DEVELOPMENT OF ZIJ LITERATURE IN INDIA
S. A. Kuan GHoR1

Muslim astronomy, or to be more precise, Graeco-Arabic astronomy in
Medieval India had its origin in West-Central Asia whence it passed to this country.
Valuable contributions were made to it by Arabic and Persian knowing scholars.
Hence in order to evaluate these contributions it is essential to know the nature,
origin and development of this system, to examine important zijes prepared in West-
Central Asia and to understand how they influenced the preparation of their counter-
parts in India.

GRAECO-ARABIC ASTRONOMY

Nature of Graeco-Arabic Astronomy

Graéco-Arabic astronomy is geo-centric. The earth, a tiny point in comparision
with the vast dimensions of the universe is at its centre. The universe consists of
thirteen concentric spheres, four terresterial and the remaining nine celestial.! Of
the latter each of the seven lower ones are made up of a number of components called
eccentrics and epicycles.? The eccentrics revolve with uniform circular velocity round
different centres, not coincident with that of the universe. Each of the seven planets
with the exception of the Sun is studied within an epicycle, which in its turn is fixed
in the eccentric and the latter in the main sphere called “al-Mumaththal”. The sum
total of the motions of the mumaththal together with those of the eccentric and epicycle
determines the apparent motion of that planet. The next outer or the eighth sphere
is studied with fixed stars and is called Falak-uth-thawabit. The ninth or the outermost
sphere is called Falak-ul-Aflak and was assumed to rotate on its axis in about 24 hours.
This rotation causes the succession of day and night.3

Origin and Development of Graeco-Arabic astronomy in West Asia

Foundation of Muslim astronomy was laid in the very beginning of Islam, which
enjoined upon its followers a meaningful observation of celestial phenomena.?
Astronomy proper started from the reign of second Abbasid Caliph al-Mangtr®
(A.D. 753-774) when the Almagest® and the Brahmasphuta-Siddhanta were translated into
Arabic. The scientific movement? started by Al-Mansiir reached its climax in reign
of his great grandson Al-Mamin® (a.p. 813-833) who built the two observatories at
Baghdad and Damascus.? The movement continued after him as well. Great astro-
nomers like the sons of Musa bin Shakir, Habash the computer, Al-Kindi, al-Mahani,
Al-Narauzi, Thabit bin Qurra, Sulaymin bin ‘Isma, to name only a few, flourished
after Al-Mamiin. But more renowned than the rest was Albatignius, the illustrious
author of 4z-zij as-Sabi.
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The tenth century A.p. was the golden period of Muslim astronomy. The
Balkanization of the Muslim world provided a new momentum to the progress of
astronomy, as different rulers vied with one another in the patronage of science and
scientists. It was the age of great astronomers such as Abi Ja‘far al-Khazin
in Khurasan, Ibn ul-Aflam, ‘Abdur Rahman-as-Sifi, and Ahmad bin ‘Abdul Jalil
as-Sijzi in Shiraz (the last named advocated the helio-centric theory), Abul-Wafa’
al-Buzjani at Baghdad, al-Khujandi, the inventor of Fakhri sextant at Raj and
Abii Nasr bin Iraq (the teacher of al-Biriini and the discoverer of sine theorem of
plane and spherical trigonometry in Khwarazm).

The later half of the tenth and the first half of the eleventh century produced
four eminent astronomers of exceptionally high calibre: Avicenna and Al-Biriini
in the east, and Ibnul-Haytham.!! and Ibn Yanus in the west (Egypt). It was in the
beginning of the eleventh century that al-Biriini was exiled into India and introduced
the study of Graeco-Arabic astronomy in this country.!2

In the later half of the eleventh century, the Saljiq Sultin Malik Shah built an
observatory to determine the true time of vernal equinox!® and to reform the
calendar, and introduced the Maliki Era.

The twelfth century produced a good number of important astronomical works
such as Al-Khurqi’s Muntah al-idrak and At-tabsira, Al-Khazini’s ZJij-i Sanjari and
Chaghmini’s al-Mulakhkhas fil-Hay’at.*4

Then came the eruption of Tartar marauders who in the middle of the
thirteenth century devasted Central and Western Asia. But even this unprecedented
calamity could not interrupt the progress of astronomy. Under Halakii, Nasirud-Din
Tsi built the famous Maragha Observatory? and wrote Tadhkira and Zij-i Ilkhani,1¢
which served as a model for subsequent zijes. His pupil composed two important
astronomical works Nihayat ul-idrak and Tukfa-i Shakiya. He also wrote an encyclo-
paedia, Durrat-ut-tdj.*” In the following century good commentaries were written on
astronomical texts such as “Chaghmini’s al-Mulakhkhas fil-Hay'at and TusT’s Tadhkira
and Zij-i Ilkhanit®.

Development of Graeco-Arabic astronomy in Central Asia

In the latter half of the fourteenth century the centre of scientific activities
shifted to Central Asia. Timir, besides being a famous conqueror, was also a great
patron of science and letters!® and this tradition also continued in his dynasty. His
grandson Ulugh Beg was himself a great scholar of mathematical sciences.2’ He
founded the first academy of science of modern times. The four members of this
academy were Qadi Zadeh Rimi (the commentator of Chaghmini’s al-Mulakhkhas
Sfu-Hay’at, Ghaiyath ud-Din Jamshed Kashi (the author of Jij-i Khdgani), Mu‘in-ud-
din Kashi and ‘Ala uddin Qaushji?! (the de-facto author of (ij-t Ulugh Beg). The
king also erected an observatory at Samarqand (a.p. 1420) under the directorship
of Qadi Zadeh and Jamshed Kashi, and after their death, under that of Qaushji.??
The findings of the observatory were compiled by the king with the help of Qaushji
in what was subsequently called Jij-i Ulugh Beg.®® After Ulugh Beg and Qaushji,
the centre of astronomy was shifted to India.



DEVELOPMENT OF Zij LITERATURE 23
ZIJES PREPARED IN WEST-CENTRAL ASIA
Pre-TARTAR ZijES

Nature of a i :—
A zij is a set of a number of astronomical tables prepared directly or indirectly
on the basis of the findings of a particular observatory.

In Indian literature the term zij seems to have been explained first by Abul
Fadl in his din-i Akbari and later on by Mulla Farid, the court astronomer of
Emperor Shahjahan in his astronomical work Sirdj ul-Istikhrdj and Zij-i Shahjahani.?
As Mulla Farid was himself the author of an important zij, his description is to be
preferred. He prefaces his description with that of an observatory (in Arabic Rasad)
and says :

“Rasad means the observation of different celestial
bodies with the help of instruments specifically
manufactured for that purpose and to determine with
their help, the positions of the stars in the sky

(i.e. their longitudes and latitudes), to measure

their movements, their distances from one another

and from the earth, their sizes and such other
conditions. When the movements of the stars have

been determined, in accordance with the set principles
of astronomical observations, they are carefully entered
in a register. And that register is called a Z7.2¢

Then he divides the zijes into two classes :

(i) <ij-t Rasadi or observational tables which are prepared directly from the
findings of an observatory, such as .ij-i Ulugh Beg compiled directly at Ulugh Beg’s
observatory in Samarqand.

(i) Kij-i Hisabi or computational tables. As it is not easy to build an
observatory which entails tremendous cost and requires highly sophisticated
instruments, generally later astronomers brought up-to-date the parameters of a
previously compiled Zij-¢ rasadi. Such tables are called JIij-i-Hisabi. The est
bexample of this class is Jij-i Shah-Fahani which is essentially an up-to-date
revision of Zij-i Ulugh Beg.?? Major portion of zij literature in Arabic and Persian
comes under the class Jij-i Hisabi.

Important zijes before Al-Biriini :

The first ever zij among Muslim astronomers was prepared by Al-Fazari, the
court astronomer of Caliph Al-Manstr (a.p. 753-774) under his command.® It
was based upon Brakmasphuta-Siddhanta, though the years employed in its computa-
tion were the Arabian (Hijri years).
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al-Fazari’s colleague Y‘aqib bin Tariq who was also impressed by a member
the Indian astronomical mission wrote another zij entitled az-Jij-al-Mahlil min-as
Sindhind (Astronomical Table solved with the help of Siddhanta).?

Some twenty years later an observational table entitled az-Ji al-Mushtam:l
was compiled by Ahmad Bin Muhammad an-Nahawandi, the Director of the
observatory at Jundisapar® (c. 741 A.1.).

Then came Al-Mamiin (a.p. 813-833) who as stated before built the Baghdad
and Damascus observatories.3! The participants especially ‘Abbas bin Sa‘id al-Johari
and Sanad bin ‘Ali prepared their own (private) tables. But officially the record
was entered in what was called 42-Jij Al-Mumtahan (the Tested Tables), the author-
ship of which is generally attributed to Yahya bin ‘Ali Manstr, the chief astronomer
of Mamiun.32

But more important than these tables was the one by Muhammad bin Misa
Al-Khwarazmi. In this zij were fused the three astronomical systems, the Greek
Almagest, the Persian Jij-i Shahriyar and the Indian Siddhanta.’?

The movement started by Al-Mamiin continued after his death as well. Two
astronomers of excepiional calibre flourished among his successors :—

Ahmad bin ‘Abdullah, also called Habash-Al Hasib composed three {ijes -—
Zij-as Sindhind based on Indian Siddhanta; a revised edition of Al-Mamiun’s 4z-Jij-
al-Mumtahan and a small table called Jij-ash-Shah (very probably based on Zij-¢
Shahriyar.34

The other were the Banli Miisa (the sons of Misa bin Shakir, the astronomer}).
They built their own observatory, the findings of which they entered in a book
entitled Sanat ush-Shams (solar year) also ascribed to Thabit bin Qurrah.

In order to highlight the continuity of astronomical activities in Islam, a
few very important zijes are mentioned below :

Chief among them was Al-Battani’s 4z-Zij-as-Sabi which he compiled from the
findings of his own observations extending from a.p. 877 to 918.3% About this zij
Ibn-ul Qifti says, “I know no one among Muslim astronomers”, who reached the
intellectual status of this savant.3® Consequently great number of Hisabi Jijes
(Computational Tables) were based upon Al-Battant’s Tables,

Another important zij was prepared by Al-Battani’s contemporary Fadl bin
Hatim an-Narayzi and dedicated to the Caliph al-M‘utadid (a.p. 892-901). Hence
it is called Az-Zij Al-M‘utadidi.®"

Among the later contemporaries of Al-Battiani was the family of Bani Amajur.
The members of the family made astronomical observations with which they
composed twelve zijes.
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The golden period of Islamic astronomy commenced with the political ascend-
ancy of the Buwayhids. The encouragement the new dynasty gave to astronomy
resulted in the writing of a number of standard works, including zijes such as :

1. Zy-As-Safaih of Abu J‘afar al-Khazin ;3

2. Al-Majisti of Abul-Wafa al-Buzjani;®

3. Al-Majisti-ash-Shahi of AblG Nasr bin Iriaq, the teacher and patron of
Al-Biruni;40

4. Zij~t Ibn-ul-A‘lam, which was perhaps the best contribution of this period,4!

as it was relied upon by Nasiruddin al-Tisi in the compilation of his
Ilkhanic Tables. 42

Astronomical works of Al-Birani

Al-Birani was a versatile and prolific writer who composed a great number of
books on astronomy and allied subjects. But the work that has immortalized him in
the history of astronomy is his Qaniin- al-Mas‘idi*® (Canon Masudicus) also called
Zij-i Mas‘udi. Like Ptolemy’s Almagest, it is also divided into thirteen books (magdlas).
He also wrote commentaries on al-Khwéarazmi’s “Tables”’.?* In some of them he
defended him against the criticism of his adversaries.

Zijes written after Al-Birani

After Al-Biriini’s Qanin al-Mas’iidi the best zij was writien by his contemporary
Tbn Yinus called 4z-7i al-Kabir al-Hakimi as the author dedicated it to the Fatmid
Caliph of Egypt Al-Hakim Billah (d. a.p. 1020).4® Its importance lies in that it was
one of the two zijes Tisi relied upon in the computation of his Jij-i Tlkhani. s

A period of lull followed Al-Biriini’s death. But it was not altogether barren.
Malik Shah of Saljuki dynasty built an observatory under the directorship of the
famous poet-astronomer ‘Umar al-Khayvaimn. 47 Its findings were recorded in a book
called by Abul Fadl as Zij-i Khayyam.

Another important zij was composed during the later part of Saljiiki rule. It was
written by ‘Abdur Rahman-al-Khazin and was dedicated 1o the reigning Sultan
Sanjar. Hence its name (ij-1 Sanjari. 4

Post TARTAR ZIiJES

With the Tartar occupation of middle East, there commenced a new period of
* Islamic astronomy that inaugurated a new phase of zij literature. Hitherto the
bifurcation between an astronomical Text and astronomical table was not clearly
defined. Moreover, major portion of a zij was devoted to the description of astro-
nomical principles and comparatively less space was given to tables. For instance,
Az-Zij-as-Sabi consists of fifty-seven chapters, greater number of which are on the
demonstration of astronomical principles. Similar is the case with Ji lbn Yinus
and al-Qdnin al-Mas‘adi or (Jij-i Mas‘adi).
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Of the many zijes prepared in this period, three are most important, as they
exercised an enduring influence on the preparation of subsequent zijes, especially in
India. They are Zij-i llkhani, Zij-i Khagani and Zij-i Ulugh Beg.

Zij-i Ilkhani. It was an observatorial zij, prepared on the basis of the observations
made in Maragha observatory. This observatory was built by Halakii Khan, the
Ilkhani ruler of Iran on the advice and directorship of Khwaja Nasiruddin at-Tiisi
in A.0.1258. It was built in Maragha near Tabriz. Besides the Director Nasiruddin
Tusi, four other eminent scholars were also invited to participate in the working of
the observatory. They are, as given by Tisl in the preface of this zij, Fakhruddin of
Maragha, Mu‘yyad uddin al-‘Urdi from Damascus, Fakhruddin of Akhlat from
Tiflis and Najmuddin Dabiran from Qazwin.4®

Though the working of an observatory takes at least thirty years, but as Halaka
Khan was making haste, the work was finished in about twelve years. The results
were recorded in this % in a.p. 1271. And as by this time Halak{ had died, it was
dedicated to hjs son and successor Aba Qa’ini.®

Zij-i-Ilkhani started a new pattern. The whole content of astronomical topics
was divided into three parts, chronology, spherical trigonometry and astronomy and
planetary motions. Hence this zij consists of three magalas (of astronomical
importance), namely, (i) On different eras, (ii) The movements of the stars and their
positions (longitude and latitude); and (ili) Determination of the time of
ascendents.

To these three magalas was added a fourth on astrological predictions. This arrange-
ment was followed by subsequent writers of zijes (except by Jamshed Kashi). Every
magdala is followed by a number of tables.

Zij-i Khagani. This zij was prepared by Ghyathud-din Jamshid of Kashan. He
found some defects in Tisi’s Ilkhanic Tables and he set to amend them. He gives a
list of about fifty improvements made by him on Zij-i Ilkhani of Tisi. Hence its name
Az-Zif al-Khagani Ul Takmil iz-zij il-1 Tkhani. He started to write this zijin A.D. 137451
while he was in his native town of Kashan. Then he was invited by Ulugh Beg to
participate in his constituted Academy at Samarqand.’? There he completed this
zij in 1413 and dedicated it to Ulugh Beg.?

Lij-i Khagani consists of the following six magdalas: eras; trigonometry and allied
subjects; positions of the stars (their longitudes and latitudes; important arts; deter-
mining the ascendent from different data, and miscellaneous astronomical and
astrological topics.

MS copies of this zij are very rare. The cataloguer of India Office Library says
that the unique copy of this zij is there in the Library. But another copy seems to
exist in Central Library, Hyderabad.?* Raja Jai Singh Sawai, the builder of Delhi
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Observatory and the author of Jij-i Muhammad Shahi had a copy of this .23 and had
studied it. It is extant in his library. '

Kij-i Jadid-i Sultani. This is the famous zij of Ulugh Beg. He was very much
interested in intellectual sciences, especially in mathematics, and wanted to build
an observatory in order to perpetuate his name.’® He translated his project into
practice in 1420. A suitable site for this purpose was selected near Samargand, and
necessary instruments and equipments were procured and the observatory began
to work,?® first under the supervision of his teacher (in mathematics) Qadi Zadeh
Rami and Maulana Ghiyath-uddin al-Kashi. But before any tangible result could
be found, both the directors died one after the other. The work then was entrusted
to Maulana ‘Alauddin al-Qaushji, who was Ulugh Beg’s pupil in mathematics.
Qaushji under the overall supervision of Ulugh Beg carried out the project and
compiled the .73 in A.p. 1438. This zij, like Ilkhani Tables, is also divided into four
magdlas, e.g. eras, the motions of the stars and their longitudes and latitudes, deter-
mining the ascendent from given data, and astrological prediction.

No important zij seems to have been prepared after Ulugh Beg’s zij in Iran or
Central Asia. Some zijes were prepared in West Asia, but they did not influence the
zij literature of India.

WEST-CENTRAL ASIAN ZIJES IN INDIA

In Pre-Mughal Times

The earliest reference to zijes composed in West-Central Asia is met with during
the reign of later Ghaznavids when the poetscribe Mas‘id S‘ad Salman, while writing
an ode in praise of the heir-apparent ‘Abul Qasim Mahmid, predicted his glorious
coronation. This prediction was based on the data provided by the astronomical
tables, Jij-1 Battani and Kitdb-ut- Tafhim of Al-Birni.®®

The former has already been referred to. The latter is not a zij in the technical
sense of the term, but a compendium of mathematical and astronomical sciences.
Still it contains a number of tables, e.g. the gazetteer and the star catalogue.

Zijes enumerated by Abul Fadl in A’in-i Akbari.

Abdul Fadl apparently possessed a great interest in astronomy and consequently,
after describing the meaning of rasad, gave a long list of 86 zijes in his A’in-i Akbari,®
But unfortunately this list is not arranged chronologically, nor scientifically. This
list shows that scholarly circles in Akbar’s time was acquainted with a large number
of Islamic zijes. These zijes are listed in Appendix A.

Lijes listed by Mulla Farid

In the regin of Akbar’s grandson Shahjahan, Mulla Farid, the court astronomer
prepared his astronomical table entitled Kdmama-i Sahil Qirani, Jij-i Shahjahani.
In this zij, like Abul Fadl, he first describes what is meant by a rasad (observatory)
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and a zij. Then he classifies the latter into Zij-i Rasadi (Observational Tables) and
Lyt Hisabi (Computational Table). Among the former class he typifies 2ij-i Ulugh
Beg (which he calls Jij-t Samarqandi). Another example of this class is .Zij-i Battani.®
Among the later class he mentions his own table as a typical example. The list of
zijes given by Mulla Farid is listed in Appendix B.

Lijes studied by Raja Jai Singh Sawai

Sawai Raja Jai Singh in order to correctly determine the exact time of perform-
ing religious rites was obliged to study the current astronomical works, written by
Hindu as well as Muslim and European astronomers. Among the works written
by Muslims, he mentions the following: i) Fadid Sa’id Gurjani (i.e. Zii-i Ulugh Beg),
Khagani (Zij-1 Khagani of Jamshed Kashi), Tashilat-i Mulla Chind Akbar Shahi ( Tashil
Jij-t Ulugh Begi of Mulla Chand) and Mulla Farid Shahjahani (Jij-i Shahjahani).
Of these the first two had been compiled outside India (already dealt above), whereas
the last two were prepared in India (see below).

ZUES COMPILED IN MEDIEVAL INDIA
BEGINNING AND PROGRESS OF ASTRONOMICAL STUDIES IN MyusrLiM INDIA

Beginning of Graeco-Arabic Astronomy in India

Astronomical studies in Muslim India started from eleventh century when the
celebrated Al-Birani exiled from his native country®? continued his investigations
in the North-Western part of the sub-continent. Besides learning indigenous sciences
he determined the latitudes of some of the cities®® of the region and what is more
important tried to measure the length of one degree of the meridian and thereby
determined the length of earth’s circumference. ¢4

The process of assimilation of West-Central Asian learning was continued by
the Indian scribe class. For example, the poet-scribe Mas‘id Sa‘d Salman learnt
astronomy from an old companion of his, named Bahrami, and soon acquired
proficiency in this science. %

Astronomy during Delhi Sultanate

(1) Mamiak rule. The scribe class was generally conversant with mathematical
sciences including astronomy as is evident from an ode of Amir Khusro which he
composed in praise of his teacher Shahab Mahmara. Amir Khusro was himself
well-acquainted with astronomy especially with the science of fixed stars. He
composed 2 poem on ‘“Twenty-eight lunar Mansions™,%8 called (al-Manazil). It was
during this period that the first 24/ in India was prepared (see below).

(if) Khilji rule. Astrology (and for that reason astronomy) reached its climax
in the reign of ‘Ala uddin Khilji when there was an ever increasing demand for astro-
logers.87 Some of these astrologer-astronomers had acquired such proficiency in their
subjects that they could construct astronomical observatories.%®
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(ili) Tughlag rule. Among the Tughlaq rulers, Firoz Shah Tughlaq was highly
skilled in astronomy especially in astrolabe making. He effected important improve-
ments in the construction and designs of astrolabes.® The extraordinary interest
taken by the ruler in the theory and construction of astrolabes did not leave the
subjects (not only Muslim, but Hindu as well) uninfluenced. The first treatise on
astrolabe in Sanskrit was written during the reign of Firoz Tughlaq by Mahendra
Suri, called Yantrardja.™

(iv) The period of disintegration. Some of the Provincial dynasties that sprang
up after the break-up of Delhi Sultanate also showed interest in the patronage of
astronomy. Chief among them was the Bahmani dynasty of Deccan where Sultan
Firoz Shah Bahmani ordered the first astronomical observatory in India to be built
at Balaghat in 810 A.H., some ten years earlier than that of Ulugh Beg’s at
Samarqand.?! He was so much interested in these sciences that he himself used to
give lectures on Tadkkira (a standard work on astronomy by Nasiruddin Tusi) thrice
a week.??

Astronomy under the early Mughals

(1) Babur and Humayin. The Mughals brought with them the scientific traditions
of Central Asia. Though Babur relied more on his sword than on astrological
prophecies, he, however, did not deviate from his family traditions and employed an
astrologer (who must be skilled in astronomy as well) at his court.?

But Babur’s son and successor, Humaviin was himself a great astronomer and
spent his time in the company of scholars well-versed in this science.? He intended
to build an observatory, for which suitable site was chosen and necessary instruments
had been collected.?6 But death would not allow this project to be completed. Even
before his fatal fall from the stair-case of Sher Mandal, he was engaged in astrono-
mical activities, He was waiting for the rising of the planet Venus.??

(ii) Akbar and Fahdangir. Akbar in his zeal for the propagation of his newly
invented “Din-i I1ahi” enjoined upon his followers the study of Nujim (astronomy).™
It was during his reign that the versatile Amir Fathullah of Shiraz reformed the
calendar™ and instituted the new Ilahi Era. Under his orders Amir Fathullah, with
the help of Abul Fadl and some Sanskrit scholars translated Ulugh Beg’s tables into
Sanskrit.® Abul Fadl himself was greatly interested in astronomy and devoted
a considerable part of his din-i Akbari to the rudiments of this science.8!

Jahangir, though not much interested in astronomy was nevertheless very much
impressed by the prophecies made by his Court-astrologer Jyotika Rai.8? Jahangir’s
vazir Asif Khan was a great scholar of astronomy.

(iii) Shahjahdn and Aurangzeb. Mulla Mahmiid Jaunpuri, the auther of Shams-i
Bazighah submitted to the Emperor Shahjahan his scheme for the construction of an
observatory. But it could not be sanctioned due to paucity of funds.®* Other eminent
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scholars of astronomy during Shahjahan’s reign were Mulla Farid (see below) and
Mulla Murshid of Shiraz.®

Aurangzeb’s indifference to this science could not arrest the progress of
astronomy, which continued, independent of court patronage in the family of Ahmad
Ma‘mar specially his son Lutfullah, who translated into Persian as-Suf?’s Suwar-ul-
Kawakib®® and grandson Imamuddin, the author of At-tasrih, a commentary on
Bahauddin ‘Amili’s astronomical text Tashrik-ul-Aflik.87 Another scholar of
astronomy during this time was Mulla‘Ismat-ullah of Saharanpiir, who translated
the commentary of the Almagest and Tashrik ul-Aflak.%

Astronomy under the later Mughals

The fratricidal wars that ensued after Aurangzeb’s death disrupted the peace
of the country, so essential normally for the progress of science. But it is curious to
note that as far as astronomy was concerned it was the most fertile period. It was
during this period that the first (and also the last, of its kind) observatory was built
in India. This was the famous observatory at Delhi (1724) built by Raja Jai Singh,
who also built four other observatories at Jaipur, Varanasi, Mathura and Ujjain.®®
The findings of Delhi observatory furnished the requisite material for the compilation
of Zij-i Muhammad Shahi (see below).

With the British conquest of the sub-continent, Mughal rule came to an end.
Still Graeco-Arabic astronomy struggled hard to survive. And it was during the
troubled thirties of the last century that a scholar Ghulim Husain of Jaunpur wrote
a great mathematical and astronomical compendium.? Besides writing other astro-
nomical works, he also prepared a zij (see below).

In the present century Maulana Ahmad Rada Khan of Bareilly wrote glossaries
on Nasiruddin Tosi’s Jij-i Ilkhani and Fami‘Bahadur Khani®!

ZIJES PREPARED IN PRE-MUGHAL INDIA

Lij-i Nagiri

It was the first zij prepared in India, of which history has preserved some details.
It was prepared by Mahmid bin ‘Umar, who dedicated it to the reigning Sultan
of Delhi Nasir al-Din Abu.l-Muzaffar Mahmad bin Shams al-din Iltutmish. Hence
its name Zij-i Nasiri.?? As this Sultin reigned from 644 to 664 A.H. (a.p. 1246-1265),
it must have been completed much before 1265 when observations were being made
in the Maragha Observatory, which were to be utilized as the basis for compiling
the renowned “Ilkhani Tables of Khwaja Nasir al-din Tisi. The later tables were
completed during the reign of Abid Qa’an (1270-1280) who succeeded his father
Hulaki Khan. Hence India preceded Iran in the preparation of zij at-least by a
decade.
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Unfortunately like so many other works of scholarship, this zij also could not
withstand the ravages of time. But it was extant in the days of Abul Fadl who
mentions its name in his list of zijes® (see Appendix A, zij no. 72).

However, Storey, in his work Persian Literature, points to a unique manuscript
“copy of this zij in a private library of Tabriz owned by Husain Aba Nakhjawani,?4
A transcript of some part of this zij was made and is reported to be in Mulla Firoz
Library, Bombay. "

LZij-i Fami¢ Mahmad Shah Khilji

This is the only zij prepared in pre-Mughal India that is accessible to us. A
copy of this zij (very probably the unique one) is preserved in Bodlian Library
Oxford (No. 1522) of the Persian manuscripts.?®® But unfortunately it is defective,
surely at the beginning, as it abruptly begins with “the importance of astronomical
science” without the usual praise of the Creator and His Prophet. The second chapter
is also wanting, as the last (the twenty-second) section of the first chapter is
immediately followed by the colophon, which means in unequivocal terms as follows:
“Here ends the book, Jij-t Fami® Mahmid Shah Khilji”.*® But the author states at the
end of the Introduction (Col. 3.1) that this book consists of an introduction, two
chapters and a khgtima.®” He also promises in the last section of the book, to describe
additional items later on, but this promise has not been fulfilled in the manuscript
before us.

The author’s name is not mentioned anywhere in the extant folios of the present
copy. It might have been stated in the missing folio. Likewise the title of the book
is not definitely known. The space (on fol. 3a line 5 of the xerox copy)® where the
author intended to mention it is blank. The title given above is based on
the colophon.

The author commenced this work in 852 a.H. (a.D. 1448) at the request of some
of the nobles who were interested in astronomy for preparing almanac. But owing
to his preoccupations with other engagements he could not complete it. In 865 A.H.
(a.p. 1460-61) he was pressed by his patron, Habibuddin Muhib-ullah to complete
it, and accordingly he rewrote it, revised some solved examples and updated the
tables. Unfortunately all these drafts were destroyed when Bidar, his native city was
devastated and all his belongings were plundered. In the following year 866 a.H.
(1461-1462 A.p.) the king conquered the cities of the Deccan and he was commanded
by him to prepare an astronomical table, which embodied the gist of previous tables
and comprised different astronomical processes. He completed this arduous task and
dedicated the book so written to the king.?? His (the king’s) name is also not clearly
mentioned.

The book (as the author himself states) was to consist of a mugaddama (prolego-
mena), two chapters, and a khdtima (epilogue).'® The mugaddama consists of thirty-six
sections. Section I is on the definitions of rasad (observatory), zij (astronomical tables)
and a number of geometrical terms. Then he gives a short account of arithmetic
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which comprises fifteen sections (from section II to XVI). Section XVII is on
mensuration. Sections XVIII to XXIV are devoted to astronomical arithmetic based
on sexagesimal system. The next twelve sections are on astrolabe; section XXV on

the components of the astrolabe and the remaining eleven on the uses of this
instrument.

The first chapter deals with the knowledge of differcnt calendars (eras), the
determination of planetary motions (with reference to their longitudes and latitudes)
and related topics. It consists of twenty-two sections: The first section explains what
is meant by a calendar and its several parts such as night, month and year. The next
four sections are on the following calendars: Hijrl, Roman, Persian and Maliki
(instituted during the reign of Saljiq Sultan Malik Shah). The fifth section is on the
conversion of these four calendars into one another. Then follows section seven
comprising a lengthy description of Turkish (Uighur) calendar consisting of eleven
. qism or parts. Section ten is on the motion of the Sun. Section eleven is on the motion
of the Moon. Section twelve is on the motion of the five wandering planets. Section
thirteen deals with the description of the above motions, and section fourteen with
conjunction and apposition, while the next three sections are devoted to other aspects
of planetary motions. Sections eighteen and nineteen deal with astrological problems.
Sections twenty and twenty-one are on lunar eclipse and solar eclipse respectively.

In the last (twentv-second) section, the author says that the above-mentioned
topics are generally considered sufficient for preparing an almanac. Still there are
some more items which are also entered in it such as Coptic, Turkish (?) and Jewish
calendars. Some astrologers also add astrological and other predictions including the

effects of the moon when it enters different signs of the Zodiac and the twenty-eight
lunar mansions.

In the end, the author cautions that astrological predictions are probable and
not certain. Only those procedures are worthy to be believed that are based on arith-

metical computations, as they are free from doubts except when some error creeps
into them.

As to the sources of the zij under review, the author was much impressed by
Likhanic Tables of Khwiaja Nasir-ud-din Tisi.10! But he differs from him in chapteriza-
tion. Tusi’s zij is divided into four maqalas, but the author of {ij-i F7ami¢ has redistri-
buted their content. He has also added a number of mathematical topics of interest
from other sources. In the prologomena, while giving definitions of geometrical terms,
he seems to follow Tasi’s Tadhkira and the sections on astrolable and its uses seem to
be based on his (Tisi’s) Bist Bab: twenty chapters on astrolabe. Besides Ilkhanic
Tables he does not refer to any other source by name. But there are sufficient reasons
to conclude that he consulted a number of zijes in vogue at that time, as he himself
says, he often intended to prepare a zij by making selections from current zijes. 202
However, certain phrases of his Jij-i 7dmi‘ are reminiscent of Jamshed Kashi’s J7j-i-
Khagani which had been composed some thirty-six years earlier.
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There are only some tables on calendrical conversion, but no astronomical table
of planetary motion in the present copy of the J7.

ZIJES PREPARED DURING THE REIGN OF GREAT MUGHALS

Tashil Zij-i Ulugh Begi

It was prepared by Humayiin’s trusted friend and companion Mulla Chénd, son
of Baha-ud-din. He accompanied him (Humaiyiin) when he was obliged to flee
from India to seek refuge in the protection of Shah Tahmasb of Iran. But as his queen
Hameeda Begam who was about to give birth to his son Akbar, he was obliged to
leave her in the fort of Amarkot. He also left Mulla Chand with her so that he could

correctly report the time of birth of the new born and prepare his horoscope which
Abul Fadl has reproduced in his Akbar Nama.

After Humayun’s death, Mulla Chand entered the service of his son and
successor Akbar, as his court astronomer. It was during this service (in the early part
of it) that he made a simplified version of Ulugh Beg’s Tables, as he had been persis-
tently requested by his friends to write a Tashil of the zij (of Ulugh Beg). He acceded
to their request and prepared a simplified version (easy to understand). A unique
copy of this zij is preserved in Jaipur State Library*, Mulld Chand made some
revision and alteration in the arrangement of the original {ij- Ulugh Beg. He divided
his work like the original into three magalas. The first is on different calendars and
eras, the second on the determination of the times of ascendents and what pertain
to them, and the third on determining the positions of the stars and allied subjects.

In the scheme of arrangement, he has often differed from the original Jij-i Ulugh
Beg. Major portion of the first magala on chronology in the original {ij-i Ulugh Beg
is devoted to Chinese and Uighur calendar, whereas Mulla Chand in the context of
changed political, social and cultural conditions did not give importance to this
calendar. But what he failed to realize (and subsequent zi; writer, e.g. Mulla Farid
and Jai Singh as also Abul Fadl were obliged to take note of) was the importance
of Samvat Era. This lacuna may be due to the fact that he wrote his Tashil before
Hindu community and its culture was recognized as something not to be ignored.

The second magala on spherical trigonometry and astronomy in the original
consists of twenty-two chapters, whereas in the Tashil it contains twenty-four chap-
ters. He substituted chapter 15 of the original, “On the Determination of Meridian
Line,” with a chapter (18th in the Tashkil), “On the determination of the inclination
of a line that is drawn in the plane of the horizon”. He added a new chapter (18th
in the Tashil) “On the determination of the sine of the mean motion” between
the seventh and eighth chapters of the original. He also added two more chapters
between the twenty-first and twenty-second of the original and gave them the title,
“On the determination of ascendent from the direction of the star”’. He also changed -
the order of chapter seventeen of the original, “On the determination of the

*The author is thankful to the present Mahiraja of Jaipur who permitted him to consult it and
take notes,
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amplitude of visibility”, and assigned it the twelfth place in his scheme. There
is not much difference between the original and the Tashil in this magdla. Every
magdla is followed by a number of tables which he updated from the original with
the help of planetary equations.

Zij-i Shahjahdnt
More important than Tashil of Mulla Chand is the Shahjahani tables written
by a scholar astronomer.

The author. The author’s name was Farid Uddin. He came from a family of
scholars who were held in high esteem by kings and rulers of bygone days. His
father Hafiz Ibrahim was a great scholar of his time.1% Mulla Farid received his
early education from his father. Then he went to the school of Shah Nizam of Narnol
and learnt from him. Finally he became the pupil of Amir Fath ullah Shirizi who
was decidedly the greatest scholar of intellectual sciences of his time. Under
his guidance he acquired a high degree of proficiency in different sciences and was
soon recognized as one of the greatest scholars of his time.194

He entered the service of Khan-i Khanan, the governor of Gujarit in 1006 A.H.
It was in this year that he wrote an astronomical text named Sirdj al-istikhraj
comprising a mugaddama (introduction) and nine chapters. He dedicated it to Khan-i
Khanin. He continued in his service till 1024 a.x. and perhaps after that as well
till he was introduced to Shahjahan in the second year of his accession, when he
presented his newly prepared tables entitled Zij-i Shahjahdni. 19

He died, according to the author of Tabagat-i Shahjahani, in 1039 a.H. But this
seems incorrect as the positions of stars are calculated for the year 1041 a.1. in which
year he must have been alive hail and hearty, actively engaged in astronomical
activities. 108

Mulla Farid wrote many works chief among which were Sirgj al-istikhraj,
as stated dedicated to Khan-i Khananin 1006 a.1. and Jij-i Shahjahani to be described
shortly. He is reported by the author of Ma’athir-i Rakimi to have also written a zij
in the name of Khan-i Khanan. This zij is possibly identical with Siraj al-istikhraj
which is not mentioned in Ma’athir.

The genests of the Tables. The idea of writing a fresh zij was not of Mulla Farid.
It came from Vazir Asif Khan who in order to immortalize the name of his son-in-law
(Shahjahan) thought of starting a new era like that of Jalali era of Malik Shah Saljaqi
or 11ahi era of Akbar. The proposal was put up before Shahjahan for his approval
and consequently a royal decree was issued. Mulla Farid was commissioned to prepare
a new set of astronomical tables with the collaboration of his brother Mulla Tayyib
and other scholars of Muslim and Hindu astronomy under the over-all supervision
of the Vazir Asif Khan.97 As there was not sufficient time for fresh observations
and also the age and health of Mulla Farid did not permit him to endure the strain
of astronomical observations (for, if we believe the statement of Tabagat i Shahjahdni
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he could not survive the compilation of his zij) the proposed zij was to be based on
Zij~i Ulugh Beg which was the nearest in point of time, most reliable and most correct
of all the zijes.1%8 The result was the <ij-i Shahjahani, its full title being Kamama-i Sahib
Qiran-i Thani, ij-i Shahjahani.

The Court Chronicler Muhammad Saleh Kamboh speaks very highly of this
zif which in his words pushed into oblivion and disuse even Zij-¢ Ulugh Beg on which
it was based. The Emperor Shahjahan was so much impressed by its utility that he
ordered it to be translated into Hindi (i.e. Sanskrit) for the use of general public,1%

The 2ij. Like its predecessors, ij-i Ilkhani and Zij-i Ulugh Beg, this zij is also
divided into four magalas, preceded by a very informative introduction. The latter
is sub-divided into five g¢isms or parts dovoted to (1) the nature of a rasad
(observatory), zij (astronomical tables), tashil (simplified tables or zij made easy)
and Taqwim (almanac), and their uses (first gism), (2) special features of this zij
(Zij-i Shahjahani) on account of which it is to be preferred to other zijes of the past
(second gism), (3) numerical “affinities” between the content of this zij and the
royal names and titles (third g¢ism), (4) the corrections, inventions (improvements
upon) and additions made to Ulugh Beg’s Tables (fourth ¢ism), and (5) defining the
era, year, month, day and its parts (fifth qism).

The four magalas are the same as those given in ij-i Tlkhani and Zij-i Ulugh Beg:
The first magala on eras consists of ten chapters, e.g. (1) the Ilahi calendar, (2) Hijrl
calendar, (3) Greek calendar, (4) Persian (Yazdjardi) calendar, (5) Maliki (Jalali)
calendar, (6) transformation of the above five calendars into one another. (7) Indian
(Samvat or Saka) calendar, (8) Transformation of Hijri calendar into Indian and
vice versa. (9) Chinese and Uighur calendar; this is by far the most lengthy chapter,
as it consists of ten sections treating different topics relative to Chinese calendar,
(10) important days (festivals) of different calendars.

The second magala entitled “Determination of Times and the Ascendent of every
Planet™ is concerned with spherical astronomy. The third magala deals with the
determination of the motion of planets and their positions in longitudes and latitudes.

The text of these two magalas is the ad verbatim reproduction of the correspond-
ing magalas of Zij-i Ulugh Beg with occasional changes. But the text of each of these
magalas is followed by a great number of tables. For instance in the British Museum
Ms copy the text of the second magala occupies only eight folios, whereas the  tables
cover some sixty-eight folios. Similarly the text and tables of the third magqéla
occupy eight and three hundred and nineteen folios respectively, 11

However the tables were not only copious and updated, but very much
improved in comparison with Ulugh Beg’s zij. Some of these improvements
were borrowed from preceding scholars especially from Mawlana Rozbahan
of Shiraz and some were his (author) original contribution.1?
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With these additions, Mulla Farid presented a highly improved edition of Zij-i
Ulugh Beg, and perhaps the court chronicler Mohammad Saleh Kanboh did not

exaggerate when he observed that this zij (ij-t Shakjahani) relagated Ulugh Beg’s
tables into disuse.

ZIJES PREPARED DURING THE TIME OF LATER MUGHALS
Zij~i Muhammad Shahi | |

By far the most valuable contribution Medieval India made to the advancement
of astronomy was the building of Muhammad Shahi Observatory at Delhi (popularly
known as Jantar Mantar) and the compilation of Jij-i Muhammad Shahi on the basis
of its observations.

The Observatory. Muhammad Shahi observatory at Delhi is the first of its kind
(and also the last) ever built in this country. No other monument of this type had
ever been built in India. There were astronomers during the reign of ‘Ala’ud-din
Khilji capable of erecting an observatory, but they never thought of it. Humaylin
thought of building an observatory, for which suitable site was selected and necessary -
instruments and requisite equipment had been collected but death did not allow him
to bring this idea into practice. Sultan Firoz Shah Bahmani of Deccan ordered his
court astronomers in 810 a.u. to build an observatory at Bala Ghat. They began to
build it, but the project had to be left incomplete owing to the death of the chief
director.

Providence had reserved the credit of building the first ever observatory in
India to the reign of Mughal Emperor Muhammad Shah and the untiring efforts of
the Rajput Prince Rija Jai Singh Sawai.

The Background. The de facto builder of this observatory Raja Jai Singh was a
great scholar of his time in mathematical sciences,11? (especially astronomy), for
which he had a natural aptitude. At the same time he was an orthodox Hindu and
insisted on the performance of religious duties and rites at their proper times.113
To achieve this purpose he took advantage of his astronomical knowledge. He studied
astronomical tables, not only those based on Hindu astronomy (siddhdnta jyotisa),
but also on Muslim ‘llm ul-Hay’at (Graeco-Arabic astronomy) and modern European
astronomy. But the times of different celestial phenomena (especially of eclipses)
which he calculated with the help of these tables would not very often tally with
those of their actual occurrence.4¢ He brought this matter to the knowledge of the
Emperor who commanded him to build, with the collaboration of the exponents of
different systems of astronomy (Hindu Fyetisa, Muslim ‘Zim-ul-Hay’at and European
astronomy), an observatory and prepare a fresh set of astronomical tables based on
its observations, 118 ’

The Building of the Observatory

He obeyed the imperial command and set to work. But the difficulty was that
there existed no model of an observatory.11® To surmount this obstacle he studied
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works of Muslim scholars on the construction and uses of astronomical instruments
and got a number of them, like those used by the astronomers of Ulugh Beg’s
observatory at Samarqand, manufactured by local artisans.11?

But these metallic instruments could not satisfy him, as besides being small,
not admitting fine and minute divisions, they soon became unserviceable. Hence he
was obliged to replace them by masonary instruments made of lime and stone!l8
(actually huge buildings). In the preface of Jij-i-Muhammad Shahi he gives the names
of three of them, Samrat Fantar, Fai Prakash and Ram Jantar. With their help, observa-
tions were made and recorded in a fresh zij which was dedicated to the Emperor

Muhammad Shahi. Hence it was called ij-i-Muhammad Shahi. 1t was completed
in 1728 A.D.

The Zij. Like the astronomical parts of the preceding zijes (<Zij-i Ilkhani, Jij-i
Ulugh Beg and Zij-i Shahjahani) Zij-i Muhammad Shahi is also divided into three magdlas.

The first magala is on calendars. The Raja was more practical and therefore
would not waste his time in describing obsolete eras, such as Greek or Persian eras.
He was content with (i) the Hijri era which was in vogue at that time (ii)
the Muhammad Shahi era, which he instituted in order to immortalize the name of
his overlord, (iii) the Hindu Era or Samvat which was current among the majority
community and hence a social necessity, and (iv) the Christian era for which he
foresaw the importance to be attached in future.

Consequently the first magala is divided into following four chapters:

I On the determination of Hijri Era
II On Muhammad Shahi Era
III On Christian Era, and

IV On Indian Era, known as Samvat. This chapter is further sub-divided into
two sections, e.g. (a) finding the Samvat from Hijri year, and (b) finding
Hijri' year from the Samvat,

On the other hand, the second magala is divided into nineteen chapters as
follows:

I On sine and versine,
II On the determination of the tangent of a quantity and vice versa.

III On the determination of the second declination of the ecliptic from the
celestial equator.

IV On the determination of the distance of a star from the celestial equator.

V On the determination of the maximum upper and lower culmination of a
star in equatorial zone.

VI On the determination of the ascendent of (places on) terrestrial equator.

VII On the determination of the equation of day, the diurnal arc, the noctur-
nal arc and the hours of day and night.
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VIII On the determination of ascendents (finding ascension as a function of
latitude).

IX On the converse of the determination of ascendents.
X On the determination of the ascendent of transit.

X1 On the determination of the ascendent of the rising and setting of stars
for terrestrial equator.

XII On the determination of the azimuth from the upper and lower culmina-
tion.

XIII On the determination of the upper culmination from the azimuth.
XIV On finding the terresterial meridian (or line of north and south).
XV On finding the longitude and latitude (of a place).
XVI On the determination of the amplitude of the time of visibility.
XVII On the determination of the distance between two stars.
XVIII On the determination of the ascendent from the upper culmination.

XIX On the determination of the upper or lower culmination of the stars from
ascendents,

This magala ends with a conclusion on the importance of a gazetteer for the
preparation of an almanac, and therefore, on the description of the longitude and
latitude of some important cities. As a whole, the second magdla is an ad verbatim
reproduction of the latter with minor changes. The niost prominent of these changes
was the deletion of the chapter on the determination of the direction of Qibla.
(Mecca), a topic that had been invariably treated in all astronomical texts and tables
from the time astronomy was studied by Muslims.

The third magdla entitled “The determination of motions of stars and
their positions (longitudes and latitudes)” is on planetary motions only. For other
topics discussed in the corresponding magalas of Ilkhanic tables and those of Ulugh
Beg, he added a khatima, the end-chapter.

However, the third magdla of Jij-i- Muhammad Shahi consists of a mugaddama and
four chapters. The mugaddama is on the equation of time. The four chapters are
devoted to the motions of the Sun, the Moon, the outer planets (Saturn, Jupiter
and Mars) and the inner ones (Venus and Mercury). Each of the first two chapters is
further sub-divided into three sections, the first on mean motion, the second on
their faqwim and the third consists of different tables, such as that of mean
motion, equation etc. The last two are divided into two sections. each, the first on
mean motion and the second on determining the tagwim.

The khatima consists of seven sections as follows :

I.  Lunar eclipse.

II. Solar eclipse.
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III. Determination of the time of the visibility of the new Moon. (It is in this
section that the author claims to have got a telescope constructed by
artisans of his household and then verified with its help some of
the discoveries made by Galileo, see below).11?

IV. Appearance and disappearance of wandering planets.
V. Appearance and disappearance of the so-called fixed stars.
VI. Rising and setting of lunar mansions.

VII. The positions (celestial longitudes and latitudes of some sixty and odd
stars determined by the astronomers of Muhammad Shahi Observatory).

The Tables. There are about 147 tables in this zij (according to Aligarh MS)
Their magala-wise distribution is as follows: first magala-10; second magala-64 (including
two trigonometrical tables, one of sines and the other of tangents, and a geographical
gazetteer giving longitudes and latitudes of some 136 places); third magala-67;
khatima-6. In the third magala on planetary motions, the number of tables appended
with every planet is as follows: Sun-6; Moon-21; Mars-7; Jupiter-8; Saturn-8;
Venus-7. These figures differ from those given by Hunter in his article “Some
account of the Astronomical Labours of Jaya Sinha”, published in Asiatick Researches,
1793. According to him these figures are as follows: Sun-9; Moon-12; Mars-11;
Jupiter-10; Saturn-11; Mercury-11; Venus-11. It seems the manuscript consulted
by Hunter was different from the Aligarh one, which is substantially in agreement
with a number of other mss copies. For instance according to Aligarh MS, the
number of early zijes studied by Jai Singh as recorded by him in the preface of Jij-2
Muhammad Shahi is four whereas Hunter gives only three, omitting J%-i Shahjahani
mentioned in other copies.

Special Features of ij-i Muhammad Shahi. This is the first zij prepared in the
East that clearly shows the influence of modern European astronomy, both in theory
as well as in practice.

(a) The stories of new discoveries made in Europe were constantly trickling into
the learned circles of India (specially of Delhi) through European scholars
who under the title of Dandyin-i Firang (wise men of the West) constituted an
important section of the intelligentsia. It was through them that the astronomers of
the Raja came to know how after a long series of trials and errors, Kepler succeeded
in explaining the motions of different planets. So these scholars after a bitter
controversy agreed to employ Kepler’s first law for solving the anomalies of planetary
motions, only if it was not in conflict with their basic principle of geo-centric universe.
For this purpose they made two modifications in this law.

(i) They divested it of its helio-centric context, and

(ii) They excluded from its purview the Earth, which still continued to occupy
in their system the middle, if not the central, position. Thus they extended it to
regulate even the motion of the Sun, which in Kepler’s theory was stationary and
occupied a focal, if not the central, position.
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(b) It was the first observatory in India that employed telescope for astrono-
mical observations. The astronomical mission sent by Jai Singh to Portugal brought
with them a telescope made there.120 Then he got another telescope manufactured
by local artisans, as he states in the zij itself.

“As our artisans have constructed the telescope so excellent that with its aid
we can see bright and luminous stars even about midday in the middle of the sky.
By employing such powerful telescope, the newmoon can be seen ever before the time,
the astronomers have determined for its rays to begin emanating. And also after it
has entered the prescribed limit of its invisibility, it still remains visible (through the
telescope).12!

Then he set to verify what was told to him about the discoveries made by Galileo

and others, and to his great joy he found them irue. He himself states the results of
new experimentation.

“We also found the form and behaviour of some of these planets contrary to what
the earlier scholars have recorded in current works. They are as follows:

First : We observed with our own eyes that Venus and Mercury obtain light,
like the Moon, from the Sun, because we found that their light
is diminished or increased according to their distance from the Sun.

Second : We have observed Saturn and found that it has the shape of an ellipse,

i.e. out of its two diameters intersecting at right angles, one is smaller
than the other. ‘

Third : We found four shining stars approximately near the equator of Jupiter
revolving round it.

Fourth : We saw a number of spots distinct from one another on the surface of
the solar disc and found them completing their round on the solar disc,
along with the rotation of the Sun itself, in about one year,”123

One more deviation was made by Jai Singh from the traditional Graeco-Arabic
astronomy which conceived the so-called “fixed stars™ as stationary. But he proposed
an altogether different theory and observed in {%j-i Muhammad Shahi.

“Those stars that are termed “Fixed Stars” in the terminology of astronomers
are not fixed and stationary in reality. Nor do they move with one rate
of velocity, but with different velocities,123

(c) The Raja and his colleagues also solved a baflling problem of trigonometry.
This related to finding out the sine of one degree and its parts (minutes and seconds
etc.). Ulugh Beg by devising a scientific method for finding the sine of an angle one
third of another of known sine, was able to compute geometrically the sine of one
degree. But Jai Singh and his colleagues went one step further and found out geome-
trical method for determining the sine of one minute etc. as well. He says :
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“As the determination of the sine of one minute is dependent on the method of
finding the sine of an angle, one fifth of another of which the sine is known,
we with the grace of the Creator of the Universe were enabled to determine
the sine of an angle, one fifth of another of known sine so that we could deter-
mine geometrically the sine of one minute as well,””124

Fami® Bahadur Khani , .

It is a great compendium of mathematical and astronomical sciences. The
author Maulana Ghulam Husain of Jaunpur came of a learned family. He received
his early education from his father. Then he went abroad for higher education and
acquired proficiency in different mathematical sciences, which included the science
of astronomy. He was invited by Raja Bahadur Khan of Tikari, where he composed
Jami© Bahadur Khani (1835) and Kij-i Bahadur Khani (1844) and dedicated them to
the Raja, hence their titles. Afterwards he went first to Banaras and finally
to Murshidabad where he died in 1279 A.u.12

- He "began to write this compendium (¥dmi‘ Bahadur Khani) in 1833 and
completed it the next year. Within a space of one year and two months he wrote such
a voluminous treatise comprising 637 pages of big size.l?® As an apology
for writing this book, he says, “Since the time of al-Barjandi (died 1249 A.n.), no
comprehensive book dealing with astronomy and allied sciences (arithmetic, geometry
and optics) and at the same time matching with Almagest and commentaries on
“Tadhkirah (of Nasir al-Din Tasi) has appeared in Persian language...... so I
undertook to write this book.’’127

The jFami¢ comprehensively deals with the following branches of mathematics:
geometry, optics, arithmetic, trigonometry, astronomy, and preparation of zijes The
chapter on ‘‘Astronomy” comprises 256 pages. The section on introduction deals
with the definition of astronomy and its fundamental principles, e.g. form of celestial
sphere and terresterial elements, astronomical instruments and the techniques of
observation, form of component spheres and details of their composition and
velocities, description of the Earth and peculiarities of different zones and distances
and sizes of different celestial bodies.

In the epilogue, the author discusses the reasons of difference between the
findings of various observatories.

No other book on astronomy on the pattern of Fami‘-Bakadur Khaniis known
except al-Biriini’s “Kitab at-Tafhim™, of which the first two parts are devoted to
geometry and arithmetic and the remaining three to astronomy, astrolabe and
astrology. But the treatment of astronomy is not so thorough asin'®® 7ami* Bahadur
Khani>.

There are a number of astronomical tables, besides trigonometrical tables,
geographical gazetteer and a revised star catalogue. The importance of the tables
consists in the fact that their proof correction was meticulously done by the author
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himself with the result that it is free of errors, specially in figures, which is so common
in astronomical works whether printed or hand-written.

LJy-1 Bahadur Khani

It is perhaps the next best zij after Qij-i Muhammad Shahi, as it was completed
with the help of fresh astronomical observations made by the author. As regards his
proficiency in astronomy, no further proof is needed after a thorough study of his
Jami’ Baehadur Khani and other astronomical works such as his commentories on
Ptolemy’s Almagest and Bahauddin Amuli’s tract on astrolabe etc.

The Background. After the author Gholam Husain completed Fam:i¢ Bahadur
Khani in 1834 and dedicated it to his patron Raja Khan Bahadur Khan, he submitted
to him the following proposal:

“Now that I have made a comprehensive compendium of mathematical
sciences, it is hoped that your honour would give your attention to what is the
practical result of all these sciences, and that result is the compilation of a fresh
set of astronomical tables, which is in need of constant revision and reform in
all successive periods of time, and this must be based on fresh astronomical
observations.

But the later project has never been possible without the (financial) assistance
from the upper (wealthy) class of the society. Moreover, recently European
scholars have designed and manufactured highly sophisticated and fine astrono-
mical instruments, which have made astronomical observations independent of
big and clumsy instruments used by Graeco-Arabic astronomy. It may also be
submitted that many of these new instruments are already there in the stores of
your household. ‘

““Hence if (fresh) observations of stars (and their different aspects) are made
for some years, the difference between the observed times (of their actual

- occurrences) and that which is computed with the help of Zij-i Muhammad Shahi
will be eliminated. Moreover, this humble self Las béen observing and keeping’
a proper record of these observations and this will also help in the preparation
of the new Tables.”’12? '

In response to this request of the author, his patron observed :

“We ourselves had such idea in our mind from a long time, and now that you
have submitted this. proposal, we seriously intend that this project be
duly executed,”1%0

This remark of the Raja encouraged the author, who single-mindedly devoted
himself to the observations of different aspects of the stars (planets) such as their
longitudes, latitudes and their diameters and also to systematically record their
periods of changes. He occupied himself in this activity for six years besides the
earlier nine years, as stated above. He also added to the knowledge so gained during
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these fifteen years, the findings of earlier astronomers and with the resultant
knowledge corrected and revised different astronomical tables, such as those of the
inclinations, mean motions and equation of different planets and entered them in a
fresh zij, named “Sij-t Bahddur Khani” so that any one who so desires, might deter-
mine with its help, the almanacs of fixed stars and planets, occurrences of eclipses,
time of visibility of newmoon, the relative positions and conjunctions of different
planets for a long time to come.

The Zi : Tt consists of a mugaddamah and seven chapters. The mugaddamah is on
the nature of a zij and discusses the reasons for the necessary revision of the tablesin
successive periods of time. The various magalas deal with the following topics:(1) arith-
metical computation both using Indian numerals of decimal system of notation and
the sexagecimal system; (2) on different eras and their reductions from one to the
other; (3) determination of the time of ascendent and allied matter; (4) determina-
tion of the motions of stars, their longitudes and latitudes, determination of solar and
lunar eclipses, visibility of new moon, appearance and disappearance of remaining
five wandering planets and fixed stars etc.; (5) determination of tithi, naksatras joga,
karana and the method of finding them; (6) the relative positions of the planets with
respect to one another and their conjunction and some arithmetical computations
relating to astrology; and (7) astrology and its predictions relating to the ascendents
of the year and personal horoscopes, and determinations of auspicious times.

In the second magala, besides discussing the usual eras, i.e. Creation, Deluge,
Coptic (i.e. pertaining to Bakht Nasar), Greek (after Alexander, the Great), Chinese
and Uighu, Hijri, he has also discussed the Samvat and Gregorian calendars.

The third magala cdnsist_s of some twenty-three chapters more or less the same as
as in Uighur Beg’s tables and Jij-i Muhammad Shahi.

The Tables. These tables concern as usual the trigonometrical tables of sine,
tangent, and cotangent; first inclination ; second inclination; Matah‘ al-Burdj ; hours of
midday, and the number of gharhies for the total day and night at the place of observa-
tion; the real hours corresponding to the degrees of Sun’s motion, and geographical
gazetteers. Then there are a number of tables corresponding to that in the 2nd magala
of the Zij-i Muhammad Shahi. The tables pertaining to the taqwim of the Sun were
prepared one for his native city of Jaunpiir and the other for Calcutta. The tables
pertaining to the mean equations, distances and (apparent) diameters of the Sun
were computed from his own observations, as he claims.

Special Features of Jij-i Bahadur Khani

Besides the corrections made by the author in the earlier tables of mean motions
etc. of the zijes of ancient astronomers, this zij has a number of special features.
It has a magala on the mathematics of astronomy. The terms and symbols used in
almanac are explained. Three additional calendars Bangla, Gregorian and Fasli are
added to the current eras. Tables of tithis, naksatras, karanas etc. according to Indian
Jyotisa are also incorporated to help those who act according to Fyotisa. Compound
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equations of lunar anomalies are tabulated corresponding to degrees of zodiacs.
The ancients computed Matali® al-Burij to the latitude of the extremity of habitable
world and ignored those that were beyond that latitude. But as the Europeans have
explored the land beyond that limit, consequently the tables of Mafali ul-Burij to
latitude 67 degree which is the complement of solar eclipticity (i.e. 23} degree) are
also added to the existing ones. As necessity often arises for astrological predictions,
a chapter on astrological prognostications is also added. 8!

Minor Zijes Prepared in India
Some more minor zijes are also reported in catalogues of Indian libraries to have

been prepared in this country. But as their microfilms were not available, details
about them cannot be given. They are :

Zig-i Ashki by Kundan Lal Ashki 32 Central Library, Hyderabad;

Lij-i Hindi by Mirza Gul Beg Munajjim,!3% Rada Library, Rampur;

Zij-t Nizami by Khwaja Bahadur Husain Khan,13¢ Central Library,
Hyderabad; '

Zij-i Mir ‘Alami by Safdar ‘Ali Khan, '3 Central Library, Hyderabad;
Zij-i Safdari by Safdar ‘Ali Khan,13% Salar Jang Library, Hyderabad; and
Zij-i Sulaiman jahi by Rustam ‘All Khan,!3? Rada Library, Rampar.

But more important is a glossary on (i-i Ilkhani.13® It was written by a great
scholar of modern times, Maulana Ahmad Raza Khan of Bareilly in 1892-93 A.p.
This glossary is based on the commentary. of the..renowned Persian scholar
Nizamuddin A‘araj of Nishapiir. The learned author wrote only on the second magala
of Ilkhanic Tables, but has provided very useful information, not generally found in
other works on astronomical texts and tables.*

*The author acknowledges gratefully the cooperation and assistance provided by Prof. S.M.R.
Ansari and Mr. Sahban Ahmad of IHMMR (New Delhi). Thanks are also due to Miss Saroj Verma
for typing carefully a difficult text. Finally he, is especially grateful to Dr. A. K. Bag (INSA,
New Delhi) for his patience and kindness.
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APPENDIX—A

Zijes ENUMERATED IN A’IN-1 AKBARI

15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.
27.
28.
29,
30.

31

32.
33.
34.
35.
36.

PN RPN

Lij-i Majar (Amajur, the Turk).

Lij-i Ibburkhas (Hipparcus).

Zij-i Batlimas (Ptolemy).

Zij-i Fithaghurath (Pythagoras).

Lij-t Lardasht.

Lij-t Thaan Iskandarani (Theon of Alexandria).

Zij-i Sabat-i Yianani.

Lij-i Thabit bin Qurrah.

Zij-i Hasan bin Sinan.

Lij-i Thabit bin Misa.

Zij-t Muhammad bin Fabir Battani (Albatignius).

Lij-1 Ahmad bin ‘Abdullah Faha (Habash).

LZij-t Abii Rayhan (very probably al-Qdnin al-Mas‘adi).

Lij-i Khalid bin ‘Abdul-Malik (one of the participants in al-Mamiin’s
observatories).

Zij-t Yahya bin Abi Mansir (very probably the famous az-ij-ul-Mumtahan).

Lij-i Hamid (the tables of Abi Hamid Ahmad bin Muhammad as-Saghani).

Lij-i Mughni.

Lij-t Shargi.

Zij-i Abul Wafd’ al-Buzjani.

Lij-t Fami¢ Kaya Koshiyar.

<ij-i Baligh Kaya Koshiyar.

Lij-i ‘Adudi Kaya Koshiyar.

Zij-i Sulayman bin Muhammad.

Zij-t Aba Hamid Ansari.

Zij-as Safa’ih (of Abu J‘afar al-Khazin).

Zij-t Abul Farh (? Taraj) Shirazi.

Lij-i Majmi‘a.

Lij-i Muktar.

<ij-i Abul Hasan Tisi.

Zij-i Ahmad bin Ishag Sarkhasi (probably Ahmad bin Muhammad bin at-Tayyib
as-Sarkhasi, the pupil of alkindi and the teacher of the Caliph
al-Mu‘tadid).

Zij-i Fazari (probably Ibrahim bin Habib al-Fazari. He based his zij on Brah-
masphuta Siddhanta). '

Zij-t Hériini (probably Harln al-Munajjim, an astrologer of Baghdad).

Zij-t Adwar-i Qarayn (a table containing cycles of conjunctions).

Zij-t Yéaqib bin Tariq (probably his Jij al-Mahial).

Zij-i Khwarazmi (Muhammad bin Musa Khwarazmi).

Zij-i Yasuft.



37.
38.

39.

42.
43.

44.

45.

46.

47.
48.

49.
50.

51.
52.

53.
54.
55.

56.
57.

58.
59.
60.
61.
62.
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Lij-i Wafi.

Zij-i Sam‘ani (according to al-Fihrist Sam‘an was the commentator of Ptolemy’s
Canon).

Zij-i Jozharayn (a table ralating to Jouzharayn, which are the head and tail
of Draco, or the two points of intersection of the ecliptic and the orbit of
the Moon). :

Lyt Ibn Sahra.

Zij-i Abul Fadl Mashazi (probably Masha’ Allah, the Jewish astrologer Ibn
al-Athra).

Zij-t Adsima.

Zij-i Kabir Abu Ma‘ashar (Latin Abbumaser first an opponent and afterward a
pupil of Al-Kindi and a prolific writer).

Zij-i Sanad bin ‘Ali (a renowned astronomer and participant in al-Mamun'’s
observatory).

Zij-t Ibn-ul-A‘alam (court astronomer and teacher of Buwahid Prince Adudud
Daulah. His tables were relied upon by Nasiruddin Tiisi in the preparation
of his 2ij-i Ilkhani).

Zij-i Shahryaran (the famous Persian astronomical tables of Sasanid Period,
translated by al-Tamimi).

Zij-i Arkand (Sanskrit Ahargana. Al-Birfini revised its earlier Arabic translation).

Zij-i Ibni-s-Sufi. (The Epitome of Ulugh Beg’s Tables by Shaikh Muhammad
bin Abil-Falah as-Sufi al-Misri with additional tables and notes).

Zij~t Sahlan Kashi.

Ziji Ahwazi (probably the same, who wrote according 'to al-Fikrist a
commentary on Euclid’s Elements).

Zij-i ‘Uriis Ab@i F’afar Bushanji (not traceable).

Zij-i Abul Fath (the same who according to Hajikhalifa ammended the
Samarqandi Tables).

Zij-i Akkah Rahbi (not traceable).

Zij-i Qaniin-i Mas‘adi (of al-Biruni).

Zij-i Mu‘atabar Sanjari (of Abul Fath ‘Abdur Rahman al-Khazini, which he
dedicated to the Saljiiq Sultan Sanjar).

Zij-i Wajiz Mu‘atabar (probably an abridgement of no. 53).

Zij-i Akmad bin ‘Abdul Falil as-Sijzi (an eminent astronomer of mid-tenth
century A.D. who was the advocate of helio-centric system among the
Muslims).

Zij-i Muhammad Jamasp Tabri (not traceable).

Lij-1 ‘Adli (or ‘Adani).

Lij-1 Asabi‘ar.

Lij-i Taylsan.

Zij-i Sultdn ‘Ali Khwdrazmi (full name of the author was ‘Ali -Shah bin
Muhammad bin al-Qasim. He was the author of a table called Shaki. He
also epitomised Tlkhanic Tables and gave it the name of ‘Umdat-ul-
Ilkhania).

Lij-i Takhir (?) Naswi.

Lij-i Kirmani.



65.

66.
67.
68.
69.
70.
71.
72.

73.
74.
75.
76.
77.
78.
79.
80.
8l.
82,
83.
84.
85.
86.
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Lij-t ‘Alai’ Shirwani (full name of the author was Fakhruddin Abul Hasan ‘Ali
bin al-Karim ash-Shirwani, also known as al-Fahad. He was the author of
another five tables). .

Zij-t Rahiri (probably Zahidi, not traceable).

Lij-i Mustaufi.

Lij-i Muntakhab Yazdi.

Zij-t Abu Razi Yazdi.

Zij-i Qaydirah (not traceable).

Lij-i Iklili.

Lij-i Nasiri (very probably of Muhammad bin ‘Umar Razi and dedicated to
Nasiruddin Mahmid, son of Iltutmish.

Zij-t Mulakhkhas.

Lij-t Dastir.

Lij-t Murakkab.

Lij-i Maglama.

Zij-i ‘Asa.

Lij-t Shastalah.

Lij-i Mas’il.

Zij-1 Khatd’s.

Lij-i Dailami.

Lij-i Mufrad Muhammad Ayyiib (a very important zij in Persian).

Zij-i Kamil Aba Rashid (based on Albatignius’ Tables, Jij-i Al-Battani).

Zij-i Ilkhani (of Nasiruddin Tusi).

Zij-i Khdgani (of Ghiyathuddin Jamshid Kashi).

Zij-i Gurgani (i.e. Ulugh Beg’s Tables. The author, Ulugh Beg was the grandson
of Tim@ir Gurgani. Hence this title. The original title of this zij was ZJij-i
Fadid Sultani).
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APPENDIX—B

Zyes ENUMERATED By MuLLi Fawrip In His Q#j-i Shahjahani

PN BN -

<ij-t Jamia® of Koshyar

{Yy-t Baligh of Koshyar

K-t Mufrad of Muhammad Ayyib Tabri

K-t Kamil of Abu Rashid Danishi

{ij-i Salar of Husayn Salar

<Lij-i Mughni

Ky-i Mustaufi

Lij-i Muhkam

Lij-1 Lahidi

Kij-i Takhir of ‘Ali Mustaufi Shirwani Bakwahi
<ij-i Sanjari of ‘Abdur Rahman Khazini

{y-i Ala’ai (which he says was based on ij-i Sherwanshah)
<ij-i ‘Umda i likhani by ‘Ali Shah Khwarazmi

{i-i Khdgani which was the compliment of Ilkhani Tables by

Jamshed Rashi.
Kij-i Sultani of Muhammad bin Khwaja ‘Ali Wamkahiwi
Lij-t Abit Hamid Ansari
{ij-i Abul Farah Shirazi
Ky-i Abul Hasan T iisi
Ly-i Kafi Iskandari
Kij-i Adwar Akwar
Zy'-i Ashrafi
Lij-i Rakimi
<ij-i Kasifi
<ij-i Shatiri (may be Zij-i Ibn-i Shatir)
{ij-i Mazhari
Lij-i Qutb

Maulana



