can be adjusted so that the ensemble represents 
the heavens with respect to the horizon of any locality. One rotation of the sphere 
about its axis corresponds to one twenty-four-hour period of time. See Plate 2 
for a globe from the eleventh century. 

The Muslims inherited the celestial globe from the Greeks, and a description 
of such an instrument was available to them in Ptolemy's Almagest. Several 
Arabic treatises were written on the celestial globe over the centuries. The in
strument was called in Arabic al-kura or al-bayda or dhat al-kursi, terms meaning 
"the sphere," "the egg" and "the instrument resting in a horizontal frame." 
Some two hundred Islamic celestial globes have recently been surveyed for the 
first time by E. Savage-Smith. 

3. ASTROLABES 

The theory of stereographic projection, developed by Hipparchus of Rhodes 
ca. 150 B.C., enables the same problems of spherical astronomy to be solved 
with equal facility and with but a slight stretching of the imagination by means 
of a two-dimensional instrument (8). The Muslims inherited such a device — 
the planispheric astrolabe — from their Hellenistic predecessors, and they 

5. On this see my "Medieval Astronomical Instruments — A Catalogue in Preparation," Bulletin 
of the Scientific Instrument Society 31 (Dec, 1991), pp. 3-7. Numerous Islamic astrolabes are 
presented in vol. 1 of R.T. GUNTHER, Astrolabes of the World, 2 vols., Oxford, 1932, reprinted 
London, 1976. A survey of their makers — shortly to be superseded by the Repertoire of BRIEUX 
and M.^DDISON — is L.A. MAYER, Islamic Astrolabists and Their Works, Geneva, 1962. 

6. On Islamic equatoria see various articles by E.S. KENNEDY, reprinted in idem et at.. Studies. 
On Andalusian equatoria see the chapter in Julio SAMSO, ed., Andalusian Science (forthcoming 
in 1992). 

7. For an overview of Islamic sundials see my article "Mizwala" in the new edition of the En
cyclopaedia of Islam (hereafter ED. 

8. The best account of the basics of the astrolabe is J.D. NORTH, "The Astrolabe," Scientific 
American 230 (1974), pp. 96-106. For more details see Henri MICHEL, Traitede t'astrolabe, Paris, 
1947. On the astrolabe in the Islamic context see W. HARTNER, "The Principle and Use of 
the Astrolabe," reprinted without plates in idem, Oriens-Occidens, Hildesheim, 1%8, pp. 287-311, 
and with plates in Astrolabica (Paris : Societe Internationale de I'Astrolabe) 1(1978). See also 
the shorter article "Asturlab" by HARTNER in EI, reprinted in idem, Oriens — Occidens, pp. 
312-318. 
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Plate 2 — The earliest dated celestial sphere constructed by Ibrahim ibn Sa'id al-Sahli and his son 
Muhammad in Valencia in the year 1085. (Courtesy of the Istituto e Museo di Storia della Scienza, 
Florence.) 

developed it in virtually all conceivable ways. The device results from a projection, 
called stereographic, of the celestical sphere onto the plane of the celestial equator 
from the south celestial pole. This projection has the property that circles on 
the sphere project into circles on the plane and that angles are preserved. 

The standard astrolabe consists of two main parts, one "celestial" and the 
other "terrestrial". First, there is a grid called a rete, bearing pointers representing 
the positions of certain prominent fixed stars and a ring representing the ecliptic. 
Second, there is a plate for a specific latitude bearing markings representing the 
meridian and the local horizon. Curves called almucantars showing the altitude, 
and an orthogonal set showing the azimuth, are also included on the plate. When 
the rete — the "celestial" part — rotates over the plate — the "terrestrial" part, 
the apparent rotation of the sun and stars across the sky above the horizon of 
the observer is simulated. The typical medieval astrolabe contained several plates 
for a series of latitudes as well as various markings on the back of the instrument 
either for measuring celestial altitudes or for performing calculations. Literally 
dozens of treatises on the use of the astrolabe were compiled between the ninth 
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and the sixteenth centuries, and hundreds of astrolabes survive, including a few 
dozen from those earliest centuries. These are currently being investigated, the 
majority for the first time. Muslim developments to the simple planispheric 
astrolabe are of considerable historical interest. 

Astrolabe construction 

First, the construction of astrolabe plates for different latitudes can, of course, 
be achieved by geometry, but it can also be effected, if somewhat tediously, by 
calculation. One needs to know the radius of each of the altitude and azimuth 
circles and the distances of the centres of these circles from the centre of the 
astrolabe. In early-ninth-century Baghdad, the astronomer al-Farghani compiled 
a set of tables displaying the radii and centre distances of both altitude and 
azimuth circles for each degree of both arguments, for each degree of terrestrial 
latitude. These tables, which contain over 13,000 entries, were used by astrolabists 
alongside geometrical construction in the following centuries, and similar but 
less extensive tables were prepared for specific localities by a series of later 
astronomers. 

Ornamental Retes 

The Muslims developed the retes of astrolabes into objects often of great 
beauty — see Plate 3. Stars were sometimes selected for inclusion on the retes 
by virtue of their positions, in order to achieve symmetry about the solstitial 
colure. Zoomorphic representations for constellations or groups of stars, or even 
for single stars, were used albeit not commonly from the tenth century onwards. 
Floral patterns were particularly popular on Indo-Persian astrolabes from the 
sixteenth century onwards. 

It is now possible to trace the astronomical and artistic development of 
astrolabe retes ; particularly important were the instruments of al-Khujandi of 
Baghdad in the tenth century, which broke away from the earliest spartan retes 
inherited from the Hellenistic tradition and introduced quatrefoils and 
zoomorphic figures ; those of al-Khama'irl of Seville in the thirteenth century, 
which were imitated in the Muslim West for six centuries ; and those of Jalal 
al-Kirmani of Central Asia in the fifteenth century, which mark the beginning 
of the floriated patterns on Eastern Islamic instruments. 

On the geography of astrolabes 

Geographical and astrological information was often engraved on the maters 
or plates of astrolabes. Originally astrolabe plates served each of the seven 
climates. The first geographical tables on astrolabes gave only the latitudes of 
a series of localities, their purpose being to indicate which plate one should use. 
(Medieval texts often advocate interpolating between the results derived from 
two plates with a lower and higher latitude than one's own.) Later astrolabe 
plates were engraved for a series of latitudes no longer corresponding to the seven 
climates (although these often lurk in the background in a disguised form). Often 
the length of longest daylight at those latitudes would be included, this being 

J 
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Plate 3 — The rate of an astrolabe by al-Sahi al-Nisaburi, Syria, ca. 1100 ( ?), with numerous figures 
representing constellations. This particular rete is for astronomical purposes over-decorated and the 
star-pointers are not clearly identified. (Courtesy of the Germanisches Nationalmuseum, Nuremberg.) 

another feature reminding the user of the notion of the climates. Sometimes a 
list of localities served by each of the plates would be included. The plates of 
an astrolabe often yield clues as to the provenance of the instrument because 
usually the plate for the latitude of the locality where the instrument was made 
has additional markings. 

Special markings relating to prayer 

Some of the markings introduced by Muslim astronomers on the standard 
astrolabe have to do with Muslim prayer. It is the duty of every Muslim to face 
Mecca during prayer, and it is thus required to know the direction of Mecca from 
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any locality (9). At least for the scientists, this involved calculating the direction 
from the latitudes and the longitude difference. By medieval standards, the 
formula for finding the qibla is complicated in the extreme ; however, correct 
formulae were derived already in the ninth century. Especially in the Eastern 
Islamic world, astrolabists after about the thirteenth century engraved lists of 
localities together with their latitudes, longitudes, and qiblas on the maters of 
their astrolabes, or palettes of qibla directions in a quarter-circle. After the 
sixteenth century the latter were replaced by graphs displaying the altitude of 
the sun throughout the year when the sun is in the direction of Mecca in various 
places. 

Also, it is the duty of every Muslim to perform five prayers each day at times 
which are astronomically defined (10). These prayers begin when the sun has 
disappeared over the horizon at sunset, at nightfall, at daybreak, either at 
astronomical midday or shortly thereafter, and at mid-afternoon. The beginnings 
of the permitted intervals for the daylight prayers are defined in terms of shadow 
lengths, and the corresponding times for the night prayers are defined in terms 
of sunset and twilight phenomena. Most astrolabic plates for specific latitudes 
show special markings for the prayers at mid-afternoon, nightfall and daybreak, 
and the times of midday and sunset are easily determined with an astrolabe 
anyway. 

Additional markings 

A set of scales for finding the solar longitude from the date in any one of 
the solar calendars (Syrian, Persian, Coptic or "Western") is a feature on the 
backs of certain Eastern astrolabes and virtually all Western Islamic instruments. 
Sometimes extensive calendrical scales were included on Western Islamic in
struments. Also astrological information was occasionally engraved on the mater 
or back. 

The other markings introduced by Muslim astrolabists on the backs of 
astrolabes were shadow scales and quadrants. The latter were usually sine 
quadrants or horary quadrants, and are best considered separately — see below. 

Non-standard retes 

The northern and southern halves of the ecliptic project into dissimilar arcs 
of the ecliptic on the rete of the standard astrolabe. This fact motivated several 
astronomers in the ninth and tenth centuries to devise retes on which the two 
halves of the ecliptic were represented symmetrically (11). Such astrolabes required 
special kinds of plates, and the compilation of treatises on their use called for 
considerable ingenuity on the part of their inventors and dexterity on the part 
of their users. 

9. See my articles "Kibia" and "Makka : As Centre of the World" in EI. 
10. See my article "Mikat" in EI. 
11. The available literature on non-standard astrolabes is currently being investigated by Dr. Richard 

LORCH of Munich. 
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Of considerable interest are two instruments devised by Habash al-Hasib in 
the mid-ninth century and known to us only from manuscripts. The first is the 
so-called "melon" astrolabe, in which the meridians on the sphere are projected 
into radii through the south pole in the tangential plane. The ecliptic and the 
almucantars are no longer circular, hence the name of the astrolabe. The second 
is a device for time-keeping for any latitude by the stars ; in this the information 
on the stellar coordinates is stored graphically. 

Spherical astrolabes 

An Islamic development of the planispheric astrolabe — see below — was 
the spherical astrolabe (12), an instrument in which a spherical frame bearing 
markings representing the ecliptic and fixed stars could be rotated over a sphere 
with markings for the horizon and altitude circles of any locality and the hours. 
The instrument has the advantage over the planispheric astrolabe in that it is 
universal, that is, it can be used for any latitude. A series of treatises was written 
on the instrument between the tenth and seventeenth centuries, but it does not 
appear to have been widely used, and only two examples survive. 

The linear astrolabe 

The ingenuity of the mathematician Sharaf al-DIn al-Tusi {fl. Iran, ca. 1200) 
was such that he conceived a linear astrolabe (13). The instrument consists of 
a series of scales marked on a baton which represents the meridian for a specific 
latitude. Two of the scales represent the intersections of the declination circles 
and the almucantar circles with the meridian. The basic idea is that any circle 
on the standard planispheric astrolabe can be represented on the baton by the 
position of its centre and its radius. Threads are attached to the baton, and with 
these and the various scales one can perform the standard operations of an 
astrolabe. Angles are measured by means of an additional scale of chords. The 
device is impractical but brilliant in its conception. No examples are known to 
have survived. 

The universal plate and astrolabe 

In Baghdad in the mid-ninth century, Habash devised a plate with markings 
representing the horizons of various localities. He noticed that the problems 
relating to risings, culminations and settings of celestial bodies could be solved 
for all latitudes using such a plate and a rete displaying the ecliptic and fixed 
stars. This notion was developed further in Toledo in the eleventh century. Muslim 
astronomers there developed a universal plate from the markings on an astrolabic 

12. On the spherical astrolabe see H. SEEMANN, Das kugelformige Astrolab nach... arabischen 
Quellen, Erlangen, 1925. On one of two surviving examples see F. MADDISON, "A Fifteenth-
Century Spherical Astrolabe," Physis 4 (1962), pp. 101-109. 

13. On the linear astrolabe see CARRA DE VAUX, "L'astrolabe lineaire ou baton d'al-Tousi," Journal 
Asiatique, 11. Ser., 5 (1895), pp. 464-516 ; Henri MICHEL, "L'astrolabe lineaire d'al-Tusi," del 
et Terre (1943), nos. 3-4, pp. 101-107. 
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plate for latitude zero and thence an astrolabe which would function for all 
latitudes with a single plate (14). 

The astronomer al-Zarqallu, better known in the West as Azarquiel, appears 
to have developed the universal plate called al- shakkaziyya with a regular alidade, 
with which some of the problems of spherical astronomy can be solved only ap
proximately. He also devised the plate called al-zarqalliyya which consisted of 
two shakkaziyya grids inclined at an angle equal to the obliquity ; the alidade 
is now equipped with a movable cursor and the combination serves only to convert 
between ecliptic and equatorial coordinates. 

The astronomer 'All ibn Khalaf al-Shajjar, a contemporary of al-Zarqallu, 
developed a more sophisticated and more useful instrument. Taking the basic 
notions — that the shakkaziyya plate could be used to represent in two dimensions 
any orthogonal spherical coordinate system, and that two such plates superposed 
one upon the other could be employed to solve any problem of coordinate 
transformation, which problems are the essence of spherical astronomy — to 
their natural conclusion, he invented the universal astrolabe. This instrument is 
known only from the thirteenth-century Andalusian compilation entitled Libros 
del saber : the rete consists of one semi-circle of shakkaziyya markings and 
another comprising an ecliptic and starpointers with northern and southern halves 
of the ecliptic superposed one upon the other, and the plate is a shakkaziyya grid. 

The universal astrolabe of 'All ibn Khalaf and his treatise on its use do not 
seem to have been known in the Muslim world outside Andalusia. The same 
instrument was "reinvented" in Aleppo by Ibn al-Sarraj in the early fourteenth 
century, and a unique example designed and constructed by him survives in the 
Benaki Museum in Athens — see Plate 4. In his treatise on a simplified version 
of the instrument he claims to have invented it himself, and this there is no reason 
to doubt. But the surviving astrolabe of Ibn al-Sarraj is far more complicated 
and sophisticated than that of 'All ibn Khalaf or the same instrument described 
in Ibn al-Sarraj's treatise : it contains a set of quarter-plates for all latitudes, 
a plate of horizons for all latitudes, and other features such as a universal 
trigonometric grid ; indeed, the instrument can be used universally in five dif
ferent ways. It is undoubtedly the most sophisticated astronomical instrument 
from the entire medieval and Renaissance periods. 

In the fourteenth century the Granada astrolabist Ibn Baso devised a 
modification of the shakkaziyya for use with a standard astrolabe rete. Each of the 
zarqalUyya and shakkaziyya plates and the plate of Ibn Baso were also known 
in the Muslim East. 

The Zij al-safa'ih 

One unusual astrolabe devised by Abii Ja'far al-Khazin in the tenth century 
contained, in addition to at least one standard astrolabic plate, a series of addi-

14. On the universal astrolabe and plate see KING, lAI, VII and IX and the earlier studies of J. 
MILLAS VALLICROSA there cited. Most of the relevant texts have now been published in 
Barcelona — see the paper in this volume by Dr. Emilia CALVO. 
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Plate 4 — The most sophisticated astrolabe ever made. The universal astrolabe of Ibn al-Sarraj, 
made in 1328/29 in Aleppo, well merits such a description for it can be used universally — that 
is, for any terrestrial latitude — in five different ways. (Courtesy of the Benaki Museum, Athens.) 
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tional plates (saja'ih) bearing various astronomical tables of the kind usually 
found in astronomical handbooks {zlj es). It appears that al-Khazin wrote a book 
to be used alongside his instrument. A unique example of his z'lj al-saja'ih, con
structed by the celebrated early-twelfth-century astrolabist Hibatallah, was 
preserved in Munich until 1945, but only photographs of it survived World War 
II. A copy of al-Khazin's treatise is extant in India but is not available to scholars 
yet. 

Geared astrolabes 

A unique example of an astrolabe fitted with a geared mechanism for 
reproducing the relative motions of the sun and moon survives from thirteenth-
century Iran. We also possess an account of a similar mechanism by the eleventh-
century Scholar al-Biriini (15). 

Astrolabic clocks 

A large device for time-keeping resembling an astrolabe was seen by a 
fourteenth-century historian in the home of the contemporary Damascene 
astronomer Ibn al-Shatir, and the face of an astrolabic clock made in Fez in the 
fourteenth century survives to this day. Thus these instruments existed, but they 
were certainly not common. 

Some Italian texts of the early fourteenth century, if not earlier, provide 
evidence of the design of astronomical clocks of a highly complex variety with 
extensive gear mechanisms to reproduce solar, lunar and planetary motions. They 
seem to represent an Islamic tradition for which we have no evidence from the 
Islamic world itself. It is known, however, that in 1232 ambassadors of the 
Ayyubid Sultan al-Ashraf presented to the Emperor Frederick II, whilst in S. 
Italy, a kind of planetarium which had "within itself the course of the planets." 

4. QUADRANTS 

There are essentially four varieties of quadrant of concern to us here : 1. the 
sine quadrant — for solving numerically problems of trigonometry, usually 
those deriving from spherical astronomy ; 2. the horary quadrant — for reckoning 
time by the sun ; 3. the astrolabic or almucantar quadrant — developed 
from the astrolabe ; and 4. the universal shakkaziyya quadrant — for solving 
problems of spherical astronomy for any latitude. Each of these was invented 
by Muslim astronomers, but the early history of the different kinds of quandrants 
has only recently been investigated for the first time (16), and the problems 

15. On al-Biruni's description of a gear mechanism (first studied by E. WIEDEMANN) see now 
Donald R. HILL, "Al-Biruni's Mechanical Calendar," Annals of Science 42 (1985), pp. 139-163. 

16. On the quadrant in Islam see already P. SCHMALZL, Zur Geschichte des Quadranten bei den 
Arabern, Munich, 1929, and KING, al-Khwarizmi and New Trends in Mathematical Astronomy 
in the Ninth Century, New York (NYU/NELL), 1983, pp. 29-31 (on the earliest texts dealing 
with the sine and horary quadrants), and also D. GIRKE and D.A. KING, "An Approximate 
Trigonometric Formula for Astronomical Time-keeping and Related Tables, Quadrants and 
Sundials from 800-1800," Frankfurt University Institute for the History of Science Preprints 
1 (1988). 
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associated with their transmission to Europe now have to be considered afresh. 
The sine quadrant was developed in Baghdad in the ninth century and re

mained popular for a millennium. Originally it was devised to solve just one 
problem : the determination of time as a function of solar altitude and solar 
meridian altitude using an approximate formula adequate for low latitudes. Later 
it was developed into a kind of medieval astronomer's slide-rule. With a device 
bearing markings resembling modern graph-paper, fitted with a cord attached 
at the centre of the quadrant and carrying a movable bead, one can solve 
numerically the most complicated problems of medieval trigonometrj', such as, 
for example, the problem of determining the qibla for any locality. Often a sine 
grid of one kind or another would be incorporated on the back of an astrolabe. 

The horary quadrant bears either a series of markings for the seasonal hours, 
which are one-twelfth divisions of the length of daylight, or for the equinoctial 
hours. In the first case, the markings serve all latitudes (the underlying formula 
— already mentioned above — being approximate) ; in the second case, they 
serve one specific latitude. When one edge of the quadrant is aligned towards 
the sun, a bead on a plumbline attached at the centre of the quadrant indicates 
the time of day. A text from ninth-century Baghdad recently discovered in Cairo 
describes the horary quadrant with both fixed and movable cursor and shadow-
box superposed, previously thought to have been a much later European invention 
(the so-called quadrans vetus). Universal horary quadrants of this kind are 
common on Islamic astrolabes from the tenth century to the nineteenth. 

Two early horary quadrants for specific latitudes survive, one from Iran and 
the other from Egypt, and others are attested on the backs of astrolabes from 
the tenth century onwards. A simple variety of horary quadrant which I shall 
label zodiacal quadrant, displaying only solar meridian altitudes or solar altitudes 
at the afternoon prayer (and from the sixteenth century onwards, also the altitude 
of the sun when it is in the qibla) was often included on the backs of astrolabes 
from the twelfth century onwards. 

Considerable mystery surrounds the invention of the almucantar or astrolabic 
quadrant. The basic idea is simple : since the markings on a standard astrolabe 
plate are symmetrical with respect to the meridian, one,uses just half of 
such a plate engraved on a quadrant. The rete is replaced by a cord attached 
to the centre of the quadrant and this carries a bead that can be moved to represent 
the position of the sun or a fixed star, either of which can be found from markings 
for the ecliptic and star positions which are now included on the quadrant 
itself. The almucantar quadrant is such a handy device that by the 
sixteenth century it had generally replaced the astrolabe in most parts of the 
Islamic world except Morocco on the one hand and India and Iran on the other 
— see Plate 5. Most surviving astrolabic quadrants are of Ottoman Turkish pro
venance, although we do have a few Mamluk examples from the fourteenth 
century. 

Until recently, the earliest known treatises on the use of the astrolabic quadrant 
were those compiled in Syria in the fourteenth century. Yet not one of the authors 
of these treatises claims to have invented the instrument. A manuscript on the 
use of the almucantar quadrant, which is of Egyptian origin and is datable 
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Plate 5 — The two sides of an astrolabic quadrant for Damascus made by al-Jirkashi ca. 1800. The 
markings for Damascus on the astrolabic side are standard, and the trigonometric grid on the other 
side bears a complicated set of curves and lines for various purposes relating to the determination 
of the times of prayer. (From a private collection, courtesy of the owner.) 
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to the twelfth century, has recently been discovered in Istanbul, but again the 
author makes no claim to have invented it. 

New kinds of trigonometric grids were invented in Syria in the fourteenth 
century as alternatives to the sine quadrant, and for these the astronomers who 
invented them have left us treatises on their use. The universal shakkaziyya 
quadrant with one or two sets of shakkaziyya grids is a singularly useful device. 
A few examples of other grids survive, and they were apparently quite popular 
in Egypt, Syria, and Turkey for several centuries. Some of these grids were of 
very considerable sophistication, notably the one on the back of the astrolabe 
of Ibn al-Sarraj. AH of these grids serve the same purpose of providing universal 
solutions to the problems of spherical astronomy. 

5. MISCELLANEOUS INSTRUMENTS 

The compass 

The earliest reference to the magnetic compass in the astronomical literature 
occurs in a treatise compiled in the Yemen in the thirteenth century. Here, however, 
the author of the treatise makes no claim to be the first to write on the compass, 
and it is certain that he was not. From other thirteenth-century sources, we know 
that the compass was in widespread use amongst the navigators of the eastern 
Mediterranean at that time. (See further below.) 

Astronomical compendia 

During the fourteenth and fifteenth centuries, Muslim astronomers developed 
compendia, devices performing several different functions (17). Ibn al-Shatir (fl. 
Damascus, ca. 1350) devised a compendium in the form of a box, the lid of which 
could be raised to serve the astronomical function of the box and its appendages 
for any of a series of terrestrial latitudes. This lid bears a set of astrolabic horizon 
markings, and a removable plate inside the box bears a universal polar sundial 
and a set of qibla markers for different localities. All of the other parts of this 
compendium, which are missing from the only surviving specimen of it now 
preserved in Aleppo, such as a magnetic compass for aligning the instrument 
in the cardinal directions and the sights for reading the time from an equatorial 
scale on the lid of the box, are described in a treatise on its use, preserved in 
Berlin and authored by Ibn al-Shatir himself. 

The fact that the compass needle may deviate from the meridian by a certain 
number of degrees was first recorded in the Islamic world by the fifteenth-century 
Egyptian astronomer al-Wafa'i, who modified this Syrian instrument into a semi
circular equatorial dial with a sighting device, compass and qibla indicator, and 
wrote a treatise on its use. Several Ottoman examples survive. 

17. On Islamic compendia see KING, Instruments (note 1 above), XII and XIII, and the literature 
there cited. 
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Qibla-indicators 

The compendia of Ibn al-Shatir and al-Wafa'i bore markings similar to those 
found on various Persian astrolabes from the eleventh to sixteenth centuries which 
enabled one to find the qibla or local direction of Mecca in various localities. 
Simplistic maps of the world centred on Mecca, specifically intended for finding 
the qibla approximately, were also available. In later centuries, simple qibla-
indicators consisting of a compass and a gazetteer of qibla values for major cities 
were in widespread use. 

It has recently been discovered that the qibla problem was also pursued by 
the instrument-makers of Safavid Isfahan. The ultimate solution was achieved 
about the year 1700 in the form of a qibla-indicator — see Plate 6 — on which 
the direction of Mecca (and distance therefrom) of any locality indicated on a 
cartographic grid which stretches from Spain to China, Europe to the Yemen, 
can be found directly. This spectacular instrument came to the attention of 
scholars only in 1988. 

6. SCHOOLS OF INSTRUMENT-MAKERS 

The most important contributions to instrumentation were made by individuals 
working alone. As the leading lights in this field we may mention Habash and 
Hamid ibn 'All al-WasitI from the ninth century and al-Khujandi from the tenth, 
all of Baghdad ; 'Ali ibn Khalaf and al-Zarqallu from the eleventh, both active 
in Toledo ; and Ibn al-Sarraj from the fourteenth, working in Aleppo. The most 
influential authors on the other hand were al-BiriinI in Central Asia in the eleventh 
century and al-Marrakushi in Cairo in the thirteenth, but neither was particularly 
original. al-Biruni relied heavily on his teacher al-Sijzi, who was familar with 
developments in Baghdad in the ninth and tenth centuries, and al-Marrakushi's 
only virtue is that he seems to have incorporated into his compendium every 
treatise on instruments that he could find. 

But there were schools of astrolabists, who also made globes and quadrants, 
functioning in the following major centres : 

— Baghdad in the ninth and tenth centuries (we have the names of the most 
important of these and, happily, a few of their instruments) and again in the 
twelfth (Hibatallah and his followers) ; 

— Various centres in Andalusia in the eleventh century (we have a dozen in
struments), and especially Cordova and Toledo in that same century for 
universal astrolabes and plates (for these we have texts but no instruments) ; 

— Isfahan in the eleventh to thirteenth (we have several instruments, especially 
those of Hamid ibn Mahmud al-Isfahani and his son Muhammad) ; 

— Marrakesh and Seville in the early thirteenth century (see the numerous in
struments of Abu Bakr ibn Yusuf and al-Khama'iri, respectively, and their 
imitators in later centuries) ; 

— Damascus and Cairo in the thirteenth (whence the spectacular instruments 
of 'Abd al-Rahman ibn Sinan al-Ba'labakki and 'Abd al-Karim al-Misri) ; 

— N. Iran and Central Asia in the fourteenth and fifteenth (we have several in-
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Plate 6 — .A highly sophisticated qibla-indicator, probably from Isfahan ca. 1700. Unique of its genre, 
this cartographical grid centred on Mecca enables the user to find the qibla of any locality from 
Spain to China. One simply places the alidade on the stud representing the locality and reads off 
the qibla on the outer scale and the distance from Mecca along the scale. (Sold at Sotheby's, London, 
1989 ; photo from the Museum of History of Science, Oxford, courtesy of the owner.) 

Struments by the al-Kirmani family, of which the most important are those 
of Muhammad ibn Ja'far al-Kirmani known as Jalal) ; 

— Granada in the fourteenth (represented by the Ibn Baso father-and-son team ; 
a treatise by the father and several instruments by the son survive) ; 

— Damascus in the fourteenth (several unusual instruments, notably by Ibn al-
Shatir, and numerous treatises) ; 

J 
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— Isfahan (and also Meshed) from the sixteenth to the nineteenth (several prolific 
astrolabists, all competent but none in any way innovative, including 
Muhammad Muqim YazdT, Muhammad Zaman Mashhadi, Muhammad 
Mahdi, Khalil Muhammad, 'Abd al-'Ali, Muhammad Tahir, Muhammad Amin 
and 'Abd al-A'imma) ; 

— Lahore from the sixteenth century to the eighteenth (at first, mainly one family 
stemming from Allah-dad, and generally more adventurous than their col
leagues in Isfahan) ; and 

— Marrakesh and Meknes from the seventeenth (?) to the nineteenth (especially 
al-Battuti around 1700). 

The main centres for the construction of quadrants were Damascus and Cairo 
in the fourteenth and fifteenth centuries (several instruments, notably by al-Mizzi, 
and numerous treatises preserved) ; and Istanbul from the sixteenth to the 
nineteenth (numerous late quadrants available). 

Institut fiir Geschichte der Naturmssenschaften 
Johann Wolfgang Goethe-Universitdt 
Frankfurt am Main 

SUMMARY 

Islamic astronomica! instruments bear witness to a tradition of over one thousand years of 
serious activity in astronomy in the Muslim world. Even some of the earliest and most im
portant of these instruments are only now being catalogued, and many treatises on the con
struction and use of these instruments remain unstudied. Also many late instruments are 
the sole surviving evidence of earlier developments in instrumentation. The most popular 
instrument was the astrolabe, to which Muslim astronomers developed numerous improvements 
and modifications. In this paper other kinds of instruments will also be discussed. The available 
corpus of medieval Islamic instruments represents a mine of material of interest to historians 
of science, of technology and of art. 


