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ABSTRACT

Emilie Savage-Smith, with a chapter by Andrea P.A. Belloli. Islamicate Celestial Globes: Their
History, Construction, and Use. Smithsonian Studies in History and Technology, no. 46, 354
pages, 87 figures, 7 tables, indices, 1985.—Islamicate celestial globes made as early as the
eleventh century are found in museums and private collections today. There are also references
in classical Greek and Roman literature to earlier globes that are no longer extant. These
globes are of interest to the history of astronomy, of art, and of technology. ) )

The globe presently in the National Museum of American History of the Smithsonian
Institution, which is a fine example of a seventeenth-century Mughal Indian globe, was selected
for detailed analysis and serves as the focus for this monograph. The first part of the study
compares this particular globe with other known Islamicate globes and places the development
of such globes within the historical perspective of the earlier Greco-Roman world from which
it drew many of its traditions. An historical survey is given of all references and artifacts from
the Greco-Roman and Islamic world that can have bearing on our knowledge of the design,
construction, and use of such globes. The nature and general characteristics of three basic
types of Islamicate celestial globes, and their probable uses as well as methods of construction,
are the subjects of the second chapter of the study. Photographs of selected Islamicate globes
from the thirteenth to the nineteenth centuries, as well as line drawings based on written
descriptions, accompany the historical and analytical discussion.

The fourth chapter on iconography analyses the constellation figures on the Smithsonian
globe from the perspective of an art historian. This chapter was contributed by Andrea P.A.
Belloli.

The second major part of the study presents a discussion of the star names engraved on the
Mughal globe, tracing the origins of the terms in Greek mythology or early Bedouin constel-
lation outlines. The discussion of each constellation is accompanied by a photograph of the
constellation as depicted on the Smithsonian globe. An account of lunar mansions is included
as background to early Bedouin asterisms, which greatly affected later Islamicate star names
and eventually “modern™ western star names.

The sixth section presents an extensive descriptive catalogue of the 126 Islamicate celestial
globes known to scholars prior to 1982. The references in the other sections to particular
globes are keyed to the entry numbers in this catalog. Following the catalog are tables comparing
the features of the globes and transcriptions of the signature inscriptions. Six entries (Nos.
127-132) were added to the catalog while the study was in press.
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FOREWORD

This comprehensive study of Islamicate globes was initiated in the most
casual manner one spring day more than ten years ago in my office as Deputy
Director of the National Museum of History and Technology (now the
National Museum of American History).

The Museum had just acquired a most interesting celestial globe but there
was no one on hand who could read its inscriptions. At the time there was
no one on the professional staff with a knowledge of the Arabic language.
The lack was soon remedied, however, with the discovery that Mrs. Emilie
Savage-Smith, a Smithsonian post-doctoral Fellow working in the Division of
Medical Sciences, was familiar with the language. When called upon, she
readily provided the information needed.

But the story did not end there. Mrs. Savage-Smith became intrigued with
the globe, and her preliminary research revealed that this was a category of
instruments that had been neglected by scholars. Realizing that a study of
Islamicate globes presented an unusual opportunity to make a contribution
to the literature, she undertook a more detailed examination of the example
in the Museum, and then began a search for others with which to compare
it. Little did she realize at the time that she was launched on a project that
was to preoccupy her for the next decade and would take her to far places.

As a first step, arrangements were made with the Smithsonian’s Conser-
vation-Analytical Laboratory to make a thorough technical analysis of the
Museum’s globe to determine the techniques of construction and nature of
the metal. The results of this analysis are included in Chapters 2 and 3 of
this paper.

Meanwhile the author sought out other globes in American public and
private collections, and then extended her search to repositories in England,
France, Egypt, and other countries. As each globe was examined, photo-
graphed, and documented, the information collected was made part of a case
study by means of which it became possible not only to establish the dates
and places of origin, but also to relate Islamicate globes in historical perspec-
tive with the production of scientific instruments derived from the Greco-
Roman tradition in the Islamic world.

The project became a rewarding adventure in historical detective work as
the author continued to locate and document the 126 globes that are
cataloged in this work, consulting with authorities on Islamicate astronomy
and instrumentation in the United States and abroad. Almost a full ten years
passed before the search was completed and the findings brought together
for publication in this paper.

This monograph may not be the last to be written on the subject, but as
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Fhe first it breaks new ground. Not only will it supplement studies of science
in Islam, ‘but will prove to be an invaluable resource for historians of science
and of scientific instrumentation in general.

Silvio A. Bedini
Keeper of the Rare Books
Smithsonian Institution



PREFACE

This historical survey of the design and construction of Islamicate celestial
globes and their Greco-Roman antecedents pays particular attention to the
products of seventeenth-century Mughal India. The globe that serves as the
focus of the study is one of the finest examples of precision workmanship
among all the 126 extant Islamicate celestial globes and is, moreover, a
seamless hollow cast globe. The fact that many Islamicate globes are hollow
seamless metal spheres and that this technique was a speciality of a particular
workshop of instrument makers in Lahore seems not to have been noticed
until this study was begun 12 years ago.

In order to properly assess the products of the Lahore workshop, as much
information as possible was needed concerning other Islamicate celestial
globes. This author’s effort to assemble this information resulted in the
catalog of all Islamicate celestial globes known as of the spring of 1982 to be
extant. The many references to celestial globes throughout this study are
keyed to the entry numbers in this catalog, which comprises chapter 6 of this
study. It is hoped that with this publication even more celestial globes now
in small museums and private collections will come to light and be made
available for study by scholars so that a fuller picture will emerge of the
development of the design and construction techniques. While the study was
in press six entries (Nos. 127-132) were added to the catalog; these globes
do not figure, however, in the general analyses and comparisons made
elsewhere in the book.

In order to appropriately designate the non-religious aspects of the com-
plex of cultural traditions in a society historically associated with the religion
of Islam, some term other than “Islamic” is needed. I have chosen to use
Islamicate, for whereas the word “Islamic” refers to subjects directly related
to, growing out of, or affected by the religion of Islam, Islamicate can be
used to refer to objects or cultural features that are not related directly to
the religion but are often based on traditions taken over from other cultures
and nurtured and developed by Muslims and non-Muslims alike. When
speaking of science and technology in the Islamic world, Islamicate is a
particularly appropriate term, as this topic of celestial globes illustrates. These
globes represent a tradition of instrument design inherited from the Hellen-
istic, Roman, and Byzantine worlds, and except for minor points of design
and considerable progress in construction techniques, that tradition, unaf-
fected by religious belief or dogma, remained essentially unchanged through
the end of the nineteenth century. Among the makers of the instruments
and the authors of treatises on celestial globes there were Christians, Muslims,
and Hindus, and the languages used in their works included Arabic, Persian,
Indo-Persian, Ottoman Turkish, and even Sanskrit. Yet all are representative
of a secular culture shared by an enormous area from Spain to the Indus that
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was marked by the domination, at one time or another, of the political-
religious structure of Islam, in what has been loosely termed the Islamic
world, or Islamdom. All the extant globes, whether from Spain or India,
whether made by Muslim or non-Muslim, whether inscribed in Arabic,
Persian, or Sanskrit, reflect an aspect of the culture of Islamdom.

The examination of the Mughal celestial globe’s design and construction
and that of its historical antecedents came about after the National Museum
of American History (then the National Museum of History and Technology)
acquired (at first on loan) the anonymous and undated globe in 1972. That
globe became the primary object of this investigation. My study and analysis
of the globe was instigated and encouraged by Silvio A. Bedini, presently
Keeper of the Rare Books and former Deputy Director of the National
Museum of History and Technology; Dr. Uta C. Merzbach, Curator of the
Division of Mathematics; and Deborah J. Warner, Associate Curator of the
Division of Physical Sciences, where the globe is presently located. The
laboratory analysis of the globe was carried out by Maurice Salmon, formerly
of the Conservation and Analytical Laboratory of the National Museum of
American History. For reasons completely beyond the control of the present
author, the analysis has not been published. It is hoped that it will be
subsequently published in detail and interpreted by someone more knowl-
edgeable then myself in such matters.

I was most fortunate in being able to have an art historian, Andrea P.A.
Belloli of the Los Angeles County Art Museum, contribute to this study a
chapter on the iconography of the Smithsonian globe. Using art historical
evidence she analyses the products of this Mughal workshop and attributes
the globe to one particular designer and scientific instrument maker within
this large workshop—arriving at the same conclusion to which I was forced
independently by the examination of the linguistic and technical features of
the globe. I wish to express my special thanks to her for undertaking this
chapter and so rigorously meeting all appointed deadlines. She bears no
responsibility, however, for whatever errors or misinterpretations are to be
found elsewhere in this study.

The nature of the study has necessarily involved a large number of people
who have given assistance in various ways. The author is particularly indebted
to the enormous assistance given through conversations by Francis R. Mad-
dison, Curator of the History of Science Museum, University of Oxford, who
made many valuable suggestions based on his extensive knowledge of Islam-
icate scientific instruments. In addition, both he and Alain Brieux of Paris
most generously placed at my disposal all the files for their comprehensive
repertoire of signed or dated Islamicate scientific instruments, which they
are preparing jointly.

Among the persons who gave liberally of their time to supply needed
information and answer queries I would particularly like to mention Anthony
J. Turner of Le Mesnil-le-Roi, France, and Roderick and Marjorie Webster,
Curators of the Adler Planetarium, Chicago, as well as acknowledge the kind
assistance of R.G.W. Anderson, formerly Assistant Keeper of the Department
of Technology, the Royal Scottish Museum, Edinburgh, and now with the
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Science Museum, London; Madame Marthe Bernus-Taylor, Conservateur a
la Section Islamique, Musée du Louvre; D.J. Bryden, formerly of the Whipple
Museum of the History of Science, University of Cambridge; Professor D.]J.
de Solla Price of Yale University whose untimely death occurred just before
publication; Dr. Muammer Dizer, Director of the History of Science Museum,
Kandilli Observatory, Istanbul; Michael Robinson, Assistant Keeper, Depart-
ment of Art, Ulster Museum, Belfast; J.S. Simons, Technician, Museum of
the History of Science, University of Oxford; Professor Cyril Stanley Smith,
Massachusetts Institute of Technology; and Christopher Terrell, Curator of
Hydrography of the National Maritime Museum, London. Helpful sugges-
tions regarding one or more of the signature inscriptions were given by Dr.
Ismail K. Poonawala, Department of Near Eastern Languages, UCLA, and
James R. Reid and Mehri Reid of the Von Grunebaum Center for Near
Eastern Studies, UCLA, and some brief linguistic enquiries were answered
by Julian Baldick of Wolfson College, University of Oxford; Beatrice F. Manz
and Menuchechr Mohandessi of Harvard University; Serge Obolenski of the
U.S. Foreign Service; and Mary Chase Smith of the University of North
Carolina, Chapel Hill. The author also wishes to thank Judy Erickson von
Gunten, who translated Spanish texts for my use and drew sketches of
constellation figures from several globes.

Many museums and private collectors assisted by graciously allowing me
to examine the globes or by supplying photographs: Madame Marthe Bernus-
Taylor, Conservateur a la Section Islamique, Musée du Louvre; Alain Brieux
of Paris; Michael V. Butler, Curator of Physics, Cranbrook Institute of
Science, Bloomfield Hills, Michigan; Marcel Destombes of Paris, who kindly
let me examine his very important personal collection of Islamicate globes;
Jan Dolman, Assistant Curator, the Time Museum, Rockford, Illinois; Wa-
fiyya Ezzi (deceased), former director, and Abu El-Ra’uf Ali Yousuf current
director, the Museum of Islamic Art, Cairo; Mr. and Mrs. David H.H. Felix
of Philadelphia; Kenneth A. Lohf, Librarian for Rare Books and Manuscripts,
Butler Library, Columbia University, New York; A.E.R. North, Department
of Metalwork, and A.G. Mitchell, Indian Section, of the Victoria and Albert
Museum, London; Miss Dorothy E. Miner, Librarian, Walters Art Gallery,
Baltimore; R.H. Pinder-Wilson, former Deputy Director of the Department
of Oriental Antiquities, British Museum, London; D. Morgan Rees (de-
ceased), former Keeper of the Department of Industry, the National Museum
of Wales (now the Welsh Industrial and Maritime Museum, Amgueddfa
Diwydiant a Mor Cymru), Cardiff; A.N. Stimson, Curator of Navigation, and
Miss Drucilla Bates, of the National Maritime Museum, London (Greenwich);
A.C. Thompson, Keeper, and R.G.W. Anderson, Assistant Keeper, of the
Department of Technology, the Royal Scottish Museum, Edinburgh; The
Reverend F.J. Turner, S.J., Librarian, Stonyhurst College, Lancashire, Eng-
land; and Antony Vincent, Department of Astronomy and Geophysics, the
Science Museum, London.

In addition to those mentioned earlier, others at the Smithsonian have
given advice and assistance, including Esin Atil of the Freer Gallery of Art;
William T. Chase of the Conservation Laboratory of the Freer Gallery of
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Art; George Norton, museum specialist of the Division of Physical Sciences
of the National Museum of American History; and Robert Organ, Chief of
the Conservation and Analytical Laboratory of the National Museum of
American History. I also wish to express my appreciation to Rebecca Curzon,
publications coordinator of the National Museum of American History, who
consistently showed interest and courtesy in handling the publication of this
study; Alice Gergely of the National Museum of American History who
patiently typed the tables; and Theresa J. Slowik, technical publications editor
of the Smithsonian Institution Press, who meticulously groomed and pre-
pared the manuscript for press.

There are, of course, many scholars whose previous writings were of
fundamental usefulness to this study; among them I would particularly
mention P. Kunitzsch, whose studies of Arabic star nomenclature must be
extensively employed in any discussion of the topic. Furthermore, any ex-
amination of Islamicate celestial globes is necessarily indebted to the studies
of some of the early globes by Marcel Destombes, who at the time of his
recent death was nearing completion of an analysis of Islamicate celestial
globes prior to AD 1500, giving special attention to the star names.

In addition to the photographs of the Smithsonian globe prepared by the
photographic laboratory of the National Museum of American History, there
are other photographs used in this publication, a number of which were most
generously supplied by Alain Brieux of Paris, while the Musée du Louvre,
the Whipple Museum of the History of Science, the National Maritime
Museum (London-Greenwich), the Royal Scottish Museum, the Time Mu-
seum of Rockford, Illinois, and Columbia University also furnished photo-
graphs of items in their collections. Three photographs of unknown origin
are drawn from the files of the History of Science Museum, Oxford, and the
Whipple Museum of the History of Science, Cambridge. The author wishes
to thank the Adler Planetarium, Chicago; Alain Brieux of Paris; the British
Museum; Columbia University, New York; the Cranbrook Institute of Sci-
ence, Michigan; Musée du Louvre; the Museum of the History of Science,
Oxford; the National Maritime Museum, London (Greenwich); the Royal
Scottish Museum; Stonyhurst College, Lancashire, England; the Time Mu-
seum, Illinois; the Victoria and Albert Museum; the Welsh Industrial and
Maritime Museum; and the Whipple Museum of the History of Science, for
granting permission to publish photographs.

To the constant support and inspiration of M.B.S., friend, lover, scholar,
crank, this study is dedicated.

Emilie Savage-Smith
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Islamicate Celestial Globes:
Their History, Construction, and Use

Emilie Savage-Smith

INTRODUCTION

The globe that is the particular focus of the
study is an anonymous and undated hollow metal
seamless sphere. It shows about 1022 inlaid silver
stars and has 48 constellation figures and numer-
ous star names engraved on its surface. The
attribution of this globe to a particular maker
was arrived at independently by an historian of
science and an art historian (Andrea P.A. Belloli).
Thus, the conclusions given here may serve as a
case study of how scholars having different view-
points and employing different methodologies
can approach the same body of evidence and
arrive at the same conclusions without knowl-
edge of one another’s findings. Both scholars,
one using art historical evidence and the other
linguistic and technological arguments, agreed
upon a definite attribution to one particular de-
signer and scientific instrument maker within a
large workshop. The globe is a fine example of
the Mughal Indian celestial globes of the seven-
teenth century, a period that has received rela-
tively little attention and is thoroughly within the
tradition of medieval Islamicate scientific
thought. This particular globe is, moreover, one
of the finest examples of precision instrument
making among all the extant Islamicate celestial
globes. This globe is also a good example of
constructing a globe by casting a hollow seamless

Emilie Savage-Smith, Gustave E. von Grunebaum Center for
Near Eastern Studies, University of California, Los Angeles, CA
90024.

sphere using the cire perdue (lost wax) method—
an intricate process in which a particular family
workshop of astrolabe makers in Lahore excelled
during the sixteenth and seventeenth centuries.
There is some evidence that the technique might
have developed outside of northwestern India
and as early as the thirteenth century, though
unfortunately all the evidence for this theory
rests on globes whose authenticity is question-
able. The seamless nature of certain Islamicate
metal globes was not recognized until this study
was undertaken. These Islamicate celestial globes
are the only known examples of hollow cast
seamless spheres.

NOTE ON TRANSLITERATION AND DATES.—
With the Arabic I have tried to follow for the
most part the orthography rather than the pro-
nunciation, emphasizing the element of reversi-
bility in the transliteration. I have employed bas-
ically the Library of Congress System with a few
of the variations given by Hodgson (9-10). A
macron rather than a circumflex has been used
to indicate long vowels. The Arabic article is
never assimilated to the following noun. The
double ya” after kasrah is written as 7y rather than
iyy, and the hamzah at the start of a word is
omitted. The final a written in Arabic with a ya”
(alif magsurah) is written as -a. The feminine
ending of a noun or adjective is indicated by a
ta’ marbutah, which is a combination of an & with
the diacritical marks of a ¢ and pronounced some-
times as an k£ and sometimes as a ¢t and sometimes
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not at all. In this study it is usually written as an
h, except when the word occurs before a noun
in the genitive or construct state (idafah), in
which case it is written as a ¢. For example, by
itself the word for “work” or “opus” would be
san‘ah, but in the statement “the work of Yunus
ibn al-Husayn al-Asturlabi” it would be written
as san“at Yunus ibn al-Husayn al-Asturlabi.

In the case of transliterating Persian and Indo-
Persian, I have tended to transliterate the words
with the same alphabet used for the Arabic with
the addition of four letters p, ch, zh, and g. In
this procedure I deviate from the system em-
ployed by the Library of Congress. Thus I write
Diya” al-Din instead of Ziya® ad-Din. It is with
some regret that I do this, for I recognize that
Persian is a separate language despite the fact
that it is written with the Arabic alphabet. The
choice was made, however, because I am a better
Arabist than Persianist and because Arabic is the
basic language of all the globes, except for the
two with Sanskrit inscriptions, with the Persian
and Indo-Persian (and in one case Ottoman
Turkish) occurring, except for a few minor
words, only in the signature inscriptions. The
reader will find in Chapter 8 all the signature
inscriptions on the globes written in Arabic and
Persian alphabets.

Throughout the study, dates given in the Is-
lamic era, that of the Hijrah, are designated by
H, while those of the common Christian or Gre-
gorian calendar are indicated by AD (anno Dom-
ini). Whenever a reference occurs to a century
with no designation of calendar, the common
Christian era is intended. Because this study is
written in a European language, 1 have tended
to give only the equivalent Christian dates when
greater specificity seemed unnecessary. When
referring to the date of a particular product, I

place the Hijrah date first followed by the Chris-
tian date. Thus in the historical sections a date
of a product will have the form 622 H/AD 1225—
1226. The actual date on Islamicate scientific
instruments and treatises is not given in the
Christian era (with one exception on a single
globe), but in that of the Hijrah or some other
Eastern calendar (see Table 5 in Chapter 7 for
all the calendrical eras used on Islamicate globes).

NOTE ON REFERENCES AND BIBLIOGRAPHY.—
The references in this book use a shortened form
that has been devised to overcome the difficulties
of dealing with classical texts and scientific works
within the same system. Each work listed in the
Bibliography is alphabetized under its shortened
form—usually the author’s or editor’s name, and
either an abbreviated title or the year of publi-
cation.

These short forms are used in the notes to
Chapters 1-5 and in the Citations sections in the
Catalog. In the discussion of the Constellations
in Chapter 5, where a limited number of treatises
are used repeatedly, the short forms are used in
the text itself and refer the reader directly to the
Bibliography.

For classical works, the traditional system of
book and line numbers has been used; e.g., Ho-
mer Il., 11,15 refers to Book II line 15 of Homer’s
Iliad. For Aratus’s poem, Phaenomena, line num-
bers are given. Thus these references can be
found easily in any edition. Where a particular
translation has been quoted, the translator is
specified and page numbers are given. For more
contemporary sources the short form of the ref-
erence is followed by volume and page numbers
as necessary; e.g., EI [2], 4:387 refers to page
387 in Volume 4 of the second edition of the
Encyclopaedia of Islam.



Historical Overview

1. A History of Celestial Globes in the Greco-Roman and Islamic Worlds

From Zeus let us begin; him do we mortals never leave unnamed . . . for himself it was who set
the signs in heaven, and marked out the constellations, and for the year devised what stars
chiefly should give to men right signs of the seasons, to the end that all things might grow

unfailingly.

Patterns of stars and their collective movement
across the sky have been of interest to people
from the earliest historical periods. The stars
have been commonly, though perhaps not uni-
versally,' perceived as though attached to the
inside of a hollow sphere enclosing and rotating
about the earth. It is therefore reasonable that
the earliest attempts to represent in a model the
arrangement and movement of the stars were by
means of a celestial globe. The earth, which was
known to be spherical from early classical antiq-
uity, was imagined at the center of the globe,
while the stars were placed on the globe so that
the resulting model presented the stars as seen
by an observer outside the sphere of fixed stars.
Consequently, the relative positions of the stars
on a celestial globe are the reverse, east to west,
of their appearance when viewed from the sur-
face of the earth.

In antiquity, the idea of constructing a physical
model to represent certain celestial phenomena
appears to have been peculiarly Greek, as was
the attempt to represent the known world on a
terrestrial globe, if we can accept as authentic
the few references to terrestrial globes.” Tradi-
tion has it that Anaximander of Miletus (610—
547 Bc) made a map of the earth and sea and
made a globe (opaipa), possibly terrestrial.®

According to Cicero,* who reported the state-
ments of the Roman astronomer Gaius Sulpicius
Gallus of the second century Bc, the first globe
was constructed by Thales of Miletus (sixth cen-
tury BC). The account continues:

Subsequently, Eudoxus of Cnidos [ca. 390-340 Bc], Plato’s
pupil, as Gallus said, marked on the globe the stars that are

Aratus
Phaenomena

fixed in the sky. Many years after Eudoxus, Aratus adopted
from him the entire detailed arrangement of the globe and
described it in verse, not displaying any knowledge of as-
tronomy but showing considerable poetical skill.?

Eudoxus was an astronomer who appears to
have had considerable influence on later Greek
astronomers.® Unfortunately nothing remains to-
day of his writing except some possible frag-
ments. Whether or not Eudoxus actually used a
celestial globe, he did compile a descriptive list
of constellations, with their calendric risings and
settings, which he prepared in two versions titled
"Evorrpa (mirrors) and $awopeva (phenomena).

The latter version was no doubt the basis for
the extraordinarily influential astronomical
poem Phaenomena (Powvopeva) by Aratus of Soli
in Cilicia (ca. 315-240 Bc).” This poem was un-
dertaken at the request of Antigonus Gonatas
who, as ruler of Macedonia, formed around the
court an active literary circle.® The Phaenomena
surveys in very general terms with no precise
indications of positions or distances the northern
(including zodiacal) and southern constellations,
the circles of the celestial sphere, and the risings
and settings of the fixed stars, followed by a long
section, subtitled dtoonuiae (omens from the sky),
on indications of weather phenomena. Approxi-
mately 48 distinct asterisms are described, in-
cluding the Pleiades, which are considered sepa-
rately from Taurus because of their importance,
and a constellation called Vdwp (water), which may
be the group later considered by Ptolemy to be
the external stars of the Southern Fish.? In ad-
dition to the Milky Way (yaMa) the circles of the
celestial sphere consist of the northern and south-
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ern tropic circles (the Tropic of Cancer and
Tropic of Capricorn), the celestial equator (io-
nuepros kukhos, or equinoctial), and the ecliptic
(kukXos Nofos or oblique circle sometimes called
{widros kvkNos or zodiacal circle). Sometimes Ar-
atus speaks of the circle of the zodiac as being
only the ecliptic circle, and at other times as a
zone extending about 6° to either side. Certain
asterisms are described as being always visible,
lying within the circle of perpetual visibility (¢
Qet pavepos kvkNos), which indicates a certain geo-
graphical latitude.

The most frequently suggested latitude is that
of about 37° or 38°, approximately that of Ath-
ens;'” however, R. Boker has prepared a detailed
technical analysis of the celestial globe that Ara-
tus (and Eudoxus before him) may have used
while composing the Phaenomena. He concluded
that the celestial globe had the human constella-
tion figures portrayed from the back (as if facing
in toward the globe) and was designed for a
particular geographical latitude, which he esti-
mated to be between 32°30’ (that of the ruins
of Babylon south of Baghdad) and 33°40” (that
of Tyrus in Phoenicia is 33°18" and Sidon
33°34"), with the star positions relative to the
equinoxes corresponding to the beginning of the
tenth century BC, plus or minus 30 to 40 years."!

This significant example of didactic Hellenistic
poetry consisting of 1154 hexameters'? achieved
great popularity, prompting many commentaries
(the names of 27 are known)'® and later Latin
translations. These include one by Cicero (frag-
ments of this youthful work still survive); another
from Germanicus Caesar (born 15 BC), who was
adopted by his uncle Tiberius and stood in direct
line of succession; and another by Avienus, pro-
consul of Africa in AD 366. Aratea is the name
given to the Latin versions of Aratus’s Phaeno-
mena, and they cover a period of some four
hundred years.'* In the ninth century the poem
was translated into Arabic.'®

While it is quite likely that even before the
time of Eudoxus other early poems had been
written on constellations, such as that by Cleos-
tratus of Tenedos,'® none were as influential as
Aratus’s versification of Eudoxus’s Phaenomena.

An extant treatise on the mythologies associated
with the constellations entitled Karaoreptouot is
questionably attributed to the geographer, math-
ematician, and literary critic Eratosthenes of Cy-
rene (ca. 275-194 Bc).'” Though he is known to
have written a treatise by this title, the extant
prose fragment is probably spurious. It describes
42 constellations with the stars numbered in
each, but with no stellar coordinates. In the later
Roman world this work was an important source
concerning the various myths related in antiquity
to the constellation forms.'®

It is highly unlikely that either Aratus or his
predecessor Eudoxus made any methodical astro-
nomical observations. The poem by Aratus seems
to be describing a celestial globe, though one is
never specifically mentioned. If we can accept
the testimony offered by Cicero and his sources
and that of the seventh-century Byzantine writer
Leontius, who speaks of the greater simplicity of
Aratean globes (apareia opaipa),'® celestial
globes were employed by Aratus and possibly
Eudoxus; the precise nature of these globes is
not known today. There is no evidence that the
globes were mounted in meridian and horizon
rings as was to be the classical form throughout
the Christian and Islamic eras. The globe was
probably a sphere representing a number of
prominent stars and 42-48 constellation outlines
drawn around groups of the stars. The globe
would have had great circles representing the
ecliptic and the celestial equator, with two circles
parallel to the equator indicating the tropic cir-
cles and two additional equatorial parallel circles
indicating, the area of the heavens that would
always be visible (or invisible) at whatever loca-
tion the maker of the globe lived. There is no
mention of colures or meridians on these early
globes, nor any indication that they were to be
rotated around the equatorial poles within a ho-
rizon ring to illustrate the movement of the
heavens, though the later writers Manilius of the
first century AD and Leontius of the seventh
century place similar globes within a horizon
ring.

While the Phaenomena is a smoothly written,
easily readable poetic introduction to the con-
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stellations, it is, as Cicero implies, astronomically
deficient. Criticisms were made of Aratus’s (as
well as Eudoxus’s) positioning and descriptions
of the constellations and stars by Hipparchus in
his Commentary on the Phaenomena of Eudoxus and
Aratus (E&nynows 7av " Aparov kai Pvdofov pawo-
pévwr).*® This commentary is the only preserved
work by this great early astronomer, who was
born at Nicaea in Bithynia about 190 Bc.?' It has
been frequently stated that Hipparchus’s catalog
of stars (which is not extant as an independent
work, but is contained in part in his commentary
on Aratus) was virtually repeated by Ptolemy
three centuries later in his Almagest, with appro-
priate changes in longitude. It has been conclu-
sively shown,?” however, that the Hipparchan
catalog must have been quite different. In the
Commentary on Aratus Hipparchus is concerned
with describing only those stars, based on the
latitude of Rhodes, that rise and set, thus ignor-
ing the northernmost constellations, which are
always visible. He uses no single system of coor-
dinates and most significantly no ecliptic coordi-
nates, and he makes no attempt to classify the
stars by magnitude. For these and other reasons,
although Hipparchus was apparently carrying
out observations and was concerned with accu-
rate descriptions and positions, his catalog of
stars was certainly not repeated by Ptolemy,
whose later catalog was fundamentally different.
The number of stars, as well as the number of
distinct constellations, in Hipparchus’s catalog is
ambiguous, but it seems there were between 45
and 47 constellations with no more than 850
stars.?

Hipparchus can also be credited with the dis-
covery of the precession of the equinoxes, the
slow movement of the equinoxes against the
background of the fixed stars, which he assumed
was at least 1° per hundred years.* It has long
been assumed® that early astronomers, even be-
fore Hipparchus, commonly used celestial globes.
Although there is no concrete evidence, such
usage must be inferred from statements such as
those found in Aratus’s poem. It is probable that
the type of celestial globe used by Hipparchus,?®
if indeed he used one, was a simple sphere not
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mounted in rings, designed only to display the
relative positions of the stars and to indicate areas
never visible and always visible at his location.

There seems also to have been an interest in
terrestrial globes in the second century Bc, if we
are to believe the statement of the geographer
Strabo, writing a century later, who says®’ a
terrestrial globe was constructed by the Homeric
scholar Crates of Mallos®® about 170 Bc. Strabo
himself goes on to say that a terrestrial globe
should be no less than 10 feet (dexa woddv) in
diameter and that if the maker is unable to
construct one of such a size he should instead
draw a map on a plane surface seven feet across.
Elsewhere in his Geography Strabo says that the
“earth as a whole is sphere-shaped (spatpoeiéns),
but not sphere-shaped as though from a turning-
lathe (ex Toprov) but rather has some irregulari-
ties.”* From this we may assume that it was
customary to smooth the surface of wooden
shapes by turning on a lathe. Such shapes prob-
ably included spheres, some of which may have
been intended for use as globes.

In Cicero’s tract De republica,®® written in 51
BC, there are mentioned two celestial globes
made in the third century BC by the great math-
ematician of Syracuse, Archimedes. Both globes
had been taken from the city of Syracuse when
Marcus Claudius Marcellus captured it in 212 BC
during the Second Punic War. One globe had
been placed in the Temple of Virtus in Rome
and was more widely known than the other globe
because it was more attractive. This particular
globe was said to be solid (sphaera solida), having
no hollow spaces, and according to the opinion
of the astronomer Gaius Sulpicius Gallus, was of
the early type of celestial globe, having the con-
stellations and fixed stars on it. The second ce-
lestial globe made by Archimedes®’ had been
taken home by the conqueror of Syracuse as his
only share of the booty and was still in the family
home when Gallus was consul (166 BC). This type
of globe the astronomer Gallus called a newer
class of globe:

Gallus declared that the globe at Marcellus’ house, which

showed the motions of sun and moon and of those five
wandering stars or planets as they are called [Mercury,
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Venus, Mars, Jupiter, Saturn] could not be constructed in
solid form. All the more remarkable, therefore, was Ar-
chimedes’ discovery, since he had devised a method of
construction whereby, extremely different though the move-
ments of the planets are, the mere turning of the globe
would keep them all in their unequal and different orbits.
When Gallus rotated the globe, the moon really followed
the sun on the bronze globe by the same number of revolu-
tions as are the days it lags behind in the sky. Thus it
happened that on the globe occurred a solar eclipse just like
the real eclipse; and also that the moon passed into the tract
of space covered by the earth’s shadow when the sun [and
the moon were on opposite sides of the earth]. (Text breaks
off suddenly.)*

It is possible that what is being described here
was a celestial globe placed at the center of a
demonstrational armillary sphere, with rings rep-
resenting the courses of the five planets, moon,
and sun. It cannot be a celestial globe mounted
in the two rings (a practice that seems to have
been customary by the first century AD), for this
globe of Archimedes had rings representing the
movements of celestial bodies. It has also been
interpreted as an early form of orrery, though
why it would have been considered a variant of
a celestial globe in that case is not clear. The
description contrasts markedly with the solid
sphere (which has no hollow spaces or rings, and
was probably of the type used by Aratus and
possibly Hipparchus).

A similar mechanical device for demonstrating
the movement of the planets, sun, and moon
against the background of the fixed stars was said
by Cicero® to have been constructed by the
philosopher Posidonius, with whom Cicero stud-
ied in Rhodes. Other references** to such con-
trivances can be found in the literature, including
a possible one in Plato’s Timaeus,”” written in the
fourth century BC, and a more detailed one in
the major physiological treatise written in the
second-century AD by the physician Galen.*®
These and other mentions of such demonstra-
tional devices indicate that they were not uncom-
mon in learned circles in Hellenistic and Roman
times. Unfortunately, specific details of the ar-
rangement and its precise relation to a celestial
globe are unknown. It has been conjectured that
even the simplest possible device that could reg-
ulate the movements of the planets, sun, and

moon would require a system of gears meshing
in parallel planes.”” Several means have been
suggested that Archimedes and others may have
employed to turn the device, including a hy-
draulic mechanism® or a worm-wheel construc-
tion.*® In any case, no artifact of such a device
remains, though the tradition of a self-moving
celestial sphere (without the planets, however) is
discernable in a treatise written in Persia in the
twelfth century, which describes a celestial globe
half-sunk in a box; the globe is rotated once a
day by an elaborate system of pulleys driven by
a float on a sinking reservoir of sand.*’

Writing in the first century BC, Geminus of
Rhodes,*" also a pupil of Posidonius, in his Intro-
duction to the Phaenomena (Etcaywyn eis 7o pouv-
opeva) mentioned two types of celestial globes, a
“solid” variety (oTepea opaipa) and a “ringed”
style (ai kpuwral opaipar).”” The latter type
must refer to a demonstrational armillary sphere
built about a celestial globe, but without a mech-
anism for indicating the movements of the moon,
sun, and planets as designed by Archimedes.
According to Geminus, the “ringed globe” was
constructed with the “arctic” circle (apkTikos)
36° from the north (celestial) pole;** the “arctic”
circle was also 30° from the summer tropic circle
(Bepwvos Tpomwwkos), while the latter was 24° from
the equator (iomuepwos), which in turn was 24°
from the winter tropic circle (xewpepwos 7pom-
wos).** The latter circle was then 30° from the
“antarctic” circle (avrapkrikos), which was 36°
from the south pole (voros wolos).

Geminus goes on to say that both the “solid
globe” and the “ringed globe” were constructed
for only one geographical latitude—that is, 36°
north, which is the latitude of Rhodes. The “arc-
tic” and “antarctic” circles were defined as delim-
iting, respectively, the area of the heavens that
was always visible and the area always invisible.
Since the position of these two celestial circles
would depend upon the location of the observer,
the globe was valid for only one geographical
latitude (in this case 36°), and a horizon ring
surrounding a meridian ring that allows adjust-
ment to different terrestrial latitudes was proba-
bly not employed. Indeed such circles are either
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redundant or incorrect if a meridian-horizon
ring assembly is used, depending on the setting
of the rings. Presumably the “ringed” celestial
globe as described by Geminus differed from the
solid form by having the arctic and antarctic
circles, tropics, and equator (and possible colures)
indicated by rings surrounding the globe, on
which were represented the ecliptic and some
stars and constellations; the solid globe might
have had the circles drawn directly on the surface
of the globe itself.

The five parallel rings of a “ringed” globe were
possibly held in place by one or two rings placed
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at right angles to them and attached to the equa-
torial poles of the globe (see Figure 1). If a third
ring were then attached that touched the arctic
and antarctic circles at one of the points where
the circles intersect the outside perpendicular
ring, this third ring would of course be an indi-
cator of the horizon. There is no mention in the
literature that this was ever done. It is also pos-
sible that the ecliptic was indicated by a ring (as
well as on the sphere itself), in which case the
two perpendicular rings to which the parallel
ones were attached could serve as colures.

We have no information as to how the posi-
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FIGURE 1.—Conjectured design of “ringed” celestial globe described by Geminus of Rhodes in
the first century BC.
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tions of the stars on a globe of this or earlier
periods were determined. The use of coordinates
seems highly unlikely. The constellations along
the ecliptic were probably drawn first with others
placed proportionately about, and then the stars
marked within and outside the constellation out-
lines as was called for by the treatises discussing
the constellations. From his inaccuracies and
vagueness, one can conclude that whatever
globes Aratus used were doubtless the results of
such imprecise procedures.

The concepts of the “arctic” and “antarctic”
circles being the “greatest always visible” circle
and the “greatest always invisible” circle were no
longer required on celestial globes shortly after
the beginning of our era, for an horizon ring,
enclosing an adjustable meridian ring, would in-
dicate the always visible and always invisible areas
of the firmament for any latitude desired, al-
though the “greatest always invisible” circle re-
mained important in the design of astrolabes.*’
Consequently on all Islamicate celestial globes
there are no “arctic” and “antarctic” circles in the
sense of circles marking areas of constant visibil-
ity or invisibility, but rather polar circles having
the celestial poles at the center and the ecliptic
pole on the circumference, thus having a radius
equal to the obliquity of the ecliptic (see Figure
30). On Byzantine attempts to reconstruct the
pre-Ptolemaic or Aratean celestial globes (such
as that of Leontius), the "greatest always visible
(invisible)” circle reappears. The very few pre-
served representations of Hellenistic and Roman
celestial globes all represent the pre-Ptolemaic
tradition by having such circles indicated on
them.

There is no indication in these early descrip-
tions of celestial globes that any of them were
placed in a ring indicating the horizon line so as
to demonstrate the movement and rising and
setting of stars for the given geographical lati-
tude. It appears that all celestial globes prior to
our era were primarily designed to illustrate the
relative positions of the major stars and constel-
lations and to indicate those that were always
visible at a certain latitude, as well as to show in
general terms the course of the sun through the
zodiac.

Ptolemy, the great astronomer of Alexandria
(fl. AD 127-148), made two important contribu-
tions to the history of celestial globes: his star
catalog, which formed the basis for all star cata-
logs used by globe makers in the Islamic world,
and his detailed description of a particular type
of celestial globe. In books VII and VIII of the
Almagest (peyiorn ovvrakis which, through the
Arabic, became in Latin Almagestum)*® Ptolemy
presents a catalog of 1025 stars.*” Each star is
assigned a magnitude of one to six (some stars
being described as greater or lesser than a given
magnitude) and each star’s relation to one of 48
constellation outlines is described by Ptolemy,
who says he has slightly altered the outlines from
those of his predecessors, just as they had
changed the figures passed down by their pred-
ecessors. Five stars are called nebulous
(vepehoerdns) and nine faint (apawpos), rather than
being assigned magnitudes; each star is given a
specific position in terms of the ecliptic coordi-
nates of longitude and latitude.** The longitudes
were reckoned along the ecliptic from the posi-
tion of the vernal equinox at the beginning of
the reign of Antoninus Pius (aD 138).*

In book VIII, chapter 3 of the Almages
Ptolemy gives explicit instructions for the design
of a celestial globe that will not become outdated
by the precession of the equinoxes. Ptolemy be-
gins by saying that the maker should take a solid
sphere (a7epea apaipa); no instructions are given
as to how to construct the sphere or what mate-
rial to use. He should then make the sphere a
dark color (xp&ua BabBirepov) resembling the
night sky. After selecting two antipodal points
on the sphere, a great circle is to be made that is
equally distant from both points; this circle is to
represent the ecliptic. A second great circle is
then to be passed through the two points; it will
then be perpendicular to the first circle and pass
through the two ecliptic poles. Beginning at one
of the two points of intersection of these circles,
the ecliptic is to be divided into 360 parts or
degrees, and then into as many subdivisions of
degrees as desired (such a comment presupposes
a fairly large globe), and then the degrees are to
be numbered. Next, two rings (xvkXot) of strong
and seasoned wood (¢ YAns evTovov kat TeTauperns)

50
t,



NUMBER 46

are to be made, one whose inner edge can just
pass over the surface of the sphere, while the
second ring has to be large enough to pass over
the first ring. On one of the flat faces of each
ring a semi-circular arc is drawn dividing the
width of the face into two equal parts.”’ Then
the semi-circular arc on each ring is graduated
into 180° and labeled (beginning with 90° at
each end of the arc and decreasing to zero at the
center of the half-circle). The smaller of the two
rings is pierced through at the two opposite
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points where the graduations begin and attached
by two pins to the ecliptic poles of the globe (see
Figure 2).

With the ring in place and able to rotate about
the ecliptic poles, the stars can then be placed on
the globe in their proper positions. To avoid the
problem of the slow movement of the precession
of the equinoxes outdating the globe, a constant
and invariable point of reference must be taken,
for which purpose Ptolemy selects the star Sirius
(“in the mouth of the Great Dog,” a Canis Ma-

NORTH ECLIPTIC
POLE

NORTH CELESTIAL POLE

S HORIZON RING

Sirius

FIGURE 2.—Ptolemaic precession celestial globe.
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Joris). For greater accuracy in a later work, the
Handy Tables, Ptolemy selects Regulus (a Leonis),
which is closer to the ecliptic.’® Sirius is then
placed on the circle at right angles to the ecliptic,
thereby assigning to Sirius a celestial longitude
of 0°. Then the latitudinal position of Sirius on
this great circle is found by lining up the gradu-
ated ring with the great circle and marking the
position on the surface of the globe next to the
graduation on the ring corresponding to the
latitude for Sirius in the star catalog. Yellow or
any other color that would contrast well with the
dark background is suggested for indicating the
stars, with a mark whose size indicates the mag-
nitude (brightness) of the star. All the other stars
in the star catalog are then to be placed on the
globe by comparing their longitudes as given in
the catalog with the longitude of Sirius given in
the catalog, moving the graduated ring to the
point on the ecliptic corresponding to this differ-
ence and then marking off the latitude either
north or south as required. After all the stars are
placed, the constellation outlines should be
drawn in a color different from that of the
ground, with simple, unobtrusive lines. Finally,
the Milky Way is to be indicated on the surface
of the sphere.

The larger ring is taken as a meridian ring and
two pins are passed through holes bored at either
end of its graduated half-circle. These pins are
attached to the smaller ring so that the topmost
(northern) pin is inserted at the marking of 66°9’
on the upper half of the small ring, thereby
making the angle between the two poles corre-
spond to the obliquity of the ecliptic as given by
Ptolemy (23°51"). Having used the smaller ring
for the purpose of determining the star positions,
it would seem that Ptolemy intended for it then
by some means not specified to be locked into a
fixed position relative to the globe so that it
would form the solstitial colure passing through
the solstices, the equatorial poles, and the ecliptic
poles (to which it is directly attached). This fixed
position would then, according to Ptolemy, be
valid for approximately 100 years, after which it
would need to be reset.

This inner ring is to be set at that point on the

globe’s ecliptic that is as many degrees removed
from the circle passing through Sirius as the
Jatter circle is from the summer solstice for a
particular date. Ptolemy gives as an example
12°20’ at the beginning of the reign of Antoni-
nus Pius. The outer (meridian) ring is then placed
within a horizon ring and can be adjusted within
that ring for any given geographical latitude; the
globe with attached inner ring appropriately set
could be rotated east to west to imitate the move-
ments of the heavens. The stars along the equa-
tor could be determined, according to Ptolemy,
by observing which stars on the globe pass under
the zero-point of the graduated half of the me-
ridian (outer) ring; in a similar way the regions
defined by the tropic circles can be seen under
the points 23°51” north and south of the zero-
point of the meridian ring. The equatorial co-
ordinate (declination) of a star, Ptolemy adds,
can be read by rotating the globe so the star is
alongside the graduated side of the meridian
ring.

Such a description indicates that it was custom-
ary by the time of Ptolemy to place a meridian
ring about a globe, which in turn was set into a
horizon ring (see Chapter 2 of this study for
further details on the use of meridian and hori-
zon rings). Ptolemy does not provide any infor-
mation on the processes involved in actually man-
ufacturing such a globe, nor does he indicate
what mechanism is to be used to allow the inner
ring to rotate freely enough about the sphere so
that it is useful for determining the positions of
the stars, and yet later be rigidly fixed so as to
serve as solstitial colure.

Ptolemy’s design® for a celestial globe is
unique in that the sphere has stars and the ecliptic
but not the celestial equator and parallel circles;
furthermore, there is an arrangement of rings
that can be adjusted to any time period as well
as any geographical latitude. As will be seen, such
a design for a precession globe is not known to
have been followed in the Islamic world even
though the Almagest circulated widely and was
for many centuries the fundamental astronomi-
cal treatise in Islamdom as it was in the West.

Unfortunately, there are few surviving Greco-
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Roman celestial globes with which we might com-
pare the later Islamicate ones. It is probable that
most celestial globes produced in antiquity were
made of wood® and thus have not survived the
deterioration of centuries. All preserved globes,
or fragments of globes, from Hellenistic and
Roman times are non-functional, inaccurate ce-
lestial globes clearly made for decorative pur-
poses and not for the use of an astronomer. All
reflect the pre-Ptolemaic (or Aratean) design of
a globe made for only one geographical latitude
(bearing circles indicating the always visible and
always invisible areas of the sky) and not placed
in a meridian and horizon ring.*® No remains are
known of any armillary sphere or device for
indicating the movements of the sun, moon, and
planets,’® nor of any attempt at a precession
globe of the type described by Ptolemy. The
Islamicate globes clearly represent the tradition
of globe making current by the time of Ptolemy,
which placed the sphere within a meridian and
horizon ring.

The most famous example from the Greco-
Roman world is the marble Farnese globe held
by a kneeling figure of Atlas.’” The globe itself
is a Roman copy of a Greek original, while the
figure of Atlas is a Renaissance addition. The
marble sphere, 650 mm in diameter, shows 42
constellations (five additional ones, including
Ursa Major and Ursa Minor, have been obliter-
ated) carved in relief and viewed from behind
(i.e., the human figures face into the globe). The
globe bears five parallel circles: the celestial equa-
tor, the northern and southern tropic circles, and
the two circles marking the always visible and
always invisible areas. The ecliptic consists of
three parallel circles, two about 6° to either side
of the great middle circle. The two colures are
also indicated. In these particulars the design
follows Aratus’s description. No star positions
seem to be marked, though it is possible that they
were painted on and have worn off with time.
The position of the constellations with respect to
the equinoxes suggests a date from the second
or third century Bc (roughly contemporary with
the time of Hipparchus), while the execution of
the piece seems to be no earlier than the first
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century AD, for which reason it is thought to be
a copy. This globe, which is not a scientific in-
strument at all but a monumental decoration,
was transferred to the Museo Nazionale, Naples,
from the Palazzo Farnese in Rome, hence the
common name Atlante Farnese.

Other artifacts from late antiquity, though not
strictly celestial globes, are closely related in de-
sign if not in function. These remains include
vessels for holding liquids, and zodiacal or as-
trological globes. Two hollow globes that served
as vessels are known, one seen in AD 1888 outside
a school building at Larissa,”® and the other a
fragment of a blue marble Roman vessel® with
stars placed arbitrarily and with constellation fig-
ures chiseled out and originally inlaid with an-
other material that has since fallen out. This
fragment is especially interesting in that the
Milky Way is indicated on it, but the placement
of the constellations does not follow completely
either Aratus nor Ptolemy. Four globes having
only the 12 zodiacal figures decorating them are
extant, including a marble one at Arolsen (160
mm in diameter),*® which had an eagle perched
on top, and a marble one (600 mm in diameter)
at the Vatican,®’ which in addition has a few
decorative stars dispersed over it.°> The marble
“astrological” globe from the third century Ap
found at the Dionysius theater in Athens is not a
celestial globe at all, but bears various astrologi-
cal and divinatory symbols.®®

Celestial globes of the Aratean variety can be
seen as a rather popular motif in frescos, statues,
coins, and other works of art from the Greco-
Roman world, in many cases intended probably
as an allegorical representation of world or uni-
versal power. Such pictorial representations of
pre-Ptolemaic celestial globes are well surveyed
and illustrated by Thiele, by Schlachter, and by
Gundel and Boker.®* One gem of lapus lazuli is
especially interesting in that it shows an astron-
omer sitting before a globe using a pair of draw-
ing compasses to measure distances on the
globe.®® Though the gem carver has been precise
about depicting the set of compasses, the circles
on the globe make no sense; the globe is not set
in horizon or meridian rings, indicating it is
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supposed to be pre-Ptolemaic, and has no stars,
which is quite common in these early artistic
representations of celestial globes.

In the seventh century AD the Byzantine writer
Leontius composed a treatise entitled On the Con-
struction of an Aratean Globe (Ilept kaTaokevis
"Apateias opaipas) that is partially preserved
today.®® It is apparent that in his time globes
were set within a meridian ring, which in turn
was set within a horizon ring, for what he de-
scribes is a globe based on the design of Aratus
but placed within a set of rings that were proba-
bly unknown to Aratus. Globes in Leontius’s day
were apparently not precession globes as de-
scribed by Ptolemy, but bore on their surface the
celestial equator as well as the ecliptic and stars—
that is, the globes were basically of a type similar
to the design evident in Islamicate celestial
globes. Leontius constructed a globe for a man
named Elpidas; its constellations and circles cor-
responded to those in the poem of Aratus. Leon-
tius later set down a description of the globe for
his friend Theodorus. He states that most of the
globes of his day that he had observed agreed
with neither Aratus nor Ptolemy. “For as you
know all the spheres now produced agree reason-
ably well in most ways neither with Ptolemy nor
with Aratus.”®” This statement may refer to there
being no precession globes nor pre-Ptolemaic
globes (those with star positions not based on
coordinates) in his day, or perhaps refers to the
inaccuracy of the constellation and star positions,
which did not correspond to those given by either
writer.

In speaking of the celestial globe described by
Aratus, Leontius says:

One must understand that the statements concerning the
stars made by Aratus are not entirely correct, as can be seen
from the expositions by Hipparchus and Ptolemy. The rea-
son is that, first of all, Aratus for the most part followed the
statements of Eudoxus, which are not very correct. Secondly,
he delineated these things, not aiming at precise accuracy,
as Sporos the commentator® says, but rather at usefulness
for the navigators (vavti\Aopevor), and quite reasonably he
treated them in a very general way. For indeed they navigate
(ot mAweSopevor) not by means of ingenious mechanical de-
vices (bt unxavik@v opyavdv) and exact precision, but by
means of unaided eyesight and observing in general terms
the arrangement of the stars. Consequently the fabricated

sphere is in no way useful for [determining] absolute fact,
but rather very serviceable for understanding Aratean ideas.
It is easy to learn at once the Aratean ideas (ra 'ApaTeia)
which are not correct as well as to understand the truth of
some of the statements.*®

Leontius then reminds the reader that Aratus
described the constellations not by coordinates,
but by their spatial relation to one another, by
their positions relative to the tropics, equator,
and ecliptic, and by their rising or setting when
various zodiacal signs rise or set. As an example
of this he takes the constellation of Ophiuchus,
the Serpent Charmer (see Figure 59). Aratus,
according to Leontius, describes it in three dif-
ferent places—first, as having his head toward
the head of “the kneeling man” (Hercules) with
his feet on the chest and eye of the Scorpion,
that he holds the serpent by the middle with the
smaller part in the right hand and the larger part
in the left hand (hence the figure is described as
if facing into the globe), that the jaws of the
serpent are close to the Crown, and that it has
some bright stars at the shoulders and less bright
ones at the hands; the Claws (Libra) are below
the twists of the serpent. In a second place Aratus
says it is cut at the shoulders by the winter tropic
and at the knees by the equator. In yet a third
place he states that at the rising of Cancer, Ophi-
uchus is set from the knees to the shoulders while
dragging off the Serpent up to the neck and that
when Scorpio is rising the head of the Serpent
and Ophiuchus rise together, along with the
hand of Ophiuchus and the first curve of the
serpent; at the rising of Sagittarius the twists of
the serpent rise with the body of Ophiuchus.
After gathering similar information for each of
the constellations from the poem by Aratus, the
maker should note it down and set it aside for a
later stage in the globe making.

Leontius then notes that Aratus described six
circles that will have to be placed on the globe:
the zodiac (6 {widtakos, or ecliptic) and five par-
allel circles which consist of the celestial equator
(0 tonuepwos), two tropic circles (Bepwos/xeipe-
pwos Tpomwwkos), each 24° either side of the equa-
tor, and two circumpolar circles each 41° from
the celestial poles. The latter two circles are the
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“largest of the always visible” and “largest of the
always invisible,” which he notes are called the
“arctic” and “antarctic” circles (apkrikos/
avrapkTikos), denoting the areas of the sky that
are always visible and never visible, respectively.
Since these circumpolar circles are 41° from the
poles, the globe Leontius is describing corre-
sponded to the geographical latitude of Constan-
tinople, which is probably where Leontius lived.
In contrast to Leontius’s interpretation, modern
estimates of the area of constant visibility de-
scribed by Aratus correspond to a terrestrial
latitude between approximately 33° and 38°,
that is, from Tyrus in Phoenicia to Athens. Leon-
tius states that although Aratus does not specifi-
cally name these two circles, he does in effect
describe them by delineating the portions of the
constellations that are always visible, and which
Leontius then concludes correspond to a 41°
circumpolar circle. Leontius felt that the Milky
Way (f 70D yalaktos {wvn), on the other hand,
though described by Aratus, ought not to be
placed on a globe, for it is “neither uniform nor
well-placed, but very varied in size, color, extent,
and location.””®

Proceeding to the actual execution of the
globe, Leontius says to stain (? xpwoabres) the
sphere, if it is of wood ({vAwrn), and smooth over
it with plaster (yvyos), or wax (knpos), thus mend-
ing the cracks in it if there should be any, and
when quite dry to paint it (eralewfavres) a deep
color such as that called Aa{ovptios (? azure) and
set it aside till dry. He does not give any specific
indication as to how the sphere is to be made nor
why it would have cracks that need filling. He
does not indicate whether it would be a solid or
hollow sphere, whether in one or more pieces,
nor whether it would be turned on a lathe for
final smoothing and shaping. He does seem to
imply that the sphere could be made of some-
thing other than wood.

After the sphere has been thus fashioned,
there is to be set on supports a ring that will
serve as the horizon (épifwr), and which will
enclose a second ring equal in size (and set at
right angles to it in notches, cut in the first ring)
which will serve as the meridian (peanuBpivos)
(see Figure 3). The inside radius of both rings is
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to be equally distant from the convex surface of
the sphere and each ring is to cut the sphere into
two halves. Furthermore, one half (“the semi-
circle above ground, as is customary”) of the
meridian ring should be divided by straight lines
into 180°. Though he does not specify it, the
meridian ring is to be attached to the sphere at
two opposite points between which runs the 180°
graduated half-circle.

Once the sphere is mounted inside the merid-
ian ring, which in turn is nested in the horizon
ring held horizontal by supports, then alongside
the 41° mark on the graduated half-circle of the
meridian ring, a sharp needle (Belovn) is held
perpendicular to the surface of the sphere and is
made to penetrate into the colors, that is, the
surface paint and plaster. Then as the sphere is
turned one full revolution, the sharp point will
trace on the sphere a circle which will be equiv-
alent to the “arctic” circle. At a point 90° distant
from both the north and south poles, another
circle can be traced, which will be the (celestial)
equator, while another circle 41° from the south
pole is etched in a similar manner. Then at 24°
from the equator the maker traces by the same
method the summer tropic on the northern hem-
isphere and the winter tropic on the southern
hemisphere.

Leontius then says to find a point on the sur-
face of the sphere 24° from the north pole (equal
to the distances of the tropics from the celestial
equator and hence the obliquity of the ecliptic).
This point will serve as the pole of the zodiacal
circle. Leontius does not give details for tracing
the great circle of the ecliptic, but one may
assume that the sphere would be realigned and
attached to the meridian ring at the new poles
24° distant from the first set, and the circle
traced alongside the 90° mark of the ring in a
manner similar to the preceding tracings. If the
sphere were left to rotate in the meridian ring at
the celestial equatorial poles, the simple rotation
and use of the graduations on the meridian ring
could not be used to trace the ecliptic as with the
previous circles. Leontius states that the zodiac
will touch the tropics and be divided into two
equal parts by the equator. Once the circle is
drawn, it is to be divided into 12 parts, with the
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‘““idian ring

horizon ring

EE

FIGURE 3.—Basic design of an “Aratean” celestial globe constructed by Leontius in the seventh
century AD.

points of contact with the tropics and the equator
being points of division.

Each of the six circles is to be distinguished by
a color different from that of the base color—
that is, the incised circles are to be painted over
with a contrasting color. Then the names of the
twelve zodiacal signs are to be painted using a
light color (aepiw xpwpart) that can be easily
removed, beginning with Cancer at the point
where the zodiac touches the summer tropic and
working eastward with Leo, Virgo, and so on.
Although it is not stated in the tract, it is assumed
that at this point the constellations and stars
would be indicated on the globe using the infor-

mation gleaned from the Aratus text.

That done, if the meridian ring with the en-
closed sphere is placed in the horizon ring so
that, when revolved, the “arctic” and *antarctic”
circles touch the horizon ring on the upper
northern side for the “arctic” and on the lower
southern side for the “antarctic” (set for a geo-
graphical latitude of 41° north), it will be evi-
dent, Leontius says, that the two tropics will be
cut by the faces of the horizon ring in a ratio of
15:9. That is to say, he continues, that since one
day and one night (70 vvx0nuepov) consist of 24
hours (@pat), the summer tropic will show 15
hours above the horizon on the longest day and
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9 below for the shortest night; this will be the
inverse for the winter tropic, which will have 9
above for the shortest day and 15 below for the
longest night. This relation of 15:9, Leontius
notes, is the same as the 5:3 division of the
summer tropic given by Aratus.

In the last section of the treatise Leontius states
that the sphere should be placed in the stand
“along the pole (7pomos) of the equator’—that is,
with the globe attached at the celestial poles to
the meridian ring and the ring rotated within the
horizon ring so that the axis of the globe is
horizontal. Then the sphere is turned until the
beginning of the division of the ecliptic belonging
to Cancer appears at the eastern edge of the
horizon ring. The sphere is to be made secure
and immobile "with wax or some such thing” and
a circle inscribed with the sharp needle on the
surface of the sphere alongside the entire circum-
ference of the horizon ring—thus producing on
the globe the solstitial colure, which, however,
remains unnamed. Leontius instructs the maker
to label the semicircle (of the ecliptic) to the east
of this new great circle “East of Cancer” using
small letters, and that to the west, “West of
Cancer.”

It is curious that Leontius would have placed
an Aratean globe, which was constructed for only
one geographical latitude, into a meridian-hori-
zon ring assembly. He must have realized from
Ptolemy’s Almagest, cited several times in his
treatise, that the rings allow for adjustment to
different latitudes. It is implied in Leontius’s
treatise that the globe is to remain set for only
the one given latitude, in this case that of Con-
stantinople, and not adjusted for other latitudes.
Even held at that one position, however, the
horizon and meridian rings make the arctic-ant-
arctic circles redundant. This treatise represents
an interesting compounding of pre-Ptolemaic
principles with a design that was apparently com-
mon by the time of Ptolemy.”’

A Greek celestial globe was described in the
twelfth century by the astronomer Ibn al-Salah,
who said he saw it, probably in Baghdad, where
he worked for most of his life. This globe, ac-
cording to Ibn al-$Salah, had the stars positioned
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so that their longitudes were increased 6° over
those in the Almagest of Ptolemy, in which case
(taking a value for precession common in antig-
uity of 1° per 100 years) the globe would be
datable to around Ap 738.” Unfortunately, Ibn
al-Salah does not provide us with further details
concerning the design of the globe, or whether
it had rings.

In a ninth-century copy’® of the astronomical
poem by the Augustan poet Hyginus, there oc-
curs a schematic drawing of a celestial globe
mounted in a meridian ring by a pin at the
northern equatorial pole. The meridian ring is
supported at the nadir by a small decorated col-
umn and rests in a horizon ring drawn to resem-
ble a Greek building having six Corinthian col-
umns. The globe itself has a wide zodiacal band
with the zodiacal constellations drawn in it (Gem-
ini, Taurus, and Aries showing), with three ad-
ditional northern constellations and three south-
ern drawn on it; no stars are indicated. The
human figures are still drawn facing into the
globe. The illustration is labeled Involutio
spherae, which is the name of a late Greek school
poem appended to the poem by Hyginus.

By the ninth century AD it is evident that in
the Islamic world” all celestial globes are to be
mounted in two graduated rings and made ad-
justable to different geographical latitudes—a
basic design apparently common by the first cen-
tury AD. On all globes described in Islamicate
treatises, as well as all the ones preserved today,
both ecliptic and equator, nearly always gradu-
ated, are indicated directly on the surface of the
globe, so that none are precession globes as de-
scribed by Ptolemy. On all extant Islamicate
globes that have the constellation outlines on
them, the human figures face outward toward
the person using the globe rather than in toward
the globe with their backs to the observer as was
apparently, from our very fragmentary evidence,
commonly done in the Greco-Roman and Byzan-
tine worlds. On every Islamicate globe preserved
today there is a set of six great circles at right
angles to the ecliptic. When and where this first
became customary is unknown. Meridians, with
the occasional exception of the two colures, were
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not usually indicated on Islamicate celestial
globes (the exceptions being nineteenth-century
products), just as apparently they generally were
not on Greco-Roman globes.

The earliest extant Islamicate constellation im-
ages are to be found in a cupola of the palace of
Qusayr “Amr located in the desert about 50
miles east of the north end of the Dead Sea. The
small palace was built between Ap 711 and AD
715 by al-Walid I to commemorate his victo-
ries,’”® and had a bath consisting of three rooms,
one tunnel-vaulted, one cross-vaulted, and a
third covered by a dome. The dome of this
calidarium was decorated to resemble the vault
of heaven, with the northern and zodiacal con-
stellations plus some southern ones depicted on
it, and the northern celestial pole directly over-
head. Consequently, it displayed a larger portion
of the sky than could be observed at any one
time from one location on the earth.”

The design of this fresco presents an interest-
ing blending of late classical and Byzantine tra-
ditions with some early Islamicate influences,”
and is of interest to us as evidence of a transitional
period in celestial globe design. The iconography
of the majority of the constellation figures (many
of which have been badly defaced) appears to be
very closely related to illustrations of constella-
tions found in two late Greek manuscripts, one
of the ninth century and one of the fifteenth
century,78 as well as to some features of those on
the Farnese globe, indicating a continuous Hel-
lenistic and Byzantine tradition.

The maker also reflects some Hellenistic influ-
ences in drawing the human figures slightly
turned into the globe (or in this case into the
surface of the dome), and in representing the
ecliptic as a wide band with a center circle and
two parallel circles about 5° or 6° to either side.
Yet three figures (Cepheus, Bootes, and Orion)
are depicted in a manner not seen in Greek
sources, but which is found on some of the later
Islamicate celestial globes.79 Moreover, there are
a set of six great circles that pass through the
ecliptic poles and divide the ecliptic into twelve
parts (little more than the northern semi-circles
of each great circle is actually indicated on the

dome). These ecliptic latitude circles®® are not to
be found on any of the few Greco-Roman arti-
facts or drawings of celestial globes or planis-
pheric star maps, and of course are not in man-
uscript illustrations of the individual constella-
tions. They are, however, to be found on all
extant Islamicate globes.

Of particular interest is the fact that the
painter of this fresco has not designed it so that
you view the constellations as you stand under
the dome in the same way that you would see
them overhead in the sky. Instead he has re-
versed left to right each constellation figure and
the entire order of the constellations—that is, he
has drawn the constellations as you would see
them looking down on a celestial globe rather
than up into the sky. Thus the possibility arises
that he was using an early celestial globe as a
guide to the constellations rather than manu-
script illustrations. Yet the model of a celestial
globe does not completely account for the spac-
ing of the constellation figures. It is also evident
that the artist did not fully understand the tech-
nical significance of certain details, for the circle
of the ecliptic was not made to pass through the
northern solstitial point, possibly to avoid a win-
dow in the dome; some of the constellations are
crowded and poorly positioned.

In addition to the ecliptic latitude circles inter-
secting at the north ecliptic pole, there are also
a series of concentric circles having the celestial
(equatorial) pole as the center which, in the
dome, is directly overhead. There are six prom-
inent circles painted dark brown. The smallest in
the center is the equatorial polar circle passing
through the ecliptic pole about 23'2° distant—
that is, what we today call the arctic circle. There
is a circle representing the equator, with one
circle inside it representing the northern tropic
and one representing the southern tropic outside
it, and between the polar circle and the northern
tropic are two nearly equidistant circles. Then
there are three additional concentric circles
evenly spaced between the northern tropic and
the second circle from the center; these circles
are very pale and appear to have been painted
over and were possibly preliminary attempts of
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the artist to get the spacing on the dome as he
wanted it. The edge of the domed ceiling is
another of the concentric circles, equivalent to
about 40° south of that representing the equa-
tor. The polar circle is a common feature of
extant Islamicate celestial globes, while there is
no mention of it in Hellenistic, Roman, or Byzan-
tine sources.

Such concentric circles are to be found in two
ninth- or tenth-century Latin drawings of plan-
ispheric star maps,e' which show the constella-
tions with great distortion in five concentric cir-
cles representing in the center the area bounded
by the equatorial polar circle, then the northern
tropic, the celestial equator, the southern tropic
and the southern polar circle forming the outside
border of the planispheric map. The ecliptic is
represented by a wide circular band apparently
off-center around the ecliptic pole; there is also
a second apparently off-center circle, which is
the Milky Way.

As has been suggested,®* such a stereographic
projection of the heavens to form a planispheric
star map must have been similar to the model
the artist at Qusayr “Amr employed, for at first
sight these two maps appear to be very much like
the dome. There are, however, differences. The
order of the constellations on the manuscript
planispheres is that which would be seen in the
sky—that is, they are not reversed as would be
seen on a globe or as the painter of the dome
depicted them. Secondly they lack the ecliptic
latitude circles. Furthermore, they depict the
Milky Way, which is not painted on the dome.

If we assume, however, that what the painter
of the Qusayr Amr dome employed as a guide
was not a stereographic projection of the heavens
quite like those in the two extant manuscript
planispheric maps, but rather was a stereographic
projection of a celestial globe, then all the fea-
tures of the dome are quite easily accounted for.
The arrangement of concentric circles about the
overhead celestial pole and the spacing of the
constellation figures would be accounted for by
the method of stereographic projection using
equidistant representation of the circles of dec-
lination; the ecliptic latitude circles are an inte-
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gral part of later Islamicate globe design and
were probably common in this period as well.
We have no evidence that the Milky Way was
ever indicated on a globe (except for Ptolemy’s
precession globe, which appears to have had little
or no influence on subsequent globe design), so
its omission would be consistent with a globe
having been the basis of the stereographic pro-
jection.

If we accept such a conjecture, then we can
conclude that in the eighth century in Syria ce-
lestial globes were being drawn with the ecliptic
latitude circles so characteristic of the later ex-
tant globes, and that planispheric star maps
drawn in stereographic projection were, if not
common, at least available. If this were true, then
this dome would provide evidence for the sur-
vival of techniques of stereographic projection in
the provinces of the Roman and Byzantine em-
pires before the earliest extant astrolabes and
before the translation of Greek texts into Arabic.
In this context it is worth noting that the palace
of Qusayr Amr was built in the same region
where some six to seven decades earlier, the
Syriac scholar Severos Sébokht wrote a Syriac
astronomical text based on Greek sources and a
treatise on the astrolabe.®

At the end of the eighth century two Persian
astronomers working in Baghdad were responsi-
ble for introducing into Islamicate astronomical
literature the Sanskrit astronomical Siddhanta
texts which dated from no later than the first
half of the fifth century AD. The two astronomers
were Ya<qub ibn Tariq, who died about Ap 796,
and Muhammad ibn Ibrahim al-Fazari (died ca.
AD 801-802), who was assigned by the Caliph al-
Mansur the task of translating the texts into
Arabic. Five Siddhanta texts, which incorporated
many Hellenistic astronomical practices, were
summarized by Varahamihira in the sixth cen-
tury AD. In this extant Sanskrit summary by
Varahamihira there is a brief and rather obscure
mention of a celestial globe, which the older
translation says was to be made simply “of some
material,” while the more recent translation says
it is to be "of wood.”® The globe has the equator
and ecliptic indicated, and apparently the ecliptic
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(or possibly the equator) is graduated. No rings
are mentioned, but it is stated that the globe
should be tilted to the north by an amount equal
to the terrestrial latitude. Then a technique is
mentioned that is apparently similar to that dis-
cussed in Chapter 2 for finding how much time
had elapsed on a certain day, given the position
of the sun in ecliptic, the ascendant, and the
latitude of the town. The short reference in the
Sanskrit text is quite obscure, however, and can
be interpreted differently.

About one hundred years after the building of
Qusayr Amr the Arabic translation of Ptolemy’s
Almagest was completed in Baghdad by al-Hajjaj
ibn Yusuf ibn Matar, who may well have used an
earlier Syriac version by Sarjun ibn Haliyu al-
Riami. A more authoritative version of this im-
portant treatise was prepared in AD 827-828 by
Ishaq ibn Hunayn ibn Ishaq for the Caliph al-
Ma’mun and corrected by Thabit ibn Qurra.®®
The Arabic version of the Almagest was an im-
portant source for the star positions and constel-
lation shapes for Islamic globe makers, for it
contained tables of latitudes and longitudes for
each individual star and described its position in
relation to 48 constellation outlines. The descrip-
tion of the stars in terms of the constellations was
intended as an aide-mémoire to the general loca-
tion of the stars and not a substitute for the
precise charts of coordinates. Some of the extant
Islamicate globes specifically state that they were
based on the coordinates in Ptolemy’s Almagest
(Nos. 2 and 3 of the catalog). The celestial globe
described by Ptolemy, however, seems to have
had little influence on later globe design.

Early in the ninth century the well-known in-
strument maker “Ali ibn “Isa made a large celes-
tial globe.*® Though he worked in Baghdad and
Damascus, it seems that an even more important
Islamicate center of scientific instrument making
was the city of Harran’ lying between the north-
ern reaches of the Euphrates and Tigris rivers
southeast of Edessa. The tenth-century author of
the Book of the Constellations of the Fixed Stars,
“Abd al-Rahman al-Sufi, speaks of having seen
many celestial globes executed by people from
Harran.®® Qurra ibn Qamita al-Harrani is said®

to have made a model of the world (sifat al-
dunya, a terrestrial globe?), which the scholar and
translator Thabit ibn Qurra al-Harrani copied.
It was made of Dubayqi cloth (named after a
town in Egypt), which was well-known through-
out North Africa and Syria. The cloth was of
unbleached fiber with waxed dyes. The twelfth-
century astronomer Ibn al-Salah who worked in
Baghdad mentions using a celestial globe of Har-
ranian origin.”

In Harran in the latter part of the ninth cen-
tury, the influential astronomer al-Battani
(known in the Latin world as Albategni or Alba-
tenius)”’ wrote a comprehensive astronomical
treatise which included star catalogs and plane-
tary tables. In this extensive tract al-Battani de-
scribes in detail a celestial globe that is suspended
in five rings.”” To make this instrument, which
he calls al-baydah (the egg), take “a sphere of
copper (nuhas), adjudged quite round, well-exe-
cuted in every direction, smooth of surface,
turned on the lathe (makhrutah fi al-shihr) and
of whatever size you wish.”®® He does not supply
any information on how this sphere of copper is
to be constructed, nor if it is solid or hollow.
Once the sphere is obtained, the maker is to
determine two points diametrically opposite on
it, which will serve as poles and inscribe a circle
having these points as poles and cutting the
sphere in half. This circle is then divided into
four equal parts, which are marked by a dot.
Taking one of the dots as the center, a second
great circle is inscribed, which will pass through
the first two poles and cut the first circle into two
opposite halves (this second great circle will be-
come the solstitial colure). Then the maker is to
divide one of the quadrants of the first circle
(which will eventually serve as the celestial equa-
tor) into 90 equal parts.

Using this graduated quadrant as a measure, a
drawing compass (midwar) is set to equal the
obliquity of the ecliptic, which al-Battani specifies
as 23°35’. The maker is then to set one end of
the compass on one of the two poles and inscribe
with the other end a circle around the pole; the
procedure is repeated with the second pole.
(Thus two equatorial polar circles are drawn that



NUMBER 46

pass through the ecliptic poles; the obliquity of
the ecliptic can, of course, only be approximated
to the nearest degree, since the quadrant of the
equator used as a scale has only 90 divisions.)
These two lesser circles will intersect the second
great circle at four places; two of these points of
intersections diametrically opposite each other
are then taken as a set of poles for a third great
circle, which will be the ecliptic. The circle that
passes through all four poles, al-Battani notes, is
called the Circle of Cancer and Capricorn (the
solstitial colure, which was the second great circle
to be inscribed on the sphere). The point where
this circle intersects the ecliptic above and to the
north of the equator is labeled the “Point of the
Start of Cancer” and the point below the equator
the “Point of the Start of Capricorn.” The two
points where the ecliptic and equator meet are
labeled the “Point of the Start of Aries” and the

the start of
>
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“Point of the Start of Libra” (see Figure 4). Then
the maker writes the names of the zodiacal
houses along the ecliptic, allotting three houses
to each quadrant. Each house has six sections of
5° each, with each section or interval numbered
with the abjad letters (b7 huruf al-jummal)—that
is, instead of standard numerals, letters of the
alphabet with recognized numerical values were
employed. Al-Battani notes that the ecliptic is to
be numbered, with 5° through 30° indicated for
each of the twelve houses while the equator is to
have 72 sections of 5°, each section numbered
from 5° through 360°, beginning at the “Point
of the start of Aries.”

Al-Battani continues by giving instructions for
determining star positions on the globe. The
maker is to take from the graduated scale of the
equator with the drawing compass the amount
equal to the stated latitude of the star. Then with

«
Point of the
start of Capricorn”

FIGURE 4.—The celestial globe described by al-Battani in the ninth century AD, showing the
determination of a star position.
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the compass thus set, one end of the compass is
set “on the degree in which the star is” (i.e., its
longitude reading along the ecliptic), and the
other end used to trace an arc in the general area
of the latitude “with an obscure line which will
leave no trace on the sphere.” Then the drawing
compass is opened and its two heads set at an
amount equal to 90° of the equator. With it thus
adjusted, one end of the compass is placed at a
point along the ecliptic, which is 90° distant from
the longitude, and the other end used to inscribe
an arc that will necessarily intersect the first arc
at a point that will be the position of the star (see
Figure 4).

Al-Battani does not cite a specific example.
Figure 4, however, demonstrates his technique
with the star a Herculis, whose coordinates might
be given as latitude 37°30’N and longitude Sag-
ittarius 5°22’. Since the smallest graduations on
the globe are single degrees, the positions can
only be approximated to the nearest degree or
half-degree. First, with the compass set at 37°,
based on the graduations of the ecliptic, one end
would be placed at 5° of the House of Sagittarius
and an arc lightly inscribed toward the north.
Then with the compass set at 90°, a second arc
would be inscribed with one end of the compass
set on 5° of the House of Virgo (that is, 90°
distance from the longitude of Sagittarius 5°).
The point of intersection is a Herculis. The man-
ner of marking the stars on the sphere, whether
with incised circles or Xs, or with inlaid silver
points, is not specified by al-Battani.

Following the placement of as many stars as
one wishes on the sphere, the maker, according
to al-Battani, should then incise on the globe a
great circle passing between each zodiacal house
and through the ecliptic poles (resulting in a set
of six great circles serving as ecliptic latitude
circles).

This sphere, according to al-Battani, is then to
be set within a set of five copper (nuhas) rings
(see Figure b for an illustration). One ring serves
as a horizon ring; two rings nested one within
the other together serve as the meridian ring,
the inner ring to which the sphere is attached at
the celestial poles being movable and other ring
stationary. A stationary ring at right angles to

both the meridian and horizon rings marks the
zenith and nadir and east-west points of horizon.
These rings with enclosed sphere rotate within a
larger fifth ring, by which the assemby can be
suspended. This outside ring has a slot cut
through the thickness of one of the upper two
quadrants, through which a pointed gnomon can
be inserted and adjusted to different positions.**
The details of the design and construction of
these rings described by al-Battani and the use of
the gnomon will be discussed in Chapter 2.
With this detailed account of a celestial globe
by al-Battani we have moved completely away
from the pre-Ptolemaic designs of celestial
globes, which were characterized by the five par-
allel equatorial circles and an emphasis on con-
stellation outlines rather than precision of star
positions. This globe of al-Battani’s has the eclip-
tic latitude circles characteristic of all Islamicate
celestial globes and the star positions determined
by coordinates; in fact, he does not even mention
the depiction of the constellation outlines. The
majority of extant Islamicate celestial globes are
missing the rings, but among those that do pos-
sess them still, all but one have the horizon ring
fixed to a stand and consequently do not have
the outside fifth ring nor the adjustable gnomon.
The one exception is globe No. 5 of the catalog,
made at the end of the thirteenth century. Its
horizon ring, to which the meridian ring and
zenith rings are attached, is suspended rather
than resting on a stand, much as al-Battani de-
scribed, but without the outside fifth ring. The
zenith ring appears to rotate about the globe,
however, and to have a slit running through the
thickness of the upper quadrant parallel to the
face of the ring, through which perhaps a needle-
like gnomon could have been placed, although
the ring is perhaps a bit closer to the surface of
the sphere than al-Battani intended his outside
ring to be. Nonetheless these unusual features of
aslit in a rotatable zenith ring and a horizon ring
that was intended to be suspended make this
globe the closest extant artifact to the design
detailed in the ninth century by al-Battani.
Toward the end of the ninth century a Chris-
tian from Baalbek in Syria, Qusta ibn Luqa al-
Ba“labakki, lived and worked in Baghdad and
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FIGURE 5.—The celestial globe of al-Battani, mounted with five rings and a gnomon. Horizon
ring = 1, zenith ring = 2, moveable meridian ring = 3, stationary meridian ring = 4, and

outside ring carrying gnomon = 5.

Armenia.”® In addition to translations from
Greek and Syriac into Arabic, Qusta ibn Laga
composed several medical and astronomical trea-
tises, including one On the Use of the Celestial
Globe (Kitab fi al-amal bi-l-kurah al-nujumiyah),

which is still preserved today.” This treatise is of
considerable importance to our knowledge of the
purpose and practical value of such globes to
astronomers (see Chapter 2), and it was trans-
lated into Latin by Stephanus Arnaldus as De
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sphaera solida,”” into Hebrew by Prophatius Ju-
daeus in the thirteenth century,’® and into Italian
in 1341 by Maestro Bernardo Arabico ouero
Saracino.®® A Spanish translation was completed
by February of 1259 under the collaboration of
Jehuda ben Moses Cohen and Maestre Johan
Daspa, clérigo del rey. This version can be found
in the translations and compilations from Arabic
astronomical studies known as Los libros del saber
de astronomia prepared for Alfonso el Sabio, who
in 1251 had been crowned Alfonso X of Cas-
tile.'® A treatise on the use of the spherical
astrolabe has been attributed to Qusta ibn Luaqa,
although his authorship is questioned today.'*!
The first four chapters of the Spanish transla-
tion of the treatise on celestial globes, titled Libro
del alcora, are concerned with the methods of
constructing a globe—a topic Qusta ibn Luqa
had ignored in his original treatise (see Chapter
2). These four chapters were presumably written
by the translators, and a final chapter on some
astrological uses was composed by an unidenti-
fied “Don Xosse al-faquin” (? Don José the
learned [faqih] or Don José the fakir). The celes-
tial globe as described by Qusta ibn Laga is to
be set inside a meridian ring, which in turn rests
in a horizon ring on a stand (kursi). Both of the
rings are graduated into 360°. The material of
the globe and rings is never specified, though at
one point there is a mention of placing the stone
into the horizon ring. The meridian ring is at-
tached by two pins to the equatorial poles of the
globe. The globe itself has an ecliptic and equator
drawn on it, both graduated into 360°. At right
angles to the ecliptic are six great circles that
divide the ecliptic into the 12 zodiacal houses,
and the names of the zodiacal signs are then
written along the ecliptic, one at each 30° divi-
sion. “Circles of the two poles of the ecliptic” and
“circles of the two poles of the equator” are then
drawn; thus there are four polar circles: two
having the equatorial poles at the center and the
circumference passing through the ecliptic poles,
and two centered at the ecliptic poles and passing
through the equatorial poles. All four have a
radius equal to the obliquity of the ecliptic whose
value is not specified by Qusta. Tropic circles are

not indicated, and constellation outlines are not
drawn on the globe. )

Qusta ibn Luqa specified that only the bright
stars such as those used on astrolabes are to be
indicated on the globe, and these stars are to be
represented by small circles, each of which is to
be labeled with the name of the star 1t represents.
This description corresponds with a common
type of extant Islamicate celestial globe-bearmg
only the major stars without constellation out-
lines. Qusta also directs the maker to place the
names of 28 lunar mansions inside small circles
alongside the ecliptic. Lunar mansions are a char-
acteristic of early Arab, pre-Islamic astronomy
and astrology and are of very ancient, possibly
Mesopotamian or Indian, origin (see “Lunar
Mansions” in Chapter 5). The lunar mansions are
occasionally but not commonly indicated on ex-
tant Islamicate globes.

In the tenth century Abd al-Rahman al-Sufi
(AD 903-986) was court astronomer to Adud al-
Dawla in Isfahan in Persia.'” He composed a
most important treatise consisting of a commen-
tary on the star catalog presented by Ptolemy, in
which al-Sufi gives information on pre-Islamic
star names and on some stars not listed by Ptol-
lemy. Accompanying the commentary were illus-
trations of each of the 48 constellations (with
stars indicated and numbered in each) as they
are seen in the sky by an observer on earth (f7
al-sama®) and again as seen on a celestial globe
(ft al-kurah) which is to say reversed right to
left, and also a slight revision of Ptolemy’s star
catalog in chart form (see Classical Greek and
Pre-Islamic Sources in Chapter 5). This work,
entitled Kitab suwar al-kawakib al-thabitah (Book
of the Constellations of the Fixed Stars), was also
translated into Persian in the thirteenth century
by the astronomer Nasir al-Din al-Tusi and at
least twice again in the seventeenth century.!
A considerable number of illustrated copies, both
Arabic and Persian, are preserved today, the
earliest being one copied by his son in Ap 1009-
1010; there is also an Arabic copy and a Persian
version, both having the autograph of the fif-
teenth-century astonomer Ulugh Bég 104

This treatise by al-Suf1 was no doubi an ex-
tremely important source for the design of con-
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stellation images for globe makers, and the illus-
trations in the manuscript copies reflect the dress
and artistic conventions of different locations in
the Islamic world and time periods, just as do the
depictions of the constellation figures on extant
Islamicate celestial globes. The star catalog pre-
sented by al-Suf1, moreover, was a direct source
for at least four of the extant globes (Nos. 6, 7,
8, and 62), and was no doubt the source of
coordinates for many other makers who did not
choose to put such an acknowledgement on their
globe.

Al-Suf1 speaks of having seen a book on con-
stellations by “Utarid.’”® He claims that it con-
tained errors,'” and also attacks the earlier as-
tronomical work of al-Battani.'”” He notes errors
on the large celestial globe made by “Ali ibn “Tsa
a century earlier, and says he has seen many
globes made by makers from Harran. Al-Sufi
criticises those celestial globes, which he calls
kurat musawwarah (decorated globes) made by
makers who did not know the true positions or
magnitudes of the stars. He goes on to say, how-
ever,'” that many globe makers used star cata-
logs, such as the Almagest of Ptolemy, for the
longitudes and latitudes of the stars, changing
the longitudes to correct for the intervening time
interval, but did not realize that when compared
with the actual observations of the stars in the
sky the coordinates were incorrect. By this re-
mark al-Suf1 seems to be criticizing the reliability
of the available star catalogs.

According to the scholar al-Birani,'* al-Suf1
told the geometer Abu Sa“id Ahmad ibn Abi al-
Jalil al-Sijzi (ca. AD 951-1024) that he, al-Suffi,
laid very thin paper on a celestial globe and fitted
it carefully over the surface of the sphere and
then traced on the paper the constellation out-
lines and individual stars as precisely as the trans-
parency of the paper would allow. Such a pro-
cedure was probably used by al-Sufi only to
obtain the drawings of the constellations that
accompany his book, and these illustrations of
the constellations and stars give only approxi-
mate relationships and positions; the precise po-
sitions are obviously to be taken from the accom-
panying star catalog, where they are given in
angular measurements. Al-Biruni, however, goes
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on to criticize al-Suf1 for thinking that you could
accurately transfer spherical measurements onto
a plane surface by simply tracing the positions on
a piece of curved paper and then straightening
it out. Al-Birini then uses this criticism as a
starting point for his own treatise on stereo-
graphic projection, by which one can with math-
ematical methods accurately project spherical co-
ordinates onto a plane, as is done in designing an
astrolabe.

All such statements by al-Suf1 imply that celes-
tial globes were not uncommon in the ninth and
tenth centuries, though none from that period
are known to be extant. It may well be that some
were of a considerably larger size than any from
the Islamic world still preserved today. In the
same treatise on stereographic projection, al-Bi-
runi says that celestial globes are preferable to
illustrated texts because the constellations are
positioned around each other and in correct pro-
portion, but “that it does not work well on small
globes, but only on large ones; but these are rare
and costly and too large for carrying and trans-
porting on journeys, so that just as their useful-
ness surpasses [that of the book], the difficulty
involved in the use of these instruments counter-
balances these advantages.”''°

Al-Suf1 prepared a treatise on the use of celes-
tial globes''" and is reported to have constructed
a celestial globe himself. A maker of astrolabes
and celestial globes in Fatimid Egypt said that in
the year 435 H/AD 1043 he saw in the library in
Cairo (Khizanat al-Kutub bi-l-Qahira) “a celestial
globe (kurah) of silver (fiddah) made by al-Sufi
for the ruler Adud al-Dawla, and its weight was
3000 dirhams [silver coins weighing about one-
eighth of an ounce] and so it had been sold for
3000 dinars [gold coins].”*'?

The renowned late ninth- and early tenth-
century scholar al-Biruni is of interest to the
history of celestial globes not only because of his
comments concerning globes in his treatise on
stereographic projection, but also because he
presented a star catalog that may have influenced
makers of celestial globes. Furthermore, in some
of his writings he not only discussed the constel-
lations in general, but also lunar mansions that
occur on some globes. These treatises are impor-
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tant sources of information for the history of star
names and lunar mansions."'® One manuscript of
such a treatise is illustrated with drawings of
constellations having stars placed in them similar
to those illustrating al-SufT’s treatise."'*

No Islamicate globes predating the eleventh
century are known to exist today. The earliest
preserved Islamicate globe (No. 1 of the catalog)
was made in Valencia in Spain in Ap 1080 (or
1085) by a leading astrolabe maker Ibrahim ibn
Sa“id al-Sahli al-Wazzan with the collaboration
of his son Muhammad. The inscription in Magh-
ribi (western) Kiufic script informs us that the
globe with stand (al-kurah dhat al-kursi) was
made for the holder of the dual office of wazir
(dhu al-wizaratayn, or wazir of war and wazir of
peace), the supreme commander-in-chief Abu
Isa ibn Labbin, and that the fixed stars were
placed on it in proportion to their magnitudes
(each indicated by a dot made in an engraved
circle). The globe is a hollow metal globe made
in two hemispheres with the seam along the
equator. It has 1015 stars with 47 labeled
constellations''® conforming to the basic designs
as described by al-Sufi, but drawn in a style rather
different from that appearing on most of the
other preserved Islamicate globes. Most of these
globes come from the eastern rather than the
western part of the Islamic world.

The globe has a graduated ecliptic and equator
and six great circles passing through the ecliptic
poles (ecliptic latitude circles), but no polar or
tropic circles. The stand and rings are not the
original ones. The date of completion given on
the globe has been read as the first of Safar 473
H, (or 22 July Ap 1080) and as the first of Safar
478 H, (or 28 May AD 1085). The dot under the
final abjad numeral is not sufficiently defined to
make absolutely certain whether the letter is a
ha’ (=8) or a jim (=3). Ibrahim ibn Sa“id al-Sahli
is known to have been a prominent instrument
maker working in Valencia and Toledo, for a
mention of him among the mathematical scholars
in Andalusia occurs in The Book of the Categories
of Nations written by Sa“id al-Andalust in AD
1068.""® At least four astrolabes dated from AD
1067-1086 are still known today.'"”

A very similar globe having no date or maker’s
name on it is now at the Bibliothéque Nationale
in Paris (No. 34 of the catalog). It is written in a
western (Maghribi) form of Kufic script. In de-
sign and star positions it closely resembles the
one signed by Ibrahim ibn Sa“id al-Sahli.

From the twelfth century there remain today
two Islamicate globes. The earlier of the two
(No. 59) is of the style in which only the major
stars or small star groups are represented, in this
case about 50 in all, including the 28 lunar man-
sions. Inlaid silver points are used to mark the
stars, but there are no constellation outlines. The
globe is metal with a seam along the ecliptic and
is inscribed in the eastern form of Kufic script.
The maker is stated to be Badr ibn “Abdallah
Mawla Badic al-Zaman, who constructed the
globe in 535 H (or AD 1140-1141) making it the
earliest extant globe from the eastern part of the
Islamic world. The globe is curious in that the
only way of mounting it is apparently at the
ecliptic rather than equatorial poles. The merid-
ian ring is a recent replacement, but the horizon
ring may be contemporary with the globe.

The expression badi® al-zaman at the end of
the maker’s name means “marvel of the age,”
and was an epithet given Hibat Allah (died AD
1139-1140). An outstanding scholar of Baghdad
who spent his last years in Isfahan, he was consid-
ered the best astrolabe maker of his day.''® The
word mawla can mean an assistant or an appren-
tice, so that we might conjecture that Badr ibn
“Abdallah had been an apprentice to Hibat Allah,
which was such a great distinction that he wished
to retain the title even after the death of Hibat
Allah. There is one astrolabe made in Ap 1130
signed by Badr Mawla Badi® al-Zaman Hibat
Allah ibn Husayn al-Asturlabi, which must surely
be by the same maker.'"?

The second celestial globe from the twelfth
century was made in 539 H/AD 1144-1145 by
Yunus ibn al-Husayn al-Asturlabi (No. 2 of
the catalog). The globe is from the eastern part
of the Islamic world and is made of two metal
hemispheres joined more or less along what
would be the course of the Milky Way, though
the Milky Way is not designated on this globe
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nor on any known Islamicate globe. It has en-
graved on it the 48 constellation figures and
approximately 1025 stars, represented by inlaid
silver dots that vary in size according to the
magnitude of the star. The inscription on the
globe states that the star catalog of Ptolemy was
used for the coordinates of the stars after adding
15°18” to correct the longitudes for the inter-
vening time period. The stars are numbered
within each constellation and 72 of the stars are
named, as well as the 28 lunar mansions whose
names are inscribed alongside the ecliptic. As is
common, the meridian ring is missing and the
horizon ring is a recent replacement. Nothing is
known of this instrument maker and no other
examples of his work have been identified, but
he seems to have been a skilled craftsman and
was probably a professional instrument maker,
for he produced a precise globe as well as an
attractive one, which from the iconography sug-
gests a workshop in Persia, possibly Isfahan.

From early in the twelfth century, probably
before Ap 1120, and also from the eastern part
of the Islamic world, we have a fascinating trea-
tise on “The Sphere that Rotates by Itself” by
“Abd al-Rahman al-Khazini, who later dedicated
some other astronomical writings to the Saljuq
ruler of eastern Persia from 1097 to 1157, Sanjar
ibn Malikshah. This treatise, which has been
recently edited and translated,"'®® describes a ce-
lestial globe which, instead of being placed in the
usual set of rings, is half sunk in a box and
propelled so as to rotate once a day by a mecha-
nism of pulleys driven by a weight resting on top
a reservoir of sinking sand.

This sphere, which al-Khazini designed for
someone named Abu al-Husayn “Ali ibn Muham-
mad ibn “Tsa and executed with the help of a
carpenter (najjar) named “Ali al-Sarakhsi, is set
halfway into a box whose upper surface serves to
mark the horizon. Over the sphere, along the
north-south line, was affixed a half-circle of brass
(nuhas), which served as a meridian ring, with
the axis of the globe set at the south pole inside
the box and the north pole at a hole in the
meridian ring corresponding to the geographical
latitude of Marw. The rest of the box covered
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the top of the mechanism, which automatically
rotated the sphere one rotation per day. The
equator was inscribed on the globe and divided
into 360 equal parts. Taking as a pole a point
23°35" measured along the meridian ring from
the pole of the equator, the ecliptic was inscribed
and divided into zodiacal houses and degrees.
Al-Khazini then indicated a circle on the surface
of the box around the globe, which he also di-
vided into 360°, and on which he named the
four points of the compass, so as to serve as the
horizon ring.

Al-Khazini furnishes no information as to the
material out of which the sphere was fashioned
nor the material from which he made a quadrant
(rub). This quadrant, which he also called a
mistarah (rule), was equal to the quadrant of a
great circle on the globe. Much of the treatise is
devoted to using the “rule” and the globe in
much the same ways that Qusta ibn Luqa had
earlier suggested for a celestial globe set in the
customary rings (see Chapter 2 below). This
rather ingenious conception of an automatically
rotating celestial globe does not in fact appear to
have been very practical because of the enormous
size of the mechanism required and the difficulty
of precisely regulating the movement. It does
not seem to have influenced the development of
celestial globes. There are, of course, many ce-
lestial globes extant that do not have rings, and
it is always possible that some of them were
mounted in something other than the usual me-
ridian-horizon ring assembly. Consequently one
cannot dismiss entirely the possibility that some
globes were used in such an arrangement, al-
though there is no corroborating evidence to
suggest this for any extant globe.

From the thirteenth century several signed
globes are preserved today. The earliest and in
many ways the loveliest was made in AD 1225-
1226 for a nephew of the great Saladin (Salah al-
Din) in Egypt. The globe (No. 3) has the full set
of 48 constellation figures engraved and damas-
cened with copper, with approximately 1025
stars indicated by six different sizes of inlaid
silver points corresponding to the various mag-
nitudes. The globe also has a scale showing the
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sizes of silver points used for the first five mag-
nitudes. The inscriptions, which are in naskhi
script rather than Kific script that would be
more usual for this period, are damascened with
silver or inlaid with silver wire. According to the
inscription, the globe was made for al-Malik al-
Kamil, the Ayyubid sultan of Egypt from AD
1218 to 1238, who had interests in irrigation
works and other agricultural matters and, follow-
ing the conclusion of the fifth crusade, corre-
sponded with Emperor Frederick II of Sicily on
scientific subjects.'”! The maker of the globe was
(“Alam al-Din) Qaysar ibn Abi al-Qasim ibn Mu-
safir al-Ashrafi al-Hanafi, who was born in upper
Egypt in AD 1178-1179 and later resided in
Syria, where he died in 1251 in Damascus. He
was a renowned mathematician and architect,'??
and it is reported that the historian Qadi Jamal
al-Din ibn Wasil assisted Qaysar in constructing
another celestial globe of wood and gilt.'**

The globe, made by Qaysar in AD 1225-1226,
is unusual in that the horizon ring and stand,
which are probably the ones originally made for
this globe, have incorporated into them two gno-
mons and graduated arcs making them elevation
dials (see Chapter 2). The sphere itself is unusual
in having Latin zodiacal names and Latin numer-
als engraved on it, but these may have been
added later.

Another example of a thirteenth-century Is-
lamicate globe comes from the famous school of
metalwork that flourished in Mosul on the Tigris
River north of Baghdad. The globe (No. 4) is
made by Muhammad ibn Hilal al-Munajjim al-
Mawsili (the astronomer of Mosul) in 674 H/AD
1275-1276. The globe is again made of two
metal hemispheres with 48 engraved constella-
tions and about 1025 stars indicated by inlaid
silver points with the inscriptions in Kufic script.
Nothing is known of this maker except this one
product, but judging by his name, he was an
astonomer from Mosul who was probably trained
in metalworking at the great center there. The
globe is a handsome example of Islamicate metal-
work as well as fine instrument-making, and com-
pares favorably with other products of the Mosul
school.'**

An undated but signed globe of the later thir-
teenth century (No. 5) was constructed by Mu-
hammad ibn Mu’ayyad al-“Urdi, the son of the
famous astronomer Muayyad al-Din al-“Urd1 al-
Dimishqi, who made instruments for the observ-
atory at Maragha, about 50 miles south of Tabriz
in Azerbaijan.'”® The observatory had been es-
tablished by order of Hulagi Khan (the grandson
of the founder of the Mongol Ilkhanid dynasty
of Persia, Genghis Khan) under the direction of
the astronomer Nasir al-Din al-Tusi (born AD
1201).'#® The observatory was built outside of
the city and the foundations remain visible today.

The globe was clearly made at the court of
Halaga Khan in Maragha and may well have
been, even though rather small, one of the sev-
eral celestial globes no doubt used at the observ-
atory, which continued to operate for a period
even after the death of Hulagu in ADp 1265. It is
probably good evidence of the type of celestial
globe carried from Persia, along with six other
astronomical instruments, by Cha-ma-lu-ting
(i.e., Jamal al-Din) to Hulagu Khan’s brother
Kublay Khan, the first Yuan Emperor of
China.'®” This particular undated globe, made
of metal hemispheres, has 48 constellations and
about 1025 stars indicated by inlaid silver points.
The ecliptic latitude circles are damascened in
silver at the zodiacal divisions, while the two
circles forming the graduated band representing
the equator are inlaid in gold wire. The names
of the zodiacal signs are inlaid alternately in gold
and silver; the script is Kafic. The meridian,
zenith, and horizon rings are probably original,
and are unusual in that the horizon ring has no
stand but rather a suspensory device by which it
can be hung. The zenith ring appears to pivot
about the sphere and to have a slit parallel to the
face of the ring along the upper quadrants. It is
possible that a needle-like gnomon was at one
time inserted through this slit. The basic design
of the rings is reminiscent of that described by
al-Battani in the ninth century, and in fact it is
the only extant example of a ring assembly closely
resembling that described by al-Battani.

Another globe (No. 35) very similar in style to
this globe by Muhammad ibn Mu”ayyad al-<Urdi
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is unsigned and undated. This very precisely
executed globe, which unfortunately lacks the
rings, was probably made about five years later
possibly in Maragha or Tabriz, and is a fine
example of Ilkhanid metalwork.'*

Further evidence of the widespread distribu-
tion of celestial globes in the thirteenth century
is seen in the report'*® that when Hulaga Khan
captured Alamut (the mountain stronghold
south of the Caspian Sea) in Ap 1256, he found
several astronomical instruments including a ce-
lestial globe with stand (dhat al-kursi). From the
western part of the Islamic world in the thir-
teenth century there comes a treatise on astro-
nomical instruments by the Morrocan astrono-
mer al-Marrakushi, which is an important source
of information on the construction of celestial
globes (see Chapter 2).

Another globe of the thirteenth century (No.
6) dated 684 H/AD 1285-1286 is slightly smaller
even than the one made in Maragha. It has the
full set of constellation outlines and about 1024
stars. It is engraved in Kafic script and bears the
maker’s name, Muhammad ibn Mahmud al-Ta-
bari. Nothing is known about him, though the
name suggests an origin in Tabaristan, a province
in northern Persia on the southern shore of the
Caspian Sea.

This globe presents some questionable or cu-
rious features. It is a hollow metal sphere having
no visible seam and with two plugs (see Figure 6,
where the plugs are marked with arrows), imply-
ing that it might have been cast by the lost wax
method. This method is characteristic of Indo-
Persian globes of a much later period (see Chap-
ters 2 and 3). It is always possible that the tech-
nique for constructing globes in this manner was
developed and perfected much earlier than the
other remaining globes would lead one to sus-
pect; and this particular globe was clearly made
by a metalworker experienced and skilled in
making seamless globes. The unusual features,
however, make this supposition less likely than it
would otherwise be. The Kufic script on this
globe is at times not very angular and tending
towards naskhi (generally, but not without excep-
tion, characteristic of later products), as in form-
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ing the letters sad, dad and “ain. The lines rep-
resenting the celestial equator and ecliptic wob-
ble slightly and the graduations are uneven. At
the equinoxes the crossing of the equator and
ecliptic are quite poorly executed compared with
other globes, and in fact, some graduations are
lacking. The stars themselves are so poorly posi-
tioned that in some instances it is difficult to align
a given star on the globe with a star in illustra-
tions and catalogs such as those given by al-Sufi.
On the basis of the stars near the ecliptic that
can be identified, their positions when compared
with well-made dated globes, indicate an epoch
varying from the tenth to the sixteenth century.
The stand and rings, which from the general
appearance of the alloy, finish, and engraving
appear to be contemporary with the globe, are
graduated in a different scale than that used on
the globe (an incongruous and unusual feature)
and the directions in which the numbering runs
on both the meridian and horizon rings are the
opposite from those found on nearly every other
extant set of rings. The horizon ring and stand
seem to have been intended to serve as an ele-
vation dial like those on the globe by Qaysar in
the thirteenth century. The gnomons, however,
have not been properly aligned over the gradu-
ated arcs so that they cannot function; this misa-
lignment could, of course, possibly be due to
more recent incorrect repairs and restoration.
The globe has a second inscription stating that
the stars were placed on it according to the Book
of the Constellations of the Fixed Stars by al-Sufi
after increasing their longitude by five degrees
(which gives an unusually low value for the rate
of precession), followed by the interesting caveat
“while the correction of whatever errors occur
and the production of variant readings [is left] to
those who are expert in language.” It appears
that the stars were actually placed on the globe
after the constellations outlines were incised, and
therefore that the coordinates from a star cata-
logue were not really used to determine the star
positions despite the statement on the globe.
Hence, one can conclude that while the globe
was fashioned by a skillful metalworker, it was
inscribed by someone who was apparently unfa-
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FIGURE 6.—Globe No. 6, dated 684 H/AD 1285-1286, by Muhammad ibn Mahmad al-Tabari.
Musée du Louvre, Section Islamique. Arrows indicate plugs in holes resulting from casting
process. (Photo: Courtesy of the Musée du Louvre)

miliar with the techniques for precisely executing
the ecliptic and equator at the equinoxes, for
holding steady the engraving of the great circles,
for marking equal graduations, or techniques for
accurately placing the stars on a globe.

The lack of precision evident on this globe
indicates that it was not made by a professional
instrument maker for the use of an astronomer,
but was made by a skilled artisan for its artistic

appeal. It is curious, however, that the maker,
even specifying in the second inscription on the
globe that he was the engraver and hence not
just the caster of the globe, would sign himself
as al-Asturlabi (an astrolabe maker), when he did
not make an astronomically correct instrument.
Such cases of imprecision resulting in a techni-
cally inaccurate and non-functional globe present
the possibility that it is a much later attempt by
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an artisan to copy an earlier thirteenth-century
globe for sale to someone interested in the artistic
merit rather than the actual use of the globe. In
addition, the fact that someone has signed and
dated a non-functional globe—even though an
attractive one—perhaps is further evidence that
it is a relatively recent intentional reproduction
of a thirteenth-century globe rather than simply
a globe produced in the thirteenth century by a
metalworker who did not know how to make
accurate celestial globes but did know the com-
plicated process for casting seamless ones. On the

29

other hand, it might be concluded from “Abd al-
Rahman al-Sufi’s statement about “decorated ce-
lestial globes” that there is a long tradition going
back to at least the ninth century AD in the
Islamic world of producing quite inaccurate ce-
lestial globes.

Many of the criticisms made of the globe by
al-Tabari can also be made of the globe that, by
its date, is the next oldest extant globe (No. 60).
This globe (see Figure 7) is also a hollow metal
globe with no observable seam, several plugs
visible, and no seam detectable by probing the

FIGURE 7.—Globe No. 60, dated 718 H/AD 1318-1319, by “Abd al-Rahman ibn Burhan al-
Mawsili. Oxford, Museum of the History of Science. (Photo: M.B. Smith)
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interior surface. It is therefore likely to have also
been cast by the cire perdue process. The globe
has only about 100 stars indicated by inlaid silver
points, and has no constellation outlines. The
sometimes poorly executed script is naskhi, which
1s unusual for globes prior to the sixteenth cen-
tury.

One inscription on the globe reads: “the work
of “Abd al-Rahman ibn Burhan al-Mawsili in the
months [sic] of the year seven hundred and eigh-
teen [AD 1318-1319].” A second inscription is
somewhat obscure, but seems to read, “Under-
taken at the instigation of the poor, the weak
Ghiyath known as al-Mansur in the months of
the year [lacuna] and seven hundred.” The dates
in both these inscriptions are written out in

words, which is extremely unusual. A third in-
scription appears to read “By order of the trea-
suries of the Sultan al-Matt [“the proud,” which
with some modification could be read as al-malik
“the ruler’] al-“Adil Ulugh Bég.” If the date
given by the maker Ibn Burhan of Mosul is
considered correct, then the last inscription must
have been added later, for Ulugh Bég founded
the observatory at Samarqand in the fifteenth
century, not fourteenth. All three inscriptions
are quite similar in style and appearance, how-
ever, and do not give the immediate impression
of having been done by different engravers (see
Figure 8).

All the great circles on the globe are somewhat
wavy, the graduations uneven, and the crossing

FIGURE 8.—Detail of inscriptions on globe No. 60, dated 718 H/AD 1318-1319, by “Abd al-
Rahman ibn Burhan al-Mawsili. Oxford, Museum of the History of Science. (Photo: M.B.
Smith)
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at the equinoxes poorly executed. The globe also
has the lunar mansions along the ecliptic indi-
cated by patterns of dots that are not to be found
in the strictly astronomical literature, such as the
writings of al-Sufi or al-Birani, but rather in
treatises such as the Marvels of Things Created
and Miraculous Aspects of Things Existing written
by al-Qazwini in the thirteenth century and in
writings concerned with lunar mansions and pre-
Islamic poetry and calendars (see section on Lu-
nar Mansions, Chapter 5). These patterns of dots
representing the lunar mansions are a unique
feature among extant Islamicate globes and rep-
resent a different tradition used by the maker.
The word for “the work of” (“amal) used in the
signature occurs on only one other globe before
the seventeenth century, and both globes are
inaccurate and non-functional. The pattern for
graduating the equator is nearly unique and is
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not as useful as the common pattern.

The evidence of the circles, graduations, and
star positions and the conflict inherent in the
inscriptions make rather dubious the authenticity
of this globe as an example of early fourteenth-
century globe making. In any case it was certainly
not made by or for an astronomer (and Ulugh
Beég, for whom it was supposedly made, was very
well versed in astronomy). It is inaccurate and of
value only as an example of artistic metalwork
and not as a functioning celestial globe.

The fourteenth and fifteenth centuries saw
one workshop of instrument makers who pro-
duced four celestial globes still preserved today.
In Kirman in southeast Persia a well-known as-
trolabe maker Jafar ibn “Umar ibn Dawlatshah
al-Kirmani made two celestial globes, one in 764
H/AD 1362-1363 (No. 7 of the catalog; see Fig-
ure 9), and one in 785 H/AD 1383-1384 (No. 8

FIGURE 9.—Globe No. 7, dated 764 H/AD 13621363, by Jafar ibn “Umar ibn Dawlatshah al-
Kirmini. Oxford, Museum of the History of Science. (Photo: M.B. Smith)
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of the catalog). Both globes are made of metal
hemispheres and have the full set of consetalla-
tion figures engraved with approximately 1024
stars. Both are engraved in Kufic script and bear
inscriptions stating that the star positions were
taken from the Book of Constellations by Abu al-
Husayn “Abd al-Rahman al-$ufi, with an increase
in the longitude of 6°3’ for the earlier globe.
The later globe has a lacuna in the inscription
where the minutes are given, but using the same
value he used earlier (and which his son used
later), there would be an increase of 6°23’ on
the second globe. On the earlier globe the in-
scription giving the maker is engraved over an
earlier one saying that Jafar had made it for a
certain Muhammad ibn Asil, but for unknown
reasons the maker attempted to obliterate the
name of this patron. This Jafar ibn “Umar is
also known from four astrolabes made between
AD 1354 and 1388.'*

Muhammad, the son of Ja“far, was also an
instrument maker who is known to have made
two celestial globes and two astrolabes'®' that are
preserved today. Both globes by the son are of
the style having only major or astrolabe stars and
no constellation outlines and are made of metal
hemispheres. One globe, made in 813 H/AD
1410-1411 is signed simply Muhammad ibn
Ja“far al-Asturlabi (No. 61). The other globe
(No. 62; see Figure 10) is dated 834 H/AD 1430-
1431, and signed Muhammad ibn Jafar ibn
Umar al-Asturlabi, known as (al-mulaqqab)
Hilal. Some have read the last name as Jalal
rather than Hilal. The original rings and stand
are still preserved with the latter globe. The
father’s globes are precisely made, clearly exe-
cuted in the tradition of a professional scientific
instrument maker. The son’s globes, on the other
hand, tend not to be as accurately inscribed as
those by his father, with slight wobbles in the
great circles and some irregularity in the gradu-
ation. The latter globes display a certain care-
lessness in execution, but are by no means as
technically inaccurate and non-functional as
many of the extant globes, such as the two pre-
viously mentioned.

About the same time that Muhammad ibn

Ja“far was producing instruments in Kirman, an
observatory was flourishing at Samargand to the
northeast in Transoxiana. The observatory had
been founded by Ulugh Bég ibn Shah-Rukh'*®
in AD 1420, where a staff of astronomers headed
by Jamshid Ghiyath al-Din al-Kashi carried out
observations and compiled astronomical tables
and a star catalog titled Zzj-i Sultani (AD 1440).
This star catalog,'®® which was essentially that of
al-Safi with improvements in the coordinates,
was an important source for star positions for
subsequent globe makers in the eastern part of
the Islamic world. In a letter to his father Ghiyath
al-Din al-Kashi described several of the instru-
ments at the observatory, in the course of which
he made an indirect reference to a celestial
globe.'**

The sixteenth century is represented by only
two globes, both of them hollow metal globes
that appear to have no seam but show plugs that
are probably from the lost wax casting process.
The earliest of the two is, unfortunately, an
inaccurate and non-functional globe (No. 9). The
inscription giving the maker has been marred by
a large rectangular hole and a plug of lead, but
informs us that the maker was one Jamal al-Din
Muhammad [ibn]...al-Din Muhammad, who
says he was a Hashimid'*® by ancestry (al-Hashimi
nasaban) and a Meccan by birth (al-Makki maw-
lidan). The date is given as 981 H and Yazdijird
952 (AD 1573-1574). Despite the fact that the
maker specifies that he was born in Mecca and a
member of the Hashimid family, which ruled
Mecca from the tenth century to the first part of
the present century, it is unlikely that the globe
was made in Arabia. There is no further evidence
that seamless metal globes were ever made other
than in the eastern part of the Islamic world and
the date is given in the Yazdijird era, which is a
Persian calendar of Sassanian origin and unlikely
to have been used in Arabia even in the sixteenth
century under Ottoman rule.

FiGURE 10.—Globe No. 62, dated 834 H/AD 1430-1431,
by Muhammad ibn Ja“far ibn “Umar al-Asturlabi. London,
British Museum, Department of Oriental Antiquities.
(Photo: M.B. Smith)
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Nothing is known of the maker, nor are any
other examples of his work known. The globe
itself has poorly drawn constellation figures with
disproportionately large stars added after the
constellation outlines were engraved and very
inaccurately positioned. The graduations are
very irregular and there are no holes at the
celestial poles, which would be necessary for it to
function properly. The maker has also used the
word “amal for “the work of” in the signature,
which does not occur before the seventeenth
century except on globe No. 60 (mentioned
above), which is also non-functional and has
many questionable features. The imprecise na-
ture of this design suggests that the maker was
not a professional instrument maker, but rather
a metal worker desiring to produce an object of
decorative appeal but not one of use to an as-
tronomer.

It is most unfortunate that the three earliest
extant examples of hollow seamless metal globes
(Nos. 6, 9, and 60) should all be of such an
inaccurate and non-functional form with dubious
characteristics about them, produced by metal-
workers who are otherwise unknown. As with all
such globes, they give rise to speculation that
they might be later attempts by metalworkers
who were not professional instrument makers to
make a reproduction of an older celestial globe
for a market that does not require technical
accuracy and would not recognize errors or in-
consistencies. Such assertions cannot be defi-
nitely substantiated, however, and it is always
possible that in the thirteenth, fourteenth, and
fifteenth centuries there was also a market for
technically inaccurate but artistically pleasing ce-
lestial globes.

When we turn to the second globe of the
sixteenth century (No. 10, illustrated in Figures
11 and 69) we see a very fine example of a hollow
metal seamless globe produced, judging from the
maker’s name and the basic style of the globe, in
Kashmir in the western Himalayas in northern
India. The globe was made by “Ali Kashmir1 ibn
Lugman and is dated 998 H, the thirty-fourth
year of the reign of the Mughal Emperor Akbar,
which is equivalent to AD 1589-1590. The globe

was made just one year after Akbar entered the
valley and Kashmir became a siiba (province) of
the Mughal Empire.”*® The maker, who is not
known by any other work, adds that he made the
globe as an aide-mémoire to astrolabe makers. The
globe is a well-constructed piece of metalwork as
well as precisely executed instrument, with con-
stellation outlines depicted in a style typical of
early Mughal art. While the present owner did
not permit examination of the globe, it can be
asserted with some certainty, based on the avail-
able photographs, that the globe is a seamless,
probably cast, globe. Some of the plugs (probably
from the casting process) are indicated by arrows
in Figure 11. Consequently, we can be fairly
certain that the complicated technique for mak-
ing seamless metal globes was well established in
northwestern India by the last quarter of the
sixteenth century. (See Chapter 2 for a discussion
of the method of constructing such a globe.)

In the sixteenth and seventeenth centuries in
northwest India a family at Lahore maintained a
remarkable workshop that, through four gener-
ations, produced numerous well-made scientific
instruments, in particular planispheric astrolabes
and celestial globes. Lahore, on the upper course
of the Indus river, was the capital of a Mughal
province or suba of the same name, later called
the Punjab. The activity of these metalworkers
covered the reigns of the second through the
ninth Mughal rulers of India, who spoke the
vernacular Turki but maintained Persian as the
official language of the court.

This particular family of metalworkers from
Lahore excelled in certain metallurgical tech-
niques, in particular the production of hollow
cast globes. The variety in the techniques and
designs of the engraved images on these globes
suggests that the family maintained a workshop
of metalworkers and apprentices, in which sev-
eral people would perhaps be involved in the
production of an instrument which nevertheless
bore only the name of the family member super-
vising that production.

The earliest extant instrument by this family
is an astrolabe made in 975 H/AD 1567-1568 by
the apparent founder of the workshop, Allahdad.
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FIGURE 11.—Detail showing signature of maker on globe No. 10, dated 998 H/AD 1589-1590,
by “Ali Kashmiri ibn Ligman. London, Private Collection. Arrows indicate plugs. (Photo: Alain
Brieux)
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He called himself simply Ustadh Allahdad Astur-
labi Lahuri, that is, Master-craftsman Allahdad,
the Astrolabist from Lahore. Three extant astro-
labes were made by him, only one of which is
dated.”” The name Allahdad is a compound of
Allah (God) and dad (gift)."*® It is only from other
members of the family—his grandsons and great-
grandsons—that further information about Al-
lahdad can be gathered. In the name as it is
written by later family members, Shaykh Allah-
dad Asturlabi Humayuni Lahuri, it is likely that
Humayuni was intended to indicate the fact that
the founder of the workshop had lived at the
time of Humayun,'*® who ruled India from 1530
to 1556 as the son and successor of Babur, the
Timurid conqueror who had come from Kabul
in the Afghan mountains into the Indus plain to
found the Mughal dynasty in India.

There is a possibility, however, that Allahdad
was also an instrument maker at the court of
Humayun and that the nisbah (the name usually
derived from the place of origin or trade) was
intended here to be an honorific indicating royal
patronage, though no mention is made of him in
the records of Humayun’s reign. If Allahdad was
an astrolabist at the court of Humayun he must
have been quite young, for his son was flourish-
ing as a craftsman 52 years after the death of
Humayun, and his grandsons were productive in
the second quarter and middle of the seven-
teenth century.

Humayun’s interest in astronomy and astrol-
ogy was well-known. In the Akbarnama'*’ written
by Abu al-Fadl, minister to his son and successor,
he was mentioned as having “an extraordinary
interest and proficiency in the astrolabe, the ce-
lestial globe (kurah), and other instruments of
the observatory.” His grandson, Jahangir, men-
tions in his memoirs'*' that he was presented
“with a compendium in the handwriting of the
late king Humayun . . . containing some prayers,
an introduction to the science of astronomy, and
other marvelous things, most of which he had
studied and carried into practice.” Humayun was
also responsible for attracting from Persia var-
ious artisans with whom he had become familiar
during his temporary exile in Persia following

his defeat by his brother Sher Khan, after which
he was able to regain control only with the aid
of Shah Tahmasp, the Safavid ruler of Persia,
himself a patron of the arts. The resulting blend-
ing in northwest India of the skills and styles of
Persian artists with those of native Indians sub-
sequently trained by these Persian artisans re-
sulted in a style commonly referred to as Indo-
Persian.

The one dated instrument bearing the name
of Allahdad was made during the reign of the
successor to Humayun, Akbar, who ruled from
AD 1556-1605. Akbar had moved the Mughal
court to Lahore, and by 1596 the empire was
consolidated and the borders set to include an
area from the Arabian Sea to the Bay of Bengal
and from the Himalayas to the Narbada river, as
well as the Kabul province (Afghanistan) west of
the Indus. Akbar also entertained European con-
tacts at his court through the Jesuit missions and
embassies sent for promoting trading interests.

The son of Allahdad, Mulla “Tsa ibn Allahdad,
also worked during the reign of Akbar. The five
extant astrolabes under his name date from AD
1600 to 1604."** There are no celestial globes
known to have been made by him.

“Isa ibn Allihdad had two sons who were also
instrument makers: Muhammad Muqim and
Qa’im Muhammad. The two brothers signed two
astrolabes as co-makers. One is dated 1017 H/AD
1609; the other is estimated to be made about
1635."* Muhammad Muqim produced under his
name alone 33 instruments, of which fourteen
astrolabes can be dated between AD 1624 and
1660."** He is known to have made one celestial
globe (No. 15), dated 1049 H/AD 1639-1640,
which appears to be a seamless metal globe with
plugs.

His brother Qa’im Muhammad signed two
astrolabes,'*® in addition to the two on which the
two brothers collaborated, and four celestial
globes. The earliest globe (No. 11 of the catalog)
was constructed for a certain Nawab I<tigad
Khan in 1032 H/AD 1622-1623 (the eighteenth
year of the reign of Jahangir, who ruled from
1605 to 1626; see Figures 12 and 13). The
memoirs of Jahangir mention two men by the
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FIGURE 12.—Detail showing signature of maker, globe No. 11, dated eighteenth year of the
reign of Jahiangir (ap 1622-1623), by Qa’im Muhammad ibn Tsa ibn Allihdad Asturlabi
Lahari Humayani. Lancashire, Stonyhurst College. Arrow indicates plug. (Photo: M.B. Smith)

name of Itiqad Khan, either one of whom might
have been the patron requesting the celestial
globe. One was given the title of Asaf Khan and
was the brother of Nur Jahan, the wife of Jahan-
gir, and a leading figure at the court."*® The
other was a younger brother who was known
originally as Shapur and during the eighteenth
year of Jahangir's reign was the governor of
Kashmir, at that time part of the Mughal prov-
ince of Kabul.’*” Unfortunately, however, there
is no mention of this family of instrument makers

in the memoirs of Jahangir or in any other writ-
ten source from Mughal India—an omission
which tends to indicate that the name Humayuni
was used to indicate contemporaneity of Allah-
dad with Humayun, and that even if the founder
of the workshop had enjoyed royal favor, his
descendants probably did not.'*® While perhaps
not actually enjoying royal favor, any good ar-
tisan in the city where the court was located
would have an adequate supply of wealthy cus-
tomers among the retainers.
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FIGURE 13.—Detail showing Virgo. Globe No. 11, dated
eighteenth year of the reign of Jahangir (ap 1622-1623),
by Qa”im Muhammad of the Lahore workshop. Lancashire,
Stonyhurst College. (Photo: M.B. Smith)

Of the other three celestial globes by Qa%im
Muhammad (Nos. 12, 13, and 14) the first two
were made in the twenty-first and twenty-second
years of the reign of Jahangir (ap 1625-1626
and 1626-1627), while the third was produced
in 1047 H/AD 1637-1638. This was during the
sumptuous rule of Shah Jahan, who built the
lovely sepulchre for his wife Mumtaz Mahal in
Agra, known as the Taj Mahal. (For illustrations
of the first two globes see Figures 36, 38, and
42.) On the latter globe Qa’im Muhammad sup-
plied in a Persian inscription some information
on the design of the globe, saying that 1022 stars
in 48 constellations were placed on it based upon
the positions determined at the observatory of
Ulugh Bég and that three degrees were added
to their celestial longitudes so as to have the
positions correspond to the date 1047 H. It is

also likely, for reasons which are explained in
Chapters 3 and 4 of this study, that the anony-
mous globe now at the Smithsonian Institution
which forms the focus of the study, may_also be
attributed to Qa’im Muhammad ibn “Isa ibn
Allahdad Asturlabi Lahari Humayuni. All of the
globes made by Qa’im Muhammad have a full
set of stars and the 48 constellation outlines. It
is likely that the catalog of Ulugh Beg was used
as a source for the star positions not only for the
globe made in AD 1637-1638 but also for all the
globes of the Lahore workshop.

Qa%im Muhammad and Muhammad Muqim
both had sons who continued the workshop for
a fourth generation. Muhammad Muqim had two
sons, Jamal al-Din and Hamid. Only three instru-
ments are known to be made by Jamal al-Din, all
of them astrolabes dating from 1681 to 1692
during the reign of Aurangzib “Alamgir 1.'*

Hamid attempted one celestial globe that we
know of (No. 68) dated 21 Shawwal 1065 (24
August AD 1655), in addition to seven extant
astrolabes ranging from AD 1628 to 1691, span-
ning the reigns of Shah Jahan (ap 1628-1657),
Murad Bakhsh and Shah Shuja“ (who both ruled
in AD 1657), and Aurangzib “Alamgir I (AD
1658-1707)."%° An eighth astrolabe made in ap-
proximately AD 1654 bears the signature of both
Hamid and his cousin Diya® al-Din Muham-
mad."”" The only globe known to be made by
Hamid (see Figure 14) is the type of globe having
only the major or astrolabe stars, in this case 67,
and no constellation outlines. It too appears to
be a seamless cast globe.

Diya” al-Din Muhammad was the son of Qa’im
Muhammad and clearly the most prolific pro-
ducer of instruments from this workshop. His
instruments exhibit great variety in the quality
of workmanship, as might be expected from such
a large number. The range cannot be explained
in terms of the evolution of a technique, but is
probably due to the various assistants involved in
their production. Yet certain artistic and techni-
cal features characterize and differentiate the
products of Qa’im Muhammad and his son Diya”
al-Din Muhammad and their respective assist-
ants. In Chapter 4 Andrea Belloli discusses the
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FIGURE 14.—Detail showing signature of maker. Globe No. 68, dated 21 Shawwal 1065 H/AD
1665 by Hamid ibn Muhammad Mugim ibn Tsa ibn Allahdad Asturlabi Lahari Humayuni.
Cambridge, Whipple Museum of the History of Science. (Photo: Whipple Museum of the
History of Science)

artistic aspects of their celestial globes, while the
distinguishing features of their designs from the
astronomical standpoint are treated in Chapter
3.

Diya” al-Din Muhammad produced the largest
number of Islamicate celestial globes attributable

to any single maker, and the production of these
globes was spread fairly evenly over his working
life, which was at least 44 years. In addition to
the astrolabe made in collaboration with his cou-
sin Hamid, 25 astrolabes are signed by Diya® al-
Din Muhammad, of which 20 are dated from AD



40 SMITHSONIAN STUDIES IN HISTORY AND TECHNOLOGY

FIGURE 15.—Globe No. 18, dated 1055 H/AD 1645-1646, by Diya® al-Din Muhammad of the
Lahore workshop. The meridian ring is not properly mounted. Columbia University, David
Eugene Smith Collection. (Photo: Columbia University)

1637 to 1680, from the reigns of Shah Jahan to
that of Aurangzib “Alamgir.'®® The 15 celestial
globes (with a single exception they are hollow
seamless globes cast by the cire perdue process)

date from 1645 to 1680 (Nos. 18-24, 26-28,
30, 66, 69, and 71 of the catalog; see Figures 15
and 16). Eleven of the globes have the 48 con-
stellation figures with approximately 1018 stars
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FIGURE 16.—Globe No. 27, dated 1074 H/AD 1663-1664, by Diya” al-Din Muhammad of the
Lahore workshop. Royal Scottish Museum, Department of Technology. (Photo: Royal Scottish
Museum)
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indicated, while three have no constellation out-
lines and only major stars indicated.

The one celestial globe signed by Diya” al-Din
Muhammad that is not a seamless globe (No. 30)
is in fact not really a globe, but an open, cut-out
sphere consisting of two raised or hammered
hemispheres, in which the spaces between the
constellations and the great circles have been cut

out, or worked a jour. The stars are indicated by
holes perforating the sphere, some of which seem
to be filled with glass or mica. The metal hemi-
spheres, which have been covered with gilt paint
and varnish, are easily separated and meet along
the line of the equator (see Figure 17). The
inscription on the sphere states that it was made
at the order of the Mughal ruler Aurangzib

FIGURE 17.—Globe No. 30, dated 1090 H/AD 1679-1680, by Diya” al-Din Muhammad of the
Lahore workshop. Paris, Private Collection. (Photo: Alain Brieux)
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':Klamgir, and calls the sphere kurah ikhtira<i
ardwt sama™ (a specially invented terrestrial-ce-
lestial sphere). This statement implies that since
it was both a terrestrial and celestial sphere, there
was once a small terrestrial globe placed in it. By
having the stars as well as the spaces between the
constellations and circles cut out, sufficient light
could enter the sphere to allow inspection of the
enclosed terrestrial globe. Thus this sphere, es-
pecially designed for the Mughal ruler “Alamgir
I, the third son of Shah Jahan, seems to have
been part of a tradition of demonstrational ar-
millary spheres. It is of unique design among
extant Islamicate instruments, for no other ar-
millary spheres are extant. Armillary spheres are
seldom illustrated or mentioned in Islamicate
astronomical literature, and when they are, ex-
cept where there was European influence, they
are nearly all observational armillary spheres in
the Ptolemaic tradition rather than demonstra-
tional armillary spheres as this sphere would have
been.'??

The last instrument known to have been exe-
cuted by Diya” al-Din Muhammad is a type of
astrolabe called a safthah zarqaliyah, different
from the conventional planispheric kind.'** It is
dated the twenty-second year of the reign of
Aurangzib “Alamgir (oD 1680), and according to
the inscription it was made at Delhi for Nawab
Iftikar Khan who was fawjdar (a police official)
at Jawnpur, a city on the Ganges River in the
state of Allahabad (later Oudh). This patron is
possibly Sultan Husayn, who was given the title
Iftikar Khan in the first year of the reign of
Aurangzib “Alamgir and ruled Jawnpur at the
time the instrument was made. This large astro-
labe had a diameter of 610 mm and was later
placed at the Jaipur Observatory built by Jai
Singh in AD 1734. The fact that this last item is
stated to have been made in Delhi and the celes-
tial-terrestrial sphere made at just about the same
time was executed for the Mughal emperor him-
self, suggests that the workshop of the family had
by that time moved to Delhi, the seat of the
Mughal court since AD 1648.

This family of Mughal craftsmen from the
Punjab of northwest India (modern Pakistan)
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were clearly the most important producers of
hollow metal seamless globes. It is evident that
the Lahore family must have prided themselves
on their ability to produce a globe by such a
technique, for using the lost wax method would
involve long hours of tedious work, both in clean-
ing out the inner mold and carefully plugging
the holes caused by the cooling process (see
Chapters 2 and 3). Of course assistants were
employed for much of the tedious work. A globe
in hemispheres could be made in a small fraction
of the time required to cast one by the cire perdue
process, for which reason we must assume that
pride of craftsmanship—quite justified by their
finest examples—rather than expediency must
have determined their constant employment of
this method.

In terms of the number of extant Islamicate
celestial globes, this family is also important.
Their workshop claims 21 signed globes—the
largest number from a single shop. Moreover, it
is very likely that not only the anonymous globe
now at the Smithsonian Institution (No. 38) but
also a considerable number of other Indo-Persian
seamless metal globes could be attributed to this
workshop, including Nos. 39-44. One of the
globes signed by Diya” al-Din Muhammad (No.
28, see Figures 43 and 47) is known to have
inside it three rolled up pieces of paper with
writing on them (possibly amulets?), which have
been sewn together and appear to have at one
time been wrapped around a rather long heavy
metal probe. The diameter of the probe is
greater than that of the holes in the globe. Since
there are no missing plugs or any other way to
gain access to the inside except through the quite
small holes at the poles, these items have not
been examined up to this time. It seems that they
must have been placed in the globe by the maker
before the final plug was set into place. Was this
a common practice in globe manufacturing?
Would attempts to retrieve such items account
for the considerable number of globes that have
missing plugs (see Figure 36)? Another explana-
tion for some of the plugs being purposefully
removed might be that seamless cast globes some-
times have pebbles or bits of grit left in them
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from the casting process, and when shaken, they
rattle (for example, Nos. 40 and 42). People may
have hoped to find a treasure in them and forced
an opening by removing a plug.

We know that there were other scientific in-
strument makers in Mughal India besides this
particular family. One, an astrolabe maker for
Humayun, was Mawlana Maqsud Hirawi, who
“was one of the devotees of the Resident of
Paradise [i.e., Humayun]. . . . He manufactured
astrolabes, globes and other instruments in such
a manner that observers of his products were
filled with wonder.”'*®> Unfortunately, none of
his celestial globes or astrolabes are known to be
extant. During the reigns of Akbar and Jahangir
the craftsman “Ali ibn “Iwad produced two
known astrolabes,'*® while during Shah Jahan’s
rule Ibn Muhibb Haqigah made an astrolabe.'®’
No globes are known to have been made by these
two Mughal artisans.

Besides the Lahore family workshop, there was
in the seventheenth century another maker in
northwestern India who was producing globes
that appear to be cast seamless globes. The in-
strument maker is known by three astrolabes'*®
and two globes (Nos. 25 and 29). On the earlier
globe, executed in 1070 H/AD 1659-1660 at the
request of a certain Shaykh “Abd al-Khaliq, the
maker signed himself as Muhammad Salih Tatah-
wi, while on the second globe, made in 1074 H/
AD 1663-1664 he signs as Muhammad Salih
Tatawi. The spelling of Tatah-wi, which uses
quite unusual orthography, is probably an at-
tempt on his part to indicate the pronunciation
of the name, for with the second spelling one
might be inclined to pronounce it Tatwi. It seems
unlikely that he was actually from Tatta in the
delta of the Indus river as some have sug-
gested,'® since the name of the town is written
with different characters and should more accu-
rately be transliterated Thattha.'®

Both globes by Tatawi seem to be quite precise
with full sets of constellation figures, though the
available photographs of his earlier globe show
little detail. Of special interest is the fact that the
second globe has the names of the constellations
and the signature written in both Arabic and in

Sanskrit (see Figure 18, which also clearly shows
a plug from the casting process). One might
speculate that this maker perhaps worked in the
Kashmir area, where at the end of the sixteenth
century “Ali Kashmiri ibn Lugman may have
produced his apparently seamless metal globe.
Kashmir was a region where Sanskrit was the
language until replaced for official purposes by
Persian in the late fifteenth century, and conse-
quently might have been an area where a globe
in both Arabic and Sanskrit would have been
requested.

One other globe maker of the middle seven-
teenth century was producing globes that are
apparently seamless cast metal. Lutf Allah ibn
“Abd al-Qadir al-Muhibb al-Asturlabi made an
undated globe (No. 67), probably working in
northwestern India, since that is the only area
which with certainty can be shown to have work-
shops employing the specialized technique. Little
is known of this maker, except that his father
produced four astrolabes, one of which is dated
1031 H/AD 1621-1622, which are generally con-
sidered Indo-Persian products.'® Consequently,
if the father was an active instrument maker
around AD 1620, then it is likely that the son was
working around 1650.

In the middle of the seventeenth century the
entire course of the Indus river was under
Mughal rule, as was Afghanistan to the west. An
unusual and attractive painted wood globe, (No.
36, illustrated in Figure 19) may well have been
made in Afghanistan. This globe, which appears
by the star positions to have been made in the
middle seventeenth century (although this is not
an example of high-precision work), represents a
slightly different iconography for the 48 constel-
lation figures from any other known celestial
globe or any known copy of “Abd al-Rahman al-
Sufi’s Book of the Constellations of the Fixed Stars
or similar illustrated treatises that served as de-
sign books and guides to the placement of the
stars within and around the constellations. The
iconography and calligraphy of this globe suggest
that a now unknown instrument maker was work-
ing in Afghanistan or Turkistan about the same
time the Lahore family was excelling in their
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FIGURE 18.—Globe No. 29, dated 1074 H/AD 1663-1664, by Muhammad Salih Tatawi.
London, private collection. (Photo: Alain Brieux)

production of cast globes.

In addition to the Mughal empire of India,
two additional large empires dominated the cen-
tral lands of Islam in the sixteenth and seven-
teenth centuries: the Ottoman and the Safavid.
A hallmark of the Safavid rulers was their pa-
tronage of the arts. The Safavid empire was
centered in Persia, extending to the sub-Cauca-

sus and Khurasan south of the Oxus. During the
reign of Shah “Abbas I (AD 1587-1629) the Sa-
favid empire was at its strongest and the artistic
achievements of the court artisans and miniature
painters were the most conspicuous.

One celestial globe (No. 63, illustrated in Fig-
ure 20) is known from an inscription on it to
have been made for Shah “Abbas I in 1012 H/AD
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Ficure 19.—Globe No. 36, unsigned and undated. London, National Maritime Muscum,

Department of Navigation. (Photo: The National Maritime Museum, London)

1603-1604. Unfortunately the maker of this
globe is unknown. This particular globe and two
other Persian unsigned and undated globes (Nos.
82 and 83) are particularly interesting as exam-
ples of a separate tradition i Islamicate celestial

globe design. These globes do not have constel-
lation outlines depicted on them, but do have
some stars that are rather poorly positioned.
Rather, they have only the 12 zodiacal signs
represented inside medallions. These zodiacal
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FIGURE 20.—Globe No. 63, dated 1012 H/AD 1603-1604 and made for Shah “Abbas I.
Chicago, The Adler Planetarium. (Photo: M. B. Smith)

signs are not used as guides to the positions of

the stars near the ecliptic and are not derived
from the illustrations of constellations found n
astronomical texts, but indicate instead an alter-
nate Islamicate tradition of displaying the zodia-
cal signs as emblematic motifs rather than as
constellation diagrams. Taurus is a bull with a
hump on his back and a bell round his neck;
Libra a man sitting cross-legged with scales over
his shoulders like a yoke; etc. (see Chapter 2 for
further discussion of this iconography). All of
these globes are constructed with a seam, indi-
cating that they were made of two hemispheres.
Consequently, whatever workshop in Safavid
Persia produced these globes, it did not employ
the cire perdue process of making a seamless globe
used by the contemporaneous Mughal workshop.

Evidence of cultural and artistic exchanges
between Safavid Persia and Mughal India is seen

in the fact that the Mughal ruler Jahangir, a
contemporary of Shah “Abbas I, prided himself
on designing a series of coins employing motifs
similar to those used in the zodiacal medallions
of these three Persian celestial globes.'** Jahangir
recorded in his memoirs for the thirteenth year
of his reign (Ap 1617):

Previously to this, the rule of comnage was that on one face
of the metal they stamped my name, and on the reverse the
name of the place, and the month and year of the reign. At
this time it entered my mind that in place of the month they
should substitute the figure of the constellation which be-
longed to that month; for instance, in the month of Farwar-
din the figure of a ram, and m Urdibihisht the figure of a
bull. Stmilarly, in each month that a coin was struck, the
figure of the constellation was to be on one face, as if the
sun were emerging from it. This usage is my own, and has
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never been practised until now. "

During the reign of Safi I, the successor of
Shah “Abbas I, a well-known astrolabe maker,
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Muhammad Zaman, working in Mashhad in the
northeastern part of the empire made a lovely
globe with the full set of constellation figures
(No. 16, illustrated in Figure 21) in the year
1050 H/AD 1640-1641 and another in 1054 H/
AD 1644-1645 (No. 17). This maker also pro-
duced a third globe that is small and undated
and has only the prominent stars indicated on it
(No. 64). All of these globes are metal and bear
an obvious seam, indicating that this Safavid
maker also did not produce seamless cast globes.
Muhammad Zaman is also known by seven astro-
labes,'®* which span the years Ap 1659-1677.
Other astrolabe makers are known to have
been active in Safavid Persia, such as Muhammad
Muqgim and Muhammad Mahdi, both of Yazd
southeast of Isfahan. The former made an astro-

labe for Shah “Abbas 11 in 1647-1648, engraved
by Fadl Allah al-Sabzawart under the supervision
of Muhammad Shafi, the astronomer of Jana-
bad,'®® while the latter made one in AD 1659-
1660 for Safi Quli Bég, an Amir at the court of
Shah “Abbas 11.'% They are known to have made
a large number of other astrolabes and to have
occasionally collaborated together on an instru-
ment. Unfortunately, no celestial globes are
known to exist by either of these Safavid metal
workers. It was more common in seventeenth-
century Persia than elsewhere for two or more
astrolabists to collaborate on an instrument as
the maker and engraver or decorator. From the
few known Safavid globes, however, it is impos-
sible to determine if the same custom was fol-
lowed in globe production.

FIGURE 21.—Globe No. 16, dated 1050 H/AD 1640-1641, by Muhammad Zaman. London,
The Victoria and Albert Museum, Department of Metalwork. (Photo: M. B. Smith)
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The father of Muhammad Mahdi, Muhammad
Amin, may well have been the astrolabe maker
whom Chevalier Jean Cardin met in his travels
through Persia as a French merchand royal at the
court of Shah “Abbas II. In his journals Cardin
provides a detailed description of the methods of
constructing astrolabes in Safavid Persia, but
makes no mention of celestial globes, going so
far even as to say that “the astrolabe is almost the
only astronomical instrument of Persians.”'®” It
is indeed curious that the very prolific and fa-
mous Safavid astrolabists at the end of the sev-
enteenth and beginning of the eighteenth cen-
turies, “Abd al-A”imma'®® and Khalil Muhammad
(of Isfahan) are also not known to have made
celestial globes.

A most unusual anonymous globe appears to
be a product of early seventeenth-century Sa-
favid Persia. This globe, No. 81, which has only
major stars and no constellation outlines, is
unique in that lines are engraved on it to
demonstrate the three methods of determining
the coordinates of a star or planet (see Chapter
2). These clearly correspond to a geographical
latitude of 32° north. This is the latitude of Yazd
as well as the latitude of Lahore, but since the
sphere is made in two hemispheres, we can con-
clude it is from Yazd rather than Lahore. Al-
though there is some irregularity in the engrav-
ing of the circles and graduations, the globe is a
fine example of metalwork, for the seam is not
visible on the outside. Moreover, no plugs are
observable, but when a probe is inserted a seam
can be felt running along the line of the ecliptic.
There are several visible cracks, which would
suggest that it was formed of two cast hemi-
spheres, put together with great expertise (see
Figure 22 for an illustration).

While there are a considerable number of Is-
lamicate celestial globes from the Mughal and
Safavid empires, only one comes with certainty
from the contemporary Ottoman empire to the
west, and that one example is from Egypt, which
was a province rather than in the heart of the
Ottoman empire. By the middle of the sixteenth
century the Ottoman empire, centered in Ana-
tolia, extended eastward to the borders of the
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Safavid empire and westward to Algeria. There
are only a few astrolabes known to have been
made in the Ottoman empire, very few when
compared with the numerous products of the
Safavid and Mughal realms.'®® The Ottoman
rulers were not without a serious interest in
astronomy, however, for they built an observa-
tory in Istanbul in AD 1577 under the direction
of Taqi al-Din Muhammad al-Rashid ibn Ma“ruaf.
He had come to the Ottoman capital from Egypt
and at this short-lived observatory had under
him 15 astronomers and was himself the inventor
of some new astronomical instruments.'”’

The globe discussed above bearing the signa-
ture of Jamal al-Din Muhammad al-Hashimi al-
Makkiand dated 981 H/AD 1573-1574 was prob-
ably not actually made in Arabia despite the
maker’s name. Quite certainly, however, at the
beginning of the eighteenth century a celestial
globe was produced in Egypt, at that time under
Ottoman rule. An astonomer, instrument maker,
and author by the name of Ridwan ibn “Abdallah,
called Ridwan Efendi al-Falaki (the astonomer),
lived in Bulaq (a district of Cairo), where he died
in 1710.'”" Egypt had been part of the Ottoman
empire since 1517, when Sultan Salim I over-
threw the Mamluk dynasty in Egypt. From
March 21 to sometime in July or early August of
1701 (the second of Shawwal to Safar, 1113 H)
Ridwan worked on and completed a celestial
globe (No. 31) having a full set of constellation
figures with stars positioned according to the
tables compiled by Ulugh Bég’s observatory, with
longitudes increased to correspond to his own
period. This globe, which is clearly made in
hemispheres and not cast in one piece, was made
for Hasan Efendi al-Khalwati Damurdashi, at one
time Ruznamiji of Cairo. The title Ruznamiji was
given to the director of the astronomers of the
Qalcat Ruznamah (citadel of timekeeping) in
Cairo. He made calculations and observations
bearing on the determination of the calender.'”

According to the Egyptian chronicler al-Ja-
barti (died AD 1822), Ridwan ibn “Abdallah made
several instruments for Hasan Efendi in the years
1112-1113 H/AD 1700-1702, among them a
small number of brass celestial globes on which
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FIGURE 22.—Globe No. 81, unsigned and undated. Oxford, Museum of the History of Science.
(Photo: M. B. Smith)

he engraved the visible stars and the constella-
tions, with their names in Arabic, and the ecliptic
latitude circles and meridians (dawa’ir al-“urud
wa al-muyul), and then overlaid the globes with
gold and sold them for an increased price. Rid-
wan employed as an assistant Jamal al-Din Yusuf,
a mamluk (servant) and kalarji (keeper of the
cellar) to Hasan Efendi, who studied so diligently
that he went on to compose treatises on shadows
and lunar mansions and other technical subjects;
he died 30 years after Ridwan. Al-Jabarti states
that both Yusuf and Ridwan’s names were in-
scribed on a number of brass and gilded instru-
ments made for Hasan Efendiin 1701 and before
and after.'” Yasuf’s name, however, does not
appear on the one globe known to be extant,

although Hasan Efendi is named as the patron
and traces of the gilding are evident. The one
extant globe also does not have meridians indi-
cated on it, although they are specifically men-
tioned as being part of Ridwan’s design.

All other workshops producing Islamicate ce-
lestial globes in the eighteenth century seem to
be from the eastern part of the Islamic world.
There is a seamless cast globe dated 1121 H/AD
1709-1710 dedicated to a now unknown patron,
which is quite certainly an Indo-Persian product
(No. 32 of the catalog). It is a highly inaccurate
globe with the stars arranged in a decorative
manner and the constellations crudely and some-
what fancifully delineated. There are also two
undated globes quite similar to this globe in
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design and execution of both the sphere and
rings (Nos. 45—46). The former has an undeci-
pherable inscription around the base, and both
have holes bored on either side of the globe
about 25° from the equinoxes whose purpose is
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unknown. The latter globe has some interesting
features to its somewhat whimsical iconography,
including an extra bird in the form of a falling
eagle near Cygnus (see Figure 23 for an overall
view). These globes are such extreme examples

FIGURE 23.—Globe No. 46, unsigned and undated. Bloomfield Hills, Michigan, Cranbrook
Institute of Science. (Photo: The Museum of the History of Science, Oxford)
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of technically inaccurate and non-functional
globes and display so many features in common
that they suggest one workshop of perhaps even
more recent date than the rather garbled inscrip-
tion on No. 32 would indicate. They may be late
nineteenth- or early twentieth-century imitations
of Islamicate globes, perhaps produced by some-
one knowing very little Arabic and Persian, thus
accounting for the apparently nonsensical in-
scription on No. 45, but still versed in the tech-
niques of casting a seamless sphere, or having
access to spheres cast by another artisan.

In north central India between AD 1728 and
1734 Maharajah Sawa?i Jai Singh II of Jaipur'”*
constructed five observatories at Delhi, Jaipur,
Benares, Mathura, and Ujjain. For the Delhi
observatory, which was completed first, Jai Singh
acquired the zargaliyah style of universal astro-
labe, which had been made nearly half a century
earlier by Diya®al-Din Muhammad of the Lahore
family workshop and which is of unusually large
size (610 mm). Jai Singh tended in his design of
the Indian observatories to rely upon greatly
enlarged instruments to bring about greater pre-
cision rather than the smaller portable astronom-
ical instruments.'”® The two astrolabes which he
himself made'’® are of enormous proportions,
each having a diameter of 2100 mm.

Jai Singh also directed the preparation of a set
of astronomical tables named Ziy Muhammad
Shahi after the Mughal ruler Muhammad Shah
(AD 1719-1748) who appointed him governor of
the state of Agra and later Malwa in north central
India. These tables were intended to update and
improve those made by Ulugh Bég in the fif-
teenth century. In a manuscript of these tables
at Jaipur it is said that the ecliptic coordinates
(celestial longitude and latitude) used by Ulugh
Bég were converted to declination and right
ascension (equatorial coordinates) by taking them
from a celestial globe.'”” That is, presumably a
rather large and well-made globe based on the
positions of Ulugh Bég’s catalogue was used to
find the coordinates of declination and right
ascension (see Chapter 2 on the uses of celestial
globes), thus avoiding the involved calculations
requiring spherical trigonometry. Other than
this one mention, however, celestial globes are

not described as being among the astronomical
instruments employed in the Indian observato-
ries. Although Jai Singh himself was a Hindu,
the work of the observatories represents for the
most part the Islamicate tradition, just as the
language employed was Persian, influenced by
some European contacts and works such as the
tables of Philippe de La Hire, which were trans-
lated into Persian for comparison with the Zij
Muhammad Shaha.

By a century later, however, these Indian ob-
servatories were neglected and in ruins.'”® Yet in
1842 a Hindu metalworker named Lalah Bal-
hamal Lahari (that is, from Lahore) made an
Islamicate celestial globe (No. 33) for a Sikh
patron named Nihal Singh Sahib Bahadur Ah-
luwaliyah. From about AD 1750 the Sikhs had
taken over the Punjab, and during the following
30 years had organized it into 12 loosely-knit
states or misls, one of which was Kapurthalah,
ruled by the Ahluwaliyah family. The capital of
this misl was the town of Kapurthalah where this
globe was placed, according to the lengthy Per-
sian inscription on the sphere. Thus it is certain
that the globe was constructed for Nihal Singh
who ruled Kapurthalah, only a few miles south-
east of Lahore, from October of 1837 until his
death on 13 September 1852. Nihal Singh had
intermittent quarrels and disagreements with the
Maharajahs of Lahore, Ranjit Singh and his suc-
cessors, so that during the Sikh war of 1845 Nihal
Singh failed to align himself clearly with either
the Sikh or British side, for which reason some
of his lands were taken by the British. When the
second Sikh war occurred he gave immediate
assistance to the British, after which he was then
made a Rajah and apparently ruled rather pop-
ularly over his subjects until his death.'”®

Lalah Balhumal Lahuari, who is also known by
at least five astrolabes,'®® cast the globe in one
piece, for no seam is visible and the plugs arising
from the cire perdue process can easily be seen.
This fact, in addition to his nisbah (the part of
the name indicating place of origin) being La-
hari, strongly suggests that the process of casting
globes in which the sixteenth- and seventeenth-
century Lahore workshop specialized continued
to be practiced for more than 150 years after
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Diya®al-Din Muhammad. Many of the apparently
seamless cast globes may have been produced by
workshops in the Lahore area over a period of
250 years. Since we know of no written treatises
on the technical construction of a seamless globe
by cire perdue it is likely that a system of appren-
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tices was required to maintain sufficient skill in
the technique to produce a globe of first rate
quality such as the one made in 1842. Lalah
Balhumal exhibits considerable skill in the exe-
cution of this globe (see Figure 24), on which he
placed a long Persian inscription describing the
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FIGURE 24.—Globe No. 33, dated 1258 H/AD 1842, by Lalah Balhumal Lahuri; present
location unknown. (Photo: From the Files of the Whipple Museum of the History of Science,

Cambridge)
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globe, the patron, and the fee he received as
maker. Though he was probably a Hindu and his
patron a Sikh, the globe is a typical Islamicate
celestial globe with the standard set of 48 con-
stellation outlines and a stated 1022 stars, labeled
in Arabic, thus maintaining the basic design evi-
dent in the earliest of the Islamic globes made
762 years earlier in Spain. A second celestial
globe was made by Lalah Balhumal in the same
year (see No. 127 in the Catalog, Chapter 6).
There is a striking similarity between the de-
sign of these globes made by Lalah Balhumal
Lahuriin 1842 and an anonymous celestial globe
with Sanskrit inscriptions (No. 54, illustrated in
Figure 25). The similarity extends to the stands
and rings, methods of construction, and star po-
sitions, leading to the inevitable conclusion that

both globes were either produced by Lalah Bal-
himal or someone trained in his workshop and
familiar with his technique and design. Although
the constellation names and the numerals are
written in Devanagari characters, it is completely
within the Islamicate tradition in design and ex-
ecution.'®!

A third example, an anonymous globe with
only the major stars (No. 90), can also with some
certainty be attributed to the Lalah Balhumal
Lahuari workshop. It displays the same precision
of execution, the same basic method of construc-
tion, the same star positions (though only 32 of
the major stars are represented on the globe),
and the identical distinctive arrangement of me-
ridian circles. On all four globes (Nos. 33, 54,
90, and 127) there are a set of six great circles

FIGURE 25.—Globe No. 54, unsigned and undated; engraved in Sanskrit, Devanagari charac-
ters. Columbia University, David Eugene Smith Collection. (Photo: Columbia University)
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serving as meridians, which intersect the equator
at 30° intervals; they do not begin at the vernal
equinox but rather are shifted 6° westward, so
there is no meridian representing the equinoctial
colure. For these reasons this anonymous globe
can also be assigned to the nineteenth-century

b5

workshop of instrument makers in Lahore (see
Figure 26).

A fifth globe (No. 53) has the same unusual
arrangement of meridian circles; however, from
the available photograph it is very inaccurately
constructed, and its lack of precision stands in

FIGURE 26.—Globe No. 90, unsigned and undated. Rockford, Illinois, The Time Museum.
Arrows indicate plugs. (Photo: Courtesy of The Time Museum, Rockford, Illinois)
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considerable contrast to the fine execution of the
other four globes. Neither its size nor the method
of construction is known, but its general appear-
ance suggests that it is a later copy of a globe of
the Balhumal workshop design, executed by a
metal worker who was not a professional instru-
ment maker.

At about the same time as the instrument
maker Lalah Balhumal Lahuri was working in
the Punjab, another metalworker was making a
celestial globe (No. 92) in Transoxiana for Mu-
hammad “Ali Khan, who ruled as the eighth
Khan the area of Khokand east of Bukhara AD
1822-1842."%2 The maker did not sign the globe,
which was produced in 1241 H/AD 1825-1826.
It has no stars on it and is made of two metal
hemispheres.

Of the globes having no stars on them, all but
five of those inspected have a seam. The seam is
not always visible (for example, on Nos. 100,
103, and 105), but there are no plugs visible, and
when a probe is inserted inside, a clear seam or
ridge can be felt running around the sphere.
Since the majority of globes without stars have
seams, this would suggest that most of them were
made outside of northwestern India, which ap-
pears to have specialized in seamless globes cast
by the cire perdue process—perhaps in Safavid
Persia. Most of these globes (Nos. 95 through
110) seem to be related stylistically as well, sug-
gesting that they were produced in the same
workshop. No. 97 has a patron’s name, Mirza
Muhammad Taqi Khatarat, who is said to be a
mujtahad, or a Shi%ite authority on religious
Jjurisprudence. Since five of them appear to be
seamless and exhibit plugs from the casting proc-
ess, some Indo-Persian workshops in northwest
India may well have produced them (an example
of a seamless globe lacking stars can be seen in
Figure 34).

Of the globes that have no stars or constella-
tions, only two are dated. In addition to the one
made in Transoxiana for Muhammad “Ali Khan,
there is one globe (No. 91) dated slightly earlier,
1238 H/AD 1822-1823. It has no visible seam
but neither has it any detectable plugs, and ex-
amination of the interior was not possible; there-

fore, it cannot at this point be classified as to the
method of construction. The maker’s name is
quite difficult to read with certainty, but seems
to be Muhammad Sam?i Tari, and the calligra-
phy and engraving style would suggest a Persian
rather than Indo-Persian origin. Since there are
no star positions indicated on this class of globe,
one cannot estimate an epoch for which the
undated ones were designed. Most of the extant
globes of this class are somewhat carelessly exe-
cuted with irregular graduations and uneven cir-
cles. There are, however, some examples of quite
precisely made globes, such as No. 93 (illustrated
in Figure 27), which is a papier maché globe in
quite poor condition, and No. 98.

A seamless cast globe made in 1241 H/AD
1825-1826 by Muhammad Karim might possibly
have been made outside of India (No. 74). Noth-
ing is known of this maker,'®® but his name, the
use of the Yazdijird era on the globe,'®* and the
calligraphy suggest that he was from Persia
rather than India. The well-made seamless globe
has about 80 stars and no constellation outlines.
If it was indeed produced in Persia rather than
India, this would be evidence of an exchange of
ideas and techniques between the artisans of
Persia and those of northwestern India.

In the nineteenth century there were active
three celestial globe makers whose styles differed
considerably from each other and from the Indo-
Persian products of the same period. A very fine
globe exhibiting remarkable precision of design
and execution was made by Muhammad Ashraf
Tuqadi Zadah in 1215 H/AD 1800-1801. The
small globe (No. 72) is made of painted wood, or
possibly ivory, and the stand and rings are con-
temporary, for the maker has signed and dated
them as well. The globe has no constellations but
about 50 stars marked by dots. There are a set
of meridian circles crossing the equator at 30°
intervals, but no ecliptic latitude circles (possibly
indicating European influence in design). It also
has drawn in very fine ink a complete set of
parallels at 2° intervals north and south of the
equator, and another complete set of 2° intervals
parallel to the ecliptic. It is likely that the maker
of this globe of unusual design was from Persia
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FIGURE 27.—Globe No. 93, unsigned and undated. Oxford, Museum of the History of Science.
The covering plaster on this globe has deteriorated in some places. (Photo: M. B. Smith)

or Afghanistan, though we have no other prod-
ucts by him and no information concerning his
work.

The design, precision, and calligraphy of the
anonymous globe (No. 76) are strikingly similar
to that signed by Muhammad Ashraf Tuqadi
Zadah. This globe, illustrated in Figure 28, of
painted paper on wood has both meridians and
ecliptic latitude circles with a most unusual net-
work of half-great circles originating at the inter-
section of the celestial equator and the solstitial
colure at the winter solstice and extending to the
equinoctial colure at 5° intervals, with this hem-
isphere also covered by a series of parallels at 1°
intervals. The purpose of the network—unique
among extant globes—is unknown. The longi-

tudes of the stars indicate an epoch of the end of
the eighteenth century.

Another quite different but equally unusual
globe was finished by Muhammad “Ali al-Husayni
on 23 Jumada I 1221 H/9 August AD 1806. This
is a painted and lacquered papier maché globe
(No. 73) of fairly large size. It is a technically
inaccurate and nonfunctional globe with stars
indicated by disproportionately large gilt dots on
the dark rich brown ground. An incongruous
element on such an inaccurate globe is the state-
ment inscribed at each solstice that the obliquity
of the ecliptic is equal to 23°30’17”. Only the
12 zodiacal constellations are represented picto-
rially in red, black, and gilt paints. The zodiacal
figures are not actually constellation outlines, for
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FIGURE 28.—Globe No. 76, unsigned and undated. Damascus, Musée Nationale. (Photo: The
History of Science Museum, Oxford)

no stars are indicated in them. They are some-
what reminiscent, though by no means identical
to, those figures of the Persian iconographic
tradition evident on the globe made in the six-
teenth century for Shah “Abbas I (No. 63, illus-
trated in Figure 20). There are, however, also
similarities with the zodiacal figures which are
depicted, along with the other constellation
forms, on an anonymous papier maché globe (No.
56; see Figure 29). On the latter globe, the
constellation figures are not outlines of asterisms,
for there are no stars on the globe, and they are
depicted with an iconography radically different
from that usually found on Islamicate celestial
globes, which is associated with the al-Sufi man-

uscript tradition and forms the basis of most
constellation design on scientific instruments.
Late in the nineteenth century the only globe
we know to come from Ottoman Turkey (No.
75) was made by “a student of the Normal
School” Husayn Hisnii Kangari on 3 Rabi®
1299 H/23 January ap 1882. This globe, which
is in two metal hemispheres, has meridians and
ecliptic latitude circles, probably indicating some
European influence. The graduations are labeled
in standard rather than abjad numerals, a very
unusual feature. It is unique among all the globes
in having the names of the zodiacal figures writ-
ten with the top of the writing toward the north
(see Chapter 2 for further discussion of this char-
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FIGURE 29.—Globe No. 56, unsigned and undated. London, National Maritime Museum,
Department of Navigation. (Photo: The Natonal Maritime Museum, London)

acteristic of Islamicate globes); this reversal may — This Turkish globe is the most recent Islamicate
again show European influence. The star posi-  globe imcluded in this study.
tions are quite imprecise and varied, although It is evident that the Indo-Persian metal-work-

the graduations and circles are well executed.  ers and astrolabists of northwestern India per-
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fected the difficult process of casting a seamless
hollow metal globe by the cire perdue process,
practiced this technique, and taught it to others
from the late sixteenth century to the middle of
the nineteenth century. It is impossible to say
who first developed this extremely complex
method of construction. Two examples seem to
predate the sixteenth century: that of Muham-
mad ibn Mahmud al-Tabari (No. 6), dated 684
H/AD 1285-1286, and that of “Abd al-Rahman
ibn Burhan al-Mawsili (No. 60), dated 718 H/AD
1318-1319. This implies the existence of a thir-
teenth-century workshop in Persia and an early
fourteenth-century one in Mesopotamia which
could produce such spheres. Yet there are prob-
lems with the validity of these globes. Even if
they were actually executed at the time stated on
the globes, it is strange that no other examples
of the technique occur before the end of the
sixteenth century. Nonetheless the two early ex-
amples display complete mastery and much ex-
perience with the technique.

During the eight hundred years in which the
extant Islamicate celestial globes were made,
from regions as diverse and distant as southern
Spain and northern India, there was no change
in the basic design of the globe, except for the
apparently late and Persian development of a
type of globe having no stars at all. While the
depiction of the constellation figures could be
adapted (within certain limits) to the local artistic
conventions, the number and form of the con-

stellations and the stars remained constant. The
newly recorded stars and constellations of the
southern hemisphere, resulting from the Euro-
pean explorations of the sixteenth century,'®
were never represented on an Islamicate globe.
The number of the constellations and stars on
Islamicate globes, including the two known San-
skrit globes that are also to be considered part of
this tradition, is always derived from al-Sufi’s or
Ulugh Beég's star catalogs or from the earlier
Ptolemaic one, which had only minor differences
among them. On globes having only a selection
of the most prominent stars, the choice of which
stars to use depended on the designer and could
vary, just as they did on astrolabes. Nonetheless
the basic design remained unchanged. In the
matter of construction, however, considerable
experimentation and development seems to have
occurred. During these eight hundred years
globes were made in metal hemispheres, made
of painted wood or papier maché over a wood
core, or were cast as a hollow seamless metal
globe by the cire perdue process. This last
method, which is not mentioned in any written
discussion of celestial globes, either European or
Islamicate, appears to be a distinguishing feature
of Indo-Persian celestial globe making: that is,
although the technique may possibly have devel-
oped earlier and elsewhere, it became the hall-
mark of the workshops located in the Punjab and
Kashmir areas of northwestern India.



2. The Nature, Use, and Construction of Islamicate Celestial Globes

That inverted Bowl they call

the Sky

Whereunder crawling coop’d we

live and die,

Lift not your hands to It for

help—for It

Rolls impotently on as You

or l.

Edward Fitzgerald

The Rubaiyat of Omar Khayyam

Today there are known to be 126 extant Islam-
icate celestial globes spanning a period from the
eleventh to the nineteenth centuries and origi-
nating from regions as far west as Spain and as
far east as the Punjab and western Himalayas.
(See the Catalog, Chapter 6, for detailed descrip-
tions; an Addendum to the Catalog describes six
additional globes not included in the analyses.)
All the globes represent a tradition of instrument
design which can be traced back to the Greek
and Roman worlds. The language used in inscrib-
ing the majority of the globes is Arabic, although
Persian, Indo-Persian, Ottoman Turkish, and
even Sanskrit occur on some globes. The con-
stellation and star names and other astronomical
nomenclature is nearly always in Arabic, except
for the two globes bearing Sanskrit inscriptions
in Devanagari characters. The other languages,
with only a few exceptions, occur in the imprint
inscriptions—that is, those giving the maker,
date, and sometimes the patron. These extant
Islamicate globes can be grouped into three basic
types that we shall now describe in detail.

The first type of globe, Class A, displays con-
stellation outlines and depicts approximately the
full set of those visible stars listed in star catalogs,
such as those by Ptolemy, “Abd al-Rahman al-
Sufi, and Ulugh Bég.' These globes have the full
set of 48 constellation figures recognized from
Hellenistic times, but their appearance (e.g., the
clothing) was modified to conform to the artistic
conventions of the particular period and location
where the globe was produced (see Figures 6, 9,
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13, and 15). Of the 58 globes placed in this
category, 25 are unsigned and undated. Three
of the undated globes should perhaps form yet a
fourth category of globes, for while they have
constellation figures, they lack stars (Nos. 55, 56,
and 58, one of which is illustrated in Figure 29).
For the sake of convenience, however, they have
been categorized as Class A globes. The 33 dated
globes range in date from AD 1080 to 1842.

The second type of globe, Class B, has indi-
cated on it only the major stars, varying in num-
ber from 20 to 150, with no constellation outlines
(see Figures 7, 10, 22, 26, and 28). The choice
of which stars were included on a globe of this
class seems to have depended upon the maker,
though those termed “astrolabe stars” in the star
catalogs were nearly always included. There are
32 Class B globes in the catalog, of which ap-
proximately half are unsigned and undated. The
remaining 17 globes date from Ap 1140 to 1882.
Among the Class B globes there have been in-
cluded four globes that have zodiacal figures as
well as the major stars (Nos. 63, 73, 82, and 83;
No. 63 is illustrated in Figure 20).

The third type of globe, Class C, has neither
stars nor constellations but displays those great
circles® that are common to all three types of
globes as well as some lesser circles (see Figures
27 and 34). In this class there are 34 globes, only
two of which are dated, both from the first
quarter of the nineteenth century.

While there are a few Islamicate globes made
of painted wood or papier maché on wooden cores
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(see Figures 19, 27, 28, and 29), the majority are
metallic. More shall be said later of their methods
of construction.

The three classes described above do not com-
pletely exhaust the 126 globes described in the
catalog in Chapter 6. That catalog includes at
the end two globes for which it was impossible to
obtain sufficient information to classify them. An
addendum lists six additional globes.

The celestial globe represents the sphere of
fixed stars (without the planets or “"wandering
stars” as they were sometimes called) as seen from
outside the sphere rather than from the earth at
its center.® A celestial globe in Arabic is called
al-kurah (the sphere) or occasionally al-kurah
dhat al-kurst (the sphere possessing a stand) or
kurat al-sama® (the globe of the sky).*

On every extant globe the great circle of the
ecliptic (the apparent annual path of the sun in
the heavens) is clearly marked. The poles of the
ecliptic are prominently indicated, for through
them pass six great circles that intersect the eclip-
tic at right angles and divide it into 12 sections
of 30° each (see Figure 30). These great circles
are not used today in astronomy and so do not
have a common name, but can be termed ecliptic
latitude circles. They are circles along which the
celestial latitude is measured.” It should be noted
that meridians (great circles at right angles to the
celestial equator) are rarely found on Islamicate
celestial globes.® The ecliptic latitude circles were
used on Islamicate globes because in the Arabic-
speaking world, as in the earlier Greek world,
the coordinates of a star were most commonly
measured by the celestial longitude or the dis-
tance measured from the vernal equinox east-
ward along the ecliptic, and by the celestial lati-
tude measured north or south from the ecliptic
along a great circle at right angles to it.”

The Arabic term occurring on celestial globes
for such circles at right angles to the ecliptic is
da’irat al-ard, sometimes written da’irat “ard,
(latitude circle; plural, dawa”ir al-“urud). This is
the circle along which the celestial latitude is
measured, to be distinguished from the term for
parallels or circles of latitude, madarat al-“urud
or madarat “urud, which are circles parallel to

the ecliptic.® In the discussion that follows and in
the catalog of globes I use the term ecliptic
latitude circle when referring to such great cir-
cles passing through the ecliptic poles. This re-
flects the Arabic terminology, since there is no
commonly used term for them in modern astro-
nomical nomenclature.

On nearly all Islamicate globes the names of
the 12 zodiacal houses are inscribed along the
ecliptic, each name filling the appropriate 30°
interval.” For a celestial globe to function
properly for northern geographical latitudes it
must be oriented with the north pole up. On
Islamicate globes the zodiacal names are written
so that they appear to be upside down when the
globe is set in this position.'” The reason they
were always written in this fashion lies in the way
the Arabic language is written and read. For
Latin, Greek, and modern European languages,
when the globe is oriented with the north pole
up, the sequential order of the zodiacal houses
as they appear along the ecliptic has the same
sinistrodextral direction as the writing. The na-
ture of the Arabic alphabet, however, required
that the names of the zodiacal houses be written
in what seems to us an upside-down manner in
order to maintain the flow of the order.

To give an example using the Latin alphabet,
if the sequential order of the houses were from
right to left along a line, then when labeling the
houses in the Latin alphabet, which is written in
the opposite direction left to right, the words
must be inverted.

ININAD SNANVL SAIdV
&

GEMINI TAURUS ARIES

Only when the labeling is turned upside down
will the correct order be maintained. Since the
actual order of the houses on a globe is left to
right, and Arabic is written right to left, a similar
situation results in which the names appear to be
upside down. The same is true of the abjad
numerals with which the ecliptic and equator are
usually labeled (numerals that are letters of the
alphabet assigned numerical values). The fact
that the names of the zodiacal houses and the
numerals appear to be right side up only when
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North celestial
(equatorial) pole

equinoctial scolure

FIGURE 30.—Basic design of extant Islamicate celestial globes, with attached rotatable meridian
ring.

globe be mounted with the north pole up for use
at northern geographical latitudes. And there
would in actuality have been almost no need to
use a globe for southern geographical latitudes,
although some rings do have holes for mounting

the globe is oriented with the south pole up does
not mean that Islamicate globes were set in the
stands with the south pole up. On the contrary,
it is specifically stated in all the literature and
required by labeling on extant rings that the
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the globe for arbitrarily chosen southern geo-
graphical latitudes. Having the labeling in an
apparently upside-down position probably did
not present as large a problem to the user as we
might think. Most globes would have been placed
on a table lower than eye level and the user
would probably have stood over it. The Arabic
names of the zodiacal signs that appear on the
globes are as follows: al-hamal (Aries), al-thawr
(Taurus), al-jawza® (Gemini), al-saratan (Cancer),
al-asad (Leo), al-sunbulah (Virgo), al-mizan (Li-
bra), al-<agrab (Scorpio), al-gaws (Sagittarius), al-
jadi (Capricorn), al-dalw (Aquarius), and al-hut
(Pisces).

A few Class A globes also have the names of
the 28 lunar mansions'' written along the eclip-
tic, usually at intervals of about 12'2°, desig-
nated by a small dash intersecting the ecliptic.
The fact that the zodiacal houses are along the
ecliptic gives rise to the term used for the ecliptic
on Islamicate globes, that is, da’irat mintaqgat al-
buriuj (the circle of the belt of the houses), while
the two poles of the ecliptic are labeled qutb
mintaqat al-buruj shamali (janubz) (the north [or
south] pole of the belt of the houses), or some-
times simply quth buruj shamali (janubt) (the
north [or south] pole of the houses).'?

At an angle of approximately 232° to the
ecliptic,'” the great circle of the celestial equator
or equinoctial, da”irat mu“addil al-nahar (the cir-
cle of the equality of day), is indicated crossing
the ecliptic between the Houses of Virgo and
Libra and between the Houses of Aries and
Pisces. At the celestial poles—that is, the poles
of the celestial equator that are immediately over
the terrestrial poles, the two points in the heavens
toward which the earth’s axis is directed—there
are nearly always two holes through which the
globe was mounted in a ring. These poles, when
labeled, are called qutb mu“addil al-nahar shamali
(janubr) (north [or south] pole of the celestial
equator), or sometimes qutb shamali (janiubi)
(north [or south] pole). On one globe (No. 113)
the label reads qutb “alam shamali (north pole of
the universe). The ecliptic poles, where the eclip-
tic latitude circles converge, occasionally also had
holes.'* In a truely functional globe these would

not have been used for mounting the globe on
its axis in a meridian ring, but rather would be
useful during the construction and finishing of
the globe and for the insertion of a graduated
quadrant for measuring coordinates.

On nearly all the globes the great circles of the
celestial equator and ecliptic are graduated, most
frequently by single degrees with every fifth de-
gree indicated by a longer line and labeled. The
numerals labeling the graduations are written in
abjad notation, that is, with certain designated
letters of the alphabet used instead of the stan-
dard numerals.’® There are also globes gradu-
ated by single degrees with every sixth labeled,
and some by single degrees with every tenth
labeled, and with every third degree indicated
by a longer line. Occasionally globes are gradu-
ated by larger intervals, such as 2° intervals with
no labeling, 2° intervals with every sixth degree
labeled, 2° intervals with every tenth labeled, or
by 5° intervals with each one labeled, or by 6°,
or even 10° segments with each labeled. The
Smithsonian globe, which is the focus of the
present study (No. 38 of the catalog) appears to
be one of only two globes graduated by half-
degree intervals. (See the tables in Chapter 7 for
details concerning the incidence of these and
other characteristics of the globes.)

Those globes graduated by single degrees
range in diameter from 55 mm to 330 mm, with
a median size of 150 mm. As one might expect,
the globes whose smallest unit of graduation is
two or more degrees are generally smaller globes
than those graduated by single degrees. The
globes graduated by 2° intervals, with two ex-
ceptions, vary in size from 60 mm to 100 mm in
diameter, with a median size of 70 mm, while
the two globes graduated by 6° intervals are 50
mm and 60 mm in diameter, and the one globe
using 10° intervals is 97 mm in diameter. Rather
surprisingly, the four globes graduated by 5°
intervals are fairly large, two having a diameter
of 115 mm and two of 150 mm, just as there are
two globes whose smallest unit is two degrees,
which have diameters of 200 and 203 mm.'® The
unusually large size of these six globes is no doubt
due to the fact that they are all Class A globes,
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which tend to be larger than the other two classes
of globes, obviously because they must accom-
modate over 1000 stars and 48 figures. Why the
makers chose such a scale of graduation for these
six globes is not known. The estimated diameter
of one of the two globes using one-half-degree
intervals (No. 53) would make it the largest of
all the extant globes by a considerable margin,
while the diameter of the Smithsonian Insitution
globe, the only other globe graduated by such
an interval, is the sixth largest of the extant
globes whose diameters are known.

Several extant globes have graduations of the
ecliptic and equator but have no numerical la-
beling, while 14 globes have no graduations at
all, but rather simple lines representing the ce-
lestial equator and ecliptic. With only one excep-
tion, the numbers marking the degrees along the
ecliptics repeat in 30° intervals: that is, starting
at the vernal equinox, one finds along the ecliptic
the numbers 5, 10, 15, 20, 25, 30, 5, 10, 15, 20,

. or whatever series would be appropriate,
such as 6, 12, 18, 24, 30, in the case of those
graduated by 2 with every sixth labeled. The one
exception to the repetition of 30° intervals on
the ecliptic is again No. 38, the Smithsonian
Institution globe. Its intervals along the ecliptic
are numbered continuously from 5 through 360
beginning at the vernal equinox."’

Greater variety is to be found in the gradua-
tions of the equator. For the majority of the
globes the graduations along the equator are
numbered continuously from the vernal equi-
nox. Some, however, are numbered in three
consecutive segments of 100° each and a final
segment of 60°. Some are labeled in two seg-
ments of 180°, and on two, the equator repeats
every 30° as does the ecliptic, while on three the
equator is numbered in four segments of 90°
each. Two globes, both nineteenth-century west-
ern Indian products (No. 33, illustrated in Figure
24, and No. 53), number each 6° segment of the
celestial equator with a single numeral, 1, 2, 3,
... 59, 60, beginning with the vernal equinox.

The two points where the ecliptic crosses the
celestial equator, the equinoxes, are not labeled
as frequently as are those great circles them-
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selves, but when their names are inscribed the
terms used are nugqtat itidal kharifi (point of the
autumnal equinox) and nugqtat itidal rabi“i (the
point of the vernal equinox). Similarly, the sol-
stices are seldom labeled, but on the eight globes
where they are labeled, the terms nugtat inqgilab
sayfi (shatw?) (point of the summer [or winter]
turning) and ingilab shams (turning of the sun)
occur.

The solstitial colure is the great circle that
passes through the northernmost point of the
ecliptic, the summer solstice, and the southern-
most point of the ecliptic, the winter solstice.
This circle also passes through the ecliptic poles
as well as the celestial (equatorial) poles, and thus
is one of the six ecliptic latitude circles found on
all Islamicate globes. The solstitial colure is rarely
labeled, however. On only six globes does it bear
a label, da’irah marrah bi-l-aqtab al-arba“ah (the
circle passing through the four poles).

The point on the ecliptic that is the greatest
distance from the equator, measured along the
solstitial colure, is frequently labeled on globes.
On 25 globes, all but one of Class B or C, the
words mayl kulli are written along the segment
of the solstitial colure between the equator and
ecliptic. Thus, the term occurs twice on such a
globe on opposite sides near the solstices. The
term mayl kulli means “complete obliquity (or
declination)”—that is, the greatest obliquity or
distance of a point on the ecliptic from the equa-
tor."® When discussing the globes in the Catalog
(Chapter 6), 1 have used the term mayl kullz,
rather than an English equivalent, to indicate
when these two labels are found on a globe. On
only three globes is the actual value of the oblig-
uity specified."?

On many globes a great circle is drawn
through the equinoxes and the celestial poles,
and perpendicular to the solstitial colure. This
great circle, the equinoctial colure, is nearly al-
ways indicated on those globes having no stars
(Class C) and on approximately one-third of the
globes having only the prominent stars and no
constellation outlines (Class B), but it occurs on
only four of the globes exhibiting the constella-
tion figures (Class A). The equinoctial colure is
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seldom labeled, but on at least two globes it is
termed da’irat al-mayl or da”irat mayl (declination
circle).®

The name of the equinoctial colure in Arabic
reflects one of the two terms used for the meas-
urement of coordinates of a celestial body in a
celestial equatorial system. Mayl (declination) is
the star’s angular distance in degrees north or
south of the celestial equator measured along a
great circle passing through the equatorial poles
and the star in question. This circle is today called
a meridian or hour circle. On Islamicate celestial
globes any great circle passing through the celes-
tial poles is called a dairat al-mayl (plural dawair
muyul; declination circle). This is a circle along
which the declination is measured, as distin-
guished from the madarat muyul (circles [paral-
lels] of declination), which are circles parallel
with the celestial equator.®'

The Arabic term ba“d (distance) refers to the
measurement along the celestial equator from
the vernal equinox to the point of intersection of
the meridian passing through the star (right as-
cension in modern terminology). This system of
celestial equatorial coordinates was known in the
Islamic world, as well as to earlier Greek astron-
omers. Islamic astronomers made use of such
coordinates as early as the ninth century.* An-
other method, which made use of the ecliptic was
employed, as was a third system of coordinates
based on the altitude and zenith, which will be
described in connection with the rings attached
to the globes (see Figure 31).

From an examination of Islamicate celestial
globes we can confirm the preference for the
ecliptic coordinate system in which the celestial
latitude (called “ard) was measured north or
south from the ecliptic along a great circle pass-
ing through the ecliptic poles and the object.
The celestial longitude (/) was measured from
the vernal equinox eastward along the ecliptic.
It is in terms of the ecliptic coordinates that the
positions of stars are given in all the star catalogs
from Ptolemy’s in the second century through
that of Ulugh Bég in the sixteenth century.

In addition to the great circles, several lesser
circles often appear on extant globes, though no

mention is made of such circles in the Islamicate
literature surveyed in Chapter 1. The lesser cir-
cles are called madarat (singular, madar) to dis-
tinguish them from great circles called dawair
(singular, da’irah) both terms are from the same
root and mean “circle.” One globe (No. 94),
however, employs the term da“rah saghirah
(small circle) for the lesser circles.

The lesser circles of the tropics, placed about
231%4° north and south of the celestial equator,
as well as the equatorial polar circles, are fre-
quently found on globes of the first two classes,
and these four lesser circles appear on all the
globes of the third class that were examined.
There are two equatorial polar circles, one north
and one south, with a celestial equatorial pole as
center and passing through the corresponding
ecliptic pole about 23'%4° distant. These polar
circles are labeled madar qutb mucaddil al-nahar
shamali ( janubi) (circle of the north [or south]
pole of the equator). The Tropic of Capricorn is
usually called madar ra’s al-jadi (the circle of the
start [head] of Capricorn), but occasionally the
phrase madar awwal jadi (circle of the beginning
of Capricorn) is found. The Tropic of Cancer is
termed madar ra’s al-saratan (circle of the start
[head] of Cancer) and sometimes madar awwal
saratan (circle of the beginning of Cancer). One
globe (No. 94) uses for the Tropics an expression
of mixed Persian and Arabic, da’irah saghirah az
madar ra’s saratan ( jadr) (small circle belonging
to the circle of the start of Cancer [or Capri-
corn]), and similarly for the polar circle da®irah
saghirah az madar qutb (small circle belonging to
the circle of the pole).

Several globes of all three classes have addi-
tional circles parallel to the equator at about 12°
and 20° on either side of the celestial equator.
The two lesser circles to the north are occasion-
ally labeled madar awwal thawr wa sunbulah (the
circle of the beginning of Taurus and Virgo) at
12° and madar awwal jawza® wa asad (the circle
of the beginning of Gemini and Leo) at 20°. To
the south are the circle of the beginning of
Scorpio and Pisces, and the circle of the begin-
ning of Aquarius and Sagittarius. In a few in-
stances only one of the sets of additional lesser
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FIGURE 31.—Schematic drawing of Islamicate celestial globe set into meridian and horizon
ring assembly, with indications of the three coordinate systems.
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circles is indicated, usually at 12°. On a globe
(No. 63, illustrated in Figure 20) made in 1603
for Shah “Abbas I, the lesser circles at 12° to
either side of the equator are labeled madarat
muyul (circles of declination), the general term
for lesser circles parallel to the equator. This
globe does not have the circles at 20°, but does
have a set of comparable lesser circles at 12° on
either side of and parallel to the ecliptic.

The ecliptic equivalent of the Tropics (circles
parallel to the ecliptic and about 23'/2° on either
side of it) were commonly drawn on those globes
having no stars, and occasionally indicated on
those of Class B, but seem never to have been
placed on Class A globes. The ecliptic tropic
circles do not appear to bear a particular term
on the globes, but, when labeled, have only the
generic term for all circles parallel to the ecliptic,
madarat “urud (circles of latitude). This term is
also applied to the circles parallel to and at 12°
from the ecliptic on globe No. 63, mentioned
above. As for the ecliptic polar circles, they are
the two circles, one north and one south, having
the ecliptic poles at their centers and passing
through the celestial (equatorial) poles. They are
actually the paths of the celestial poles as they
circle slowly about the poles of the ecliptic in the
precessional motion. The ecliptic polar circles
(other than the ring on which the signature was
sometimes engraved on the southern hemi-
sphere) appear most trequently on the globes
having no stars (Class C), but are known to occur
occasionally on the other two types as well. On
those globes on which the lesser circles are la-
beled, the ecliptic polar circles are termed madar
qutb mintaqat al-buruj shamali ( janubr) (the north
[or south] circle of the pole of the belt of the
houses). In the case of globe No. 94, the label
reads da’irah saghirah az madar qutb al-buruj
shamali ( janubi) (the small circle of the circle of
the pole of the houses).

The full set of eight lesser circles, including
the ecliptic and equatorial tropic circles and eclip-
tic and equatorial polar circles, with one excep-
tion are found only on the globes having no stars.
They were probably indicated only in order to
complete the symmetry and not because all of

them had astronomical significance. The one
exception, a Class B globe (No. 72, made in AD
1800-1801 by Muhammad Ashraf Tugadi Za-
dah), has the full set of eight lesser circles and
the circles at 12° and 20° parallel to the equator
and to the ecliptic all prominently indicated, and
in addition has a complete set of parallel circles,
marked by very fine ink lines on the wooden
globe, at 2° intervals both north and south of
the equator and north and south of the ecliptic.
Another globe (No. 81, illustrated in Figure 22),
probably made in Yazd in the seventeenth cen-
tury, has a complete set of parallelsat 5° intervals
from the ecliptic. A most curious network of
circles occurs on an anonymous Class B globe of
painted paper over a wooden core (No. 76, illus-
trated in Figure 28). This globe has a network
of half drawn great circles originating at the
intersection of the celestial equator and the sol-
stitial colure at the winter solstice and extending
to the equinoctial colure, marked at 5° intervals.
The hemisphere thus defined is also covered by
a series of parallels (parallel to the equinoctial
colure) drawn in red at 1° intervals, with every
5° parallel drawn in black. The purpose of the
network is unknown. On one globe of Class C,
No. 112, there are lesser circles about 43° on
either side of and parallel to the equator which
are also tangent to the ecliptic polar circles at the
solstitial colures. The circles are labeled on the
globe but the labels are not entirely readable in
the published photograph. They appear to be
madar . . . “ard sh{amali] ( jlanubt]) (circle of . . .
[47?] latitude north [or south]). A similar set of
circles appears on globe No. 108.

For a celestial globe to be functional it must
be placed in a set of rings, usually supported by
a stand. Unfortunately the majority of rings and
stands are missing today, or are modern replace-
ments, but we have a sufficient number to know
the basic forms. Slightly over one-third of the
extant globes have one or more rings that could
reasonably be considered contemporary with the
globe.” A close fitting meridian ring (da%rat nisf
al-nahar) was placed about the globe and at-
tached to it at the celestial or equatorial poles.
The name means “circle of midday,” a term
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properly referring only to the upper half of the
ring, for the lower half indicated midnight (nisf
al-layl). A meridian ring is always at right angles
to the horizon ring and passes through the north-
south celestial poles. Thus it is known as a prime
meridian. The globe can then rotate within the
ring, pivoting on the celestial poles.

Meridian rings are of two basic types, depend-
ing on whether the ring has only one set of holes
that are attached permanently to the celestial
poles of the globe or whether there are several
sets of holes in the ring in which the axis of the
globe can be set. In the first type of ring, the
meridian ring will rotate with the globe as it is
adjusted for different geographical latitudes.
The meridian ring of the first type was graduated
in a manner that essentially divided it into four
quarter circles bearing abjad numerals indicating
the graduations on each of these 90° arcs. The
numerals were nearly always placed so that they
increased from the celestial pole,24 which served
as the 0° point, to the point on the ring alongside
the celestial equator marked 90° (see Figure 30).
The meridian ring was graduated and labeled in
the same manner and with the same scale as the
ecliptic and equator of the globe to which the
ring was attached. There are very few exceptions
to this rule. Two globes (Nos. 33 and 54, illus-
trated in Figures 24 and 25), both nineteenth-
century Indo-Persian products probably from
the same workshop, having a sliding 6° gradu-
ated scale that can move along one half of the
meridian ring (from pole to pole) to measure
celestial positions and mark them for comparison
with other positions.

The second type of meridian ring remained
stationary with the 90° points of the non-consec-
utive numbering of the quadrants at the top
(zenith) and bottom (nadir). The axis of the globe
was then changed to one of the sets of holes for
the required terrestrial latitude. Four extant
rings have holes at regular intervals: the instru-
ment maker Ja“far ibn “‘Umar ibn Dawlatshah of
Kirman (No. 7, illustrated in Figure 9; the upper
half of the ring was detachable and is now lost)
and his son Muhammad ibn Ja“far (No. 62, illus-
trated in Figure 10) placed holes at 10° intervals
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and 5° intervals, respectively, while Lutf Allah
(No. 67) drilled holes every four degrees, and an
anonymous Class C globe (No. 110) has holes at
10° intervals.

There are five extant stationary rings from all
three classes (Nos. 18, 40, 86, 89, and 114) that
have holes drilled at certain specified latitudes.?
On all but one (No. 18) not only are the gradu-
ations labeled alongside the ring, but each hole
bears a special label on the outside face of the
ring giving the latitude in abjad numerals. All of
these rings are with globes that are apparently
seamless cast objects from Indo-Persia, probably
all from the seventeenth-century Lahore work-
shop; on all of them the northern latitude of 32°
(that of Lahore) is indicated. The only signed
globe with one of these rings (No. 18) is by Diya”
al-Din Muhammad and is illustrated in Figure 15
(the photograph shows the ring incorrectly
mounted on the globe). Figure 32 shows in dia-
gram form two such stationary rings, the more
sophisticated version having a rotating arc that is
attached at the zenith point by a pin around
which it can pivot. The 90° arc is graduated and
can be used to measure altitude. On all three
extant rings of this form (Nos. 18, 86, and 89),
the lower half of the ring is twice as thick as the
upper half to allow this arc to rotate. The merid-
ian ring itself is held stationary by two lips at the
zero points, by which it rests immobile on the
supporting horizon ring. On one globe (No. 89)
the outside radius of the top half of the ring is
greater than that of the lower half. When the
ring is in the correct position, the axis of the
globe could be adjusted by setting the north pole
of the globe at the desired set of holes in the
upper righthand quadrant (as seen in Figure 32)
for the corresponding northern geographical lat-
itude and at a hole in the lower right hand
quadrant for a southern geographical latitude. A
simpler form of stationary ring that is not de-
signed to accommodate a rotating arc is also
illustrated in Figure 32. Three of the extant
stationary rings give settings for southern lati-
tudes of 18°, 24°, 29° 34° or 35°, and 72°,
while one (No. 18) has a hole at every 5° interval
for the southern latitudes and one (No. 40) has
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FIGURE 32.—Two examples of stationary meridian rings
based on globes No. 40 and No. 86.

no perforations for such settings. There would
be little need for such settings, and in fact in
some of the rings the pins do not move freely
through all these holes. The northern holes show
more variation, but always included the one for
Lahore (32°) and nearly always one labeled 66°
30", which is the colatitude of the northern tropic
and the parallel at which the longest possible day
occurs. This is also the arctic circle and was

generally considered the northern limit of the
inhabited world on account of the intense cold.
Life was thought to disappear at a southern lati-
tude of 21° to 24° because of the heat.*

The meridian ring in turn rests in another ring
at right angles to it called da”irat ufq (horizon
ring), which is held horizontally in a stand,
though one globe of Class A (No. 5) was designed
to be suspended rather than attached to a stand.
The horizon ring is also graduated and labeled
in abjad numerals. For Classes A and B the
graduations are usually marked by single degrees
with every fifth labeled, though other patterns
occur just as on the meridian rings and celestial
equators and ecliptics.

The horizon rings in Classes A and B fre-
quently have the four cardinal points marked on
them, and the graduations are numbered in seg-
ments of 90°, each beginning at the east-west
points and ending at the north-south points,
which also contain the notches for the insertion
of the meridian ring (see Figure 33). In Class C
globes the horizon rings usually lack the names
of the directions of the compass, and the se-
quences of the numbering tends to be reversed.

FIGURE 33.—Design of the horizon ring as seen from
above.
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On such rings, the notches holding the meridian
ring serve as the zero points and the numbering
proceeds in both directions from these two points
(see Chapter 7 for the distribution of these char-
acteristics).

A few horizon rings also align the four cardinal
points with the seasons (east-spring, north-sum-
mer, etc.), and occasionally the zodiacal signs are
named around the horizon ring, placing the di-
vision between Aries and Pisces (vernal equinox)
at the point marked east, the summer solstice
(Gemini-Cancer) at north, and so forth. Three
globes give the names of cities along the outer
edge of the horizon ring. Globe No. 31 gives 104
cities, and No. 76 (illustrated in Figure 28) gives
the names of 72 cities. In the case of the third
globe, No. 40, the semicircular ring attached to
the underside of the horizon ring and supporting
the meridian ring and globe gives the names,
latitudes and longitudes of 42 localities, with
space left on the horizon ring itself with the
indication that it was intended to contain addi-
tional names and positions of cities, but in fact
no further names were given.?” The longitudes
and latitudes of terrestrial points were measured
in antiquity and in the Islamic middle ages by
equatorial coordinates. The longitudes were
measured from the Fortunate Islands, today
called the Canary Islands, continuing a tradition
established by the time of Ptolemy.*®

A few globes of Classes A and B have horizon
rings with notches at the east-west points that
would have accommodated another ring at right
angles to both the meridian ring and horizon
ring. This ring would serve as a zenith ring, for
it would always mark the point directly overhead
and function as a prime vertical of importance in
the horizon system of coordinates. Five globes
(Nos. 5, 18, 33, 53, and 70) with contemporary
rings have the zenith ring (see Figures 15 and 24
for illustrations of zenith rings).

Many of the celestial globes extant are set
within rings that are clearly modern replace-
ments. Such modern rings frequently lack grad-
uations and, in the case of horizon rings, do not
always serve to accurately represent the horizon.
There are fewer meridian rings that seem to be
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part of the original apparatus than horizon rings,
presumably because of their smaller size.

The horizon ring is supported by a stand that
can vary in style, but is of two basic types. The
most common stand consists of three or four legs
resting on a ring base (sometimes four or eight-
lobed) or on a circular plate with a central sup-
port to hold the meridian ring and globe (for
example, Figure 16), or with one or two semi-
circular metal arcs attached to the under side of
the horizon ring itself to hold the meridian ring
and globe (as in Figure 34). The second basic
style is a pedestal stand on top of which are one
or two semicircular metal arcs supporting the
horizon ring and holding the meridian ring from

FIGURE 34.—Globe No. 113, unsigned and undated. This
globe has no stars and the unusual feature of a graduated
solstitial colure. Paris, private collection. (Photo: Alain
Brieux)
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below (see Figure 10). Eight-lobed ring bases
(Figure 34) and three-legged stands with the legs
in an S-shaped or leaf-shaped curve (Figures 15
and 24) are typical of Indo-Persian workshops,
while four-legged stands with top, central, and
bottom square or hexagonal knobs on each leg
are associated with light-weight seamed globes of
possibly Persian origin.

One thirteenth-century globe (No. 3) has a
stand in which two gnomons are incorporated
into the east and west sides of the base, each
above a 90° arc that constitutes a leg of the
stand. Each arc is graduated by single degrees,
with every fifth labeled. The gnomons and scales,
which may well be contemporary with the globe,
enable the altitude of the sun to be determined.
On the stand of globe No. 6 a similar arrange-
ment of gnomons and graduated arcs was prob-
ably intended, but the stand as it now exists, does
not have the gnomons aligned over the gradu-
ated arcs so that they could function as elevation
dials. Similar basic designs are seen in the stands
of globes No. 4 (probably not contemporary with
the globe) and No. 115, though the arcs are
ungraduated. Perhaps they are simply unfinished
or poor copies of an elevation dial stand by an
uncomprehending maker.

A globe placed within a meridian and horizon
ring assembly becomes truly functional and can
be set at any given geographical latitude by ro-
tating the meridian ring within the horizon ring
or changing the axis of the globe in a stationary
meridian ring. The globe itself could then be
rotated about the celestial equatorial axis to rep-
resent the movements of the heavens. On those
globes with stars, the stars always visible at a
given latitude could easily be determined, as
could the risings and settings of certain stars for
given times of the year, and other astronomical
information.

The meridian and horizon rings, particularly
when there was a graduated zenith ring or a
meridian ring of the stationary style, could also
serve to provide the star positions in terms of yet
a third system of coordinates, that of altitude and
azimuth (see Figure 31). The altitude (irtifa®) of
a star is its distance above or below the horizon

ring measured along a great circle or da’irat
irtifa“ (altitude circle) perpendicular to the hori-
zon and passing through the star and the samt al-
ra* (the direction of the head, or zenith). The
point of intersection of this great circle and the
horizon was called samt (azimuthal point). The
azimuth of a star is the angular distance meas-
ured from this intersection to either the north
or the south point of the horizon ring, whichever
is closer. It was known that the complement of
the azimuth (which could be read more easily on
a horizon ring than the azimuth itself) equaled
the distance from the samt to the equator, and
that the complement of the altitude was the
distance to the zenith (called zenith distance to-
day). The one altitude or vertical circle that
passes through the two points of intersection of
the celestial equator with the horizon was called
dairat awwal al-sumut (the circle of the first of
the directions; in modern terminology the prime
vertical), represented in some globe assemblies
by the zenith ring. The one altitude circle that
also passes through the two celestial equatorial
poles intercepts the horizon at the north-south
points and is called da”irat nisf al-nahar (the circle
of midday) and is represented by the meridian
ring.

On stationary meridian rings with a rotating
90° arc pivoting around the zenith point (see
Figure 32), the altitude of a star position can
easily be read from the scale. If the meridian
ring is of the stationary type without the arc, the
globe can be rotated until the star is under the
meridian ring and the altitude read directly off
the meridian ring. If there is a graduated zenith
ring, then a similar procedure can be used to
read the altitude directly from the zenith ring,
even when the meridian ring is of the rotating
style.

One anonymous Class B globe, probably from
seventeenth-century Persia (No. 81, illustrated
in Figure 22) has the meridian, horizon, and
prime vertical circles engraved directly onto the
surface of the globe. In this instance they are
stationary and are valid for only one latitude.
The globe was made for 32°, which is the lati-
tude of Yazd. This same globe also has engraved
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and labeled on it a declination circle and a celes-
tial latitude circle passing through the star la-
beled “ayyuq (a Aurigae, Capella). Such circles
marked directly on the surface of a globe are
clearly for didactic purposes (as shown in Figure
31). The circles can be used to demonstrate the
three known systems of coordinates: ecliptical,
equatorial, and horizontal. All three of these
systems were discussed by Ptolemy, and through
the Arabic translations of the Almagest, were well-
known in the Islamic world.

The most common form of meridian ring was
the movable type—that is, one with only two sets
of holes by which it was attached permanently to
the globe (see Figures 30, 31, and 34). By using
the graduations of the meridian ring when it is
attached to the celestial poles, the globe can be
adjusted (rectified) to correspond to any given
terrestrial latitude, and the declination of a star
can be read by turning the globe so that the star
is alongside the meridian ring, and then reading
off the declination from the graduations. The
right ascension of the star would be read by
finding where the great circle passing through
the star and the celestial poles intersected the
equator. The meridian ring in this arrangement
of the rings is nearly always numbered from the
poles.?® The distance from the star to the celestial
poles was probably read directly from the ring
and its complement taken for the declination.
This particular ordering of the meridian ring
graduations has the advantage, however, of al-
lowing easy rectification of the globe to corre-
spond to a given terrestrial latitude simply by
placing the corresponding degree of the merid-
ian ring at the north point of the horizon ring,
with the north celestial pole above the horizon
ring for northern latitude and below for south-
ern latitudes.

While it was customary to mount the meridian
ring to the globe at the celestial equatorial poles
so as to correctly represent the rotation of the
heavens, occasionally holes were drilled at both
the celestial and ecliptic poles so that a moveable
axis through the globe and the meridian ring
could be adjusted to either set of poles. When
the meridian ring was set at the ecliptic poles,
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the celestial latitude could more easily be calcu-
lated from the meridian ring and the celestial
longitude read from the ecliptic. It was custom-
ary to read a celestial longitude within a zodiacal
house, such as Taurus 15° rather than 45° from
the vernal equinox, which is why the ecliptic is
nearly always numbered in twelve 30° segments
and always has the names of the zodiacal house
written over each segment.

When there is a hole at the ecliptic as well as
celestial poles, it would be possible to use a scale
such as that described in a chapter appended to
the thirteenth-century Spanish translation of
Qusta ibn Luqa’s tract on the use of celestial
globes.*® This measuring device consisted of a
90° arc whose inner diameter was concentric
with the surface of the globe. The quadrant was
graduated by single degrees with every fifth la-
beled. At the end of the arc labeled 90° a thin,
well-made nail was attached, which could be eas-
ily inserted into one of the ecliptic poles. The
arc, which was thus always at right angles to the
ecliptic, could be rotated about to read off the
celestial longitude and latitude of any star and
could be easily removed to permit the globe to
turn under the meridian ring. It could be placed
in either ecliptic pole depending on whether
northern or southern coordinates were required.

When it was not possible to attach the meridian
ring to the ecliptic poles of the globe, or to use a
measure like that just described, drawing com-
passes were used to measure the celestial latitude
and to compare the distance with the graduations
of the equator. (The equator was used rather
than the ecliptic since the former was numbered
sequentially.) Sometimes a wooden or brass 90°
arc, with the same curvature as the globe and
calibrated in the same scale as the equator, eclip-
tic, and rings, was placed over the great circle
representing the celestial latitude of the star and
the angular distance then read directly from the
scale, as al-Khazini described in his twelfth-cen-
tury treatise.

Stationary meridian rings had the advantage
of allowing one to easily read the zenith distance
and altitude of any star on the globe, while the
azimuth would be read from the horizon ring.
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For the globes where the adjustment for geo-
graphical latitudes was made in the more usual
way of rotating the meridian ring along with the
globe, altitude could be found using divider com-
passes, or the 90° graduated moveable arc could
be placed on top of the horizon ring and the
altitude read from it. One of these two instru-
ments (the divider compasses or the graduated
moveable arc) was necessary for reading the dis-
tances between stars on the globe.

The utility of the three classes of globes in the
Islamic world can be deduced from the treatises
on the use of celestial globes, such as that by
Qusta ibn Luqga written in the ninth century, and
from the form of the extant globes themselves.*'
The globe described by Qusta ibn Luga differs
in basic design from that described by Ptolemy
in his Almagest (as do all extant globes) even
though the treatise was very well known and
formed the basis of all star catalogs in the Islamic
world.

It is curious that in the literature as surveyed
in Chapter 1, we find no reference to celestial
globes lacking stars (Class C globes) nor to any
attempted constructions of a precession globe of
the sort described by Ptolemy. All Islamicate
globes having stars, by bearing both an equator
and ecliptic are thus made for only a certain
epoch. The precession of the equinoxes is suffi-
ciently slow that such a celestial globe (just as an
astrolabe) will not be obsolescent for 50-75
years. There is evidence that the globes lacking
stars are quite late, and are possibly a Safavid
Persian development. While Qusta ibn Liqa de-
scribed only a globe bearing the major stars on
it (Class B) and does not even mention constel-
lation outlines, we can easily see that some of the
uses to which he puts celestial globes are readily
applicable to all three classes of globes, even
those of Class C.

When Class C globes are mounted in meridian
and horizon rings they represent a model of the
celestial system not subject to precessional
change, much as does a simple demonstrational
armillary sphere (one lacking the orbits of the
moon and planets). Following the treatise by
Qusta ibn Luqa (chapters 1-8),* it is evident that
a globe of this class, though never mentioned by

Qusta, could be used as a didactic device to
demonstrate the following principles: the differ-
ence in the positions of the sun for different
terrestrial latitudes; the equality of day and night
for any latitude when the sun is at one of the
equinoxes; the longest and shortest day for any
given terrestrial latitude; which latitudes have a
six-month night and a six-month day; the latitude
at which there are no shadows at certain times of
the year; and on what day this last event occurs.

More importantly, a well-made Class C globe
could be not only an instructional tool, but a
simple means of computing certain information.
It should be kept in mind that the measurement
of time can be based either on the apparent
rotation of a star (sidereal time) or on that of the
sun (solar time). Due to the movement of the sun
along the ecliptic, the solar day is about four
minutes longer than a sidereal day. The proce-
dures for measuring time by means of a celestial
globe which are described in the literature, and
of which we shall give some examples, in fact
measure sidereal rather than solar time. The
intervals measured by these methods, however,
are no greater than one day, and the difference
between the solar and sidereal units could be
consequently negligible.

A day can be divided into equal or unequal
hours. If the day is considered the length of time
required for the apparent rotation of a star and
that interval divided into 24 equal hours, the
right ascension (angular distance along the celes-
tial equator) could be measured in hours as well
as degrees, allowing one hour for 15°. Equal
hours were employed primarily for astronomical
calculations, while civil and religious time-keep-
ing was based on a system of unequal or temporal
hours (horae temporiae). In this system the period
from sunrise to sunset was considered one-half
the day and allotted 12 hours, while the period
from sunset to sunrise was also divided into 12.
On any day other than the equinoxes the length
of an hour of daylight will not equal the length
of an hour at night.

By means of a Class C globe having rings,
ecliptic, and equator (all of which must be grad-
uated), it is possible to compute the following
items: the difference between the length of night
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and day for any given terrestrial latitude; the
difference in terms of equal hours of the daytime
periods of any two days for any given terrestrial
latitude; the difference between the daytime pe-

‘riod of any given day in two given towns of
different latitudes; the length of the hours (un-
equal hours) for any given day at any given
latitude; the latitude of the sun at noon for any
terrestrial latitude on any given day; the differ-
ence between the maximum elevation of the sun
on any one day in two different towns; the alti-
tude of the sun above the horizon for any day at
any location given the time of day; the hour of
the day (in equal or unequal hours) given the
altitude of the sun, the day of the year, and the
terrestrial latitude; or the hours of the day given
the ascendant (degree of ecliptic at eastern hori-
zon) at a certain location on a given day. Ob-
viously, if the altitude of the sun is known, then
the ascendant can be read at the eastern part of
the horizon ring, and if the ascendant is known,
the altitude of the sun can be measured on the
globe for a given day.

The last three items require information such
as the time of day or the altitude of the sun,
which would have to be read from another in-
strument, such as a gnomon or quadrant. The
position of the sun in the ecliptic could be found
from a calendar. To give some specific examples,
to find the length of the unequal daytime hour
for a given day in a given town, the astronomer
would, after rectifying the globe for the given
geographical latitude, place the degree of the
ecliptic where the sun is on that day on the
eastern horizon and then mark the segment of
the celestial equator that was also on the eastern
horizon. After rotating the globe until the degree
of the ecliptic containing the sun is at the western
horizon, he would mark the segment of the ce-
lestial equator that was at that time at the eastern
horizon. By counting the degrees from the first
to the second mark along the equator in a west
to east direction and dividing the result by 12,
the astronomer would then have the length of
the unequal hours, allowing 1° per 4 minutes.

If the astronomer wished to know how much
time had elapsed (in terms of equal hours) on a
certain day given the ascendant and the latitude
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of the town, then after rectifying the globe for
that particular latitude and setting the ascendant
(the degree of the ecliptic corresponding with
the east horizon) at the east point of the horizon
ring, he would mark down the degree of the
celestial equator that also falls on the east hori-
zon. Then he turns the degree of the ecliptic
corresponding to the position of the sun for that
particular day to the east horizon. He notes the
degree of the celestial equator that is also now at
the east point of the horizon ring. Taking the
difference of these two readings and dividing by
15, he finds the number and fractions of hours
which have elapsed.

Given the time elapsed (in either equal or
unequal hours) for a particular day, or the alti-
tude of the sun at a given location, the ascendant
could also be found. This was of considerable
interest to astrologers, for once the ascendant
was known, then other positions along the eclip-
tic that were employed in astrological horoscopes
could be very easily read from a celestial globe.
When the degree of the ascendant was at the
eastern horizon (placed in Locus I of the horo-
scope) the descendant (Locus VII) equaled the
degree of the ecliptic coinciding with the western
horizon. The “middle of the heaven” (Locus X)
is the point of the ecliptic at the upper half of
the meridian ring, and the “peg of the earth”
(Locus 1V), the part of the ecliptic coinciding
with the lower half of the meridian ring. After
rotating the globe 30° from the initial position
of ascendant at the east horizon, Locus II can be
read at the east part of the horizon ring, Locus
XI at the northern half of the horizon ring,
Locus VIII at the western horizon, and Locus V
at the lower meridian ring. Then by rotating the
globe eastward 60°, Loci XII, IX, VI, and III
could be read at the same four locations, respec-
tively. In an older and more complex system, the
four initial Loci were determined in the same
manner as just described. The other positions
along the ecliptic for the other eight Loci were
determined by finding the length of the unequal
daytime hours for the particular day and then
rotating the ascendant to the eighth hour
(roughly 120°) and reading Locus II at the
northern culmination of the ecliptic and Locus
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VIII at the southern culmination; then rotating
it to the tenth hour (roughly 30° further west-
ward) and reading Loci III and IX in the same
manner; and then rotating the descendant to the
second hour (roughly another 60° westward) for
Loci V and XI, and the descendant to the fourth
hour (about an additional 30°) for Loci VI and
XII1.>* In this manner the celestial globe, like the
astrolabe, allows astrologers to read directly the
degree of the ecliptic for the 12 positions of a
horoscope, thus enabling them to avoid compli-
cated calculations.

The celestial globes that have stars are able to
do all of the things that Class C globes can do, in
addition to a considerable number of demonstra-
tions and calculations involving the stars. Such
globes, with the meridian and horizon rings, can
be used to demonstrate quite effectively the dif-
ferences in the apparent motion and visibility of
stars, as well as the sun for different geographical
latitudes, and at what latitudes the stars never
rise or set, since the horizon ring divides the
upper (visible) part of the heavens from the lower
(invisible) part. They can also be used to dem-
onstrate the daytime path of any star depicted
on the globe as well as the rising and setting of
each fixed star in any given geographical latitude.

There is no significant difference in the func-
tion of celestial globes of Classes A and B, the
only difference being that those of Class A pres-
ent a fuller notion of the asterisms, depict the
convenient and familiar pattern of the constella-
tion outlines, and are generally larger and so
allow for greater precision than do those of Class
B. In addition to the computations discussed for
Class C globes, all of which can be done with
Class A and B globes as well, the celestial longi-
tudes and latitudes, the declination and right
ascension, and the altdtude, zenith distance, and
azimuth for any star on the globe at any given
geographical latitude can be found. An astrono-
mer may calculate the distance between any two
stars on the globe, the distance for any given
location between two points on the horizon
where any two stars rise, the maximum elevation
of each star on the globe for any given town, the
azimuth of the direction of prayer (giblah)** for

any given town. If the altitude of any star not on
the globe, or planet or moon, is known, as well
as the altitude of a nearby star appearing on the
globe, then an approximation of the other coor-
dinates can be found from the globe. The hour
(in equal hours) that any star on the globe rises
could be computed for any given latitude by
setting the star at the east horizon (once the globe
had been rectified for the given geographical
latitude) and noting the segment of the equator
at the eastern horizon. Then by rotating the sun
to the eastern horizon (or, if the star rises at
night, rotating the globe until the nadir of the
sun is at the east point) and noting the degree of
the celestial equator at the horizon, the hour can
be found by counting the degrees between the
two readings and dividing by 15. The twilight
period was considered to occur when the sun was
between 6° and 18° below the horizon. At the
end of twilight all stars visible to the naked eye
could be seen. In this way one hour and 12
minutes (equal hours) after the sun has set all
stars would be visible that were above the horizon
ring when the degree of the ecliptic containing
the sun was set at 18° below the western edge of
the horizon ring.

The celestial globe (No. 3) made by Qaysar
ibn Abi al-Qasim ibn Musafir al-Ashrafi al-Hanafi
for the nephew of Saladin in 622 H/AD 1225-
1226 is especially interesting. Incorporated into
the quadruped metal stand are two gnomons on
the east-west sides, each gnomon being over a
graduated 90° arc. By means of these gnomons
and graduated arcs, which are essentially altitude
dials, the altitude of the sun can be read by the
shadow cast by the gnomon on the dial. A some-
what similar arrangement seems to have been
intended on globe No. 6, stated to be by Muham-
mad ibn Mahmud al-Tabari and dated 684 H/AD
1285-1286. After obtaining from a calendar the
position for that day of the sun along the ecliptic,
the astronomer can then rectify the globe for the
geographical latitude of the town, and set the
degree of the ecliptic where the sun is to a
position equal to the elevation of the sun; the
angular distance from the point on the ecliptic
occupied by the sun to the horizon ring equals
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the angular distance shown on the gnomon scale,
measured either from the east or west side of the
meridian ring depending upon the position of
the sun as shown by which altitude dial casts a
shadow on the scale if the astronomer has ori-
ented the globe toward the north. This done, the
hour of the day can be calculated, or the ascend-
ant located. A nice feature of this design is that
the gnomons or altitude dials built into the stand
of the globe will work equally well at any geo-
graphical latitude. To align the position of the
sun on the globe with its proper altitude, how-
ever, the latitude of the town must be already
known and the globe itself rectified accordingly.

Globe No. 5 was made at the end of the
thirteenth century by Muhammad ibn Mu?yyad
al-“Urdi. It may have had the type of sliding
gnomon described by al-Battani in the ninth cen-
tury (see Chapter 1 and Figure 5). That is, the
zenith ring appears to rotate about the globe and
to have a slit running along the upper half
through which a needle-like gnomon may have
been placed. If the gnomon were kept steady
over the spot along the ecliptic where the sun
was known to be for that day while the sphere
was rotated until the shadow cast by the gnomon
was as small as possible, then the resulting posi-
tion of the globe would indicate the altitude of
the sun at that moment.

It is in fact theoretically possible to use any
celestial globe as a spherical elevation or altitude
dial if the astronomer has a thin, portable gno-
mon.* After the globe is rectified for the geo-
graphical latitude and the north point of the
horizon ring made to point north, if a small
gnomon or pin is placed at the position of the
sun in the ecliptic for that given day and placed
perpendicular to the surface of the globe at that
point, then the globe is rotated east or west until
the shadow of the gnomon is as narrow as possi-
ble. When the globe is in this position the sun’s
point on the ecliptic is at the same altitude with
respect to the horizon ring as the sun is in terms
of the observer’s horizon. And of course, once
the altitude is obtained, other information such
as the time of day can be determined. In this way
the entire celestial globe could be used, in con-
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junction with a thin portable gnomon and com-
pass (to tell the direction of the earth’s axis) as a
spherical elevation dial to determine the altitude
of the sun on a given day at a given latitude.

To perform any operations with a celestial
globe other than the merely didactic ones of
demonstrating the longest and shortest days,
which stars are visible at a given latitude, or
similar celestial phenomena, the astronomer
needed to know the position of the sun in the
ecliptic, which required the use of a calendar (a
calendar was similarly required for the astrono-
mer to use an astrolabe and was consequently
usually inscribed on the back of the astrolabe).
Drawing compasses, or a curved graduated arc
made especially for the globe, were required to
measure some of the coordinates of the sun or
stars. If observational instruments were em-
ployed together with a celestial globe complete
with rings (such as a quadrant to measure alti-
tudes or a gnomon for telling time of day or a
portable gnomon, as just mentioned), an even
greater amount of astronomical and astrological
information could be calculated.

Unlike a planispheric astrolabe, a celestial
globe possesses no sighting device. If, however,
the use of a carefully constructed celestial globe
with stars is supplemented with that of a quadrant
and gnomon, then all the astronomical and as-
trological data accessible by calculation and the
use of an astrolabe®® can also be obtained by
means of a celestial globe. The astrolabe, like the
celestial globe, is not a direct reading instrument.
After making the observation, the astronomer
must dial and calculate the desired information.
The common planispheric astrolabe can be
viewed as a flat representation of a celestial globe,
with star positions indicated for only one latitude.
A separate plate is required for every latitude.*

The planispheric astrolabe has the advantage,
however, that the alidade or flat ruler with a
sight, which is used to measure the altitude of
the sun and stars above the horizon, can also be
used to measure the height of mountains or
towers or the depth of wells, which of course
cannot be done by means of a celestial globe.
Moreover, the astrolabe is much more portable
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than a celestial globe, and requires fewer supple-
mentary instruments.

As we have indicated, a celestial globe has the
advantage to the user of being usable at any
geographical latitude, and a large carefully con-
structed globe allows greater precision in the
calculations than does an astrolabe. For the
maker a globe, unlike an astrolabe, does not
require a knowledge of stereographic projection
for its construction.”® Even though a celestial
globe is easier to design, it is more difficult to
fabricate from the standpoint of the metal-
worker. The awkwardness of transporting a
globe with stand and the lack of a sighting device
clearly mitigated against it being a serious rival
of the planispheric astrolabe as an astronomical
computing device. Nevertheless, it is clear from
the historical evidence that celestial globes were
an important part of the equipment of an astro-
nomical observatory and were considered of
practical value by astronomers. On one six-
teenth-century globe (No. 10, illustrated in Fig-
ures 11 and 69) the maker informs us that he
made his well-constructed celestial globe with the
full set of constellation figures “in a manner
useful for the knowledge of all the requirements
of astrolabe makers, as an aide-memoire to their
craft.” It would appear questionable, however,
how many of the extant globes of any class were
of more than didactic and artistic value to their
owners.

The comparison of celestial globes with a com-
mon or planispheric astrolabe brings up the ques-
tion of whether any of the extant celestial globes
could also have served as a spherical astrolabe.
From the astronomical literature we know that
there were spherical astrolabes (asturlab kur)
designed to perform the same function as plan-
ispheric astrolabes but not requiring for their
construction a knowledge of stereographic pro-
jection, and allowing for adjustment to different
latitudes. It is possible that spherical astrolabes
developed along with the planispheric ones, and
thus were known by Hellenistic times.*’ It is
equally possible, however, from the evidence
studied so far, that this type of astrolabe was an
Islamic development.*' What is certain is that the

spherical astrolabe was never as popular as the
planispheric variety, and in fact only two are
known to exist today: one made by an otherwise
unknown maker, Musa, 855 H/AD 1480-1481,
now at the Museum of the History of Science,
Oxford,* and the other unsigned and undated
but made for use in Tunis (possibly sixteenth
century), now in a private collection.*” Qusta ibn
Luqa may possibly have written the earliest
known treatise on the spherical astrolabe, in ad-
dition to his tract on celestial globes.

The two extant spherical astrolabes and those
described in the treatises, while differing in par-
ticulars of style, consist basically of a sphere
(made in two hemispheres) on which are marked
the circle of the horizon, circles of equal altitudes
(almucantars, at regular intervals from the hori-
zon line), vertical (altitude) circles, hour lines for
reading unequal hours, and a series of holes for
adjustment to different latitudes. Over this
sphere is placed a rotatable cap (the rete) of open
metalwork, which represents the ecliptic, the ce-
lestial equator, some star positions north of the
ecliptic, a graduated vertical quadrant with slid-
ing gnomon for measuring solar altitudes, and
some type of sighting arrangement for stellar
observations.

Clearly none of the extant celestial globes
could have served as part of such a spherical
astrolabe, for all (including those of Class C) have
the ecliptic drawn directly on them, and none
have almucantars, hour lines, or holes bored in
them for various geographical latitude adjust-
ments.** Only one has a horizon line indicated
(No. 81, see Figure 22), but it is drawn over the
ecliptic and the celestial equator, making it sta-
tionary for the latitude 32°. While it has a full
set of parallels, they are at 5° intervals from the
ecliptic rather than from the horizon line. This
one globe was clearly designed only for instruc-
tional purposes.

P. Tannery*® has suggested that the hemi-
spherical sundial could have given rise to the
concept of a celestial globe bearing the major
stars over which there was placed a hemispheric
“spider” or rete carrying horizon and hour lines.
Professor D.J. de Solla Price*® extends this ar-
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gument and suggests that there might have been
two types of spherical astrolabes, just as we know
there were two types of planispheric astrolabes.
The classic form of a planispheric astrolabe con-
sists of a rete depicting the ecliptic and major
stars that turns over a plate, with the stereo-
graphic projection of the almucantars concentric
with the observer’s zenith and the vertical circles
above the horizon. The early type (derived from
the astrolabic or anaphoric clock, of which we
have fragments dating from the first century
AD)" is composed of a solid disc inscribed with
stars and the ecliptic, which revolved behind an
open rete showing the hour-lines, the horizon and
almucantars, and vertical circles. Parallel with
these two styles of planispheric astrolabes, Price
postulates that in addition to the classical form
of spherical astrolabe described earlier, there
might have been a second type composed of a
sphere on which the major “astrolabe” stars, the
ecliptic, celestial equator, and at least two great
circles passing through the celestial poles (i.e.,
the equinoctial and solstitial colures) were
marked. The rotating cap (rete) would consist of
the horizon lines, a series of almucantars (and
vertical circles?), and hour lines for the unequal
hours. The rotating cap would require a series
of holes or a slot, by which it could be attached
to the celestial poles of the globe and adjusted to
different terrestrial latitudes. It would also need
a sighting device.*®

Such a concept of a spherical astrolabe suggests
the use of a Class B celestial globe as a base. If
any of these globes could have been used in this
manner we must assume that all the retes have
been lost from all the extant examples. This is
not an unreasonable assumption, since of the two
classic spherical astrolabes, one has lost the rete.
It is true that such a spherical astrolabe is not
known from the published treatises, but this
omission does not by itself rule out the possibility
that such existed. We have a good many Class C
globes, which are not mentioned in any known
accounts of celestial globes.

There are certain factors that mitigate against
this otherwise appealing theory for the use of
celestial globes. Although Qusta ibn Luqga de-
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scribed a globe having only the major stars rep-
resented, he nowhere mentions using it as a base
for a spherical astrolabe. Secondly, of the 28
globes*? in the category having the major stars
and no constellation figures, 15 have one or both
rings that are probably contemporary with the
globe. One (No. 72) has the maker’s signature
on the stand and horizon ring as well as the globe
itself (see Figures 10 (No. 62) and 28 (No. 76)
for other examples of contemporary globes and
rings). In these cases it is fairly certain that the
sphere was intended as a celestial globe and not
as a base for a spherical astrolabe. Since the stand
and rings are more easily lost than the sphere
itself, it is not at all surprising that the remaining
13 either have none or have replacements. Fur-
thermore, more than half of the globes of this
class have both the equatorial tropic and polar
circles, with some also having ecliptic tropic cir-
cles or ecliptic polar circles, whose function is
unexplained when considered as a base for a
spherical astrolabe (see the tables following the
catalog for the distribution of characteristics). All
but one (No. 72) of the globes have the six great
circles passing through the ecliptic poles (ecliptic
latitude circles) which include the solstitial col-
ure. Only eight globes have the equinoctial col-
ure, and these eight are all among the group
having tropic and polar circles. One globe (No.
59) has a hole only at the ecliptic poles and could
not take a cap mounted at the equatorial poles.
It is difficult to see how any of the globes of
this sort could easily have functioned as a base
for a spherical astrolabe. Moreover, on those
examined, there are no visible signs of a cap
having been rotated over the surface of the
sphere. It is significant that in the preface to his
tenth-century tract,’® al-Nayrizi draws several
comparisons between the celestial globe with
stand and the spherical astrolabe. He argues for
the superiority of the astrolabe. He never men-
tions using a celestial globe as a base for a spher-
ical astrolabe, as one might expect if the idea
were at all current in his day. Nonetheless, the
theory is intriguing, and warrants further inves-
tigation into the written sources concerning both
instruments. It is certainly possible that some of
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the celestial globes were used for purposes other
than those outlined by Qusta ibn Luqa or al-
Khazini.

In addition to the matter of stars represented,
there are differences in the design of the three
classes, in such matters as the representation of
lesser circles which occur more frequently on
Class B globes than on Class A globes and are
universally present on those of Class C. Class A
globes, in addition to being generally larger and
for that reason more accurate, are frequently
constructed more precisely than those of Class
B, and certainly more so than those of Class C.
For example, on Class C globes, the graduations
are usually carelessly executed. These differ-
ences between the classes of extant Islamicate
globes no doubt indicate different intended uses
for the globes, some of which are not apparent
from the written sources or extant artifacts.

There are five globes in the catalog that do
not fit easily into this categorization. Globe No.
63 (Figure 20), made in 1012 H/AD 1603-1604
for Shah “Abbas I, the Safavid ruler of Persia,
and globes No. 82 and No. 83 each has a selection
of stars that technically places it in Class B. Each
also has 12 medallions containing the zodiacal
signs represented by emblematic motifs that are
to be found on other examples of Islamicate
metalwork,” as well as the coins issued by the
Mughal ruler of India, Jahangir, who was a con-
temporary of Shah “Abbas 1.°* These illustrations
of the 12 zodiacal signs are completely outside
the tradition of the diagrammatic illustrations of
the zodiacal constellations in treatises such as
Abd al-Rahman al-Suft’s influential Constella-
tions of the Fixed Stars. None of the designs in
these medallions outline asterisms that serve as
mnemonic devices for star positions. In fact,
there are no stars present in the medallions.
There are no planets depicted with the zodiacal
figures, as are commonly found in other pieces
of metalwork.”® Leo is a lion standing on all fours
with mouth open and tail curled over his back,
but with no sun; Virgo a bearded man seated
holding a sheaf of wheat and a sickle; Libra a
man sitting cross-legged with scales over his
shoulders like a yoke; Pisces two curved fish, one

above the other; Aries a four-legged animal with
what looks like antlers; and Taurus a bull with a
hump on his back and a bell around his neck.

On all three globes the stars are inaccurately
positioned and are not labeled, in contrast to
most Class B globes. They all have ungraduated
ecliptic and equator circles (rather rare on celes-
tial globes), and several lesser circles, all of which
are labeled. The globe produced for Shah “Abbas
I is the earliest dated globe to have ecliptic tropics
indicated on it. It is also unique in having a large
crescent moon engraved on it between the north
equatorial pole and the House of Aries; the cres-
cent moon is a common motif in decorative Is-
lamicate art.’* If these three globes had any
function other than as objets d’art, it would be as
a Class C globe, making use of the greater and
lesser circles indicated but ignoring the stars. In
any case, they represent an artistic style clearly
outside the usual Islamicate globe-making tradi-
tion.

Globe No. 73 was made in 1221 H/AD 1806
by Muhammad “Ali al-Husayni. It also has zodia-
cal figures. The star positions are slightly more
accurate than the preceding three globes, and
most of the 50 stars are labeled. Iconographically
there are some similarities between the zodiacal
figures depicted on it and those on the globe
made for Shah “Abbas I and the two closely
related globes. The zodiacal figures of the nine-
teenth-century papier maché globe, which are not
set in medallions although they are still not con-
stellation outlines, also have features in common
with the zodiacal figures on globe No. 56. This
latter anonymous papier maché globe (see Figure
29) also does not fit into the basic three categories
of Islamicate celestial globes.” It has a full set of
constellation figures painted on it, but has no
stars at all. The constellation figures are not
asterism outlines and seem to represent yet an-
other iconographic tradition.”®

Of the 126 Islamicate known celestial globes,
all are hollow metal globes except seven (Nos.
36, 56, 72, 73, 76, 93, 94). These are either
painted wood or wooden cores with papier maché
covering, which is painted and lacquered (see
Figures 19, 27, 28, and 29).
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Textual evidence for the different methods
employed in the construction of the sphere itself
is fairly meagre. In the Almagest Ptolemy speaks
only of a solid sphere, but gives no details as to
the material or methods used to form it.*” Leon-
tius (see Chapter 1) in the seventh century says
simply that if the sphere is of wood it is to be
stained, and it is to be smoothed over with plaster
or wax to fill any cracks; when dry it is to be
painted a deep azure blue. He gives no specific
information on how it is to be fashioned, whether
it is solid or hollow, whether in one or more
pieces, or whether it was smoothed and shaped
on a lathe. He does seem to imply that it might
be made of something other than wood. At the
end of the ninth century, al-Battani supplies little
information on the actual construction of the
sphere, only saying that it should be of copper
(nuhas) and turned on a lathe (makhrutah f7 al-
shihr). Qusta ibn Luqa gives no directions for the
construction of the sphere or the rings, although
when mentioning the placement of the globe in
the horizon ring he does refer to it as “the
stone.””®

For more detailed information on the process
of construction we must turn to the Spanish
translation of Qusta ibn Luqa’s treatise, prepared
for the king of Castile, Alfonso X of Seville.
Because the original treatise contained nothing
on construction, King Alfonso directed that a
section be added on the materials and processes
employed in the construction of celestial globes.
Thus the first four chzalpters,59 written between
AD 1276 and 1279, provide detailed information
that may reflect practices prevalent in the thir-
teenth century and earlier in Spain, in other
western parts of the Islamic world, and possibly
elsewhere. The treatise states that the sphere
might be made of any of several materials all of
which, except for wood, are discounted as being
deficient. Gold and silver are too expensive,
heavy, and easily bent; copper, while stronger
than gold or silver, is not as maleable and cannot
be worked as easily; brass, which he calls tinto
cobre, is more maleable than copper and stronger
than gold or silver, but if a sphere were thick
enough not to be bent out of shape easily, it
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would be too heavy. The author adds, however,
that of all metals this is best. Iron would be too
heavy and rust too easily, while tin would bend
easily if thin and be too heavy if sufficiently thick.
The same arguments apply to lead, which has the
additional problem of turning black and destroy-
ing the constellation outlines and having to be
cleaned by scraping. The author then mentions
ceni,® an alloy used by the Arabs for basins and
other household objects, which is too brittle.
Another alloy, fuslera, requires smelting and is
unserviceable for a sphere. Stone is dismissed as
being too heavy and if of the transparent type
(Pquartz) the constellations could not be easily
seen. Clay globes would break and figures could
not be made on them (a rather curious statement
since pottery was easily decorated), and would be
too ignoble a material for such a noble object.
Leather could not be shaped sufficiently nor
retain its shape for long, and would shrivel in
heat. Cloth and parchment would shrivel or
stretch with the weather and in the end be worth-
less. Thus wood is, in the author’s view, the
optimal material.

According to the compiler, the wood selected
must be of a kind that will warp, split, and rot
the least. For this reason it must be gathered
when the moon is waning in the last days of the
lunar month. Immediately after gathering, it
must be soaked in hot water for two or three
days and then placed in sunlight to test for warp-
ing or splitting. If the wood neither warps nor
splits, the artisan may proceed in one of two
ways, depending on whether a solid or hollow
sphere is desired. If the globe is to be solid, the
artisan then makes the piece as round as possible
while keeping it slightly larger than the intended
finished product. After marking the two points
he intends to use as poles, he places those points
on the two ends of a lathe. Then with a steady
hand and using a wide cutting edge made of
good steel with a thin, very sharp edge, he turns
the lathe and evenly removes from the surface
of the wood the desired amount to produce a
round solid sphere.

If a hollow wooden globe is to be produced,
he can either make it from a solid one as just
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described or use wooden rings. If the maker
chooses to produce the hollow globe from a solid
sphere he draws and cuts out a circle on the
surface of the sphere, through which he can
hollow out the rest of the globe; after that he
replaces with glue the circle of wood as a plug
and smooths the sphere again on a lathe.

This section of the treatise presents two pro-
cedures that can be used for making a hollow
wooden globe involving wooden rings. By the
first method the carpenter cuts a large number
of wooden rings of the same diameter and thick-
ness. Two of them he places at right angles, one
inside the other, having notched both rings in
such a way that when aligned both the joins are
smooth and both rings have the same circumfer-
ence. Inside these two rings and at right angles
to both is placed a smaller wooden ring, whose
outside radius equals the inside radius of the two
first circles. It is attached to the two original
rings by four well-made wooden nails at the four
points of contact. From other wooden rings of
the same size as the first two, the draftsman then
cuts several arcs of varying sizes and shapes,
which are attached with wooden nails to the
smaller inside ring, thereby providing the re-
maining surface betwen the two initial rings of
the globe. (The author does not describe how
these pieces are to be attached to the two original
rings. Perhaps it is done by shaping their ends
into wedges and glueing together adjacent rings.)

The second method using wooden rings begins
by making a large number of wooden rings of
diminishing diameters (two of each size). These
rings are then stacked with the largest in the
middle, graduated to the smallest on either side,
thus producing, more or less, a sphere. Both of
these methods would produce a frame whose
sphericity would depend in large part on the
width of the rings.

After the wooden sphere was constructed, it
was to be covered with parchment using a very
strong glue. After that had set, the sphere was
covered with leather of the sort used for shield
covers, but cut thinner. The leather was then
smoothed until the sphere was very round. Fol-
lowing this, the sphere was covered with a layer

of a rather thick plaster called plastro, and then
plastered again with a thin gris (literally, gray).
The plaster was then smoothed and the globe
tested for sphericity with a pair of dividers.

In the treatise on the spherical astrolabe (as-
trolabio redondo) in the Libros del Saber, that
draws from Arabic sources, Isaac ben Sid pre-
sents another method of constructing a hollow
wooden sphere, this time by making two hemi-
spheres.®’ According to his description the maker
is to produce four wooden rings of the same size;
their thickness will equal the thickness of the wall
of the globe. One of the rings should have 12
notches cut in it at 30° intervals, each notch
going half-way through the thickness of the ring
and all the way through the width of the ring,
being wide enough to allow for the width of one
of the other rings. A second of the four rings is
then cut in half, placing in each end a notch of
half the thickness of the ring. At the midpoints
of these semi-circles and on opposite sides a notch
should be made equal to the breadth and one-
half the thickness of the other, so that they can
be crossed and meshed over each other. The
four notched ends are then placed in the four
notches (90° apart) of the first ring. The two
remaining rings are each cut into four pieces,
and at one end of each a notch equal to one-half
the thickness is cut. The other end of each 90°
arc is tapered so that they can fit together at the
intersection of the two crossed half-circles. Their
notched ends are then placed in the remaining
eight notches of the first ring, resulting in a
frame for a hemisphere with 12 sections formed
by wooden arcs attached to the first ring. The
intervening spaces are then filled with pieces of
wooden rings of equal radius that are placed in
each segment, at first dividing it into four parts,
then eight, and so on, until eventually the space
is closed. The compiler notes that what might
have been intended was for the maker to use
pieces of rings of decreasing radii and place them
in the open segments parallel to the one complete
ring, thus stacking and glueing them together in
each segment until it was filled.

When two identical hemispheres are made in
this manner, they are to be joined together to
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form a hollow wooden sphere, in which two holes
are then bored at diametrically opposite points.
Through these holes a round wooden rod was
passed to serve as an axis (mihwar) for the sphere.
Such an axis is not used in a spherical astrolabe,
which indicates that the compiler may have ob-
tained this method from a work on celestial
globes, since they do require an axis about which
the globe can pivot. Isaac ben Sid ends by saying
that in order to produce a smooth surface,
leather from a horse or donkey would be placed
over the wooden sphere, and its surface whitened
with chalk.

None of the seven extant wooden or papier
macheé globes has been analyzed as to the precise
method of construction so as to compare their
construction with these thirteenth-century pro-
cedures. To make such an analysis would involve
serious alteration of the globe.

The vast majority of extant Islamicate globes
are in fact made of metal and appear to be of
two basic types: those with an evident seam, and
those that appear seamless. Both types are hol-
low. The treatises on celestial globes are silent
on the topic of constructing metal spheres. In
the astronomical literature only one passage has
been found that describes the production of a
metal sphere.®® This description occurs in the
same treatise on the spherical astrolabe compiled
by Isaac ben Sid in the thirteenth century for the
Libros del Saber, where he states that a metal
sphere is not as desirable as a wooden one.®

In this particular procedure the hollow globe
is to be made by joining together two cast hollow
hemispheres. Instructions are given to make a
mold from a block of hard stone, which obviously
must withstand the melting point of alloys,
though this is not explicitly stated in the text.
The stone block should be larger in breadth than
the diameter of the desired globe and have a
height greater than the radius. The maker marks
the surface with a circle equal to the circumfer-
ence of the desired globe and then hollows it out
(again, the method for doing so is not specified),
making it a hollow hemisphere in which one can
fit and turn a “form of iron.” This was a device
for determining when the hemispherical cavity
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had the correct size and curvature, and it con-
sisted of an iron half-circular plate whose radius
is that of the desired globe and that has a handle
attached to the flat edge by which it can be held.
Then a solid hemispheric mold of clay (tierra) is
made whose radius is somewhat smaller than the
hemispheric cavity in the stone and equal to the
inner radius of the finished globe. The maker
then pours the molten alloy into the space be-
tween the clay and stone molds being careful to
fill it to the upper edge of the stone mold; no
directions are given for devices to keep the clay
mold from falling against the stone mold. When
the alloy has cooled the clay inner mold is re-
moved and the completed metal hemisphere re-
moved from the stone mold. By using the “form
of iron” and a hammer, any roughness can be
removed from the finished casting. The edge of
the completed hemispheric shell should then be
carefully filed until smooth and even. After a
second hemisphere is made in the same manner,
a long, thin metal strip of nearly the same length
as the circumference of the globe is cut and
soldered around the inside edge of one of the
hemispheres so that half of its width protrudes
above the edge of the hemisphere. When the
solder is set, additional solder is applied to the
other half of the metal strip and the other hem-
isphere set down over it. In this way the hemi-
sphere should be held firmly together by the
metal band soldered to their inside edges, with
no space showing between the edges.

There are roughly 41 extant globes clearly
made of hollow metal hemispheres that have
been soldered together or perhaps joined by an
internal band as suggested in the Libros del Saber.
On some the soldering is obvious and mars the
surface of the globe itself (see No. 7 in Figure 9),
while on others it is so neatly executed that the
seam is scarcely visible (see No. 81, Figure 22).

The seamless, hollow metal globe is never
mentioned in the literature. At least 49 such
globes are known, and most are products of
Mughal or nineteenth-century India, although
there are three possible examples that are earlier
and from outside of northwestern India. All such
globes are without any apparent seam and have
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at least one fairly large and several smaller visible
plugs, although on some globes they are difficult
to locate (see Figures 11, 12, 18, 25 and 26 for
examples of plugs). Suggested methods of con-
structing hollow metal seamless globes will be
discussed below.

Once the sphere itself was constructed, its
surface was made as even and smooth as possible
by turning on a lathe. In the ninth century al-

Battani specified that it should be turned on a
lathe. Many of the extant globes show clear signs
of having been polished by this method (see
Figure 35) and display the circularity and spher-
icity characteristic of all carefully turned work.®*
The extant globes of wood or papier maché over
wooden cores do not seem to have been as fre-
quently shaped on a lathe (see No. 36, Figure
19; and No. 56, Figure 29), though globes No.

FIGURE 35.— Detail showing signature of maker. Globe No. 27, dated 1024 H/AD 1663-1664,
by Diya” al-Din Muhammad of the Lahore workshop. Arrow indicates plug. Royal Scottish
Museum, Department of Technology. (Photo: The Royal Scottish Museum)



NUMBER 46

72 and 76 (illustrated in Figure 28) display better
sphericity than the other wooden or papier machée
globes.

The maker then proceeded to place upon it
the necessary circles, graduations, stars, constel-
lations, and labels as required by his design.
According to the procedure outlined by al-Bat-
tani in the ninth century, the maker probably
began with drawing or incising on the surface
two great circles at right angles to one another,
which would represent the celestial equator and
solstitial colure.®® The maker probably divided
the equator into four 90° quadrants and gradu-
ated and labeled each in order to obtain the scale
necessary for the placement of the remaining
items. The celestial equator was usually repre-
sented by a band which was about 5°-6° wide,
one edge of which would represent the line of
the equator itself. At an angle of approximately
23'%° the great circle representing the ecliptic
would be drawn with a lesser parallel circle about
5°-6° away from the line of the ecliptic. The
ecliptic would then be graduated in the same
scale as that used for the equator. Al-Battani
specified that the star positions were indicated
next and that only after the stars were positioned
were the five great circles then to be drawn at
right angles to the ecliptic at 30° intervals (the
sixth great circle being already represented by
the solstitial colure). Indeed on some globes (as
on the Smithsonian globe, No. 38), it is evident
from the engraving that the ecliptic latitude cir-
cles were engraved after the stars were posi-
tioned, for the engraving of the lines runs
through some of the stars and other engraving.
Lesser circles could then be indicated if the de-
sign called for it; sometimes the lesser circles
must have been added after the stars and con-
stellations were placed on the globe, as was the
case with the Smithsonian globe where the tropic
is only partially drawn since it was incorrectly
positioned, probably causing the maker to stop
work on a nearly finished globe.

The treatise on the spherical astrolabe in-
cluded in the thirteenth-century compilation Li-
bros del Saber again provides us with some inter-
esting information on the equipment and tech-
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niques used to inscribe the circles on a sphere.®
The compiler described a round compass (compas
redondo) used for this purpose consisting of a
slender band of iron in the form of a 90° arc
graduated by single degrees, whose inside diam-
eter is concentric with the outside surface of the
sphere. Thus for each globe of the same size
there would be a special round compass. A pivot
is attached at one end and at the other a move-
able marker so as to inscribe all possible circles
on the globe. When set at 90° the round compass
could be pivoted about the stationary point to
inscribe the great circles and when set in other
positions could mark the lesser circles.

Also writing in the thirteenth century, the
North African astronomer al-Marrakushi gives a
method for inscribing great circles at right angles
to one another on a sphere. A point is chosen on
the sphere, and with it as center a small circle is
inscribed around it with a drawing compass. The
circle is divided into four equal parts. Then a
graduated quadrant of copper (nuhas) especially
made to fit that globe is employed. Al-Marraku-
shi had earlier given a means using drawing
compasses for determining the diameter of a
sphere once the sphere is made, which was then
used to make the meridian and horizon rings and
the graduated quadrant. The quadrant was to be
placed with one end at the center of the circle
on the sphere and should pass through one of
the points marking the equal divisions of the
circle. The other end of the quadrant would
mark one pole. The quadrant was placed in a
similar fashion over the opposite point on the
small circle, to mark a second pole. Then using
these two points as poles, a great circle is in-
scribed passing through the center of the small
circle and the two remaining points on the small
circle. Al-Marrakushi says that to inscribe the
circle “it is best that you draw it with the instru-
ment of the turning-lathe (bi-alat al-khart).”®
What is intended by this phrase is not entirely
clear, but possibly the sphere would be attached
to a lathe at the two poles. Then as the sphere
rotated in the lathe, a line could be incised by
holding the incising instrument, beginning at one
of the two points on the small circle.
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After the first great circle is marked on the
sphere, then a second one at right angles to it is
determined in a similar fashion, placing the quad-
rant along the other two points on the small
circle. Then the ecliptic is to be drawn, but al-
Marrakushi gives no value for the obliquity of
the ecliptic nor directions for how to place it
accurately on the sphere. Al-Battani in his early
treatise supplies more specific information on the
determination of the position of the ecliptic (see
Chapter 1).

Unfortunately no further information is sup-
plied in written sources about techniques em-
ployed in drawing firmly and evenly on spheres,
even though we have many details about the
practices in Safavid Persia by which the astrolab-
ists were able to incise carefully executed lines
on planispheric astrolabes.®®

On a globe being prepared by or for an as-
tronomer-astrologer (besides Class C globes), the
star positions would no doubt have been indi-
cated next, after the great circles on the globe,
using dividers to measure the ecliptic coordinates
in terms of the equator’s scale and to transfer
these distances to obtain the star positions on the
globe. Al-Battani again is quite specific about
how to determine the star positions accurately
on a sphere using dividers or a drawing compass
(see Chapter 1 and Figure 4). Some makers prob-
ably employed a graduated and labeled 90° arc
concentric with the surface of the globe whose
base could be placed along the ecliptic and the
appropriate longtidue and latitude marked on
the globe. Others might have used the 90° grad-
uated arc having a long pin at one end which
could be inserted in the ecliptic poles and rotated
about, if holes had been drilled at the ecliptic
poles.®® The latter method would have allowed
for greater precision in the celestial longitudes
of the stars at a distance from the ecliptic. Al-
Marrakushi stated that the sphere was to be
mounted in the horizon and meridian ring assem-
bly before the star positions were determined.
Holes were to be bored at both the ecliptic and
equatorial poles, so that by mounting the sphere
in the meridian ring at the ecliptic poles the
graduated rings could be used to position the

stars. Then the globe would be mounted at the
celestial poles when ready for use.”

The coordinates themselves were obtained,
according to the inscriptions on some of the
globes, from three star catalogs: that of Ptolemy
(compiled for aD 138); that of “Abd al-Rahman
al-Sufi prepared for the epoch 364 H/AD 974,
and that of Ulugh Bég made for 841 H/AD 1437-
1438. It is possible, of course, that other star
catalogs were employed by some makers.”!

Because of the precession of the equinoxes,
the globe maker needed to increase by a constant
the longitudes given in the star catalog he had
chosen to use. Various constants were employed
for the precession: Ptolemy had used 1° for every
100 years. Al-Sufi, when changing Ptolemy’s lon-
gitudes, employed a value of 1° per 66 years,
while the thirteenth-century astronomer Nasir
al-Din al-Tusi used 1° per 70 years.”

On eight of the extant Islamicate globes the
precise increment is given as well as the catalog,
so we know precisely what value that particular
maker was employing. In 539 H/AD 1144-1145
Yunus ibn al-Husayn al-Asturlabi (globe No. 2)
based his star positions on the Ptolemaic catalog,
increasing the longitudes by 15°18” which gives
a value of 65.8 years per degree. In 622 H/AD
1225-1226 Qaysar ibn Abi al-Qasim ibn Musafir
al-Ashrafi al-Hanafi (globe No. 3) also used the
Ptolemaic catalog, with an increase of 16°46’,
corresponding to 64.9 years per degree. Muham-
mad ibn Mahmud al-Tabari based his globe (No.
6), made in 684 H/AD 1285-1286, on the star
catalog of al-Sufi”® with an increase of 5° in the
longtidues, giving a value of 1° every 62.4 years,
or 1° per 64 lunar years. This is a surprisingly
high ratio, and is yet another slightly irregular
feature of this particular globe (see catalog entry
and Figure 6). Jafar ibn “‘Umar ibn Dawlatshah
al-Kirmani based his two globes (nos. 7 and 8) on
al-Sufi’s catalog, as did his son Muhammad ibn
Ja“far (No. 62). Ja“far stated on his globe, dated
764 H/AD 1362-1363, that he used an increment
of 6°3’; on the globe dated 785 H/AD 1383-
1384 the number of the minutes following the
6° is not legible. His son’s globe is dated 834 H/
AD 1430-1431, with an increment of 7°5’. The
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value employed by father and son is clearly the
same, 1° per 64.5 years, or 1° per 66.4 lunar
years. With this consistency we can determine
the missing amount on the second of Ja“far’s
globes—that is, the increment should read
6°23’.

Three globes are stated to be based on Ulugh
Beég’s star catalog. The most recent of the three
is that made in 1112-1113 H/AD 1701 by Ridwan
(No. 31), who does not state an increment in the
longitudes over that given by Ulugh Bég. A globe
by Qa’im Muhammad ibn “Isa ibn Allahdad As-
turlabi Lahiari Humayuni (No. 14), made in 1047
H/AD 1637-1638, is stated to be increased by 3°,
giving a value of 1° for every 66.6 years and 1°
per 68.7 lunar years. The third globe, which is
anonymous (No. 65) was made in 1056 H/AD
1646-1647 and bears an inscription saying the
longitudes were increased by 4° over those of
the Samarqand observatory. This increment
gives a value of 1° per 52.25 years (or 53.75
lunar years), which must surely indicate an error
on the part of the maker.

A globe made for a given epoch could be used
with a fair amount of accuracy for the better part
of a century, which was also the period of use-
fulness of an astrolabe. The astronomical phen-
omonon of precession provides a convenient way
to approximate the epoch for which an undated
globe having stars was made.” For this purpose
the longitudes of the stars along or very close to
the ecliptic can be measured and compared with
the same stars on a well-made dated globe or
with the star positions in a star catalog. The stars
close to the ecliptic are easier to position accu-
rately than those further from the ecliptic. It is
indeed difficult to date an object to within less
than 50 years by this method, for the limitations
of such dating are considerable. Many extant
globes have irregular graduations (see Table 3 in
Chapter 7), and since the graduations of the
equator and ecliptic served as the scale for the
positioning of its stars, great accuracy or consist-
ency could not be achieved when the scale itself
was irregular. On globes that are precisely grad-
uated, all but two have one degree as the smallest
interval. The Smithsonian globe (No. 38) has
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one-half degree graduations and is so well exe-
cuted that it is one of the finest examples of
precision in this field. One other globe (No. 53)
has the ecliptic but not the equator graduated by
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