v

GOVERNMENT OF INDIA
ARCH/EOLOGICAL SURVEY OF INDIA

CENTRAL
ARCHAOLOGICAL
LIBRARY

1 ACCKSSION NO 2 /¢ '/s‘”" :

e o en
'CALL No. ,‘\ 115 012/ 7 ﬁ;f/ /\,-1%

/£

D.G.A. 79

u.a. 1y,







— - .

[ R



I <

{073

/






ARCHAEO0LOGICAL SURVEY oF JnpiA New Tmpenial Serres , Vor XL
S

ot e s
{

C’-W‘ W///7

H

ASTRONOMICAL OBSERVATORIES
OF JAI SINGH

% WTM A'/w‘uv‘\o '('“65}'

At /{M,(&LQ) ‘;\NMYIQ/% BY
¥
O e G. R. KAYE,

Fellow of the Royal Astromomical Society,
Honorary correspondent of the Archeological Departiment of India.

G

CALCUTTA
STPERINTENDENT GOVERNMENT PRINTING, INDIA

1917,



)

V4

9

M;SSJWCK



v ARCHAEOLOGIGAL
Crt oY, NOW DELHL
o 2ehs
/ =5
7

NI D:
| ' BAEEy
‘;“i%,,m..gz.dutmuozzm !

EET






PREFACE.

HROUGH the kindness of Sir John Marshall, C.I.LE., Litt.D., etec., Director
General of Archzology, and the Hon’ble Mr. H. Sharp, C.S.I., C.LLE,, etc.,
Educational Commissioner with the Government of India, I was able in December
and January 1915-16 to visit the old observatories at Delhi, Jaipur, Ujjain
and Benares, and this volume is a direct result of my tour.

In the following chapters an attempt has been made to exhihit the
known facts relating to Jai Singh’s astronomical work and to describe his
instruments in some detail. The subject matter conveniently arranges itself
into the following divisions: (i) Jai Singh's preparation for his astroncmicay
researches ; (ii) his own publications; (ili) the instruments of his predecessors
that he employed; (iv) the instruments he devised; (v) the observatories he
built ; and (Vi)/an estimate of his work, etc. The sixth section presented
"some difficulty—chiefly because of the somewhat erroneous idea that prevails that
an account of Jai Singh is necessarily Intimately connected with the history cf
Hindu Astronomy. To form a proper estimate of the value of Jal Singh’s
work and to place it in correct relationship with that of his predecessors
it is, of course, necessary to have knowledge of the history of the develop-
ment of astronomy before his time; and while there is abundance of literature
on European and Muslim astronomy, there is at present no systematic account
of Hindu astronomy generally available ; so a second part of this work contain-
ing a fairly full account of Hindu astronomy was under contemplation. But
this would have altered the character of the book and Jai Singh would have
ceased to be its principal feature: also an account of Hindu astronomy will
appear at the same time as this volume in the ‘Open Court Classics of
Science and Philosophy.” I have, therefore, here given only a summary of
Hindu astronomy in so far as it is related to Jai Singh's Isbours and for
further details refer to my other book. d

This volume is primarily a tour report for the Archwological Department
and therefore principally descriptive. That it leaves much to be accomplished,
is to be regretted but it was inevitable; and, indeed, to attempt to make
such a record perfectly complete would mean the indefinite postponement of
its publication. I must therefore plead for some lenience of judgment ‘and 1
trust that the intrinsic interest of the facts recorded will, in some measure,
compensate for the inadequacy of the presentation.

It is now my pleasant duty to record my grateful thanks for help and
encouragement. To the Durbars of Jaipur and Gwalior I am greatly indebt-
ed for their kind hospitality and for the valuable assistance given by their
officers; and my thanks are specially due to Lala Chuni Lal, the Darogha
Imarat, and Professor V. V. Tamhankar and Pandit Kedar Nath ot Jaijur;

?

to Rai Bahadur Munshi Bal Mukan, the Sar Suba, and Pandit Sham:
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Sundar Sharma, Tehsildar, Ujjain; to Pandit Gokal Chand of Jaipur for his
assistance at Benares and Pandit Mahedeva Sastri Ghatri who, with the kind
permission of Her Highness the Maharani of Dharbanga, placed himself at my
disposal at Benares; and to Mr. Sohan Lal of the Archwological Department
who accompanied me on my tour. To Mr. Fazil Elahi, B.A., and Professor
Abd-ur-Rahman of St. Stephen’s College, Delhi, my thanks are due for assistance
in translating some Persian works on the Astrolabe and in the interpretation
of obscure Arabic terms. To the Superintendents of the Museums at Calcutta
and Lahore I am indebted for the loan of certain instruments. The Public Works
Staff of the Imperial City, Delhi, and particularly Mr. Glen, Executive Engineer
rendered most valuable assistance; and to the care and skill of the Superintendent
of Government Printing and the Surveyor General and their stafis I am obviously
greatly indebted. It is impossible to repay in words my debt to Sir John
Marshall and Mr. W. E. Jardine, C.I.LE., the Resident of Gwalior, for advice,
encouragement and help.

G. R. KAYE.
November , 1917.
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D

The Astronomical Ohservatories
of Ja1 Singh

CuariEr I.—JATI SINGH

1. Maharaja Sawail Jai Singh II of Jaipur was bhorn in A. D. 1686' and
succeeded to the Amber territory at the age of thirteen in A.D. 1699, a few years
before the death of Aurancrmb He had difficulties in establishing himself, but in
1708 obtained complete possession of the province. In 1719 he was appointed by
Muhammad Shih governor of the province of Agra and soon after to Malwa. In
1734 he was again governor of Malwd and in that year, apparently with the cog-
nizance of the Emperor, he resigned the province to the Peshwi. He died in
1743, two hundred years after Copernicus, and “* his wives, concubines, and science
expired with him on his funeral pyre.”™

Jai Singh mixed in most of the trouble and warfare of the long period of
anarchy that coincided with his reign; but he distinguished himself more as a
statesman than a soldier and has been termed the Machiavelli of his day. He was
the founder of a new capital, named after him Jainagar or Jaipur, which in his
time became a centre of learning ; he erected caravanserais in many of the pro-
vinces ; and he built astronomical observatories at five of the principal cities of
Hindustan. He conceived and carried out a scheme of scientific research that is still
a notable example; and his influence is still a living one. The observatories he
erected are, in the words of his historian, * monuments that irradiate a dark period
of Indian History.””?

At an early age Jai Singh showed a predilection for astronomical work and,
according to his own account, by constant study,' he obtained a thorough knowledge
of its principles and rules. He found the astronomical tables in use defective and
set himself the task of preparing new ones. With this purpose in view
Jai Singh took every means to ensure success. He attached himself to mno
particular school but studied Hindu, Muslim and European methods impartially.
He collected astronomical books and had certain of them translated ; he organised

i The year in which Newton's Principia was completed.
2 Janals and Antiquitics of Rajusthan. By Lieutenant-Colonel Jame: Tod, 1829, Vol. ii, p. 368,

3 Tod, ii., p. 360.

Foe



2 ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

a regular staff of workers and sent some of them to foreign countries to collect
information ; he invited certain Europeans and others interested in astronomy to
Jaipur ; he built a large observatory at Delhi and made careful observations there
for seven years with a view to the preparation of a new star catalogue ; and after-
wards he built other observatories at Jaipur, Ujjain, Benares and Mathuri. Such
in brief were his astronomical activites which we now proceed to describe in some
detail.

Astronomical Works consulted by Jai Singh.

2. Of the works of his predecessors and contemporaries there is evidence that
Jai Singh was acquainted with the following : Ptolemy’s Almagest ; the astronomical
tables of Ulugh Beg; some Treatises on the Astrolabe; La Hire’s Tabulae Astro-
nomicae ; and Flamsteed’s Historia Celestis Britannica ; also certain western
mathematical works such as Euclid’s Elements, a treatise on plane and spherical trigo-
nometry and on the construction of logarithms. This, of course, cannot be an
exhaustive list since his valuable library no longer exists entire,! and it would be
fairly safe to assume that Jai Singh collected and studied all the available astrono-
mical works ; indeed it 1s recorded specifically that he procured from Eurcpe, besides
the tables of La Hire, those of earlier dates.

(:) The book that held sway in Europe for a thousand years after its publi-
cation and among the Arabs for a thousand years after its translation was
Ptolemy’s Almagest. No other text-book that has ever been written had such a repu-
tation. Jai1 Singh himself speaks of Ptolemy as one of the greatest astronomers
and one of his most important acts was to order a translation from the Arabic
of Ptolemy’s great work. This translation, apart from its intrinsic value, has a
somewhat special interest: its title Samrat Siddhanta, *the supreme text-book’
has practically the same meaning as the Arabic title Al-DMajisti, ‘the greatest’,
and as the Greek title peyd\y ovvrafis ‘the great compilation.”

According to Garrett’ the Samrat Siddhinta expresses Jai Singh’s views on
astronomy//’and this, probably, is quite true ; but the implication that it was an original
work composed by or for Jai Singh is wrong. It was written by Jagganith one
of Jai Singh’s assistants who was quite unambiguous on its origin. He wrote :

Granthan siddhanta samrajam samriit rachayati sphutam |
Tushttyai Srijayasinhasya Jagannithabvayah kriti ||
Arabt bhashayd grantho Mijastinimakah sthitah |
Ganakanar subodhidya girvanya prakti kritah. I
Jagannith’s introduction contains, besides the wusual invoc

aga : ' ation, (a) Eulogies
of Jal Singh with which are references to certain ev

ents of some importance*

—_—

It is said that Jaggat Singh gave Jai Singh’s unrivalled
despoiled and its treasures distributed among her base relatives.” This would account for the meagreness of
the information now avaiable; but the tale does not altogether bear the impress of truth.

2 Another title is Siddhania Sara Kausiwhha, Seo AUFRECH rA"C’al. Sans. Man. Trin, Coll., Dublin, p. 75

3 The Jaipur Obscreatory and its Builder. By Licutenant A, ff, Garrett, R.E., assisted b P i
Chandradhar Guleri. 1902, pp. 19 and 21. ’ ¥ Fundit

¢ The Govind image episude, the Faja Peya sacrifice,

library  to a courtesan: it was thus

and the abolition of a certain tax (? the Jezeya),
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(b) a list of instruments and (¢) an explanation of the source from which the
work was obtained.

Jai Singh, Jagannath says, was clever in exhibiting the new methods with
globes and other instruments; and that, with the help of certain learned mathe-
maticians and astronomers, he had made observations of thestars. The Instruments
proper to an observatory are said to be (1) Nadi Yantra (sun-dial), (2) Gola Yan-
tra (Sphere), (3) Digamsa Yantra (Azimuth instrument), (4) Dakhshino Digbhitt
(Mural quadrant), (5) Vritta Shashtamsaka (An are of sixty degrees placed in the
meridian) which, he savs, “ the yavanas call sha’sifkari”, (6) Samrat Yantra
(Supreme instrument—an equinoctial dial), * the best among the instruments’ and
(7) Jaya Prakas ‘the crest jewel of all mnstruments.’ -

Then we are told (in the verse quoted in full above) that Jagannath pre-
pared this excellent Siddhanta Samrdj for the delight of Jai Singh; and that it
is a rendering into Sanskrit for the benefit of mathematicians of a work in the
Arabic language entitled Mijiasti'! He also tells us® that “in the Yavana country,
the Yavana masters of astronomy, Abarkhas, etc., found the maximum declination
t> be 23 degrees 51 minutes 19 seconds; and that in Yunan, 36 degrees north,
it was found to be 23 degrees 51 minutes 15 seconds by the observations of
Vitlamayus. Ulugh Beg found it to be 23 degrees 30 minutes 17 seconds at
Samarqand, 39 degrees 17 m'nutes north. By observation with this instrument we
found it to be 23 degrees at Indraprastha in 1651 Salivahana.”

(ii) Ulugh Beg’s astronomical tables were completed in A. D. 1436 and be-
came almost as famous as those of Ptolemy ‘and they formed the basis of most
subsequent catalogues. Flamsteed used them ‘and so did Jai Singh, who brought
them up to date. For details as to the use made by Jai Singh of TUlugh Beg's
tables see below (p. 8).

(ii)) The Hindu name for the astrolabe is Yeantra Raja and Garret says® that
this “ appears to be a very ancient tvpe of instrument of Hindu origin”, and
also that ‘it appears to have been held in great esteem by Jai Singh as he
himself wrote a book concerning its construction and use.” As a matter of fact
the astrolabe or Yantra Raja is not of Hindu origin at all. The earliest Hindu
work on this instrument is of the fourteenth century of our era while numerous
Arabic and Persian works dating from the tenth century onwards are known.
The earliest Hindu work known is by Mahendra Stiri and was written in the
time of Firoz Shah in Saka 1292 or A.D. 1370* and there are indications that
it was used by Jai Singh. But Jai Singh did not rely on this work alone

e, Ptolemy's Adlmagest.

2 From the C 1 utty MS. The namss or> somewh t puzzling but Ab rkh = is for Hippar-hus, Vitlameyus is
for Ptolemzus. Dy Yun n possibly Rhodes is meent. The d.t: 1631 Sativahoana s equivilent to A, D, 1729,
Indr prasth: is Delli. /

3p. 49. rec R Mitry Cat. Sans. MSS.. Billaner p. 321,

4 This work together with Maiavendu's commenTity was printed by the late Pandit Sudhdkar Drvivedi of
Beaares.  1n the [ndia Ofice Library vam vreneript 2305, 1323 0 of this work which was deseribed by Eggelmy
(C tttlogue Sinsks it Manuseripre, Indoc O e Labeisy, Vopa 1930 Seealso No. 200312383 Byp, 1031) as foliows - -

» Yantra rija or Yawlfrard;iyuma, also e "ted Swyaati@mnn and Sadporra, a treatie n five chapters
on the construction and use ot the nu.nil](uy sphete and the ealeulation of elestial and terrestrinl longi-
tudes and latitudes, by Sari Mah ndra; the pupil of Madana Sdéri the court astrologer of  Bhrigapura.’
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and certainly used some of the Arabic or Persian text-books on the astrolabes of
which there were a great many available.

Ma'endra describes his treatise as " This scientific work, the good Yantra
Raja, tfull of much variety and wonder causing, for the benefit of the people, etc.’
It is ““ abridged, e.sence- hke exhaustive but very simple and delightful to the
heart.” He savs (v. 3): *Many Yavanas have also composed scientific works on
this instrument in their own language and according to their own particular
understanding * and, he continues, “having found them like oceans, 1 now
compose this work, like nectar, as the essence of them all.”” He gives a list of
thirtv-two stars' and then (v. 28) writes : " After freeing these stars of drik
karma mark them on the celestial globe . . . . This 1s a secret
that has come from the Yavanas.”

Mahendra's small star catalogue is of considerable interest because such
lists are very uncommon in Hindu books and because it 1s taken from
Ptolemy’s catalogue. The latitudes are exactly the same as Ptolemy’s in all cases
but one and the longitudes differ by exactly 18° 53" in all cases but six.

({v) Jai Singh himself refers to La Hire's tables (see page 14) and to other
European tables 'and in the palace library at Jaipur is still a copy of Flam-
steed's great work.

P. de la Hire was a French scholar of repute who lived from A.D. 1640 to
1718. He wrote many mathematical works and in 1702 published his Tabulae As-
tronomice of which the first part had appeared in 1687. Thls work contained,
besides the usual tables, a refraction table (which 1t is said Jai Singh copied)
and a description of a machine invented by la Hire to show the theory of
eclipses. Another of la Hire’'s works was ‘La Gnomonique ou l'art de tracer
des cadrans ou horologes solaires sur toutes sortes de surfaces, par differentes
pratiques, avec les démonstrations géometriques de toutes les operations.” This
was published in 1682 and would have been useful to Jai Singh.

(r) John Flamsteed lived from 1646 to 1720. His Historia Celestis Britannica
appeared in 1712, in one folio volume, made up of two books, the first containing the
catalogue of stars and sextant observations ; the second, observatlons with Sharp’s
mural arc. The complete work consisting of three folio volumes was published in 1725,
Flamsteed himself lived only long enough to finish the second of the three volumes.
The third was edited by his assistants Crossthwaite and Sharp. It contains deserip-
tions of the instruments used by Tycho Brahe, Hevelius, Flamsteed himself, etc. ; the
star catalogues of Ptolemy, Ulugh Beg, Tycho Brahe, the Landgrave of Hesse and
Hevelius and finally the British catalogue of 2,935 stars.

(v/) Undoubtedly Jal Singh possessed other astronomical works, but the only
possible hints as to their identity are contained in the preface to his own Catalocrl;e
where he mentions several astronomers by name. For example he not only
mentions Nagir-al-Din al-Tas1 (born A.D. 1201) but also his commentator (Ali
b. M.) al- Gulodm 7\a%u al-Din was one of the greatest Muslim abtronomeu

I\I(lhtlldrd\ list 15 given in Appgn(h\ Ao He gives the rate of precession as 54 seconds

187 53 and .t
. . N T T Gives almos fotle 19= . .
may be noted that TE e pa gives almost exactly 1239 vears and this gives the date for Ptulcm_y"s

catalogue as AD. 111 approxunately.
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He made observations at the Mardgha observatory and published the famous
¢ Ilkhanic Tables. He wrote numerous works on astronomy and mathematics,
including commentaries on the works of Archimedes, Euclid, Ptolemy, etec.

Coupled with Nagir al-Din, Jai Singh mentions also Jamshid Kashi (Jamshid b.
Mas‘ad b. M. Gyjat al-Din al—Kishi)jWho was one of Ulugh Beg's assistants. He
wrote several works on astronomy and particularly on the Kaqani tables. He
also mentions al-Saf1 (see page 10}.

(viz) Hunter' tells us that he met at Ujjain a grandson of Jai Singh’s

>

principal assistant ( ? Jagannath). “In his possession,” he writes, “ 1 saw the
translation into Sanskrit of several European works, executed under the orders
of Jaisingha, particularly Euchid's Elements® with a treatise on plane and spherical
trigonometry, and on the construction and use of logarithms which was attached
to'Cum’s and Commandine’s edition. In this translation the inventor is called Don
Juan Napier® . . . . Besides these the Pandit had a table of logarithms and
of logarithmic sines and tangents to seven places of figures, and a treatise on
conic sections.”

We are also told that “ maps and globes of the Feringhees were obtained from

334

Surat.

Personal assistance rendered to Jai Singh.

3. Jai Singh did not rely altogether upon information contained in books. He
sent to Europe “ several skilful persons along with Padre Manuel ” ; Muhammad
Sharif’ was sent to some place, where °° the southern pole was overhead " ; and
Muhammad Mahdi was sent to the  further islands.”™

Confirmation of the expedition to Europe is found in the records of the Jesuit
Missionaries in India. In 1728 or 1729 we are told” that Jai Singh sent Father
Figueredo, a Portuguese Jesuit, to Portugal. Also the same records relate that on
January 6th, 1734, two priests set out from Chandernagore to Jaipur,® at
Jai Singh’s request. The account’ of the astronomical work done by these two
priests at Jaipur and on their journey was written, according to M.
D’ Anville, by Father Boudier, one of the priests who made the journey. Obser-

1 Some account of the Astronomical Labours of Jaya Sinka, Rajah of Ambhere, or Jayanagar. By
W. Hunter. Asiatic Researches, Vol. V., 1799, p. 209.

2 This is the Rekhaganita referred to on p. 69.

3 This scems to be the source of Tod's statement that Jai Singh caused “ Don Juan Napier on the
constructon and use of logarithms to be translated into Sanskrit.” (ii. 358).

% Garrett p. 20. Inthe Jaipur museum there is a terrestrial globe attributed to Jai Singh ; and for
the transference of Ulugh Beg's co-ordinates into declination and right ascension a large and fairly accurate
celestial globe was used by Jai Singh's assistants (see p. 8).

5 There is a treatise on the astrolabe (British Museum Adit. manuseripts No. 7489) by ‘Abdu‘l Rahim
b. Muhammad Sharif al-Sharif. The date of the manuseript is A, H. 1165 (=A.D. 1751). See Morley p. 2.

8 Garrett p. 20.

7 Lettres édifiantes el curicuses, éerites des Missions étrangéres. Nouvelle Edition. 3 émoires des Indes. Tome
quinziéme. Tolouse 1810, pp- 269 f.

8 A journey ©of over a thousand miles.

® Observations géographiques faites en 1734 par des Péres Jésuites, pendant leur voyage de Chandernagor
& Dethi et a Juépour! p. =69.

10 Felaircissemens géographiques sur In Corfe de 1'Inde. Paris 17533. p. 46. Father Boudier's account wa
not published till later, but 3. D'Anville obtained the manusecript from M. Dcsp/e’:nénil.
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vations were made at most of the important places through which they passed.
The observatories at Delhi and Jaipur are mentioned but not those at Benares
and Mathuri, at both of which places they made astronomical observations, and this
means that the observatories at Benares and Mathurd were probably built
after their visit, which took place in the early part of 1734.

At the two observatories visited the following results were obtained :—

Longitude Longitude Latitude

East of Paris. East of Greenwich. north.
Delhi . . . . . . 75° 00 = T7° 200 13" 28° 37
Jaipur . . . . . . 73° 50" = T76° 10" 13 26° 56’

From observations of an eclipse of the sun made on December 1st, 1732, by the
Jaipur Pandits, Father Boudier calculated the difference in time between Paris and
Jaipur as 4 hours 55 minutes 34 seconds east of Paris (=76° 13" 43" E. of Green~-
wich) and Father Boudier himself, observing the emersion of a satellite of
Jupiter, calculated the longitude as 4 hours 55 minutes east of Paris ( 76° 5
13" E. of Greenwich). In the Lettres édifiantes et curieuses we read (p. 239) .
““Les observations, des satellites de jupiter ont été faites par le Révérend Pére
Chaubil (? at Pekin) avec une lunette de vingt pieds, et par les Péres Jésuites
qui étaient en voyage avec une de dix-sept pieds.”

This visit is of such importance as to warrant quotations from early works
regarding it. We read in the Lettres édifiantes (p. 269 f): “ Le Raja d’Amber,
Jassing-Savaé, dont les Gazettes d’Europe firent mention en 1728 ou 1729, au
sujet d'un voyage en Portugal, que le Révérend Peére Figueredo, Jésuite Portu-
gais, fit par ses orders, mourat en 1743........... Ce Prince ayant demandé
des péres Jésuites de Chandernagore, lespérance de le rendre encore plus
favorable aux Chrétiens, en favour de qui il avait déja commencé une Eglise
dans sa nouvelle ville,? détermina leur Supérieur-Général dans les Indes a lui en
envoyer deux, qui partirent de Chandernagor de le 6 Janvier de Dannée
1734, et qui firent les observations géographiques qu’on va rapporter. (’est
tout ce que leur a permis de faire en ce genre l'incommodité des voyages en
ce pays-ci, sourtout lorsqu’il faut les faire par terre, et leur mauvais santé,
tous les deux devant leur retour ayant pensé mourir de maladie, causée par
les fatigues et les mauvaises eaux qu’on est obligé de bdire en chemin.”

In 1775 M. D’Anville wrote® ““ Cet habile Astronome (P. Boudier) se ren-
dant aux sollicitations d’un puissant Raja, nommé Jassing-savad, fort curieux
d’astronomie et qui non content d’avoir fait construire un observatoire dsns la
ville de sa résidence a environ cinquante lieues de Delhi, en avoit éle e un

1 T.e Paris observatory is 0" 9™ 20-9 sees =2° 20° 13-5” E. of Greenwich. Jaipur observatory is 75° 49
18:5” E. of Greenwich, while Delhi observatory is 77° 13" 5”7 E. The approximately correct latitudes
ace Delhi 28° 377 35” N., Jaipur 26° 33" 277 N.

In the latter part of the seventeenth century the difficulty of chromatic aberration was partially
overcome by the use of very long telescopes—often a hundred fect or more. This led to ‘mrial felcs.
copes ' without tubes of which la Hire in 1715 gave a description : possibly Father Boudier®s was g
small one of this type.

2 Jaipur was built about A.D. 1728,

3 Antiquité Gécgraphique de Ulnde. p. 60,
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autre avec magnificence dans un de ces faubourgs, & appelé Jassingpura, met
3 minutes 40 seconds de difference entire la hauteur rapportée au Palais du
Mogol et cet observatoire, ce qui donne un intervaile d’environ 4000 toises.” He
died about A.D. 1792.

Tieffenthaler, a French Jesuit, who landed in India in 1743, the year in which
Jai Singh died, writes :* “J’ai fait trois ou quatre excursions a Agra et Delhi, pour
faire visite au R. P. André Strobel, que Jessing, Raja de Djepour, curieux d’astrono-
mie avoit appelé d’allemagne avec un compagnon.”

The only other European connected with Jai Singh that we have information
aboutyi is a Don Pedro de Sylva, who, according to Hunter’, was a physician
and an astronomer and resided at Jaipur with Jai Singh. De Sylva, it appears,
died about A. D. 1792.

1 Description historigue et géographigne de U Inde. Ed. by J. Burnouilli 1786, Preface p. 5.
r, 9
p- ulOo
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CuaprTER I1.—JAI SINGH'S ASTRONOMICAL TABLES.

4. The Zij Muhammad Shahi is a set of astronomical tables prepared under
the direction of Jai Singh and named after the Emperor, Muhammad Shah.
Of this work, I found (A) an incomplete Devanigari manuscript at Jaipur/ and {B)
a complete Persian manuscript at the British museum. At ﬁrstB was supposed to
be an original work while A was said to be, not the Zij Muhammad Shahi itself
but/ Ulugh Beg’s celebrated catalogue brought up to date by Jai Singh and
his assistants.

5. (A) The Jaipur manuscript begins as follows :—

“ Homage to holy Ganesh. Catalogue of 48 constellations. From the time
of Ulugh Beg’s table A.H. 841 to the present date A.H. 1138% or
297 years the mean motion® is 4 degrees 8 minutes. In the Zij
Muhammad Shahi the estimates of declination, etc., are taken from
“the globe. Right ascension divided by six is apparent time.”

Two pages of the Jaipur manuscripts are shown in plate tI (Flgures 1,
2) and I give below extracts' from the manusecripts together with a
table of comparisons. The manuscript gives: (¢) The numbers of the constella-
tions and star numbers ‘and these in all cases follow Ulugh Beg’s order exactly,
(b)) The nomenclature ‘which is a translation from Ptolemy ( through Ulugh
Beg.) In a few cases the Persian and Hindu names are also given. (c) Ulugh
Beg’s longitudes with 4°8" added for precession. (d) The latitude which in
practically all cases is the same as Ulugh Beg’s. (e) The so-called polar longitudes®
(what Delambre calls ‘false longitudes’): this is the Sarya Siddhanta method
of indicating the positions of stars, but it also occurs in Muslim works, e 9., Abi
¢ Ali al-Hasan in the 13th century of our era calculates the polar longitudes
for a number of stars; and the presence of these polar longitudes in Jai
Singh’s catalogue is possibly due to Muslim and not Hindu influence. (f) Decli-
nations 'and (g9) Right ascensions apparently read off from a globe . (k) Right
ascension in ghatis and palas obtained from (g9) by dividing by six.® (k) Star
magnitudes which seldom differ from these recorded by Tlugh Beg.

The catalogue is notan original one but is Ulugh Beg’s brought up to date.

1 Hunter and others say that Jai Singh was chosen by Muhammad Shih to reform the calendar § but probabl
Jai Singh was the mover and at the most obtained the Emperor’s formal sanction. y
2 A H. 841 =A.D. 1437-8; AH. 1138 -A.D. 1725-6; and 297 Muslim year=288-2 Christian years. [AH

622-3 A)_aD] 2 0
]0)

# The precession of the equinoxes is meant. The rate here given, 4°8' in 297 Muslim years, is equivalent,
to 21'6” a year. See appendix D7.

% Furthr extr.cts are given in appendix A.

® The polar longitude is marked on the ecliptic by the circles of declination, that i is, the difference (AA) between
the true longitude () and polar longitude ()\) is that portion of the echptic intercepted between the star s declina-
tion and latitude circles. The polar ldtltude " (which is not given in the Ms.) is, similarly, the pa,rt of the
declination circle between the star and the ecliptic. The change of co-ordinates can be made by help of the following

cof w
forinule (¢) tan M= o f(u sin A=38in M, a'm N(idd) sin AN =lan A cot M,

® (0 palas=1 ghati = 2% minutes=6 degrees,
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9

The method of transference of cordinates emploved was bound to lead to errors of
certain types, viz., errors due to the graduations of the globe employed, and a

greater apparent error in northern latitudes.

The table has a special interest

of its own and an interest in connection with Jal Singh’s work as showing at

least one of the sources of his astronomical knowledge.

EXTRACT FROM THE JAIPUR CATALOGUE.

A B | C D | E F G H I
‘ . Ascension
Longitude. | Latitude. L Polar  peclination. Pilgh‘t in ghatis  {Magnitude,
ongitude. . Degreve. | and palas.
|
[- r Q <] k-] 7 k
VI | Constellation of the 8. . ’ o 9. p.
Crown.
1| Very brilliant . 7 838 440 30 728 0 428 0 {9231 0O 38 30 2
2 | Beyond this 7 548 446 24 722 0 +30 15 229 5 38 11 4
3 | Above the second 7 518 148 21 722 40 432 5 229 50 38 18 4
to the north. !
4 | The third to the 7 748 +50 45 726 0 +33 15 ! 233 15 38 53 6
north of this.
5 | Near to the large 7 10 26 +44 27 725 0 427 0 232 15 38 43 4
star to the south,
6 | Nearthisalittle to 712 54 444 42 7 26 30 +27 0 233 50 38 58 4
the north.
7 | Near to this the 715 3 446 0 7 28 30 428 0 236 0 39 20 4
sixth to the
south.
8 | Near to number 7 714 39 +49 30 8 0 O 31 0 237 30 39 35 4
DIFFERENCE DIFFERENCE BEI-
Modern Froym ULtcu BETWEEN wEEX MS. aNp
From Ptolemy. name. Beo. MS. axp FLAMSTEED REDUCE D
TLvcH Bea. To A.D. 1725.
1 Longi- | 5 4iude.| & long. | A lat. A long. A lat.
tude, :
VI Corona Borealis. ., \
s ‘
1 | Fulgensearumquae sunt in corona. 5 2 |7 4 314 |4+44° 30 a4 140 418767 —3°51718”
|
2 | Qu= omnes istas precedit 337 140 +462¢ 44°8 0 +31'577 | +19°19”
3 | Borealior quz istam sequitur. . 49 7 110 448 21| +4°8% 0 —1730" | —13'51"
4 ' Sequens istam et borealior ista 97 |7 340 +50 45, +4°% 0 | —-3251" | £14'56”
5 | Que fulgentem a meridie sequitur. 7 8 v 17 628| +44 271 43°5% 0 i-—35’51” —5'19”
I
I
6 | Que istam proprius sequitur. . 10 7 |7 8 46% 444 42| J£°8 } 0 | —142¢4" [ —11%%"
i : ,
“t - sqr ! ron rogr
7 Quaef(‘ post istas rursus sequitur. 13 = 71055 +46 0] 4478 0 } —13'25 —623
N l
8 | Sequens cunctas quaeZ in(" corona sunt. 14 7 11 31| +49 30 . +- 387 0 g—_30’48" +18738"
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6 (B). Tke British Museum manuscript! bears the title Zij Jadid 3 uhammad
Shahi (the new Muhammad Shah tables) and Riaja Jai Singh Sawil is indicated
as the author. The work consists of three books: (i.) On the current eras,
namely, the Hijrah, the eras of Muhammad Shah, the Christian era, and the
Samvat era. (i.) On the determination of the ascendants. (iii.) On the motions
of the planets and stars and their positions.

The first two sections follow TUlugh Beg and the third section is simply
Ulugh Beg brought up to date. The catalogue of stars is headed : * Table
showing the positions of the fixed stars as determined at the Samarqand obser-
vatory.” The catalogue gives (a) serial numbers, (b) constella#ion numbers, (c)
names of constellations and stars, (d) Longitudes, (¢) Latitudes, (f) Directions, (g)
Magnitudes according to Ptolemy, (&) Magnitudes according to Safi.* The total
number of stars given is 1018 (Ulugh Beg's number) and these are arranged
in identically the same order as those of Ulugh Beg. The latitudes are the
same as Ulugh Beg's and the longitudes differ by 4° 8’, as in the case of the
Jaipur MS. Q

7. The preface to the Zij Muhammad Shahi is, from historical point of view,
perhaps the most interesting part and is here given in full.® ™

Praise be to God, such that the minutely discerning genius of the pro-
foundest geometers in uttering the smallest particle of it, may open
the mouth in confession of inability ; and such adoration, that the
study and accuracy of astronomers who measure the heavens, on
the first step towards expressing it may acknowledge their astonish-
ment and utter insufficiency Let us devote ourselves at the altar
of the King of Kings—hallowed be his name—in the book of the
register of whose power the lofty orbs of heaven are only a few
leaves ; and the stars and that heavenly courser the sun, a small
piece of money in the treasury of the empire of the Most High.

If he had not adorned the pages of the table of the climates of the
earth with the lines of rivers, and the characters of grasses and
trees, no calculator could have constructed the almanac of the
various kinds of seeds and of fruit which it contains. And if he
had not enlightened the dark path of the elements with the
torches of the fixed stars, the planets and the resplendent sun and
moon, how ecould it have Leen possible to arrive at the end of
cur wishes, or to escape from the labyrinth, and the precipices
of ignorance.

From inabiiity to comprehend the all encompassing beneficence of His
power, HIPPARCHUS Is an ignorant clown, who wrings the hands
of vexation; and In the contemplation of His exalted majesty,

Y Rieu's (Cwtrlgue of Orlental MSS.  Add. 14373, Foll. 222 1 111 inches by 72 12 lines. 4} inches lnng“;
written in Nastalik. with ‘ Unvan and goldruled margins, apparently in the 15th Century (Francis Gladwin).™”
Tae MS. isin good condition and could easily be reproduced by rotuzraph.

* Abdarrahman b, *Omar, Ab@'l-Hoscin, al-SGfi (ed A, D. 4986) wrote on the fixed stars, th
&= (H. Suter. Div Math. w. Astr. d. Arabeg /p 62). !

$ Hunter A« Res. V. p, 178 f, -

¢ astrolabe,,
e
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ProLeEMY i1s a bat, who can never arrive at the sun of truth: the

. " demonstrations of EUCLID are an imperfect sketch of the forms of

his contrivance ; and thousands of Jaysuip Kisiut', or Nasir TCsi,?

in this attempt would labour in vain.

But since the well-wisher of the works of creation and the admiring

spectator of the theatre of infinite wisdom and providence SAwii Jar

y  Sixge® from the first dawning of reason in his mind, and during its
progress towards maturity, was entirely devoted to the study of
mathematical science, and the bent of his mind was constantly
directed to the solution of its most difficult problems: by the aid
of the supreme artificer he obtained a thorough knowledge of its
princip/lg and rules.

He found that the calculation of the places of the stars as obtained
from the tales in common use such as the new tables of S’am
Gureixt* and Kuicaxi, and “the Taschilat-Mula Chand® Akbar
Shak?®, and the Hindu books, and the European tables,” in very

\

A

RN

many cases,’ give them widely different from those determined by

observation : especially in the appearance of the new moons, the
computation does not agree with observation.”

Seeing that very important affairs both regarding religion and the ad-

ministration of empire depend upon these; and that in the time

~ of the rising and setting of the planets, and the seasons of

eclipses and of the sun and moon, many considerable disagreements of

a similar nature were found—he represented it to his majesty of

dignity and power, the sun of the firmanent of felicity and domi-

nion, the splendour of the forehead of imperial magnificence, the

unrivalled pearl of the sea of sovereignty, the incomparably bright-

est star of the heaven of empire, whose standard is the sun

whose retinue the moon, whose lance is Mars and his pen like

Mercury with attendants like Venus, whose threshold is the sky»

1 Jamshid b. Mestud Gijat al-Din al-Kashi was one of Ulugh Beg's astronemers,

z Nasir al-Din al-Tisi was born A.D. 1201, He worked at the Marigha observatory and published the famous
- / d1kbEnic Tables.” Fe translated Euclid's Elements and Ptolemy's dimayest. and wrete many works on astronomy.
-/ FFai Singh writes in the third person.

4 Puasibly "Ali b. M. al-Saijid al-Sarif al-Gurgdnl, who lived from AD. 1339 to 1414 in Shirdz, and
wrote a commentary on Nasir al-T@si's Tadkira (Nee H. ;\‘ut(-r‘sm[e Maihewmatiler und Astiowcmen der Araber und
Thre Werke. p. 172); but Gurgini was a designation of Ulugh Beg's tulmlyﬁnd Ulugh Beg's tables were sometimes
termed the (Gurgani canon [See L.P.E.A. ¥ddillot’s Proléyomenes des Tolles astronondqies & Oloung Beg. p.e. xix :
also Tin-i-Akbari, (£17) 20 and 41 (Jarrett’s editien) ;3 Ahbarsama. (i), 204 (Beveridge's Edition) §

5 Quter (p. 93) mentions one al-Khlgin'. an estronower and astrologer who dicd m A D. 1038 and who worked
at improving the astronomical tables, The Khagdani tebles we.e >111>1\l<*11/.;11t(11‘y to the Hkhanie tables of Nasiv
al-Tas1 and were prepared and edited by Jamshid al- K-kt

R Mauland Chind. the sstrologer, who was posses~ed of great acuteness and thorough dexterity in the science
of the astrolabe. in the serutimismg of astronomieal tables. the construction of u'.:mmnrr's and the mterpretation  of
the stars, was deputed to be in attendance at the pertadz of the cupola of chastity in order that Le might observe
the happy time and ascertain exactly the period of birth (of Akbar). He reported in Wn}'ng to the exalted camon
that according to altitudes taken by the Greek Astrolele and by calculrtions based on the Gurdani tebles ete.”
(A kbarndme, Vol T, 69-70 Bd. Eeveria}ge), He uiso cast the horescope of Jahdngir in A.D. 1570 according to the

4 = O s - -
. Greek canon (ib. it 006-7. See also 156 and 374). —
& v -

“ He is posibly referring to La Hire’s Tabuale dstrunom tcer and Flamsteed's Historia (el sha Britanuica.

B 2
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whose signet is Jupiter, whose sentinel Saturn—the Emperor des-
cended from a long race of kings, an ALEXANDER in dignity, the
shadow of God, the victorious king MuraMMAD SHAH': May he ever
be triumphant in battle.?

He was pleased to reply, since you, who are learned in the mysteries of
science, have a perfect knowledge of this matter, having assembled
the astronomers and geometricians of the faith of Islam, and the
Brahmans and Pandits,® and the astronomers of Europe and having
prepared all the apparatus of an observatory, do you so labour
for the ascertaining of the point in question, that the disagreement
between the calculated times of those phenomena, and the times
which they are observed to happen may be rectified.

Although this was a mighty task, which during a long period of time
none of the powerful Rajas had prosecuted; nor among the tribes
of Islam, since the time of the martyr prince, whose sins are for-
given’, Mirza ULucH BEg, to the present, which comprehends a pe-
riod of more than three hundred years,' had any one of the kings
possessed of power and dignity turned his attention to this object.
Yet to accomplish the exalted command he had received, he bound
the girdle of resolution about the loins of his soul and construct-
ed here’ several of the instruments of an observatory such as
had been erected at Samargand® agreeable to the Mussalman books’
such as Zat al-Halga® of brass, in diameter three gaz® of the
measure now in use and Zat al-Sha’batain® and Zat al-Zagatain and
Sads" Fakhri and Shamalah.'*

But finding that brass instruments did not come up to the ideas which

1 Muhammad Shdh reigned from 1719-1748.

2 This must have been written before 1739 when Nadir Shah sacked Delhi.

3 These seem to be curious expressions for a Hindu to use,

4 Clugh Beg was assassinated in A.D. 1449 while the Zij M uhammad Shahi is supposed to have been published
in 1728, approximately 297 Muslim years after. See p. 8.

3 At Delhi.

¢ We have very little information about the observatory at Samarqand. Greaves stated that the quadrant
used by Ulugh Beg was as high as the summit of St. Sophia at Constantinople, or about 180 feet. The earlier Mushm
astronomers had also devised huge instruments. In A.D. 995 Abul Wafa used a quadrant of radius 21 feet 8
inches ; al-Khojendi used a sextant with radius 57 feet 9 inches. Nasir al-Din set himself the task of perfecting
instruments, ete. Sce Sédillot’s Proldgoménes des Tables astronomiques d’Juloug-Beg, p. cxxix.
for a fuller account of Muslim instruments.

7 Sce below for a bibliography of books on the astrolabe. There were numerous Arabic and Persian works on
astronomical instruments available.

See also page 81

* A ring instrument, arm lla, spheere, amillaries —{N.llino ii. 229).

23 gnz=9 teet ordinarilyjout perhaps here a ;;:»:l danda—6 feet approximately.

® An astrolabe with two rings or parts. It is the triquerum or regule parallacticee. Al-Battani calls
it the ‘long alhidade’ (Nallino i. 321). In Leiden is a MS. De ratione qua ope instrumentt Zat al-Sho'batain, ete.,
by the celebrated al-Kindi. Muhammad bin ‘Isic b, AbI ‘Abbid, Abu’l Hasan also wrote on the same
instrument (Suter pp. 25 and 48).

2 This must be the same as the Shashiamsa Yantra, which, according to Ja,
ralled shudsufkari.”® Sce pages 3 and 39.

* The Jai Prakaé is called skamlah by Hunter.

gganith “‘the Yavanas
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he had formed of accuracy, because of the smallness of their size*
the want of division into minutes, the shaking and wearing of
their axes, the displacement of the centres of the circles, and the
shifting of the planes of the instruments, he concluded that the
reason why the determinations of the ancients, such as HipparcHUS
and PToLEMY, proved Inaccurate, must have been of this kind.
Therefore he constructed in Dar al-Khalafat Shah Jahanabad,! which 1is

R . the seat of empire and prosperity, instruments of his own inven-

’ tion such as Jai Prakas and Ram Yantra and Samrdat Yantra,® the

z semi-diameter of which 1s of eighteen cubits and one minute on
it is a barley corn and a half*—of stone and lime of perfect stabi.
lity, with attention to the rules of geometry and adjustment to
the meridian and to the latitude of the place, and with care in
the measuring and fixing of them so that the inaccuracies from the
shaking of the circles and the wearing of their axes and dis-
placement of their centres and the inequality of the minutes
might be corrected. Thus an accurate method of constructing an
observatory was established and the difference which had existed
between the computed and observed places of the fixed stars and
planets by means of observing their mean motions and observations
was removed.

And in order to confirm the truth of these observations he constructed
instruments of the same kind in Sawai Jaipur, Muthra and Benares
and Ujjain®. When he compared these observatories, after allowing
for the difference of longitude between the places where they stood,
the observations agreed.’

b

Hence he determined to erect similar observatories in other large cities
so that every person who 1s devoted to these studies, whenever
he wished to ascertain the place of a star or the relative situation
of one star to another, might by these instruments observe the
phenomena.®

But seeing that in many cases it is necessary to determine past or
future phenomena; and also that in the instant of their occur-

* ¢f. Alberuni Chronology of Ancient Nations, {p. 11) who writes : ** It is impossible to fix the parts of the greatest
circle by means of the parts of the smallest eircle. I refer to the smallness of the mstruments of observation in com-
parision. with the vastness of the bodies which are to be observed. On this subject I have enlarged in my book callerd
Kitib-al-istishhad bikhtilaf-al ‘arsad.” L.P.E.A. Sédillot [p. exxix] gives the followmg interesting quotations :
¢ Si jravais pu, disait Ebn-Carfa, faire un cercle qui s’appuyat d'un coté sur les Pyramides et de I'autre sur le ment
Mocattam, je Paurais fait ; car plus l'instrument est grand, plus les operations sont justes.”

! j.e., Delhi.

t See below p. 36 seq. -

3 To make the measurements fit the cubit used must have been a large cubit =36 angulas.

¢ This implies that the Delhi Observatory was completed before the others were st arted ; and that all of them
were built before the preface was written. This dates the preface after 1734 and perhaps after 1737, (See p. 15),

5 We must accept these statements about perfect agreement with some caution. We have very few records
of Jai Singh’s actual calculations or observations : his value for precession was 51'6” = ycar and fur the obliguaty

- 23°28°0.
% The project of building observatories at other places was never carried out,
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rence cloud or rain may prevent the observation—or the power
and opportunity of access to an observatory may be wanting—he
deemed it mnecessary that a table be constructed by means of
which the daily places of the stars being calculated every year
and disposed in a calendar may always be in readiness.

In the same manner as the geometers and astronomers of antiquity
bestowed many years on the practices of observation—thus, for the
establishment of a certain method, after having constructed these
instruments, the places of the stars were daily observed.

After seven years had been spent in this employment' information was
received that about this time observatories had been constructed in
Europe® and that the learned of that country were employed in
the prosecution of this important work-—that the business of the
observatory was still carrying on there and that they were cons-
tantly labouring to determine with accuracy the subtleties of this science.

For this reason, having sent to that country several skilful persons aleng
with Papre MaxtUEL?, and having procured the new tables which had
been constructed there thirty years before and published under the
name LIr' as well as the Europe tables anterior te those}

On examining and comparing the calculations of these tables with ac-
tual observations 1t appeared that there was an error in the
former in assigning the moon’s place of half a degree. Although
the error in the other planets was not so great, yet the times of
solar and lunar eclipses he found to come out later or earlier
than the truth by the fourth part of a ghafr or fifteen palas.®

Hence he concluded that since in Kurope astronomical instruments
have not been constructed of such a size and so large diameters,
the motions which have been observed with them may have
deviated a little trom the truth.”

Since in thls place by the aid of the unerrlng Artificer astronomical ins-

: The chronology is very uncertain. Delhl Obcorvatory was comtructed probablv about 1724 and the t'tbles
it is said, were finished in 1728 ; but there is evidence that leads us to the conclusion that this preface was written
later. (See p. 139).

2 Uranibore (Tycho Brahe's observatory) in 1576 ; Leiden 1632 ; Paris 1667 ; Greenwich 1675 ; Berlin 1705 ;
&t. Petersburg 1725 ; Upsala 1730, ete.

3 In 1728 or 1729 the Revirend Father Figucredo. a Portuguese Jesuit, went to Europe by the order of Jai
Singh. Possibly this is the same man. Sec Letires Pll/lllllf(’\ ef rurienses., Q—‘(v 269.

4 La Hire's Tebulte Astronmmnice was published in 110" see p. 4 Father Boudier, who went to Delhi and

“b n se servant de la méthode de M. de la Hire, édition

]axpur in 1734. actually refers to this edition. He writes:
Ce 88 tables 1702, page 53, on a trouvé que le commence ment de I’éclipse & Delhi. lorsqu’il était & Rome 11 heures
49 minates 35 secondes du matin, ete.,””  Lettres, ete. xv. 288,

5 We know that, besides La Hir ’s tables. Jai Singh possesse 1 those of Ulugh Beg and Flamsteed. The latter
wark contains also the tables of Tyvcho Brahe, the Landgrave Hesse and Hevelius,  Other possible tables are the
Tolctan Table of 1080 ; the Alfonsine Tables, 1252 ; Reinhold™s Prussiun Tubles, 1351 ; Kepler's Rudolpline Tubleg
1627 . Cassim s tables, 1668 and 1693 ; Halley's tables, 1719 ete

8 60 paiis—1 ghutr=24 minutes. and 15 palas=6 minutes,

7 The instruments used by Flamsteed (1646-1719) were an iron sextant of 6 feet radius ; a three-foot quadrant ;
and with which ajl
ms most valuable work as executed; two clocks and two telescopes.  For further particniars of European ins-

3

a mural are of 149 degress and radins 7 feet * divided with hitherto unapproached accuraey

truments, sce p. 83.
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. truments have been constructed with all the exactness that the
heart can desire and the motions of the stars have for a long
period beer constantly observed with them, agreeable to observa-
tions mean motions and equations were established ; he found the
calculation to agree perfectly with the observation. And although
to this day the business of the observatory is carried on, a table
under the name of His Majesty, the shadow of God, comprehend-
ing the most accurate rules, and most perfect methods of computa-
tion was constructed—so that when the places of the stars and
the appearance of the new moons and the eclipses of the sun and
moon and the conjunction of the heavenly bodies are computed
by it they may arrive as near as possible to the truth, which, in
fact, i1s every dav seen and confirmed at the observatory.

It therefore behoveth those who excel in this art, in return for so great
benefit, to offer up their prayvers for the long continuance of
the power and the prosperity of so good a King,' the safeguard of the
earth, and thus obtain for themselves a blessing in both worlds®

1 Myhammad Shih died in A.D. 1748 five years after the death of Jai Singh.
3 There are some points about_the preface that are not quite consistent with cach other and known
facts. The tradition is that the Zij Muhammad Skaki was completed in A.D. 1728 and this is, to some

extent, confirmed by the Jaipur MSN.; the preface was written some time after all the observatories had
been built, that is after 1734, and “ more than 300 years " after ( the death of) Ulugh Beg [Ulugh Beg
died in AH. 833, and 833-+300=1133 A.H. - A.D.1740-1] The legitimate conclusion is that the preface
was written some considerable time after the tables had been completed.

In 1902 Garrett wrote of the Zi) Muhammad Sha’i: "1 have been unable to procure the Sanskrit
original oreven a vernacular copy” and “up to the present time the only copy of Jai Singh's astronomica!
tables, or Zeech Mahommed Shahi, which has been obtained is a book in Persian characters ....,. Unfor-
tunately mo-t of the figures are written in a kind of ecypher. and although the key to this has been
found, the thorough examination of this work will necessarily prove along and laborious task.” (pp. 18n,
and 74). The British Museum Persian MS. is in excellent condition and although the tables are, of courte.
"m the abjad notation, there would be no difficulty in translating them.



CrapTER III.—METAL INSTRUMENTS.

8. Jai Singh himself tells us that he first constructed, ‘according to Mus-
sulman books’ instruments of brass such as Zat al-Helag, Zat al-Sho’batain, ete.
and at Jaipur I found a unique collection of such instruments, including
Arabic and Persian  astrolabes, dating from the time of Shah Jehan.
These instruments play a very important part in Jai Singh’s work ; to
appreciate which a proper understanding of them 1Is essent’al. Enquiries
in other parts of India resulted in the discovery of an excellent astrolabe in
the Indian Museum, Calcutta; and one of rather inferior workmanship at
Lahore. Tod tells us' of a dial “on the terrace of the palace of Oodipoor, and
various instruments at Kotah® and Boondi, especially an armillary sphere, at
the former, of about five feet in diameter, all in brass, got up under the
scholars of Jey Singh.” At the Lahore Exhibition of 1864 certain brass
astronomical instruments from Kapirthala and other places were shown : these
included “two fine astrolabes,” cne spherical and one plane, and several dials.

The metal instruments actually examined, most of them at Jaipur, weie

as follows :—
A.—Astrolabe.  Diameter 13 inches. Seven tablets. Jaipur. Figures 5

and 7.

B.—Astrolabe dated the 31st year of the reign of Shah Jehan and A.H.
1067 (=A.D. 1657). Diameter 13 inches. Jaipur. Figures 6 and 8,

C.—Astrolabe. Designed by Muhammad Amin bin Muhammad Tahir and
engraved by A’bdul Alimah. From Herat. Diameter 7°3 inches.
Indian Museum, Calcutta. Figures9, 12, 15 and 16.

D.—Astrolabe. Diameter 6 inches. Jaipur. Figures 11 and 14.

E.—A Zarqali astrolabe dated the 23rd year of the reign of Aurangzib and
AH. 1091. (=A.D. 1680). Made for Nawab Iftikhar Khian by a
certain Zia-al-Din. Diameter 2 feet. Jaipur. Figures 19, 20, 21, 22.

F.—Astrolabe. Brass, 4'3 inches in diameter. Lahore Museum.

G.—Hindu Astrolabe. Diameter 16 inches. Jaipur. Figures 26 and 27,

H.—Jai Singh’s iron Yantra Rdj. Diameter 7 feet. Figure 28.

I.—Jai Singh’s brass Yantra Rdj. Diameter 7 feet. Figure 29.

J. Unnataiméa Yantra. A graduated brass circle 171 feet in diameter.
Jaipur.

K.—Chakra Yantra. There are two at Jaipur 6 feet in diameter and
one at Benares 3 feet 7 inches in diameter. Figures 57 and 65.

L.—Kranti vritti Yantra. Jaipur. Figure 58.

M.—Hindu Astrolabe. Jaipur.

N.—Lhruva-bhrama Yantra or ‘ Circumpolar instrument’ Jaipur.

1 Vol II, 359.
! See p. 3¢ for an acccunt of an instrument presented by the Rajah of Kotah to tbe Government
of India,
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O.—Armillary sphere at Jaipur. One also at Kotah.
P.—Arabic Astrolabe. Brass, 57 inches in diameter. Delhi.
Q.—Persian Astrolabe. Brass gilt, 375 inches in diameter. Delhi.
R.—Hindu Astrolabe. Copper, 7 inches in diameter. Delhi.

Of these 1t is possible that all except ‘C’ belonged to Jai Singh and it
is pretty certain that a number of his instruments have been lost (eg., see
page 31). The most important are A and B (which, for convenience, I
term ‘Jaipur A’ and ‘Jaipur B’) and the Zarqali instrument E. ¢Jaipur A’
and ‘Jaipur B’ are of extremely fine workmanship, while E is an interesting
example of a type hitherto seldcm described in detaill in European works.

The Astrolabe.

9. Of these metal instruments the astrolabe appears to have played the
most important part in Jai Singh’s work. Indeed in the middle ages the
astrolabe was one of the chief astronomical instruments. The Arabs perfected
it at a very early date and 1t remained one of the principal astronomical
instruments until about the 17th century, and 1s still used in the East for
astrological purposes. It was usually of brass’ and varied in diameter from a
couple of inches to several feet. The mariner’s astrolabe (as used by Columbus)
was adépted from that of the astronomers about A.D. 1480 but was superseded
by Hadley’s Quadrant of 1731. The famous scholar Gerbet, who afterwards
became Pope Sylvester ii, had such skill in making astrolabes, etc., that he
was supposed to have sold his soul to the devil. There are many references
in mediseval literature to the astrolabe. DMore than three centuries before Jai
Singh, Chaucer wrote his Treatise on the Astrolabe. *‘ Trust well,” he says, ‘“that
alle the conclusions that have be founde, or else possibly might be founde
in so noble an instrument as is an Astrolabe been unknowe parfitly to any
mortal man in this regioun, as I suppose.”

10. The type of astrolabe principally used by Jai Singh was the flat
astrolabe or astrolabium planisph@rum, in Arabic called Zat al-Safd‘ih (‘Consisting
of tablets’) like ‘vaipur A° and ‘Jaipur B’, to which the following description
particularly applies.

The corpus astrolabii is a circular disc with a raised edge into which fit the
several parts of the instrument:

(/) The containing disc is termed the mater® (A4r. umm) and the inner parb
of this is the venter3 while the raised edge is called the kuffa or rim.* The venter is
often inscribed with latitudes and longitudes of important cities/ (Figures 13,

14, 15).

1 Gower refers o one of gold: “With him his astrolabe he name, which was of fine gold precious,
with points and circles marveillous.”

The Granada astrolabe described by H. S. Cooper (JRAS 1904, 53f) has silver knols on each pointer
of the “ankabit '; in the British Museum are several inlaid with silver ; and others evidently had some sort of
jewel fixed in the Fkursi (see fig. 12)i?ilt irstruments are not uncommon.

2 Moder, mother, rotula , 3 Also wajh or face,
¢ Also called Margiabrum or Limbus, Hajra (side) ete.
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(i/) The ‘ankabiit or aranea* is an open ,work disc marked with the ecliptic
the signs of the zodiac and a number of stars. It is placed in the venter
and can be revolved. The branches on which the names of the stars are
written and the points of which indicate the positions of the stars are termed
shazaid or ¢ splinters.’> The pointer at the top of the ‘ankabut at the first point
of Capricorn is termed the muri or index.® (Figures 5, 6, 9 and 10).

(177) Several thin dises or tablets®, marked with almucantarats®, azimuth circles,
hour circles, etc.. for various latitudes, etc., fit into the body of the astrolabe.
(Figures 17 and 18).

({v) The alhidade or® sighter revolves round the centre on the back of the
mater. Each arm has a perforated libra” or ‘tile > which is sometimes hinged on
to the alhidade. European astrolabes sometimes had another marker or label®
without sights for use on the front of the instrument. (Figure 7.)

(v) The tablets and alhidade, etc., are fixed together by a pin (Ar. qufd’
which is fastened by a wedge termed by the Arabs faras or ‘horse,” and often
fashioned into some resemblance of a horse’s head.™ (Figure 24).

(v/) The whole is suspended by a ring (Ar. kalga) joined to the ‘wrwah or
handle, which in its turn is riveted to the projecting part, kursi or throne, of
the mater. To the halqa was sometimes attached a cord (Ar. ‘idaga).

(vii) The back of the astrolabe (Zahr al-usfurldb) in all cases has an outer
graduated scale, two upper quadrants and certain shadow scales. It is often
inscribed with tables of use to the astrologer and geographer: the details vary
greatly. (Figures 7, 8, 11 and 12).

The sighter and graduated circle (fig. 7) on the back of the astrolabe
form the part of the instrument used in actual observation; while the ‘tablets’
and the‘ ankabit (which rotates) and the graduated circle on the raised edge
(kuffu) of the mater form a very efficient calculating machine.

Tae TABLETS (SAFAIH).

11. The ordinary disc or ‘tablet ” is marked on each side with stereographical
projections of the horizon and almucantarats, azimuth and hour circles for a
particular latitude and also the equator and tropics.

-

Also shabalak, net. rete; Alancabuth : Volvellum, ete.
Thr al-Kuwdd o, needtles of the stars, ete,

to

(5

Murd rds al-padi pmidex of the head of Cipricorn) ; Ahnury. Ostensor, Denticle, ete.  Thin Almury is
cleped the Denticls of Capricorne. This same almury ~it tix in the hed of capricorne.””  Chaucer. I‘, 23.
1y Sdfacik. Saphiahs. Tympana. Tabule regionum, ete.

S Cuenli progressionnm  (Ar. g tardt).

& Ar. wzide, door post T3 Dioptra. Medielmum, Vertieulum. Alidade, ete.  Tanner (1587) deseribes the
alhidade thus: " Altriada or medichnium. in which are put two little pins or tables to take the height of
the sun mn the day and of the stars at nmight. of which one side gueth through the centre of  the ast:)lube
1< called the Hine of trust, because it bringeth credit of things practised there,”

P Tabella, Pmna, Pinnula s badaf.  dufe,

& Ostensor, index. petite roue, ete,

? Axis, clavus, exiltre, alclutot. cavilla, ete: mikirar (axis), watnd {<take).

W xee D oand E (tig. 24). The former (D) is from the India Office Persian astrolabe and E is taken
from the British Museum MS. of Mds'da Allah's work. See also page 63 and tigure 68 ;
J-Battani I, 319,

and  Naliino
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The almucantarats are circles of altitude,! the almucantarat of zero altitude
being the horizon (EHW in plate V). In the diagram almucantarats are
drawn for 60°, 40°, 20° (as well as the horizon, 0°) and are marked ay, dy @s.
The number of almucantarats varies in different astrolabes: if there is one for
each degree of altitude the Instrument is called famm or °complete’; if for
every other degree it is termed nisfi, ‘ bipartite’ and so on. Jaipur A and B
(figures 5 and 6) are tamm or ‘ complete’ ; Herat C (figures 17 and 18) is nisfi;
while ¢ Jaipur D’ (figure 10) 1s sudsi or sexpartite.

Azimuth lines are drawn at right angles to the almucantarats.> These are
seen in figures 17 and 18/and in plate V portions of certain azimuth circles
Zss, Z, etc., are drawn. In some tablets these azimuths are continued
below (to the north of) the horizon.

Temporal hours.—The temporal or unequal or planetary hour lines are shown
in figures 17 and 18 and 1n plate V by the broken lines ¢ ¢, ¢, t,, etc.* They
divide the time between sun-rise and sunset into twelve equal portions and
therefore vary in length from day to day. These divisions of time gradually fell
into disuse (see page S7) and equal or equinoctial hours were introduced. These
are shown in figures 18 (but not in figure 17) and in plate V they are marked
e €, e, e, etc.

Houses.—The tablet is sometimes divided into twelve astrological ‘houses.’
The boundary lines of these are seen in figure 17 and in plate V are marked
h, Hhe, hs Hhg, etc.* (See appendix B).

Longest days and latitudes.—The latitude for the particular tablet is gene-

. 1Let ABCD (Plate V) represent the tropic of Capricorn and C:E the meridian, and let the arc
A F measure the obliquity of the eccliptie, then the point § on the intersection of B F and 4 ( is on
the equator and SENT reprosents the equator. E being the eastern point. Similarly by drawing Os
parallel to OF we get s, the southern point of the tropie of Cancer and s the diameter of the ecliptic.
The angles SL and WL, measure the latitude ($) of the place, and by joining LE and LE weget Z,
the zenith, and H, the meridian point on the horizon. The opposite point on the horizon is H; where ﬁ',lz
{=0) meets the meridian line NS produced. To obtain a circle (almucantarat) for altitude ¢ mark off
angles (&4¢ 90°) from S, the south point of the equator, (positive direction § W)and join both these
points to E, the east point on the equator: the distance between the points intercepted on the meridian line
N § is the diameter of the circle of altitude a.

2In the diagram NIL; =SL=¢, the latitude of the place, and EI; cuts the meridian line NS
in the nadir n. The hornzon is graduated by joining the zemth, Z, and the graduations on the equators
and each azimuth circle passes through the zenith. nadir and the point on the horizon to which it per-
tains. while the centres of the azimuth cireles lie on the line parallel to EWN and bisecting Za.

5 To draw the temporary hour circles divide the day portion (that is the portion below the horizon
in the diagram) of each of the three circles—the tropic of Capricorn, the equator, and the tropic of Can-
cer—into twelve equal parts and draw circles t; £, & 1o ,’ ete., through each trio of corresponding parts.
For the equal hours draw through X, the centre of the cirele of the horizon, a circle concentric with the
equator and tropics. Graduate this circle at intervals of 13 degrees starting from the south point and
proceeding westwards, With the south point and in succession the other points of graduation as centres,
and radius equal to the radius (X#) of the horizon draw ares €76y, ¢35, ete., from the cirele of Capri-
corn to that of Cancer. (These arcs will pass through the equal divisions of the equator, already marked
for temporal hours). The result of this construction ix that any pomt on the ecchptic, as the ~ankabat is
rotated, passes from one equal hour line to another in one twenty-fourth of a revolution.

4 The lines that divide the houses pass through H and H,, the points common to the horizon and
meridian, and points on the Equator at intervals of 30 degrees starting from the East and West lne.
Their centres lic on the line that passes through X (the centre of the circle of the horizon) and is pnrallt'q
to the East and West line, ’Thc points of intersection of these house lines with the Ecliptic are terwrag
cusps. (For further details see p. 120 and STOFLER Flucidatio fabricw ususyine ns'rolatii 1224.

~ S |
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rally written just below the wufk or oblique horizon, EWH, on the right of
the meridian line ; while in the corresponding place on the left of the meridian,
the length of the longest day of the year for the particular latitude is generally
given. In figure 18 for example we have

Hours Latitude

13 47 28

In some cases the name of a city is also given. For example ¢ Delhi R’ has
“ Avamntikayam 22 7 and ““ Amadavad’ 23.” ,

(vi7) Special Tablets.—In the -ordinary astrolabe the number of tablets
varies to as many as nine—not counting the ‘ankablit. Generally one is a spe-
cial disc for horizons on one side and celestial co-ordinates on the other and’
occasionally there are other special tablets: the rest are the ordinary tablets,
already described for several latitudes.

Horizons.—The tablet of the horizons (al-Safihah al-afdgiyah) is shown in
figure 16. The horizons are arranged in four sets—one set in each quadrant
consisting of six or seven horizons—and below each of these sets are two
scales termed al-mail al-kulti (shamali or janubi) or the total obliquity (nor-
thern or southern).

< Ankabut co-ordinates.—On the other side of the ‘tablet of the horizons’ is
generally the °tablet of the latitude of the complement of the total obliquity.’
This really gives the celestial co-ordinates (longitude and latitude) and by its aid
the positions of the stars on the ‘ankabiit can be at once read off. Morley
seems to have thought? that this was an ordinary tablet for latitude 661° N.
but it is quite rightly described as Safihak mizan al-’ankabat, °the tablet of
the measure of the ankabiit.” It occurs in most of the astrolabes I have examired.

(ir) The Lahore Museum astrolabe has a tablet for the latitude of the equator.
Here the oblique and straight horizons coincide and this line is marked al-maghrib
al-ard lah ‘the west—no latitude’ and al-mashrik al-ard lah, ‘ the east no latitude.’
Below the horizon are concentric semicircles which appear to be circles of declina-
tion : a similar tablet is in the ‘Delhi Q’ mstrument.! Another curious tablet
belongs to the Jaipur Hindu nisft astrolabe (described below p. 31) and is for
latitude 72° North. It has engraved upon it only the three circles and the
almucantarats (none being numbered—the only number inscribed being 72.’)
The India Office Hindu astrolabe contains a similar projection, but more complete
and is marked améa 72, hord 23.

1 Avamti is Ujjain, the latitude of which is roughly 23° 10, The latitude of Ahmedabad is approxi-
mately 23° 6"

s Morley says: * These last two mentioned Sufihaks appear to have been used as models for the cons.
. truction of the ordinary tablets ™ but he is not altogether right in the second casc.

s Mcrley (pp. 12—13) describes three tablets for "no latitude’ and gives diagrams (XX, 17, 18 and
10). One belongs to the India Office Persian Astrolabe, another the Vaux astrolabe, the third is the India
Ohce Hindu astrolabe,
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In an astrolabe (Delhi Q) that was shown to me in Delhi there are two
other types/ (i) a tablet with co-ordinates for latitudes 30° (13" 56™) and 28° (13"
46™) engraved on the same side and a similar one for latitudes 40 (14" 51™) and
62°; (¢7) a tablet split into two halves along the meridian, for latitudes 32°
(14® 6™) and 36° (14" 26™).

12. < Ankabut (aranea) or shabakah (rete). The ¢ankabiit or ‘spider’ is an open
work tablet so arranged that the one below it may be conveniently seen
(Figures 5, 6, 9 and 10). It exhibits a graduated ecliptic circle’ with the signs of
the zodale and a number of the more important northerly stars. The points
(shaz@id) of the net work indicate the positions of the stars, the names of which
are engraved on the branches. The number of stars varies with the size, etc., of
the instrument. The small Jaipur astrolabe (D) has 25, the Shah Husain
instrument has 63, etc.

The ‘ankabiit is generally the most ornamental part of the instrument: it
is sometimes inlaid with silver; Jaipur A shows the forms of the constellation
animals, etc. The ‘ankabiit i3 not used in a fixed position like the other
tablets but can be rotated and thus is employed in combination with the tablet
placed below for finding the position of any star at a given time, the ascen-
dant or ‘horoscope,’ the time and length of the day, etc., ete.

13. Back of the Astrolable (Zahr al-Asfurlabd).

The back of the astrolabe is usually covered with a great deal of in-
formation, useful principally to the geographer and astrologer. The several instru-
ments differ in detail 'but the general arrangement is much the same. The
contents may be roughly classified thus:—

(a) The upper half of the periphery is graduated into degrees, etec.

(b) The South East quadrant® consists of a graphic table of sines.

() The South West quadrant® is inscribed with declination graphs, ete.

(d) Shadow scales (lower periphery and central rectangle).

(¢) Tables of signs, mansions, planets, terms, faces, ete.; generally con-

tained in the inner semi-circles of the lower half of the disc.

Special tables contained in rectangles such as:

(f) The times of the rising of the signs (In the centre of figure 8).

(9) Trigons or triplicates and their regents. (In the centre of figure 12 and

right of figure 7).

(k) Table of climates] (Lower part of figure 7).

(1) Differences between true and nominal years (Left of figure 7).

(a) The periphery of each of the upper quadrants is graduated into degrees
commencing from the east and west points. In ‘Jaipur A° (figure 7) the degrees
are divided into quarters. In conjunction with the alhidade or sighter these
graduations were used for measuring altitudes and other angles.

1 The diameter of the ecliptic is the distance Cs or Aty (Plate V) between the mtersections on the
meridian line NS of the tropies of Capricorn and Cancer. The graduations of the ccliptic lie on the
line joining the pole of the ecliptic to the corresponding graduations on the equator. The pole of the
equator is. of course, at the centre of the dise, while the pole of the ecliptic is at a di~tance from the
pale of the equator equal o the maximum declination (approximately 23.°) It is sometimes marked
Qutith ul-buruj.

$ The south point is at the top of the disc.
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() The ‘quadrant of sines’ occupies the south-east quadrant and occurs in
most instruments. In some instruments the vertical radius is divided into sixty
equal parts and lines parallel to the other radius are drawn to the circumference
from each point of division (figure 12); in others both radii are so divided and
horizontal and vertical lines are drawn from each point of division (figure 8); in
others horizontal lines are drawn from each degree on the quadrant. The
vertical and horizontal scales indicate the sines and cosines of the correspond-
ing angles. In the description of the Zarqali astrolabe below (p. 29) the use
of these scales is explained In more detail. In some instruments arcs for 231°,
30°, etc., are described.

(c) The south-west quadrant in most instruments exhibits a sort of yearly
calendar. The horizontal and vertical radii are divided into six equal divisionst
figures 7, §). From the points of division ares are described and the names or
numbers (figure 11) of the signs are written in the spaces, six on the horizontal
radius and six on the vertical, in the following order—

3 4 5 6 T 8
Vertical . . Cancer Leo Virgo  Libra Scorpio  Sagittarius
Horizontal . Cemind Taurus Arles Pisces Aquarius Capricornus
2 1 0 11 10 9

This division, combined with the graduated circumierence forms a scale of
circular and angular co-ordinates, and on this scale are traced various kinds of
graphs® showing for example—

(/) The relation between the sun’s right ascension and meridian altitude
(figures 7, 8 and 37) ;
(z7) The meridian altitudes for certain latitudes (figure 12) ;
(ii/) The altitude of the sun when it traverses the azimuthal circle of the
Ka'bah at Mecca,
(i) The temporal or unequal hours (figure 11).
(d) There are generally four sets of shadow scales’ two on the periphery of

1 In the Herdt (figure 12) and the Shah Hussuin instruments the main divisions are not equal

but propor-
tional to the sun’s declinat on.

2 Figure 37 shows how the curve (1) ix constructed for latitude 27 N. TFor each pair of signs radii
marking the angle of the mendian altitude of the sun are drawn. and the pomts of intersection ofAthese
racii with the corresponding aics of the signs are jomed. To make the graph perfectly correct intermediate
points must, of course, also bLe tixed. Figure 11 showsz the unequal hour curves. Aceording to Delamkre
(Astronomie dn Moyen dge, p. 243) this is first deseribed m a small work by Sacrobosco {circa A.D. 1250),
1t occurs on many old astroiabes, but 1t gives only roughly approximate results. To construct these hour
lines the are of the quadrant 1 divided into six equal parts and a semi-cirele erected on one of the bound-
ing radu. This isx the sixth hour line and the others are arcs of cireles of which the centres are on the
same radiug, but at points equidistant from the centic of the quadrant and from the successive points of
division on the arc of the quadrant.

3 Figure 23 shows how these scales are constructed. There are generally two kinds of scales—one
for a 7-unit gnomon and the other for a I2-unit gnomon. The semi-circle ace is bisected at ¢, and e

and ce are hiseeted at b and d. The lme bd. which is bisected at ¢!, is the basis for both scales th
~ > scales : the

i equal divisions and these graduations
wued on their rospective sides as far as 15 convenient, Lines juining the points of
cut the ares and the small central rectangle and form on them the shadow

part el is divided iuto 12 equal divisions and ¢! ¢ into AT ti
are conti-
division with the centre
scales,  On most astrolabes
the 12 unit scales are on abe and kg, ete.; and the T-umit scales on ce and 71. The Zarqali astrolal
‘ v cal . b as abe
has. however, in plice of the central rectangle, the smaller semi-cirele, {7 gradu fariati
: fig ated. Variations oceur, e.g.,

the busis line (be') may be placed vertically through & and then graduated,
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the lower half of the disc and two in the central rectangle. In the Zarqali
instrument, however, the latter are replaced by a pair of central civcular shadow
scales (figure 19). Given the length of the shadow in terms of its gnomoun—by the
aid of the shadow scale and the alhidade the degree of altitude of the sun
and the time can be found.

(e) In most of the instruments the inner semi-circles of the lower half of
the disc give lists of the signs, manzils, terms, faces, etc. These tables are
generally for astrological purposes and they are explained in some detail in a
note on astrology appended to this volume (appendix B).

Some of the special tables are of great interest. The following are
taken from A, B, and C (figures 7, 8and 12).

(/) A table of rising signs is given in the central rectangle of ¢ Jaipur B.’

Table of times of rising of the signs for the latitudes of certain cities in India.

s0 33 | s s 3 1| s3] s20 sl a0 L2y 28| 27 \T 26 0025 [ 24 230 22 21 a0 LaTitrors.
H.M H.M.H. M. H M. H M. H. )L(H. MI{H. M H. )I;H. M. H M.H. )r;‘H.J[rI. M HOLH ML H M HOMHLMOHL ML SIGXs.
A Bt 14115 1 16 118 119 1 20[ 1 315 1221241 255 126 1270 28120 1300 131 1 320133 134 133 Pisces Ares.
{1281 29‘i 131 132133 1 3;! 135 136137 138 1381 39; 1400 1 41 1 42 1 43\‘ 14401 414 145 1 46 Aquartus Taurus.
2156 157}157 157 157 133158 138 150 2 02 02 0}1 12 12 22 3‘2 22 g o2 3,2 3 Capricornus i,ieumii
222 221220 220 2202200219 210 218 2 1% 2 17‘ 217 217216 216/ 216 215 215 2 15, 2 14 Sagittarus Caneer.
tfost 230 220 228 2270 226 225 224 222 222 221 22002190218 217 217 216 216 2 14 2 14 Scorpa Lea.
t, 2:;()22:«}2-17 226 2222y 22 2211121!5219 213}21&1’15 214"21521: 211}21“2102 9| Libra . Virgo.

This table and the rule on which it is based played a very important part
in medieval astronomy and astrology.'

(9) Trigons.—On the right of the lower half of ¢ Jaipur B ’ (figure 8) and in
the centre of C (figure 12) is a table showing the regents of the trigons, etc.

Nature of the Trigons and their Regents or Lords.

Nature of the . s - . i .

) R 1Ty, arthy. Ay, . -

Triplicities. Frery N A | Watery,
! 3 . i ,

Day Lords . | Sun - Juptter . | Saturn .  Venus , | Moon . DMars . Saturp . | Mereury : Jupiter . Venus , | Mars . | Moens.
d [ B . R ! |

1 riplicities .| Aries ., Leo . |dagittiartus Taurus . | Vigo . Caprie- Gemind L) Libra | Ayuarms - Caneer . | Scorpio . | Pisces,
; ornus, !

Night Lords . | Jupiter . | Sun Saturn Moon . l Venus . Mars . Mcereury | Satwrn . Jupiter . Mars .| Venus . ! Moon,

y t

The triplicities or trigons are groups of three signs _each of which is
sitnated 120 degrees from the other two. It will be noticed that Saturn,
Mars, Jupiter and the Moon occur in their respective triplicites both as day
and night regents and they are sometimes therefore termed ‘common regents’
(See Appendix B).

1%ee Book ii of the Almagest; al-Battani Opus Astronomicum  2nd  Part, p. 63f; the Sarya
Siddhanta i, 60f. ete. ; also the note on astrology (Appendix B), From the formula Sinw, =fan &. tan 3,
Jhere & is the latitude and & the dec}ination\the so-called  ascensinnal difisrences are calculated ; then

sin 20° cos w .
—_— Ty osin(by + b= ~
cos 8, cos g,

sin 60°, cos w

frora sinby == , sin (by + b, b)) =1 the values of b aro

caleulated ; and finally f; =b; — M.ty = by —% a5, 8y = by —ag + aa. by = by —ay + a5 = by + 04
— a; and so onsince by = by, by = b, bs = b, and @ =2, a5 = ay.
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(k) Climates.—The table of climates occurs only on Jaipur A (figure 7)
towards the bottom of the lower half of the disc.

Table of climates.

CLIMATES. ! Frrsr. SECOND. Tairp. . FourtH, F1FTH. SixTH. ' SEVENTH.
H |

! ;
Beginnings (b) and b m b m b m | b m b m b m
middles (m) i

b m

- -

|
Latitudes . L 1243 16% 2081 2410 2734 30“‘ 3343 36%¢ 391 412 4330 4539 } 4738 4859

. |
Howss Ol qaeoaze 13 1390 | 131 140 | 1415 1430 Mas 150 | 1515 159
r

l I

1545 16°

i
i
!
}

This topic of ‘Climates’ recalls a most interesting chapter in the history of
civilization. It exercised the attention of such astronomers and astrologers as
Eudoxus, Eratosthenes, Hipparchus, Manilius, Ptolemy, Dorothea of Sidon, etc., etc.
The subject presented difficulties. The number of climates assumed Varied.!
but generally a chorographic system which applied the seven planets to the
seven zones or climates prevailed. Also, according to Paul of Alexandria,
“each sign corresponds to a climate or parallel, and by virtue of its Trigon
to each quarter.”” For the mathematicians the problem was to find a progres-
sion corresponding to ascemsional differences. They took the length of the day
as the measure' and progressed from one climate to another by half hour steps.
(See appendix C.)

(i) The year.—The rectangular table to the left in Jaipur A (figure7) shows
multiples of the differences between the approximately correct length of the
tropical year and 365 days, thus:

]
670 1 340% \ 25292 \ 1651 77 330 20 | 175 \ 8798
. I S
|
9 ‘ 3 7 l 6 5 1 3 ‘ 2 1
9% 80 0 | 6o 50 90 30 ‘ 20 10
3105 . 1647 087 | 213¢ T 262t | 106w i 117 | 155
‘ ‘ i |

The table gives n(87° 33" 6")—a.360° where 7 ranges from 1 to 9 and
trom 10 to 90 and a is a whole number® Now 87° 33’ 6” expressed in time
is 5 hours 50 minutes 12'4 seconds and the length of the %ropical year was

supposed to be 360 da)s 5 hours 50 minutes 12°4 seconds.?

lbU“ + 2h -
5 v here sin b = tan 3. tan w.

1 The measure of the longest day is

? For example 106° 33"=30 (877 33’ 67)—a.360 —2626° 33'—n.360°—7.360° - 106° 33"
: —a.360° and g =
3 A British Mu-eum astrolabe dated A, H. 10,0 (=1 . -
| Al 3 (=A.D. 1659-60) b) Mahammed Mokim o* Lahore gives the
Al-Battini gives 86° 36’ and Nallino gives the following note :*" Habash in
R suo ast
partem (’xcvdontom.re\'nlutmnm (fazl al-daur), scilicet quantitatem (gradibus etpn-Qszun)qur;)rg(())rllllslat3 t]l})FO e
265 dies exeedit, inventam esse ab astronomis khalifae al-Ma'min :— otus ambitus

m sp(cuh al-Shammasiyyah. . . . . . . . 86° 43 30v 3gui 47"
Damasci in urbe . . . . . . . 3((530 i‘i '3%. :i(im 49,7
a Yohyv'a bn Abi \Lmtur . . 86° 350 13" 46m
Tn tabulis suis Fabash primam quantltatem rece plt rotunde tcnbens 86° 43' 39« 37, vel, gradibus in

tempus CONVErsIS, 3% 46" 54° 36 ete.” (ipus Astronomicum i pp. 42 & 211.
The present length of the fropical year “xpressed in mean time is 365 day i
h avs C e
or 3632422 days nearly. ¥$ 3 hours 48 minutes 45-5 seconds
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14. The face.—(Wajk) or Venter.—The inside surface (venter) of most of
the astrolabes is engraved with a list of cities and their latitudes and longitudes
and Lsometimes ‘their position relative to Mecca.! The last is indicated by the
tnkhiraf or ‘inclination’ and the masdfat or " distance’ and jihat (side or point
of the compass). The inhiraf is the arc of the horizon intercepted between
the meridian of the place and the vertical circle passing through the zenith
of Mecca.> The Masafat is the distance of Mecca measured along a great
circle and the jihatis the quarter of the horizon in which Mecca les.

Jaipur B (figure 13) gives the longitude and latitude of 210 places and
also the districts in which they are situated but does not give the inhiraf ete.;
Jaipur D gives 36 towns; the Herdat astrolabe (C) gives 44 places with the
inhiraf and jihat; the Shah Hussain instrument gives 103 places with latitude,
longitude, inhiraf, masafat and jihat; the Lakore astrolabe gives also 36 places
with latitudes and longitudes only. A selection frcm these astrolabe gazetteers
s given in an appendix (pp. 127-8).

The longitude is in all cases reckoned from the ‘ Fortunate Islands.” Com-
pared with a modern atlas the differences for a few selected’ places are—

Longitude Latitude

differe.ice. d.tference.

Maraghah . . . . 35° 43 0 v
Baghdad . . . . . . . . . 350 2 0 ¢
Shiraz . . . . . . . . .35 20 0> 6
Nisabir . . . . . . . . . 337 50 0° 13
Yezd . . . . . . . . .37 30 07 22'

- Isfahan . . . . . . . . - N s 0> 1¥

The difference in latitude may be taken as some criterion of the accuracy
of the determinations, but it must be remembered that the precise localities of
the observations (old and new) are not known.t

The longitude differences point to some place about 35 degrees west of
Greenwich as the point of origin. The zero meridian therefore passed through
the Azores. In this matter the Muhammadans copied the Greeks who fived
upon the ‘ Fortunate Isles’ possibly, as the western end of the world. These
¢ Fortunate Isles’ were originally imaginary islands where the souls of the good
were made happy, but later the name became attached to the Canary Islands.
In the .din-i-Akbari® we read: “ The Greeks commence their reckoning from
Khalidat which are six islands in the western ocean, which in ancient times

were inhabited, but now are inundated, etc.”

1 Gee the excellent litile book Paraphrise do Uastrolabr written in A.D. 1555 by Jaqu 's Foeurd de
Montpeltier, who terms the venter * Miroer du Monde " and g ves onit an actual map of the werld (i, 156-7).

2 The angulus positionis of the old geographers. See al-Battanii. 136-7 ; L. A, ~édillot’s Mémoire, 97.:
the Nuzat al-Quiab (Ed. 9. le Strenge) p. 26 5 &o. &e. -

® The values given on all the instruments examined for these six places are the same: at Marighah,
Baghdad and XNisibir were important observatories,

4 One second of longitude at Delbi is roughly cquivalent to about 50 yards: very roughly a miie to a
minute of are. (At latitude 30° N. one degree of longitude =96489 metres=59-97 miles.)

$Ed. Gladwin ’ii, 351

~ D
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Some of the towns and their positions are given below :—

!

Longitude with | Latitude with Long:tude with

Nume of Town. e rr_infﬁ o re[?;ogcfnto Bazrl'{xli‘;fzg);}x?»‘cn Laéif l}iﬁ;&rgg.m
figure 21. ) figure 21. on Jaipur B.
e : ‘
o [+ ‘ Q ’ [*] r
Halb (Aleppo) . . .o —8 +35z| —7 50 +35 30
Tus . . e 413 137 E L1230 <37 0
Kabul . . . . . . . . +24} +34 | +24 40 +34 7
1
i
Jahanabad (Delhi) . . . . . . +34 4981 | +33 35 +28 39
|
|
Lahore . . . . . . . . +291 4311, +29 20 +31 50

19. The obverse of the disc (figure 19) contains the—feHewsng scales and
tables! which are, more or less, common to all astrolabes. Reading from the
circnmference towards the centre they—are %~

(@) The two upper quadrants -are graduated for every three degrees
(numbered in the ab’ad notation) also in degrees numbered in Arabic
numerals from 1 to 90 and in one-sixths of degrees or every twelve
minutes. ’

(b)) The periphery of the lower quadrants is graduated by shadow scales—
on the left a ‘twelve scale’ and on the right a ‘seven
(See p.270).

(c) The next complete annulus contains the signs of the zodiac which are
accompanied by graduations down to intervals of twelve minutes.

(d) Next are the manzils or ‘mansions of the moon’.

scale

(¢) The planets—twelve to each sign—with graduations for every 21 degrees.
(f) The planets—nine to each sign—with graduation for every 3°@0.
(9) The planets—five to each sign—with their limits or terms indicated.
(k) The planets—seven to each sign—at Intervals of 4% degrees.

(i) The planets—three to each sign—These are the ‘faces’ of the particular

sign.

(j) Again three planets to each sign.

(k) Another pair of shadow scales.

() Separated from the others by the smaller shadow scales (£) are the names
of the European months with a scale showing the days of each month, ete. The
instrument was made in A. D. 1680 and correctly indicates that spring commenced on
March 10th.

20. The central part of the disc consists of a projection of a sphere and a table
of sines.? These are illustrated in figure 22 where the quadrant OAB forms the table
of sines. The arc AB is divided into degrees and from every point of division linex

1 Of these ¢ to j are shown in the appendix on astrology (p. 124).
2 On an astrolake made at Seville in AH. 609 (A.D. 1211-12) similar constructions are found,
the articles by MM. Sauvaire and Pailhade. Jowrnal asiatique 1893, 9 série, i, pp. 6f. and 183f,

Sce
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are drawn perpendicular to OA. The radius OB is divided into 60 equal parts and
lines are drawn parallel to OA. In the diagram sin 40° reads 39°, i.e., 35 or '63, Lut
the instrument itself is more accurate than this. The radius OD is divided into sixty
equal parts and through each point of division circles, also passing through the
points A and C, are drawn. These arcs are orthogonal projections of great circles
inclined to the meridian C'A' of the sphere ABCD. For example, the arc passing
through the division numbered 50 represents a circle on the sphere inclined to the
meridian at an angle ¢ such that sin ¢ =§3 (='835). Now the arc 50 in the qua-
drant OB touches the horizontal line 50 which cuts the arc BA at 56}, therefore o
=564 {actually sin 563=="8339].
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CuaprTeEr V.—HINDU METAL INSTRUMENTS.

21. Hindu astrolabes are mostly of modern workmanship and of modern pattern ;
but at Jaipur there is a Hindu copy of a Persian astrolabe that is of interest. It is
of inferior workmanship and was, apparently, never properly completed. It is a
thulthi or tripartite instrument and has two tablets, for latitudes 27° and 72° N, and
a tablet of celestial latit ades and longitudes. On the ‘ankabiit the ecliptic is graduated
at intervals of 6 degrees (figure 26) ; and on most of the points no names are engraved.
On the back of the instrument (figure 27) is the usual table of sines and declination
graphs for 27° and 28° 39’. On the lower half are the usual shadow scales but nothing
else.

Morley describes two other Hindu astrolabes one belonging to the Royal Asiatic
Society and the other to the India Office.’ (1) That belonging to the Royal Asiatic
Society is a bipartite instrument and appears to contain one disc only for latitude
24°N. The ‘ankabiit has 23 points with the names of stars engraved thereon. The
back has the table of sines and the shadow scales. (2) The India Office instrument
is said to be of poor workmanship. It is a sexpartite instrument, 3 inches in diameter-.
Within the umm is a table of 16 Indian cities, with latitudes and longitudes, the latter

reckoned from the ° Fortunate Isles,” e.g.—
Latitude. Longtitude,

Jayanpur . . . . . . . 26° 36 109° 6
Ujjeyani . . . . . . .. 23° 30°  110° 50’
Delhi . . . . . . . . 29° 0 113° O
Benares . . . . . . . . 26° 15 117> 20

There are seven tablets—six for latitudes 0,” 17°, 18°, 20°, 21°, 23°, 24°, 26°,
27°, 29°, 32" and 72° and one with usual horizons on one side and the ‘ankabit
co-ordinates on the other. On the back is a set of tables termed paramakranti.

In 1790 R. Burrow related that he * Compared an Astrolabe in the Nagry
character (brought by Dr. Mackinon from Jaynagur) with Chaucer’s description,
and found them to agree most minutelv, ‘‘even the centre pin which Chaucer
calls ‘the horse’ has a horse’s head upon it in the instrument.””?

The only other ordinary astrolabe of Hindu make and of any age known
to me is R in the list on p. 17. It is engraved in Devanagarl character and is
of very crude workmanship as compared with A, B, C, D and E. Itis of copper.
of 7 inches diameter, and contains two tablets, besides the ecliptic tablet
(‘ ankabiit). The venter is plain, while the back has only the central rectangular
shadow scales, the sinus quadrantus ruled into 30 equal divisions, and the de-
clination quadrant divided into even spaces by 15 arcs. The two tablets are
tripartite and besides the almucantarats and azimuth lines have the equal and
temporal hour lines. They are inscribed thus:—

(@;) Longest day 33—30 (a,) Longest day 36—24

Ava TI. Lat.tude 37.

1 The India Office instruments are now in the Tnd an section at the ~Youth Kens ngton Museum,
‘¢ Agsiatic Rescarches, 1790, Yol. ii, p, 48,
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Latitude 22. Shadow 5. Shadow 9.
Hypotenuse 13. Hvpotenuse 15.

(b)) Longest day 33—350 (b,) Tablet of horizon without
AMADIVAD. any numbers or inscriptions.
Latitude 23.

Shadow 5—6.

Hypotenuse 13—-3.

The latitudes are here given in four different ways(?) in degrees, (i) in length
of longest day (in ghatis and palas), (iii) in length of the equinoctial shadow’
or taneg, (iv) by the hypotenuse of the equinoctial shadow or siné.

These may be expressed thus:—

VALTE> OX THE INSTRUMENT. : CALCTLATED VALUES,
Lat. Longest day. tan & f Sin & “ Longest day. | lan & 1‘ sin &
—— | 1 |
° . P h. m. s | v he o ms ;
22, 33 30 = 13 2¢ 0 8 =417 ; 5 =385 13 22 52 | 404 | 375
. ' )
23 ‘ 33 30 = 13 32 0 5’6" =439 5%’ —-391 I 13 27 16 424 ‘ 391
! 12 13°07 | \
' I
37 : 36 24 = 14 33 36 5 =750 % =600 ’ 14 36 48 754 ’ 583
1 ‘

22. At Jaipur are two large single disc astrolabes 7 feet in diameter—one
made of some sixty sheets of iron rivetted together (figure 28) and the other
of brass patched up with lead (figure 29). From the iron instrument the gra-
duations have disappeared. The brass instrument is tamm (complete) for
latitude 27°N. It has an ecliptic circle and a tube sighter of modern work-
manship. These two instruments may possibly be of the original metal instru-
ments referred to by Jai Singh (See p. 12). If so they were probably brought
from Delhi.

23. The Unnatarisa Yantra is possibly another of Jai Singh’s original ins-
truments. It is a graduated brass circle 171 feet in diameter suspended so as
to revolve around a vertical axis. Jai Singh speaks of an instrument * Zat-
al-Halga (consisting of a ring) of brass, in diameter three gaz of the measure
now in use,” (See page 12) Lut the Zat al-halqa is ordinarily an armillary
sphere.

The Chakra Yantra (circle instrument) is an equatorial. There are two
at Jaipur each 6 feet in diameter (figure 57) and one at Benares, 3 feet 7
inches in diameter. The Chakra Yantra is fixed so as to revolve about an axis
parallel to the earth’s axis. At the southern end of the axis of the instrument
1= a separate graduated circle fixed on the supporting pillar. The axis carries
a pointer which indicates the hour angle on the fixed circle; and the main
movable circle carries an index and sighter (figure 68).

The Kranti Vritti Yantra (° Ecliptic instrument’) found at Jaipur only is
quite a modern instrument but is said to have been made according to

! The gnomon is supposed to be twelve units or 720 minutes in length,
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Jagganith's instructions ; and there still isx at Jaipur the old masonry work
for a much larger instrument of the same tvpe. The Kranti Vritti Yantra
15 used for direct measurements of celestial latitude and longitude. It consists
of two brass circles (figure 538) pivoted so that one alwavs moves in the plane
of the equator and the other in the plane of the ecliptic. It is more suitable for
demonstration purposes than for actual observation. (See page 51.) This is the
Torquetum of Reglomontanus (1434-1476). which was rejected by Tvcho Brahe ax a
clumsy nstrument.'

24. At Jaipur I was shown a modern Hindu astrolabe or Yauntra Raj, dated
Samvat 1799 (=A.D. 1877). It is a single dise thulthi or tripartite instrument
or latitude 27° N, with an ecliptic circle and ruler. On the obverse of the dise
are engraved azimuth lines for 30°, 60° and 90° and also the temporal hour lines

and also the names of the following stars :—

{

0

XN.le o lnstiament. Modern N e : N.m: ornstrament. Motera Name,
- - | S ——
1 Samudra pakéi . < 2 (it S 9 Chutra . . . . a Verginds,
‘ |
2 Rohinl . . . <o Tuurd, 1 10 Svatl . . . a Bootis,
3 Ardra . . . .l Oronds . 11 Anuradha a2 Scorpil.
4 Lubdhaka S Cunis Majoris, 12 Abhyjit . . . a Ly
I .
5 Pus'yu . . . .8 Caneri, 13 Sravany . . b Aquile.
6 Magha . . . .1 Leonis, 14 Satajiva . . . A Aqudie,
7 ? . . . . . 15 Pdrvabhadrapada B3 Prgasi
3 Hasta . . . . s Corvi.

The ruler is of the same tvpe as those emploved on the face of certain
medizval European Iinstruments (see p. 26).

25. The Dhruva Bhrama Yantra or °Circumpolar instrument’ is another
modern Hindu instrument of rather crude workmanship. 1t consists of a
square plate with a slit near to and rarallel to one edge and a freely revolving
weighted index with four pointers. If the plate is held vertically in such a
position that the Pole star and the star Markat! (Kochab or B Urse Minoris)
are in line with the slit then the pointer marked Ghati will indicate sideral time
in ghatis.* The other pointers indicate the rising sign, the sign on the meridian
and the rising. meridian and setting nakshatras.” The back of the instrument
is marked Twriya Yantra (quadrant instrument) and consists of a hinged rod,
two sighting rings on the edge parallel to the slit and a graduated quadrant
consisting of eleven scales. When the sun shines through the ~ighting ring
the index shows the altitude and the time. Also a list of the I8 wakshatras
(initials only) starting with Advini and proceeding in the usual order’ i< given,
and to each asterism is attached a number varving from 12} to 18]
171\-%71&. \\'4)LF7'.:;7~‘P]/1"117‘ !];7"]8"7'0/7""11}- - 161 ;;1(1 J.L.E Dreyer.,  Tycho Brale p. 317, T
2 The Hindus reckon their sideral time from the nsmg of the vernal equmox and henee it differs from

FEuropean tume by 6 hours.
$8ce Garett, p. 62 nd plate X
E
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6. Other instruments.—Some time before 1839 Rija Ram Singh of Kotah
presented to the Government of India an instrument similar to the Dhruve
Bhrama Yantra described above. The Raja’s instrument was of massive silvert
and was made In A.D. 1834. On the reverse is the ‘sine quadrant’ usually
found on astrolabes (see page 22).

The armillary sphere referred to by Tod (see p. 16) is still in existence,
and is a very elaborate affair although not of much practical use.”

At the Lahore exihibition of 1864 were several astronomical instruments of interest
—particularly some astrolabes from Kapurthala. The list of instruments—drawn
up by a Hindu astrologer—is curious and valuable® One of the entries is—
“ Yant: Raj—the usturlab of the Yunani.”

L onrnal of the Asiatic Society of Bengnl 1839, p. 831f.

2] am indebted to Mrs. Borough Copley of Kotah for this confirmation of Tod’s statement and for
a photograph of the armillary sphere.

2 Sce B, H, Baden Powell's Hand Book of the Mannfuctures and Arts of the Punjab, 1872, p. 259f.




CuoarTER VL—MASONRY INSTRUMENTS.

27. The masonry instruments, which vary in size from a few feet to 90
feet in height, are Jai Singh’s chief work. It has already been related how
Jai Singh discarded brass instruments and built massive masonry ones in their
place. His reasons appeared to be, but were not altogether, sound. The brass
instruments were, he said, faulty because of their mobility and size.! The axes
became worn and the instruments untrue; the graduations were too small for
fine measurements, etc. His remedy was to make large immovable instru-
ments : but he thus stereotyped his designs and hindered futher improve-
ments. The larger and more immobile an instrument is the greater is the
difficulty in making alterations and improvements. Jai Singh sacrificed facility
for supposed accuracy.

Hunter states that Jai Singh himself devised the Samrat Yantra, the
Jai Prakas and the Ram Yantra. These three instruments are indeed peculiar
to Jal Singh’s observatories and must be to some extent attributed to Jai
Singh’s personal ingenuity.® Jai Singh used other stone instruments such as
the mural quadrant and cylindrical dial but these were not mentioned specially
in the preface because they were common to many observatories. They are
however mentioned in Jaganndth’s introduction to the Samrat Siddhanta (see
page 3).
- The masonry instruments are :—

(a) Samrat Yantra at Delhi, Jaipur (2), Ujjain and Benares (2). Figures
34, 35, 43-46, 66 and Plate XV.

(b) Jai Prakas at Delhi and Jaipur. Figures 30, 32, 33 and Plate XVIII.

() Ram Yantra at Delhi and Jaipur. Figures 47, 48, 49, 59 and Plate
XVII.

(d) Digasa Yantra at Jaipur, Ujjain and Benares. Figures 63, 65 and
Plates XXIV and XXVI.

(e) Dakshinovritt: Yantra at Jaipur, Ujjain and Benares. Figures 56
and 62.

(f) Nari-valaya Yantra at Jaipur. Ujjain and Benares. Figures 53 and 63.

(9) Vritti Shastamsaka at Delbi and Jaipur.

(k) Misra Yanira at Delhi. Figures 50, 51 and Plate XIX.

(?) Rasi Valaya at Jaipur. Figures 54 and 53.

(j) Kapala at Jaipur. Figure 3L.

The last three of these instruments are possibly of later date than Jai
Singh. They are mentioned in neither of the contemporary lists.

1 The contrast with the procedure in Europe is interesting. The European scientist recognised the
inevitability of error and took measures to counteract it (e.g., with the micrometer, vernier, telescopic
sights, ete., ete.) Even a modern theodolitre as a useful astronomical instrument is worth more than all
Jai Singh's large buildings. Possibly Jai Singh’s power and wealth incline!l him to move in a directisn
that could not lead to the desired end. See page 9J.

23¢0 puge 86,

E}
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¢8. The Samrgt Yantra or ‘Supreme instrument ™ is, as its name implies,
the most lmportant. It is an equincetial dial consisting of a triangular gncmon
with the hypotenuse parallel to the earth’s axes, and on either side of the
gnomon is a quadrant of a civele parallel to the plane of the equator. It is
in principle one of the simplest “equal hour’ sundials.

In figures 34 and 35 AB is one edge of the gnomon, the angle ABC 1s
equal to the latitude of the place, EF and GH are at right angles to AB as also
are DF, MH. If KL 1s the direction of the sun then the arc KG indicates
he time before noon, and the angle HGL the declination or sun’s angular dis-
tance from the equator. In the actual structure the considerable width of AA!
and GE (each being over 9 feet at Jaipur) practically duplicates the instru-
ments. Each edge of the q¢uadrants is graduated in hours and minutes® as
well as in degrees and each edge of the gnomon has two scales of tangents

one from H to B and the other from ¥ to A. In the figuretan HGL:%

and GH is the radius of the quadrant MKG.

The shape of the gnomon is generally a parallel trapezium as in figure
34, ABB'C. In the same figure GE represents the position of the quadrants
as they enter the gnomon. HG=FFE is the radius, and the lines radiating from
¥ and G show the construction of the scales of tangents (n the edge AB.

In the following hst the examples of the Samrdt Yantra are envmerated
and their dimensions (with reference to figure 34) are given.

SAMRAT YANTRA.

Heaht. Bree Hypote- Radus Wdth of  Ancle ABG
AC i Ac i ’
Delhi . . . . . 68’ 6y 47 113" 6~ 1287 6” 197 6” Ty 28° 37°
Jaipur . . . . . 89’ 9” : 733 1467117 174707 19 10 E 9 37 26° 53’
g 18" 67 37w ‘ 10" 8" 9 11 { '
! ; i
Cjjain . . . . . 2200 I 15" 6" 1376 e |91 | L 23° 10
Benares N 2 1 [ 167 11} 357107 397 817 | 9 11° ‘ 37107 | 25° 147
8 3 % 1w | TTAT SO PR E 32" 1 17 9° 25° 19°

These dials give apparent solar time which varies from day to day owing
to (1) the eccentricity of the earth's orbit and its consequent more rapid angular
motion in the winter (when it 1s nearer the sun) and its slower motion in
cummer ; (2) the obliquity of the ecliptic® Consejuently a clock going re-
gularly does not agree for long with solar time. In India there is another
element of difference to consider due to the standard time beiug fixed for the

T Wilhams says the Arabie name was = Kootoop bede in Hidu drooy )’
2 They were originally graduated in ghats and  peains,
8 These are two principal causes but all other causes combined only alter the ejuation of time by

2 few seconds,
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longitude of 821° degree east of Greenwich or 5} hours before Greenwich time.
A table that will enable the observer to compare roughly the dial time with
clock time is given in appendix C.

29. The Jai Prakjs is called by Jagannath sarva yantra $iromani °the
crest jewel of all instruments.” It is a hemisphere on the concave side of which
are mapped out certain co-ordinates. (ross wires are stretched north to south
and east to west and the shadow of the intersection of the wires falling on
the surface of the hemisphere indicates the position of the sun in the heavens:
other heavenly bodies can be observed direct by ¢ placing the eve ' at the proper
graduated point and observing the passage of the body across the point of
intersection of the wires. For this purpose passages arecut into the hemisphere
and the instrument is duplicated.

The construction of the instrument is seen in the plan and section shown
in plate XVIII and in figures 30, 32 and 33. Figure 38 shows a projection of a
complete Jai Prakas. The outer circle represents the horizon and is graduated
in degrees. From the centre azimuth lines and altitude circles are drawn.
(These are not all shown in the plate ) The pole P is at a point on the meri-
dian line, BD, at a distance from the point B equal to the latitude of the
place (In the plate 28°37" approximately). The equator, AEC, and tropics, fff
(Capricorn), ggg (Cancer), and intermediate diurnal circles (not shown) are drawn.
The equator cuts the meridian at a point, E, at a distance from the centre
point equal to the latitude of the place (28°37') and the other circles cut
the meridian at distances 231°, 20°12" and 11°30" on either side of the equator.
Through the pole, hour circles Pa' Pa*, Pa’, etc., are drawn. The circles Ak,
6, 71, kk are circles of the signs and are such that when the shadow falls
on any one of them the corresponding sign is on the meridian. Two such circles
cut each of the seven diurnal circles on the meridian and cut the neighbouring
diurnal circles at the proper intervals. At Jaipur a similar instrument (figure
31) called Kapala (‘cup’ or ‘hemisphere’) is so constructed as to show °rising
signs . In this instrument the edge of the hemisphere corresponds not to the
horizon but to the solstitial colure (i.e., the circle passing through the poles
and the solstial points) and thus is the Ja: Prakas§ turned through a right
angle.?

The Jai Prakis is found only at Delhi and Jaipur. The diameter of that
at Delhi is 27 feet 5 inches and that at Jaipur 17 feet 10 inches. (See plates
XVIII and XXI).

30. The Ram Yantra is the third of the stone instruments mentioned in the pre-
face to the Zij Muhammad Shaki (page 13). The Pandits say it was named
after Ram Singh, a predecessor of Jai Singh’s. According to Hunter the instrument
was also known as Ustuwani, which was tne name given by al-Biruni® to an astrolabe
on a cylindrical (orthographic) projection he devised. The Ram Yantra is a
cylindrical instrument open at the top and having at its centre a pillar. The floor

1The method is very crude and the observations must have been very rough approximations enlv.
2 The Jat Prakis was known to the Arabs as al-Mastarah. For descriptions .ee L. A, Sédillot’s 3fé¢moire and
Blagrave's Art of Dyalling quoted below ( p. 86).
The Chronology of Nutions p. 357 {.
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and the inside of the circular wall are graduated in scales of tangents for altitude
and azimuth observations. The height of the wall from the graduated floor 1is
equal to the distance from the circumference of the central pillar to the inside of the
wall. To facilitate observation the floor is broken up into sectors (see figure 47 and
plate XVII) and consequently, as in the case of the Jai Praki$, complementary
buildings had to be constructed (see figure 41). The walls also are broken up and
one section of the wall corresponds to one sector. At Delhi there are 30
sectors each of & dezrees in each building, but at Jaipur there are 12 sectors only and
their angle is 12 degrees in one instrument and 18 degrees in the other, the
spaces between them being respectively 18 and 12 degrees.

On each side of the wall sections are notches in which sighting bars can
be placed horizontally. The construction is illustrated in plates XIII, XVTI,
and XXI and in figures 47, 48 and 49. Figure 41 gives a good view of the
buildings as a whole. Examples of the Ram Yanira exist at Delhi and Jaipur
only and the Jaipur instrument is quite a modern one.

The dimensions of the two Instruments are :

i

f: Inside dia- ' Height. i Diamoter of
| meter. = pillar.
|
Delhi sy 24’ 8 5 3y
| {
Jaipur . 23 1 } 1’ ¢ 2

31. The Digamsa Yantra (‘Azimuth instrument’) although not actually men-
tioned by Jai Singh in the prefaceis given, however, in Jagannith’s list (see
p.3). It is a simple and useful instrument and examples of 1t still exist
at Jaipur, Ujjain and Benares. The instrument consists of a pillar surrounded
by two circular walls (see plates XXI and XXVI, DD). The central pillar is
generally about 4 feet high and the inner wall the same height while the outer
wall is twice that height.

Cross wires are stretched from the cardinal points on the outer wall and both
walls are graduated. The inner wall is a convenient height for a man to walk on
and to look over the outer wall. By the aid of a movable string and an assist-
ant, azimuth (horizontal angles) observations can be made with fair accuracy.
The instrument may be described as a fixed large circular protractor.

The dimensions of the several Digansa Yantras are-—

DIAMETERS. “ HEiGHTS.
Outer wall. Inner wall. Outer wall. - Inner wall.
T B "
Jaipur . 27 17 6 ( 6 5 j 3 247
Ujjain . 367 107 » I U
Benares 3167 210 0 8 ¢ ¢ 1

1 It was built in 1801. There are also two small Ram Yantras which were counstructed as meodels.
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Jagannith’s deseripticn of the Digamsa Yantra is as follows :— Make a
circle on the ground with any radius. This circle is called the horizon. We
shall have to make three horizons here. On the first circle build a solid pillar-
On the second circle build a ring-like wallas high as the pillar on the first
circle.  On the third circle make a ring-like wall twice as high as either of
the former. On all these horizons mark the east to west and north to south
lines and degrees and minutes. Stretch tightly two threads across the exterior
wall to represent the east and west and north and south lines intersecting at right
angles over the centre of the horizons. At the centre of the pillar, fix securely
one end of a string, to the other end of the string fasten a stone and place
it over the edge of the third horizon. This thread is called the °thread of the
circle of visien.””

32. The Narivelaya Yanira (‘ Circular dial’) is mentioned by Jagannith and
it occurs at Jaipur, Ujjain and Benares. It may be described as a evlindrical
dial—the axis of the cylinder pointing north and south.and the northern and
southern faces being parallel to the plane of the equator. At the centre of
each face and at right angles to it is an iron style surrounded by circles grad-
vated into hours and minutes and ghatis and pales respectively. The shadow
of the style marks the time of the day and the instrument also shows very effec-
tively the passage of the sun across the equator (the equinoxes). See figures
53 and 65. Jagannith remarks about this instrument that it is rot of much
value because it eonly gives readings for northerly observations. This applies
to some extent to the Benares instrument (see figure 63) but not to those at
Ujjain and Jeipur. The latter, however, is quite modern.

33. The Dakshinovritti Yantra (‘ Meridian circle’) is like the mural quadrants
found in most medieval observatories. It consists essentially of a wall in the
meridian and on the wall are two graduated quadrants and centre pins (see
figures 56 and 62 and plates XXIV and XXVI) which were used for observing
the altitudes of heavenly bodies when passing the meridian. The instrument corres-
ponds to the modern transit circle. Originally there was one at each observa-
tory but that at Delhi has been destroyed.

33(a). The ShashtamsSa Yantra (‘Sextant ') occurs at Delhi and Jaipur only
and is really another form of meridian circle. It is a large graduated arc lyving
in the meridian and is built in a ‘ dark room’ at the bottom of the masonry
work that supports the huge quadrants of the Samrat Yantra. A small orifice
some 30 or 40 feet above admits the light of the sun at noon and the image of
the sun on the graduated arc marks with fair accuracy the sun's altitude. It
is thus the aperture dial of the Muslims (see p. 82). At Jaipur there are two
“dark rooms,” one under each quadrant of the Samrit and in each room are
two arcs the radius of each being 28 feet 4 inches. The *dark room * at Delhi
is at present inaccessible.

34. Of other masonry instruments there are the Misra Yantra (‘mixed instru-
ment’) at Delhi and the Rasi Valaya (zodiac dials) at Jaipur. There are some
indications that these two instruments, or rather sets of instruments, were not
devised by Jai Singh and therefore they will be described in detail when the
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observatories at Delhi and Jaipur are dealt with. The most notable feature of
the Misra Yantra is the set of ares for meridians at Greenwich and Zurich on
the west and two corresponding places on the east. The Radi Valaya i1s a set
of twelve dials connected with the rising signs and which show the sun’s latitude
and longitude.

35. Of these instruments it is claimed that Jai Singh devised the Samrit
Yantra, Ja1 Parkd$é and Ram Yantra. The evolution of these instruments will
be dealt with in a concluding chapter but it may be remarked here that Jai
Singh’s ingenuity was chiefly concerned in the transference of designs previously
executed 1n instruments of comparatively small size to huge masonry instru-
ments. No new invention in the ordinary sense of the word was attempted.
The Samrat Yantra is in principle a very simple form of sun-dial, but it is an
efficient instrument and, as Jai Singh designed it, a dignified structure. ‘There
is, so far, no evidence to show that the tangent scales on the edge of the
gnomon had been previously used as on the Samrat Yantra ; therefore, besides
the general design, we may credit Jai Singh with this device. The Jai Praka$
or ‘invention of Jai’, as it may be called, and which Jaggannath calls the
‘crest jewel’ is really a sort of combined armillary sphere. Possibly the astro-
labe projections suggested the idea to Jai Singh. In a manuscript copy of a
work by Abdul Ali Barjendi' (died A.D. 1523) mest of the details of such an
instrument as the Jai Prakas are given. Jai Singh’s duplicated instrument is
however his own design and probably the introduction of the culmination sign
lines must be attributed entirely to his own invention.

The Rim Yantra is only original with respect to its size and the duplica-
tion of the instrument. The meridian lines of other places on the Miéra Yantra
at Delhi was not a new idea. It had, at any rate, been worked out for vertical

gnomons. The Ras1 Valaya seems to be entirely original, but it is of doubtful
utility as an instrument for observation.

1 Abdul ‘Ali b. M. al-(osein, Nizam al-Din al-Barjendi wrote a commentary on Nagir al-Din’s recen-
sion of the Almagest, 2 commentary on Nagir al-Din’s treatise on the astrolabe, a comment on Ulugh Beg’s tables,
a treatise on astronomy, ete. Iam indebted to Khan Bahiddur Pir Mazaffar Ahmed of Delhi for the loan of this
manuscript, which was written out by one Qabad b. ‘Abdul Jalil in A. H. 1066 (=A.D. 1655) at Hyderadbad. Its
date and its presence at Delhi suggests the possibility of its having once belonged to Jai Singh’s library.
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Cearrer VIL—THE DELHI OBSFRVATORY OR JANTAR MANTAR.

For the Dellii observatory. known as the Jantar Mantar, we have the following
approximately corrvect elements :—
Latitude 28° 37" 35 N1
Longitude 777 13" 5" K. of Greenwich.
Height above the sea-level 695 toct.
Magnetic declinaticn . 1+ 15 in 1915, Annual variation—1".
Local time 12 minutes 12 seconds after standard time.

36. The observatory is 3 miles 31 furlongs almost due ~outh from the Pir
Ghaib, the Trigonometrical Survev point on the Ridge near to Hindu Rao's
House. It is alo 1 mile 7} furlongs 32° west of south from the Jama Masjid.
In the projected new city the observatory borders (on the eaxt) the road leading
from the railway station to the Secretariat and Government House. It conse-
quently will be a notable feature in the Imperial Capital and, apart from its
historical value. it 1s desirable that it be made. by suitable surroundings and
proper restoration. as dignified as possible.

The general plan® (Plate XHI) of the observatory shows the following struc-
tures :—

(@) The Samiat Yanwtra (*Supreme instrument” ) a huge equinoctial dial.
Figures 40. 43-46 and plate XV.

(b) The Jai Prakds$ consisting of two hemispherical structures just to the
south of the Samrat Yantra. Figures 41 and 42 and plate XVIII.

(¢) The Ram Yantra consisting of two circular buildings to the south of
the Jai Prakad. Figures 41. 47-49 and plate XVII.

(d) The Misra Yantra (‘mixed instrument’) north west of the Swmrat Yantra.
Figures 50 and 51 and plate NXIX.

(¢) Two pillars south-west of the Jisra Yantra.

(/) A measuring platform just south of the Misra Yantra.

37. The Samrat Yantra ix the central building of the observatory. It is
the largest and most imposing, although a considerable portion of it is below
the surface of the earth. It 1%, indeed, built into a quadrangular excavation
some 15 feet deep, 1253 feet from east to west and 120 feet from north to
south. The structure is 68 feet high, of which 60'3 feet is above the earth's
surface ; 125 feet from east to west and 1133 feet from north to south. The
details are exhibited in the plans and photographs (plate XV and figures 40,
ete.). The essential parts are the inclined edges of the huge gnomon and the
quadrants attached to it®> The edges of the gnomon paint to  the celestial

tin 1734 Father Boudier. who helped Jar Simghe obtommed 250 377 X0 and 757 07 Fast of Pars for the
Deihi observatory. Rernel gquotes Boudier as giving longitude 757 407 The Jong tace of the Paris obeer atory
18 230713537 K. of Greenwich)  Hunter gives Lat. 28377 367 and long. 77 27 27" E. Far the latitude Ju b’m;.h
obtuned 28 397 07, Nee page 128,

2 The Delhr plans were prepared for me by the Publie Works Department, wade/ the sape Titende 1cs
of Mr. Glen, Excentive Engineer. ~

3 Yor the theory of the instrument ses p. 36.

e e et
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north pole, that is thev make an angle (28°37") with the horizon equal (approxi-
mately) to the latitude of Delhi and are parallel to the earth’s axis. The
quadrants (M K G E D, figure 33) are at right angles to the gnomon and therefore
the circles of which they form part are parallel to the plane of the equator.
These quadrants have each a radius of 495 feet and are graduated on each
edge in hours, degrees and minutes’, the scales on the northern edges being
marked in English and those on the southern edges in Indian syvmbols. The
edges of the gnomon are marked with scales of tangents as already explained
(page 36, see figures 34 and 35). The shadow of the edge of the gnomon on the quad-
rants gives the local time. In figure 49 the time is about ten minutes to four
in the afternoon. The sun’s declination is found by chserving which part of
the gnomon's edge casts its shadow on one of the edges of the corresponding
quadrant (see page 36).

In the mass of masonry work that supports the east quadrant is a chamber
which contains the Shashthdinéa Yantra. This is a large graduated are 60
degrees in length built in the plane of the meridian ; and through a small
orifice near the top of the quadrant the sun, as 1t passes the meridian, shines
on the arc and indicates its meridian altitude, from which its declination can
be directly deduced. The chamber was closed up when the cbservatory was restored
n 1910.

On the top of the gnomon 1is a circular pillar which was probably used
originally for rough azimuth observations, but which is now surmounted by a
small sundial of the European type. This was probablvy constructed in 1910 :
the pillar, but not the dial, appears in the Daniells’ drawings (figures 43 and
44).2

The lower part of the structure is now, more or less permanently it seems,
below the water level of the locality. The height of the water varies®* but
for a great part of the year it covers the lower part of the quadrants and the
steps and prevents access to the west quadrant altogether ; and it makes the
structure useless for astronomical purposes. If the instrument is to be saved,
means must be taken to prevent the water percolating to the foundations.

According to Jai Singh the Samrat Yantra was built of stone and lime.*
Hunter and Thorn say that the edges of the gnomon and quadrants were
of white marble and von Orlich speaks of marble staircazes (see page 48).
The quadrants are now faced with lime but the time graduations are well
marked with a soft black stone neatly inlaid into the fuce of the quadrant.
The graduations on the edges of the gnomon are scratched into the lime plaster
surface and are becoming obliterated.

2 Joi Singh gives 13 cubits ws the radivs and one minute as equal to a barleyeorn and-a-half,

e

pave 13

b The time scales are on the upper surfaece of the quadrants and the degree scales on the extreme edges,
The Furopean symbols were probably introduced at the restoration in 1010,

2 In Deeember lost a Tiig neanetrical Survey paty was using the top of the gnomon as a point of ob-
servation and  found the dial in the way. The pillar as 1t was origmadly designed was exactly suitable for
their purpose,

3 In January 1916 its maximum depth was about 4 feet while at the end of August it was 3 fect deeper.

i see Pretace to the Zip Mulammad Shaki p. 13 above.
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ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 43

An examination of the Daniells’ drawings and recent photographs (see figures
43-46) shows that only minor alterations have been made during the last hun-
dred years. There is a slight difference in the entrance to the gnomon steps ;
in the old drawings is shown a set of subsidiary steps to the right of the main
steps on the gnomon ; and there was formerly no dial at the top of the gno-
mon.

38. The Jai Prakas consists of two complementary concave hemispheres
situated immediately south of the Samrat Yantra. Their structure is best seen
in plates XVIII and figures 41 and 42. Theoretically only a single hemisphere
is necessary, but to facilitate observation pathways are cut into the surface ;
and the second Jai Prakis has the pathways in such a way that the two ins-
truments together show the complete surface. Cross wires were originally
stretched across the hemispheres north to south and east to west, and the sha-
dow of the intersection of these wires on the concave surface of the hemisphere
indicated the position of the sun. The surface of the hemisphere is marked with
altitude and azimuth circles, the tropics and intermediate circles (declination
parallels), etc., so that the position of the sun can be directly read off. Also
there are °circles of the signs of the zodiac ’ by which the particular sign on
the meridian 1s indicated by the position of the sun’s shadow.! In the Delhi
instruments the cross wires have been discarded although the pins to which
they should be fastened are still there ; and iron rods (2 inch galvanized piping)
have heen fixed at the centre of each Jai Prakas. The pipes should be removed
and the cross-wires replaced.

The descriptions given by Hunter and Thorn seem to indicate that there
was a century ago only one Jai Prakis. Hunter's words are : " Between these
two buildings, (i.e., the Rim Yantra) and the great equatorial dial is an instru-
ment called Shamluh. It 1s a concave hemispherical surface, formed of mason
work, to represent the interior hemisphere of the heavens. It is divided by
six ribs of solid work and as many hollow places; the edges of which represent
meridians at the distance of fifteen degrees from one another. The diameter
of the hemisphere is twentyv-seven feet five inches.” Thorn wuses the same
phraseology. The old drawings and photographs are ambiguous on this point
but they show that the original structure has been altered considerably. Pro-
bably there were two complementary instruments originally but one ot them
had disappeared.

39. The Ram Yantra consists of two large circular buildings complementary
to each other situated south of the Jai Prakas. Their general structure is best
seen in fizures 39, 41, 47-49 and in the plates XIIT and XVII. Each consists
of a circular wall and a pillar at the centre. The height of the walls and
pillar from the graduated floor is equal to the inxide radius of the building
measured from the circumference of the pillar to the wall. vz, 24 feet 61 inches
and the diameter of the pillar 1s 5 feet 3} inches. The walls and floor are
graduated for reading horizontal (azimuth) and vertical (altitude) angles. To

1 For a more detuled account of the theory of the instrument sce p. 37,
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facilitate observation the floor is cut up into thirty sectors with the spaces
between of the same angular dimensions as the sectors, viz., six degrees. The
graduated sectors ave supported on pillars three feet high so that the observer
can ‘place his eve’' at anv point on the scale. The graduated walls are
similarly broken up hyv openings, at the sides of each of which are notches
for placing sighting bars. At Delhi there are no such bars in evidence but at
Jaipur they are faced with brass and carefully graduated. At Jaipur the central
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pillar i> replaced by an iron rod. At Delhi the pillar 1s graduated by vertical
stripes (see figure 48), each six degrees in width, and these are necessary as
a point on the top of the edge (not the centre) of the pillar is the centre for
which the altitude graduations on the corresponding sector and portion of the
wall are made. The old descriptions and drawings show that no important
structural alterations have been made during the last century. The Daniells’
picture (figure 41), however, apparently shows a different entrance to the north

2iam Yantra.
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40. To the north-west of the Samrat Yantra and some 140 feet away is
the Misra Yantra or ‘ mixed instrument’ so named because it combines in one
building four separate instruments. Of these the Niyat Chakra occupies the
middle of the building and consists of a gnomon with two graduated semicir-
cles on either side (figure 50). These semicircles lie in planes inclined to the
plane of the Delhi meridian at angles of 77° 16" W., 68° 34" W., 68°1" E.and
75° 54" B2

The semicircles may be said to correspond to meridians at places whose
longitudes differ from Delhi by these angles and tradition names Greenwich
observatory® and the observatory® at Zurich, ** Notkey a village in Japan where there
is an observatory, latitude 43° 33" N. and Longitude 145" 17" E. of Greenwich ~
and ““ Serichew a town in the Pic Island in the Pacific Ocean east of Russia
latitude 48° 6" and longitude 153° 12" E.”

Let AB (figure 36) be the edge of the Delhi gnomon and 4BD in the plane
of the Delhi meridian. Let .1BE make an angle & with 4BD then 4BE represents
a meridian at a place whose longitude difference from Delhi 1s 8. Let ca,
denote the direction of the sun when it is in the Delhi meridian then the arc
DP will measure its declination ; and 1f CX. be the direction of the sun
when in the plane ABE then EQ will measure 1ts declination. On the Nivat
Yantra the semicircle 4BD is not marked but 4BE corresponds to one of
the masonry semicircles each of which is graduated north and south from E
for the purpose of observing declinations.

On either side of the Niyat Yantra and joined to it is half of an equi-
noctial dial constructed on the same principle as the large Samrit Yantra. On
the west side of the building is a second quadrant the face of which is hori-
zontal instead of being parallel to the axis. It 1s called the Adgra Yantra or
¢ amplitude instrument’ and its use does not seem to have been understood by
the restorers. Hunter makes no mention of this.

On the east wall of the building is a graduated semicircle called Dakshino
vritti Yantra wused for obtaining meridian altitudes. The north wall of the
Miéra Yantra is inclined to the vertical at an angle of 5 degrees (figure 51;
and is  marked with a large graduated circle.  This 1s called the
Ka-ka Rasi Valaya or ‘ Circle of the sign of Cancer.” As the latitude of Delhi

observatory iz 28° 37" 35", and the obliquity of the ecliptic 1s 23° 27" 5" nearly,

the zenith distance of the sun when in Cancer is 5° 10} approximately, and
the sun then shines over the north wall for a short period and the shadow
of the centre pin falls on the graduated circle. This may be the northern dial
referred to by Jagannath (see page 39).

L These are the angles given by the Pandits but according to the measurements of the engineers whe
epared the plans the angles are 77° 18, 69° 50, 69° 427 and 77° 22°. They are difficult to measure

prepar I & .
accurately.

2 This implies that the longitude of Dclhi was taken as 777 16" E. of Greenwich. It is really 77° 317 57,
Zurich observatory is 8% 347 E. of Greenwich,

3 [+ may be noted that Greenwich observatory was founded in 1675 some 50 years before that at Delhi
was built but that Zurich observatory did not come into existence until 1759, some sixteen years after Jai

Smgh's death.
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41. In the front of the Misra Yantra is a platform 47 feet by 43 feet on
which are traces of a quadrant of 20 feet radius. This platform was probably
used for making measurements when the instruments were being constructed
or repaired.

To the south-west of the Miéra Yantra are two pillars 17 feet apart and this
line joining their centres points 33° E. of north. These are mentioned in none
of the accounts of the observatory. If they were part of the original observa-
tory they probably supported one of Jai Singh’s instruments such as are now
found at Jaipur (see figures 28 and 29).

Hunter states that to the west of the Misra Yantra and close to it was a
wall in the meridian with double quadrants. Jagganith, Jai Singh’s assistant,
recorded! that in the year 1651° of the Salivahana era ¢ with this instrument
the latitude of Indraprastha® was found to be 28° 39’ north and the maximum
declination 23° 28".”

To the west of the Samrit Yantra is a small building (a chowkidar’s house)
on which is fixed the Jaipur flag. There is a tree south-east of the eastern Jai
Prakaé that partially overshadows that instrument. The tree should, of course,
be removed. The whole observatory is enclosed by a mud wall about six feet
high with an entrance on the west side.

42. History. The observatory at Delhi was the first one built by Jai Singh
and it is here that the principal observations were made which were to form
the basis of his new tables, the Zij Muhammad Shahi. There is some uncertainty
about the date of construction. Pandit Gokal Chand gives A.D. 1710 and Sa’id
Ahmad Khan gives 1724. The latter states that the observatory was built
“ in accordance with the orders of the Emperor Muhammad Shah in the
seventh year of his reign,® corresponding to the year 1137 of the Hegira.”
(=A.D. 1724-5).°

Jai Singh tells us® that he himself represented the question of preparing
new tables to the Emperor who encouraged him to proceed. “ To accomplish
the exalted command he had received, he (Jai Singh) bound the girdle of reso-
lution about the loins of his soul and built here (at Delhi) several of the ins-
trum&nts of an observatory.” This seems to indicate that the construction was
started after Muhammad Shah ascended the throne. Also Jai Singh himself
tells us that seven years were spent in preparing the tables. In 1719 Jai Singh
was appointed the Emperor’s lieutenant at Agra. Jagannath records observations
made at Delhi in A.D. 1729. The facts seem to point to 1724 as about the
date of the founding of the Delhi Observatory.

Jai Singh tells us that at first he constructed at Delhi brass instruments
of the astrolabe type in accordance with the Muslim books.” These he found

1 S.e pege 3 and G rret page 36,
1 A, D. 1729,

3 Delhu

¢ Muhammad Shih ascerded the throne in 1719 (October 9th).
&

¢

Thorn says : *° The third year of te rcign of Mohammad Shah o1 1724,
Sece page 11.
1 See page 12.
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to be unsatisfactory and therefore he constructed instruments of his own in-
vention such as Jai Praki$ and Ram Yantra and Samrit Yantra ......... of stone
and lime of perfect stability, ete.” In Jaj Singh’s time therefore the observa-
tory probably consisted of the Samrit Yantra, the Jai Prakas$ the Ram Yartra,
a mural quadrant, and some mectal instruments. Of the present buildings pos-
sibly the Mi$ra Yantra was added by Madhu Singh “ who inherited no small
portion of his father’s love of science, *

43. Early descriptions. There are fairly numerous references to the Delhi ob-
servatory in the accounts of travellers of the eighteenth and early part of the
ninteenth century and some of these are worth recording. Father (laude Boudier
and another priest passed through Delhi in 1734 on their journey to Jaipur
(see page 6) and took observations of latitude and longitude at the observa-
tory at Delhi. Unfortunately they have left cn record 1o description of the
observatory or the instruments.

In 1795 Franklin in his description of the city of Delhi® wrote of the ob-
servatory : “ It was built in the third year of the reign of Muhammad Shah,
by the Rajah Jeysing who was assisted by many persons celebrated for their
science of astronomy from Persia, India and Europe ; but died before the work
was completed, and it has since been plundered and almost destroyed by the
Jeits under Juhwaher Singh.”

In 1799 W. Hunter published® a fairly complete account of the Delhi ob-
servatory. The list of buildings and the descriptions he gives show that to the
west of the Misra Yantra ard close to it was wall in the plane of the meri-
dian _on which was described ““ a double quadrant having for centres the two
uppe\r corners of the walls . . . . One degree on these quadrants measured
2-833-inches.”’* Also in describing the MiSra Yantra he makes no mention of
the third quadrant (Agra Yantra) on the west side. Referring to the Samrat
Yantra he states “ It is bult of stone, but the edges of the gnomon and arches
where the graduation was, were of white marble, a few small portions of which
only remain.”

In 1863 Major Wiliam Thorn visited Delhi and later gave a description® of the
observatory. His description, however, is simply a summary of Hunter’s and he
gives no additional information whatever, although he is sometimes quoted as
an authority.

Soon afterwards the Daniells gave two illustrations® of the chief features of
the observatory. These are here reproduced (figures 43 and 44) and they show
that during the last hundred years very little alteration has really taken place ;
but they show some small differences, which have already been mentioned.

1 Tod 11, 372. . . o . -

t An Account of the present State of Delhi. By Lieut. Franklin. Asiatic Reserches, vol. 1v., 1895, p. 431.
Muhammad Shih’s reign commenced in 1719, and Jai Singh died in 1743,

3 Asiatic Rescarches, v, 1799, 177f. . ' ‘

4 He does not mean that he measured correctly to a thousandth of an inch but that it was approximately 232
i i i se 13] feet.
inches. The radius was consequently about 13} . ~

5 Memoir of the War in India conducted by General Lord Lake in 1818, p. I171.

8 Oriental Scenery, 1815, part v, plates XIX and XX. The orizinal drawings for these plates must nave

b en mude about A.D. 1704
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In 1843 von Orlich visited Delhi and made the following notes about the
observatory : It lies in the midst of many ruins: but it was never completed
and has been, unhappily, so wantonly dilapidated by the Juts that the shat-
tered ruins alone are to be seen. However, enough remains to show the plan
of this fine building ; the colossal sun-dials and quadrants, which rest upon
large arches, are formed of red sandstone and bricks and the ascent to them is
by handsome winding marble stair cases.”™

Next comes Sa’id Ahmad Khian's description® whbich was translated by Garcin
de Tassy.® This account is not very reliable but the original work contains
some rough but valuable drawings of the instruments. We read : ©“ Now this
observatory has fallen into ruin; all the instruments are broken and all traces
of the lines of division have disappeared, etc.”

Later writers on Delhi give brief notices of the observatory with, in two
cases®, interesting photographs.

44. Past Restorations. Sa’id Ahmad Khan tells us that in 1852 the Raja .of
Jaipur partially restored the Samrat Yantra at the request of the Archeological
Society of Delhi; and in the Proceedings of the Delhi Archeological Society of the
6th January 1853 we read : “ It having been stated that the large gnomon
of the Junter Munter had been repaired at a cost of Co.’s Rs. 442-1-10,
leaving a balance of Co.s Rs.157-14-2 of the sum presented to the society by
the Rajah of Jeypore, for the repairs of that Observatory, and this being much
too small a sum to enable the Society to complete the repairs or even to build
around a compound wall, which is absolutely necessary, for the security of the
remains from further dilapidation, 1t was unanimously resolved that the Agent
to the Lieutenant-Governor, Delhi, be requested to make known to the Rajah of
Jeypore, through the proper authorities, the inability of the Society to complete
the contemplated work, without further funds.” For many years nothing further
was done. In 1910. His Highness the present Mahdraja of Jaipur sanctioned
the restoration of the observatory at Delhi and the work was completed in
1912, Pandit Gokal Chand was placed in charge of the astronomical part of the
restoration which was carefully carried out. The work comprised the restoration
of the buildings, the regraduation of most of the scales and, in the case of the Jai
Prakas, practically the reconstruction of the whole instrument. Most of the
facings and the graduations were done in lime plaster but the main graduations
on the quadrants of the Samrit Yantra are in a soft black stone very neatly
inlaid in the surface of the quadrants. The graduations in lime ave already
becoming obliterated. On the top of the gnomon of the Samrat Yantra a sun-
dial of European type was erected.

On each instrument a tablet giving the name of the instrument, the date of

! Travels 'a India, London, 1845, p. 49. (The account is not rehable and I am inclined to think
von Ochch aever wisited the observatory ; but what he says is the sort of thing that oecurs in many
guide books).

* thar al-Sanddid 1852. Reprinted 1876,

3 Journal Asiafique V. xv, 1860, 536/,

¢ Carr Stephen.—The drcheological aund Monumental Remains of Delki, 1876 ; and H. C. i'arshawe, Ik .

Pust und Present, 1902,
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restoration, etc., was placed. Some of these were done in marble and some
in plaster. Several of the latter are already destroyed.

45. Future Restorations. The Delhi Observatory buildings are worthy of
permanent preservation, not only on account of their scientific and historic
value, but as monuments to one of the most brilliant and remarkable princes
¢f India, and as forming a dignified feature of the new Imperial City.

The grounds surrounding the buildings should be enclosed by a low wall
and the grounds themselves should be ornamented only by a grass lawn. There
should be neither trees nor shrubs but there would be no objection to flower
beds at a sufficient distance from the buildings. The buildings should be put
into good order without interfering in any way with their present structure.
The present pink colouring should be removed and a natural lime plaster tint
substituted. The graduations should in all cases be made in some more perma-
nent substance than lime plaster. At Jaipur marble and sandstone are both
used and at Benares the latter only. Marble or some other suitable stone
should be employed.

The Samrat Yantra (figure 40, etc.) is the most important of the instruments
and every effort should be made to preserve it permanently. Tts foundations
are in a rectangular excavation which is now partially filled with water. Ap-
parently the bottom of this excavation is lower than the surrounding water
level and consequently the water percolates and covers the lower portions of
the instrument. Not only is it damaging the structure but it makes it useless
for purposes of present observation. To get rid of the water is a problem for
the engineers and possibly they will decide to ‘ concrete’ the whole of the lower
part of the excavation and install a small electric pump. Unless some such
means to exclude the water are taken the chief instrument of the observatory
will be utterly ruined. When the water has been excluded the chamber con-
taining the Shashthimsa Yantra described above (page 42) should be opened out
and the instrument put in working order.

The main graduations on the quadrants of the Samrat Yantra are suitable!
and need not be restored at present but the graduation on the edges of ths
gnomon need restoration badly. This necessitates the edges being refaced with
marble or some suitable stone. The small dial on top of the pillar that is at
the top of the gnomon should be removed. It is of no use where it now 13
and it prevents the pillar on which it is placed being used for its legitimate
purpose. The sun-dial might be placed somewhere out of the way in the
grounds. The space round the pillar is hardly sufficient for working purposes
and it would perhaps be as well to reduce the diameter of the piliar or to
place around it a railing for protection. (An examination of the Jaipur gnomon
shows that some such arrangement would not be in opposition to Jai Singh's
idea.) Thetop of the pillar should be graduated, as most probably it was ori-
ginally, for rough azimuth observations, and should be made perfectly level.

1 ¥t was a mistake, I think, tc introduce European measures ¢ nd sy bols and I should like to

seo the edges
faced with marble as criginally they were, and the old graduation+ replaced.

G
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The position is one for observation and could even now be used, in the spirit
of the original design, for many purposes.

The graduated parts of the Jai Prakas require refacing either with marble
or other suitable stone. The original was in lime plaster but it did not last
very long ; and in 1910 the facing was again done in lime plaster but the graduations
are already becoming obliterated (see figures 32 and 33). The central iron rod
(galvanised piping) should be removed and the cross wires replaced.

The graduation (in lime plaster) on the walls of the Ram Yantra are not
so exposed and consequently not so liable to deteriorate as those in the Jai
Prakas. The walls of the Ram Yantra at Jalpur are in marble but there the
instrument is much smaller than that at Delhi.

The Misra Yantra graduations are all in lime plaster and should all be
done in stone or marble. This means refacing the edges of the gnomon and the
semicircular meridians and inlaying on the quadrants, ete.

The mural quadrant described by Hunter (see page 47) and no longer in
existence might be rebuilt. It was originally to the west of the Misra Yantra
but the space is somewhat limited there. There are examples at Jaipur (figure
56), Ujjain (figure 62), and Benares to serve as models.

The probable use of the two pillars marked on the general plan has been
already explained (page 46). A brass instrument such as the Unnatamsa
Yantra or large Yantra Raj at Jaipur might be replaced.

The tablets on the instruments should be restored and revised, and they
should of course be placed where they can easily be read;' and should give
the name of the instrument, its uses, dates of construction or restoration, the
name of the original designer (in most cases Jai Singh) and the restorers. The
English versions should be revised by a European astronomer.?

1 Two of the present tablets are too distant to be read with ease.

2 The following is an example of those now on the instruments :—

' Kark Rashi Balay Yantra, Restored A.D. 1910, Tested by Jotish Gokal Chand Bhawa, for finding the longi-
tude of the sun when the Cancer or the point 90 in the Faliptic comes over the plane of Meridian.”
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Cuarrer VIII.—JAIPUR OBSERVATORY.

The elements for Jaipur Observatory are approximately as follows :—

Latitude! . . . . . . 26755 274

Longitude . . . . . . 7574971877

Height above sea level . . . . 1,582 feet.

Magnetic declination . . . . E.1°45 in 1915.

Local time . . . is 26 minutes 43 seconds after standard time,

46. The observatory is within the palace precincts about 300 yards east of
the minaret.! It is in an excellent state of preservation and is one of the
‘sights’ of the city. The general plan (plate XXI) shows the arrangement and
some details of the instruments, which are also illustrated in plates XX and XXII.

Not only are there the usual masonry instruments but also a number of
brass instruments of very considerable interest: and in the Museum outside
the city walls are other brass astronomical instruments that no doubt formed
part of Jai Singh’s astronomical equipment. These latter have already been
described in some detail (p.16 seq.): some of them are of very great interest and
value. The following list enumerates all the instruments in the observatory and
the more important of those in the museum :—

MasoNRY INSTRUMENTS.
Samrat Yantra . . . . . . . . . Plate XXI.

Shashthinsa Yantra . . . . . . .

Rasi Valaya . . . . . . . . . Figures 54 and 55.
Jai Prakas . . . . . . . . . . Tigure 30.
Kapala . . . . . . . . . . ' 31.

Ram Yantra . . . . . . . . . " 59.
Digamsa Yantra . . . . . . . . Plate XXI.
Smaller Samrat Yantra . . . . . . . Figure 52.

Nari Valaya Yantra . . . . . . . . » D3,

Dakshinovritti Yantra . . . . . . . . » D6,
MEeTAL INSTRUMENTS.
Chakra Yantra . . . . . . . . . Figure 57.
Kranti Yantra . . . . . . . . . ” 58,
Unnatamséa Yantra . . . . . . . .
Yantra Réja or Astrolabe . . . . . . . Figures 28 and 29.
In the Museum.

Astrolabe A . . . . . . . . . Figures 5and 7.

' B . . . . . . . . . ' 6, & and 13.

. D . . . . . . . . . » 10, 11 and 14.
Zarqali astrolabe . . . . . . . . . ' 19 and 20.
Miscellaneous . . . . . . . . . ' 26, 27.

L The position of the palace minaret (Isri Lat) about 200 yards to the west of the observatory enclous-
ure, is Lat. 26° 55" 274" N., Long. 75° 49" 18'5" East of Greenwich. Tieffenthaler gave for Jaipur 26° 53
N. and 73° 43" East of Paris. Father Boudier gave for the observatory Lat. 26° 6’ N. and Long. 73°
50’ E. of Paris. See page6.
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47. Samrat Yantra.—The large Samrat Yantra is situated at the south-east
corner of the observatory enclosure. It is the largest of all of Jai Singh's
instruments being nearly 90 feet high and 147 feet long, and the radius of the
quadrants 49 feet 10 inches. It i1s graduated to read to seconds but this is
impossible in practice owing to the ill defined shadow (i.e., due to the size of
penumbra). The tangent scales on the edge of the gnomon (see p. 36) cannot
now be used owing to the instrument overlooking the palace zenana enclosure.
The readings of the quadrants appear to be slightly inconsistent, the eastern
quadrant giving readings that are about two minutes out as compared with
the time registered on the western quadrant.

The general structure is the same as that of the Delhi instrument but it
is of somewhat more elaborate construction and on a larger scale. Like the
Delhi instrument the foundations are below .the ground level but the floor is
pukka and proper arrangements are made for drainage.

Shashtamsa Yantra.—The Shashthimda Yantra, or sextant instrument, is
a huge convex arc of 60 degrees and of 28 feet 4 inches radius lying in the
meridian. There are two pairs of such ares built into the masonry that sup-
ports the east and west ends of the Samrat quadrants. A small hole in the
roof of each structure allows the sunlight to fall on the arc at noon. The
instrument is capable of giving very accurate results but the readings are said
to be In error to about 4 minutes.

Rasi Valaya Yantra.—The Rasi Valaya or ‘ecliptic instrument ’ consists of
a collection of dials situated on a platform to the west of the Samrit Yantra
(Plate XXI and figures 54 and 55). There are twelve such dials one for each
sign of the zodiac (that for Capricornus is seen in figure 55) and each instrument
is exactly of the same type as the Samrat Yantra, but the quadrants lie, not
in the plane of the equator, but in the plane of the ecliptic when the parti-
cular sign is on the horizon, and the edge of the gnomon then points to the
pole of the ecliptic : consequently at the proper moment the instrument indi-
cates the sun’s latitude and (with appropriate graduations) longitude. The radius
of the quadrant is 5 feet 6 inches in the case of four instruments and 4 feet
1} inches in the case of the other eight. The contemporary lists do not mention
the Rasi Valaya.

Jai Prakas.—The Jai Prakds is constructed in the same manner as the
Delhi instrument (Plate XXI anl fizure 30). The principle of the instrument
has already been explained (p. 37). It was completely restored in 1901, in
white marble and the various circles were then marked in different colours.! Tt
is 17 feet 10 inches in diameter. The instrument shows time and declination
and the signs on the meridian.

Kapala.—The Kapila 1s another hemispherical instrument and is peculiar
to Jaipur (figure 31). There are two examples—one being a hemisphere with its
upper edge representing, as in the Jai Prakis, the plane of the horizon while
in the other it represents the solstitial colure. The latter indicates ‘rising signs ’
instead of meridian signs. Each Kapila has a diameter of 111 feet and is a

1 1 he colours have since disappeared.
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complete hemisphere, that is, no pathways are cut as in the Jai Prakas. The
graduated rims are in marble but the remainder of the surfaces are in lime
plaster.

Ram Yantra.—There are four instruments in white marble (plate XXI and
figure 59) but all of them are quite modern (? 1891) and were made according
to Jaganndth’s instructions. In principle they are exactly the same as the
instruments at Delhi but are much smaller, the larger pair being 23 feet 11
inches in diameter. The sectors are twelve in number occupying 12° each in
one instrument and 18° in the other. For an explanation of the construction
see p. 37.

Digamsa Yantra.—The Digaméa Yantra or azimuth instrument has already
been described (p. 38). There is no such instrument at Delhi but there are ex-
amples at Ujjain and Benares (Plate XXI).

Nari Valaya Yantra..-There are similar instruments, but much smaller,
at Ujjain and Benares. The instrument at Jaipur is a masonry cvlinder some
10 feet in diameter.! The axis of the cylinder is horizontal and in the plane
of the meridian and the parallel faces which form the dials are in the plane
of the equator. The dials are graduated into ghatis and palas and also hours
and minutes. According to Garrett the southern face was added by Jai Singh's
grandson, Maharaja Purtip Singh.

Dakshinovritti Yantra.—The construction of the Dakshino Vritti Yantra
or mural quadrant is clearly seen in plates XXI and figure 56. It is of the
same principle of the similar instruments at Ujjain and Benares (that at Delhi
has disappeared). On the east face are two quadrants of 20 feet radius and
on the west face is a semi-circle of 19 feet 10 inches radius. It was used for
taking meridian altitudes,

The metal instruments have already been described in detail (page 16 seq.).

48. History.—Jaipur city was built about A. D. 1728 and the observatory
was constructed about A. D. 1734. The earliest detailed description is that by
Tieffenthaler, a Jesuit Missionary who travelled in India from 1743, the date
of Jai Singh’s death, to 1786 ; but the earliest reference to the observatory is
possibly that by Father Boudier who with another priest visited Jaipur in 1834
and made observations. He makes no references to the instruments® and thev
were possibly only in the course of construction at the time of his visit, Hé,
however, mide observation for the determination of the latitude and longitude

of the observatory itself.’

Tieffanthaler’s description® of the observatory is as follows :—

“ But a place that deserves detailed description is that where astronomical
observations are made: it 1s such a work as is never seen in this part of the
world, and, by the novelty and grandeur of the instruments. strikes one with

! n the general plan (plite NXI) the supporting masonry work is not shown but see figu-e 32.

2 Neither does he make any reference to the mstruments at Delhr although he made observations there
long after the observatory was  built.

3 Lettres édifiantes, cte.. pp. 269-200, Nee page 6.

8 Des Pater Joscph  Tieffenthales’s  kistorisch—geographische  Beschreibung von Hundustan, 1755, voi i,
p. 244f. French ed’iion, p. 316 1.
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astonishment. This large and spacious observatory is close to the King’s palace.
It is situated on a plain surrounded by walls and was constructed especially
for the contemplation of the stars.

“On entering one first sees the twelve figures of the Zodiac all arranged
in a large circle and made of purest lime. Next are seen diverse sections of
the astronomical sphere, fixed according to the height of the pole at the place—
with diameters of 12 or more Paris feet,' and besides these some large and small
equinoctial dials and some astrolabes made in lime, also a meridian line and
a horizontal dial engraved on a very large stone.

“But what attracts most attention is a gnomon (axis mundi) remarkable
for its height of 70 Paris feet® and for its thickness—constructed in brick and
lime, situated in the plane of the meridian, with an angle equal to the height
of the pole. On the summit of this gnomon is a belvedere which overlooks all
the town and is so high that it makes one giddy. The shadow of this gigantic
gnomon falls on a prodigiously large astronomical semi-circle, of which the horns
are turned towards the sky. It is artistically constructed in whitest lime or
gypsum and is graduated in degrees and minutes. In the morning the shadow
falls on the western quadrant and in the evening on that towards the east,
and, as the gnomon lies between both the quadrants, the sun’s altitude can be
found at any moment. A double dial, constructed also in lime, is seen near
these quadrants. It is enclosed in a kind of chamber on either side of which
it is raised. When the sun passes the meridian a ray of this star enters through
each of two holes pierced in a sheet of copper, and when these rays fall exactly
on the middle of the two quadrants, low in summer and higher in winter, the
sun is in the meridian sign and its meridian height is indicated.

“ The instruments which follow have similar graduations : there are three
very large astrolabes cast in copper, suspended by iron rings; a circle also
of cast copper, fitted with a rule (or alhidade) and elevated at the height of
the pole, suitable for determining the declination of the sun—for when you turn
this instrument towards the sun 1t will indicate the declination on the ground.

“1 pass over in silence other less important instruments, but a matter
which detracts from the value of the observatory is that, in a low situation
surrounded by walls, the observer cannot see the rising and setting of the stars;
also the dial, gnomon and other parts being in lime plaster prevent one from
making very exact observations.”

49. Restorations.—The Jaipur observatory, being situated in the palace
precincts, has been carefully preserved and has been added to from time to
time. Possibly the Rasl Valaya was added after Jai Singh's reign and possibly
some of the brass instruments were brought from the Delhi observatory, but we
have no direct information on these points. Some additions appear to have
been made in 1891 and in 1901 His Highness the present Maharija decided to
restore the observatory completely. The services of Lieutenant A. H. Garrett,
R.E., were lent and the work was finished in 1902, in which year also Lieute-

112 Paris feet=12-8 English feet approximately.
? 70 Paris feet==7T4} English fect approximately.
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nant Garrett, assisted by Pandit Chandradhar Guleri, prepared and published
an account of the observatory. This account, as far as the descriptions of the
instruments are concerned, is an excellent one, but the parts relating to the
history of astronomy are not so reliable. It is difficult to judge of the work
of restoration as no reliable account of the observatory before the restoration
took place is available. Colonel Hendley in 1886 gave a rough plan of the
observatory and a list of the instruments' but not in sufficient detail for purnoses
of comparison.

Lieutenant Garrett’s work has been somewhat severely ecriticised in one
respect.” He found the Rasi Valaya instruments did not accord altogether
with his idea of their use and altered the angles slightly. He assumed that
each instrument corresponded to a ‘rising sign’ and was to be used at the time
of rising of the particular sign for the measurement of the celestial latitude and
longitude. The following table shows the actual alterations made in the twelve
instruments corresponding to the twelve signs.

MEASUREMENTS OF GNOMONS | MEASUREMENTS OF GNOMOXS

BEFORE ALTERATION. AFTER ALTERATION.

Signs,

Azimuth, Altitude. Azimuth. Altitude.

° . o ’ ° v o s

Aries . . ’ . . . —26 0 27 0 —25 56 24 32
Taurus . . . . . . . . —21 30 15 30 —21 17 14 25
Gemini . . . . . . . . —12 30 70 —12 19 6 36
Cancer . . . . . . . . 00 3 30 0 0 3 28
Leo . . . . . . . . 12 30 70 12 19 6 36
Virgo . . . . . . . . 21 30 15 30 21 17 14 25
Libra . . . . . . . . 26 0 27 0 25 56 24 32
Scorpio . . . . . . . . 26 0 38 0 25 37 35 33
Sagittarius . . . . . . . 18 0 46 30 17 40 435 42
Capricornus . . . . . . . 0 0 50 30 0 0 50 22
Agquarius . . . . . . . —18 0 46 30 —17 40 45 42
Pisces . . . . . . . . —26 6 ‘[ 38 0 —25 37 35 33
Maximum alteration 029 2 28

! London Indo-Colonial Exhibition in 1886, Handbook of the Jeypore Cousts, pp. 59-62,
3 Indinn dntiguary XXXV, 1906, p. 34,



Craprer IX.—UJJAIN OBSERVATORY.

Latitude . . . . . . 23°10° 18" N.

Longitude . . . . . LT 47' 0" E. of Greenwich.
Height . . . . . . 1550 feet.

Magnetic Declination . . . . 0° 45" E. (1915).

Local time is 26 minutes B2 seconds after standard time

50. The observatory is situated to the south west of the present city in
the quarter called Jaisingpura, on the north bank of the river Sipra. From the
Water Works it is half a mile west. The general situation is seen in the attached
map and in figure 60. The river bank is corroding away and abeout a quarter
of n mile to the east of the observatory is seen the remains of a well now
standing in the river itself. The observatory is 125 feet north from the river
and is hardly in danger owing to this proximity ; but the drainage about the
observatory is not under control. There 1s a small and apparently fresh nullah
quite close by and the foundations of the Digaméa Yantra have already been
partly worn away.

51. The observatory now consists of the following instruments :—

(@) The Samrat Yantra.

(b) The Dakshino Vritti Yantra.
(c) The Nari Valaya Yantra.
(d) The Digamsa Yantra.

These are all in a state of ruin. The foundations of the Digarsa Yantra
have evidently moved and its walls are badly cracked. The Dakshinovritti
Yantra is inclined to the perpendicular at an angle of about 5 degrees. This
is possibly due to the faulty structure, for the foundations for this heavy mass
of masonry seem to be inadequate. The Samrdat Yantra i1s in a dilapidated
state and the styles and graduation have disappeared from the Nari Valaya.

Of the Samrat Yantra only a skeleton remains. In the general plan (plate
XXIV) it is shown as though complete but figure 61 shows its actual present
state. It is practically of the same cize as the one at Benares and the smaller
one at Jaipur, namely, 22 feet high, the edge of the gnomon 47} feet, and the
radius of each quadrant 9 feet 1 inch. In 1796 or thereabout, when Hunter
visited Ujjain, the quadrants were divided into ghatis and subdivisions. From
the edges of the quadrants where they intersect the walls of the gnomon lines
at right angles (GH, EF figures 34 and 35) were drawn on the gnomon and
perpendicular to its edge. From the points (H, £} where these lines meet the
edge of the gnomon scales of tangents were marked on the edges. All these
graduations have disappeared. (For the theory of the instrument see page 36.)

The Dakshinovritti Yantra.—(" Merdian instrument °) is shown in platebXXIV
and in figure 62. The masonry work 1s fairly intact but the graduations have
disappeared.  The instrument was originally something like that at Jaipur
(figure 56). It consists of a wall Iving in the meridian and on its east face was
a double quadrant the ceuntres of which were at points near the top corners
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of the wall and 25 feet apart. A portion of one quadrant is still visible, en-
graved in the lime plaster with which the wall is faced, but this is probably
not the original graduation. On the ledge below the quadrants there are traces
of a scale of tangents. On the west side is a flight of steps (figure 62) leading
to a narrow platform at the top. At the south-west end of this platform isa
small pillar, 2 feet in diameter: According to Hunter this was * graduated
for observing the amplitude of the heavenly bodies at their rising and setting;”
and was called Adgra Yantra (°amplitude instrument’). The graduations have
now disappeared. At the middle of the platform and on the east side is a
small projection of the parapet 2 feet 4} inches long and deep. On this, Hunter
tells us, was °° constructed a horizontal dial called Puebla Yunter.” There is
no sign of this dial now.

The Nari Valaya or ° Circular dial’ is constructed on the same principle
as those at Benares and Jaipur. It is situated a few feet to the south of the
Samrat Yantra and consists of a cylinder 7% feet long 3 feet 7} inches in dia-
meter, whose axis is fixed horizontally in the plane of the meridian, the faces
ot the cylinder being cut parallel to the plane of the equator. In the centre
of each face and at right angles to it was an iron style round which was a circle
graduated into ghatis and subdivisions. The styles and graduations have d:sappeared.

The Digamsa Yantra is similar to the one at Benares. It is situated quite
close to the Samrit Yantra on the east side and consists of an outer circular
wall 36 feet 10 inches in diameter and 8 feet 10 inches high. Concentric with
this is another wall 24 feet 4 inches in diameter and 4 feet 6 inches high.
Originally there was a pillar at the centre but it has been removed. Cross
wires were stretched north to south and east to west on the outer wall. At
the four points of the compass in the outer and inner walls were arched open-
ings, but all of those in the outer wall except that to the west have been filled
up. The outer wwalls are badly cracked and a great part of the foundations is
now exposed. This is due to the bad drainage of the slope to the river. The
nullah that passes close by the Digamsa Yantra could easily be diverted. In
Hunter’s time the building was ‘ roofed with tiles and converted into the abode
of a Hindu deity ” so that Hunter was unable to examine its construction.
This is of interest as showing that even in the eighteenth century the instrument
was no longer used for astronomical purposes. Hunter also writes’ :—* Urania
fled before the brazen fronted mars, and the observatory was converted into an
arsenal and foundry of cannon.”

52. There appear to be no records of any astronomical instruments at Uj-
jain earlier than those installed by Jai Singh. The date of the construction
of his observatory is uncertain but it was probably between A. D. 1728 and
A. D. 1734 (see page 139). Tuere 1s no record as to whether or not the instru-
ments were ever used for actual systematic observation but we know that before
the end of the eighteenth century they had ceased to be so used.

1 There is some ambiguity in Hunter's reference but Fanny Parkes (Wanderings of n Pilgrim, ete.,
11, 209) turns it into a certainty for she says: * The observatory at Oujein has since becn converted into
an arsenal and foundry of cannon.” Her irformaticn was obtained from Hunter.
H
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The earliest known description of the Ujjain observatory was by the Jesuit
priest, Tieffenthaler, who travelled in India from 1743 to 1786. His account?
of the observatory is as follows:—

“ Not far from there is a suburb built by Djésing, King of Djépour, a ci-devant
governor of this province (Malwa). An astronomical observatory is to be seen there,
w_th instruments, made of cement : namely two equinoctial dials, one large and one
small ; a gnomon (axis mundi) elevated according to the height of the pole at
this place and set in the meridian; and on either side of this is a quadrant of
a geometrical circle; also a dial made in lime and a meridian wall in stone.”

The only other account of any value is that by Hunter (from which we
have already quoted) who accompanied the Agra Resident’s expedition to Ujjain
in 1792-93. He briefly describes the instruments and he states that Jai Singh
determined the latitude of Ujain to be 23° 10’ N. and Hunter himself took con-
siderable trouble in verifying this result which he considered correct to the minutes.

53. Restoration.—There has been considerable discussion as to the best means
of preserving Jai Singh’s observatory at Ujjain; and it has been suggested that
it should be restored and improved so as to be of help inthe work of reforming
the Hindu calendar. The instruments as they now stand are, however, far
too dilapidated to be restored satisfactorily for practical purposes. They should
be preserved as relics and only restored to such an extent as to show them
more or less in their original state. To attempt to do more with them would
be foolish. Originally the instruments were by no means the best devised by
Jai Singh and they never were instruments of accuracy in the modern sense.
The work of restoration should have for its end the proper preservation of the
instruments in their original form : and to this end I make the following suggestions :—

(1) The drainage should be properly regulated. (It should be quite a simple
matter to divert the drainage from the foundation of the instruments.) It also
may be considered desirable to construct some protection on the river front.
(ii) The ground surrounding the instruments should be levelled ; the trees, re-
moved, etc. (ill) For the particular instruments the following suggestions are
made: (@) The Samrat Yantra.—This should be restored on the same lines
as the Benares instruments but Europeans graduations and symbols should not
be employed. (b) The Dakshinovritti Yantra presents considerable difficulty
because of its list. The only solution seems to be to take it down and rebuild
it stone by stcrme on a secure fecundaticn. (c) The Digaméa Yantra presents no
great difficulty but parts of the walls will have to be taken down and rebuilt.
Its permanent preservation is a matter of drainage. The cross wires should be
replaced and the graduations on the walls remarked. (d) The Nari Valaya
requires regraduation and the replacement of the styles.

Ujjain the Greenwich of India.
54. Ujjain (the olnmvn of the Greeks) or Avanti as it was often called, 1is
mentioned in early Hindu Astronomical works as situated on the prime meridian
and tradition also makes it the centre of astromomical learning in India.

* Historische—geographische Beschreibung von Hindustan, ‘vol. i, 24;
* Asiatic Researches V, 1799, p. 194 £
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In the Pasichasiddhantika (xii, 17) we read: °‘ Ujjayini is near to Lanka,
being situated to the north on the same meridian: hence the ncon of the two
places occurs at the same time, but their days are unequal with the exception
of the equinoctial days.” The latitude is given (v. 19) as 24° N. and  the
nddikis arising from the difference in longitude from Yavana are seven and a
third in Avanti, nine in Vardnasi.'” (i, 13.)

The Sarya Siddhanta (i, 62) says: ° Situated upon the line which passes
through the haunt of the demons® and the mountain which is the seat of the
Gods® are Rohitaka and Avanti as also the adjacent lake.”

Alberuni’s discussion of the position of Ujjain is of considerable interest.
He writes:* ‘ All canons of the Hindus agree in this that the line connecting
Lanka with Meru divides the dJwovuér lengthwise in two halves and that it
passes through the city of Ujain, the fortress of Rohitaka, the river Yamuna,’
the plain of Taneshar, and the Cold mountains. The longitudes of the places
are measured by their distance from this line. On this head I know of no
difference except the following passage in the book of Aryabhata of Kusumapura :
—* People say that Kurukshetra, i.e., the plain of Taneshar, lies on the line
which connects Lanka with Meru and passes through Ujjain. So they report
on the authority of Puli$a®. But he was much too intelligent not to have
known the subject better. The times of eclipses prove that statement to be
erronecus, and Prithusvamin maintains that the difference between the longitudes
of Kurukshetra and Ujjain is 120 yojanas.’ These are the words of Arya-
bhata. Ya‘Kib Ibn Tarik’ says in his book entitled the Composition of the
Spheres, that the latitude of Ujjainis 43 degrees, but he does not say whether
it lies in the north or south. Besides he states it, on the authority of the
book Al-Arkand to be 42 degrees®. We, however, found a totally different lati-
tude of Ujain in the same book in a calculation relating to the distance between
Ujain and Almansira,” which the author calls Brahmanavata, i.e., Bamhanwa,
viz., latitude of Ujain, 22° 49" ; latitude of Almansiira, 24°1". According to the
same book, the straight shadow in Lohdniyye, ¢.e., Loharani, is 53 digits. On
the other hand, however, all the canons of the Hindus agree in this, that the
latitude of Ujain is 24 degrees, and that the sun culminates over it at the time
of the summer solstice.”

1 Yavana is Alexandria whose longitude is approximately 29° 51° E. of Greenwich. Seven and one.
third nddikds=2 hours 56 minutes—=44 degrees and 9 nddikis=54°, These give the longitude of Ujjain
and Viranasi (Benares) as 73° 51° and 83° 51. Their longitudes are approximately 75° 47" and 83° 0’ 46°,

2 Lanka.

3 Mount Meru.

4 Alberuni's India (By E. Sachau) i, 316.

& 3 At Mathura according to Alberuni (i, 308). Rohitaka, he says, is in the district of Multar. It
wee deserted in  Alberuni’s time.

1 FL circa A.D. 400.

77 Died A.D. 796, seec Suter, p. 4.

8 This must be an equinoctial shadow length, which gives a latitude of tan_l L

3 = 20° 57§ roughly.
The correct latitude is about 23° 10’ which gives a shadow of 52, digits.

 This is given on the ‘Jaipur I’ astrolabe with lutitude 27° 40" North, See p. 127,

/ —1 63
® Perhaps the AwyiBape of Ptolemy. fan 1 -1ﬂ2‘~ = 25° 15" nearly,

23
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Again he says (i, 308) :— The city of Ujain, which in the tables of the
longitudes of places is mentioned as Uzain, and as situated on the sea, is in
reality 100 yojana distant from the sea, etc.”

Bhaskara in his Siddhanta Siromani (Ganita vii, 2) writes :—“ The line which
passing above Lanka and Ujjayini and touching the region of Kurukshetra and
other places, goes through Meru—that line is by the wise regarded as the central
meridian of the earth.”

Bhaskara also mentions Ujjain in several other connexions as the place of
zero longitude and he gives its latitude as ‘one sixteenth of the whole circur-
ference, north of the equator. This is equivalent to 221 degrees north, whereas
the latitude of the present city is about 23° 11’, that of Jai Singh’s observatory
being approximately 23° 10" 24”. Another value was obtained from the length
of the equinoctial shadow which was given as 5 dapdas 10 minutes, or 310
minutes. This' is the shadow of a gnomon 12 dandas or 720 minutes high and
hence the latitude = tan '3} ==23° 17’ 40"

55. The question of the formation of a new observatory at Ujjain is one
of great importance. Ujjain is one of the most ancient astronomical centres
in the world and not only should it have a modern observatory but it should
be the centre of Hindu astronomical teaching. Perhaps one of the most im-
portant practical questions to settle is the position of such an observatory,
which is to be the position of zero longitude for Hindu astronomers, and is to
accord with the traditional position of zero longitude. To assist in this very
important matter the annexed map of Ujjain has, with the assistance of the
Resident of Gwalior, the Director-General of Archzology and the Surveyor-
General, been produced. The Trigonometrical Survey point on the map is Hill
1678 whose longitude 1s approximately 75°46'44” and latitude approximately 23°
11’ 6” North. It i1s doubtful whether there ever was a fixed position in ancient
Ujjain which was considered as of zero longitude. Rather vaguely the old city
of Ujjain —to the north of the present city—was meant; or it is just possible
that Jai Singh considered this point when he located his observatory to the
south of the present city and that the site of Jai Singh’s observatory is the
traditional place—but this is doubtful. The plan now to follow is to fix upon
the position of the new observatory and determine its longitude and latitude
independently of tradition. The accompanying map should be of help in ob-
taining the first approximations for the longitude and latitude of such a position
and it is hoped that it will be of use to the Pandits of Ujjain.

1 Guerin, Adstronomie indienne, Paris, 1847, p- 146,
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CraPTER X-—BENARES OBSERVATORY.

Latitude . . . . . . 23718 249" N.

Longitude . . . . . . 8370 161" K. of Greenwich.

Height above sea level . . . . 350 feet.

Magnetic declination . . . . E. 0745 (1915).

Loecal time . . 2 minutes 3 seconds before standard time.

56. The observatory is situated on the roof of the old part of the building
known as the Manmandira, which was built by Man Singh, a Rajah of Amber,
who flourished at the beginning of the seventeenth century. (He died in A. D.
1614.) This building is on the west bank of the Ganges near the Mani
Karnika ghat and 1} miles south-east by south from Queen’s College. The
proper approach is from the river front, that from the city being through
narrow, unsavoury alleys. “ Though not very architectural 1In its general
appearance,” writes Fergusson,® “ (it) has on the river face a balconied window,
which is a fair and pleasing specimen of his (Man Singh’s) age.” (Figure 64).

On the roof of the Manmandira as constructed by Man Singh and a little
over a century after it was built, Sawii Jai Singh of Jaipur placed the astro-
nomical instruments that now form the observatory. Some time about the
beginning of the nineteenth century the Minmandira appears to have been
enlarged,? and about the middle of the nineteenth century it was restored.
In figure 64 the part of the Manmandira that supports the observatory is to the
right : the circular Digamséa Yantra is seen above the three balconied windows.

The general plan of the roof of this part of the building (Plate XXTVI),
shows—

The larger Samrat yantra (4.4), the Narivalaya vantra, the Chakra yantra (CC),
the Digamsa yantra (DD), and the smaller Samrat yantra.

On the east wall of AA 1is a double quadrant or Dakshinovritti yantra
and to the south of AA 1is another Dakshinovritti vantra not shownin the plan.
The grooves shown in the plan were possibly used for levelling purposes.

57. The Samrat Yantra (AA) is of the same type as those at the other
observatories and 1s the same size as that at Ujjain and the smaller one at
Jaipur. Its height is 22 feet 3% inches, the edge of the gnomon is 39 feet 81
inches long and the radius of each quadrant is 9 feet 1! inches (see p. 36).
The edges of the gnomon and the quadrants are faced with sand-stone and
the graduations are carefully marked. On the quadrants every half-hour is
marked by two inlaid metal dizcs, the one towards the north edge being ins=-
cribed in Indian characters while the one on the soutb is in European
figures. Each edge is also graduated into minutes and quarter minutes; and
also into degrees and tenths of a degree. The edges of the gnomon are gra-
duated with the usual tangent scales (see page 36). A comparison between

1y History of Indian awnd FEastern Architecture, vol. ii, 178,
2 Compare Campbell's drawing (c. 1773) figure and Prinsep’s (c. 1823). The latter is givenin Benur:s
Lilustrated Ly 1 scrics of Drawings, by Jawes Drinsep.
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a drawing made about 140 vears ago (figure 67) and a recent photograph (figure
66) shows that verv little alteration has been made, the only noticeable being
the inlaid metal dises already referred to, the emplovment of European symbols
and the division into hours instead of ghatis.

On the east wall of the gnomon are two graduated quadrants (figure 66)
used as a Dakshinovritti Yantra or meridian instrument. Each quadrant has a
radius of 10 feet 7 inches. The shadows of one of the pins (fixed at the top
of each quadrant) gives the zenith distance at noon and zenith distances of other
heavenly bodies could be observed directly by moving the eye along the appropriate
quadrants. Under these guadrants is a platform (shown in the plan) for the observer.
Apparently in 1773 these quadrants were not in existence (sce figure 67) but according
to Pandit Bapu Deva Sa-tri thev were there in 1865.

The other Dakshinovritti Yuantra is a self-contained instrument consisting
of a wall lving in the meridian on the east face of which are two quadrants
each of 7 feet 9} inches radins. Sir Robert Barker in 1777 stated that the
quadrants were of different radii the larger of which he judged to be 20 fee*.
If his description be correct the instrument must have been entirely rebuilt
later on, possibly when the Manmandira was added to. In 1865 to the east
of this instrument were three circles of 10 feet 3 inches, 2 feet 4 inches, and 3
feet 5 inches respectively in diameter : and also a stone square with sides 2 feet
2 inchesx, The circles were possibly used for ccnstruction purposes.

The smaller Samrat Yantra calls for little remark. It is 8 feet 8 inches
high and the radius of the quadrants 1s 3 feet 2 incles (figure 65). If the early
drawing (fignre 67) is correct the instrument has been moved from its original position.

The Nari Valaya ( circular dial ") or CUitara dakshino Gola (north and south
dial) is a cvlindrical dial—the axis of the cylinder pointing north and south
and the northern and southern faces heing parallel to the plane of the equator.
At the centre of each face and at right angles to it is a short iron style sur-
rounded by two circles—the outer one (on the northern face)' graduated in
hours, ete.. and the inner one in ghatis, etc. Besides serving as an ordinary
dial the instrument marks the equinoxes, since the northern face can only be
used for sun observations when the sun 1s north of the equator. The inscrip-
tion on the instrument reads:— Narivalava Dakshin and Uttra Gola. The use
of this instrument is to find whether the heavenly bodies are in the northern
or southern hemisphere. It gives time also.”

The Digamsa Yantra (* Azimuth instrument ) marked DD in the plan is the
large circular building at the east of the terrace. It is partly visible in the
general view of the Manmandira (figure 64). The exterior diameter is 31} feet,
the outer wall is 8 feet 4 inches high and the inner wall and central pillar
are each 4 feet 2 inches hizh and aniron rod fixed to the central pillar is of the same
height as the outer wall. The tops of both walls were originally graduated
into degrees, etc.: and cross wires were stretched north to south and east to
west on the outer wall. The use of the instrument ix to measure azimuths

Y There 15 sHme indication tha this instrument was originally made for northern observations vuly. See p. 39.
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or horizontal angles (see page 38), but it is now of little practical use owing
to its being surrounded on all sides but one by buildings.

To the south-east of the Digamsa Yantra there used to be another dial
whose diameter was 6 feet 2 inches. It was on a platform slightly higher than
the terrace, and approached by steps. At the present time there i3z no space
to accommodate such an instrument and Campbell’s drawing of 1773 (figure 67)
shows no such instrument. However Williams mentioned that it had been ex-
cluded from Campbell’s drawings' and it was mentioned by Hunter in 1797
and by Pandit Bapu Deva Sastri in 1865.

The Chakra Yantra is shown in the plan at CC. It is an equatorial and
was common to most medizval observatories. It consists of an iron circle
(declination circle) 3 feet 7 inches in diameter, one inch thick and two broad,
faced with brass on which degrees and minutes are marked. The circle 15 fixed
g0 that it can revolve round an axis parallel to the earth’s axis. At the south-
ern extremity of this axis and on the pillar which supports the instrument is
a graduated circle (hour circle) in the plane of the equator (figure 65). There
is no pointer for this hour circle and according to Hunter there was none 1n
1797. Attached to the centre of the declination circle is a sighter consisting
of a hollow brass tube (figure 68) but this is comparatively new. Hunter wrote :
“ Observations with this instrument cannot have admitted of much accuracy
as the index is not furnished with sights; and the pin by which it 1s fixed to
the centre of the circle is so prominent, that the eye cannot look along the
index itself.”” In figure 68 can be seen what is probably the old index and also
the new tube sighter.

The sighting arrangement is fixed to the big circle by a pin and this pin

Fic. 68. THE Firas or HORSE.

1 Phil. Trans. Royal Soc. 1793 i 43,
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is fixed by a cotter or wedge, shaped roughly into some semblance of a horse’s head
(figure 68). In) the section on the astrolabe (page 18) it was stated that the
Arabs called such a wedge faras (‘horse’) and that in medieval Europe it was
generally made into some semblance of a horse’s head (see figures 24). * Thorw
which Pyn,” wrote Chaucer, * ther goth a Ilitel wegge which that 1is cleped
the hors that streyneth alle these parties to hepe.” There is abundant evidence
to show that the horse shaped design of the wedge was brought to India by
the Muslims and the example on the Chakra Yantra is interesting as evidence
of the persistence of a traditional design, and in some degree as evidence of the
ultimate source of the design of Jai Singh’s instruments.

58. History.—The Manmandira was built about the beginning of the seven-
teenth century. Campbell’s drawing of 1773 and Prinsep’s of 1825 and recent
photographs enable us to some extent to trace the additions and alterations
made. The part of the fagade that is directly under the observatory belongs
to the oldest part of the building and that part that has no balconied windows
is comparatively new (see figure 64). The fine window on the extreme north
(right) of the building was given by Prinsep in his illustrations of Benares and
has been described by Fergusson and Havell. 5

The astronomical instruments were added by Jai Singh about A. D. 1§37.1
The date is not certain and nearly every writer gives a different one. Sir
Robert Barker, who was almost a contemporary of Jal Singh? said that the
observatory was built by Akbar; Prinsep wrote: “ The building was converted
into an observatory by Jysing, A. D. 1680 " and refers to a supposed des-
cription of it by Tavernier ;* another writer gives A. D. 1693* and another
1700. Father Boudier who visited Benares in 1734 and made astronomical
observations there makes no mention of the observatory. Jai Singh himself
tells us that in order to confirm the observations made at Delhi he constructed
instruments of the same kind at Jaipur, Mathura, Benares and Ujjain ; and the
Delhi observatory was probably built about 1724; that at Jaipur was bult
in 1734 and Willlam’s date for the observatory at Benares, 1737, may be ac-
cepted.

59. Early Descriptions.—In A.D. 1777° Sir Robert Barker, who was for a
short time Commander-in-Chief in Bengal, published a description of the instru-
ments together with a perspective drawing of the observatory as a whole and
detailed drawings of the Samrit Yantra done by Lieutenant-Colonel Campbell,
(hief Engineer of the Company’s service. The perspective drawing is here re-
produced (figure 67) and it shows that the main features of the observatory
are the same to-day as they were nearly a century and a half ago. There are
apparent differences but some of them may be due to the nature of the
drawing : e.g., the Narivalava and the small Samrit appear to have been

PThix . the date given by Williams, who, on all points that can be verified, is extremely reliable.
See 3. 139.

2 5ir Robert Barher lived from 1729-1789 and went out to India in 1749 six ye.rs after Jai Singh’s death,

3 Pascrnder diwd in 56 9. three years after Jai Singh’s birth,

¢ This particular mistake 15 repeated in the Encyclopadia Britannica, vol. 3, p. T14.

f Sir Rovert Barker left India in 1773, His notes and the drawings were probably made in 1872-73.
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displaced slightly ; the wall that supports the east quadrant is different in detail ;
there are no graduated quadrants on the east wall of the gnomon; the edge
of the plinth on which the larger Samrat stands has changed its alignment;
and in the drawing no plinth at all is shown for the other instruments. From
the notes of Williams and Hunter it appears that the drawing is somewhat
incorrect, or at any rate misleading for the south east corner of the terrace,
for it shows no trace of the second Nari Valava described by them.

Sir Robert Barker’s account of the Benares Observatory was of the nature
of a communication to the Royal Society, London. Further information seems
to have been asked for and this was supplied by Mr. J. L. Williams of Benares
in A.D. 1792, who recorded verv careful measurements and added some interest-
ing details as to the history of the place. He writes: ““ The area, or space
comprising the whole of the buildings and instruments, is called in Hindoo,
Maun-mundel ; the cells and all the lower part of the area, were built many
years ago, of which there remains no chronological account, by the Rajah Man-
sing, for the repose of holy men, and pilgrims, who came to perform their ablu-
tions in the Ganges, on the banks of which the building stand. On the top of
this the observatory was built, by the Rajah Jetsing, for observing the stars,
and other heavenly bodies; it was begun in 1794' Sambat, and it is said was
finished in two years. The Rajah died in 1800° Sambat. The design was drawn
by Jaggernaut and executed under the direction of Sadashu Ma Makajin; but
the head workman was Mahon, the son of Mahon, a pot maker of Jepoor.”

In 1799 Hunter gave a brief description of the observatory supplementary
to the previous accounts. He speaks of the accuracy of Mr. William’s measure-
ments and explains some of the terms used; and clears up one or two other
points. In 1848 Sir Joseph Hooker made excellent drawings of three of the
instruments and in his diary recordst that ‘“ the observatory is stili the most
interesting object in Benares although it is now dirty and ruinous, and the
great stone instruments are rapidly crumbling away.” The only other descriptions
it is here necessary to mention are those by Pandit Bapu Deva Sastri; Lala
Chiman Lal, and Pandit Gokal Chand.

Restorations.—Of previous restorations we know very little. Sherring states
that the Brahmans ‘ were utterly careless” about preserving the instruments.
According to Havell the Manmandira was restored in the middle of the nineteenth
century. In 1912 the present Mahdriaja of Jaipur ordered the complete restora-
tion of the instruments. This work was very thoroughly done under the direc-
tion of the court astronomer, Pandit Gokal Chand.

The observatory at Benares has long since ceased to be used for practical
purposes. The Brahmans consulted by Williams in 1792 all agreed that it
“never was used for any nice observations.” Its present situation, surreunded
on most sides by buildings, is not ideal for astronomical purposes ; and the in-
struments are of course very crude compared with those in modern observatories.
The value of the observatory is chiefly historical ; it is a monument to one of

TAD. 1737, PAD. 1743
1 Himalayan Journals, 1854, pp. T4—77.
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the brightest intellects of India; and it illustrates a very interesting phase of
the history of astronomy. It might have another value if advantage were taken,
namely an educational one: for the demonstration of the elements of practical
astronomy a better set of instruments could hardly be devised. But, apparently,
astronomy is no longer studied at Benares, Ujjain and Jaipur.
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Cuaprer XI.—MATHURA OBSERVATORY.

61. The old fort, at Mathura, known as Kans ka kila was rebuillt by Raja
Man Singh of Jaipur. On the top of this fort Jai Singh built the last of his
observatories. The whole of it has now disappeared. ‘A little before the
Mutiny,” Growset tells us, “ the buildings were sold to a government contractor
Joti Prasid, who destroyed them for the sake of the materials. Certainly
they had ceased to be of any practical use; but they were of interest, both
in the history of science and as a memorial of one of the most remarkable men,
etc.”

Tieffenthaler and Hunter give brief descriptions of the Mathura observatory
and as these appear to be the only actual descriptions preserved they are giveu
in full. Tieffenthaler’s account (i.143) is as follows:—

“On the roof of the fortress are seen certain astronomical instruments,
crected by the famous Rajah Djésing, a lover of astronomy : principally a gnomon
in lime stone which represents the axis of the earth, 12 Paris feet in height;
some equinoctial dials of 5 spans in dameter; and some other smaller ones
arranged for the latitude of the place; while other instruments exhibit different
sections of the sphere. The observatory is only a feeble imitation of that at
Djepour; but it has the advantage over the latter of an elevated situation
which dominates an immense plain, while the observatory of Djepour is situated
in a plain and the rising and setting of the stars cannot be seen except from
the top of a masonry gnomon of prodigious height.”

62. “ At Matra,” wrote Hunter in 1799,' *“the remains of the observatory
are in the fort, which was built by Jayasinha® on the bank of the Jumna,
The instruments are on the roof of one of the apartments. They are all im-
perfect and in general of small dimensions. (1) An equinoctial dial, being a
circle nine feet two inches in diameter, placed parallel to the plane of the equator
and facing northwards. It is divided into degrees, which are numbered as pals
10, 20, 30, 40, 50, 60 : lastly, each subdivision is further divided into five parts,
being 12 minutes or two pals. In the centre is the remains of the iron style
or pin, which served to cast the shadow.® (2) On the top of this instrument is
a short pillar on the upper surface of which is an amplitude instrument, but it
is only divided into octants. Its diameter is two feet two inches.* (3) On the
level of the terrace is another amplitude instrument, divided into sixty equal
parts. Its diameter is only thirteen inches. (4) On the same terrace is a circle,
in the plane of the horizon, with a gnomon similar to that of a horizontal

t Mathurg : District Memosr, 1883, p. 131.

1 4s. Res.,, V., p. 180,

1The fort was built by Man Singh.

3 This description is interesting as it corresponds to the instructions given by Jaganrarth (see p. 39),
The Benares dial is similar and possibly had only a north face originally.

¢ There is a similar pillar on the Jaipur instrument (see plate XX, figure 53), and also one on the top
of the gnomon of the Samrdt Yautra at Delhi.

12



68 ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

dial, but the divisions are equal, and of six degrees each. It must therefore have
been intended for some other purpose than the common horizontal dial, unless
we may conceive it to have been made by some person who was ignorant of
the true principles of that instrument. This could not have been the case with Jay-
sinha and his astronomers; but the instrument bas some appearance of being
of a later date than most of the others: they are all of stone or brick, plais-
tered with lime, in which the lines and figures are cut; and the plaister of the
instrument, though on a level with the terrace, and consequently more exposed
to accidents than the others, is the freshest and most entire of them all. (5) On
the east wall, but facing westward, is a segment, exceeding a semi-circle, with
the arch downwards. It is divided into two parts, and each of these into fifteen
divisions. Tts diameter is four feet. On the west wall, facing eastwards is
a similar segment, with arch upwards divided into the same way as the former,
Its diameter is seven feet nine inches.”
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CraptEr XIL—HISTORICAL PERSPECTIVE.

63. To enable us to place the material collected in its proper historical
perspective it is necessary to survey briefly the development of astronomical
science as it affected Jai Singh's work. In making such a survey 1t 15 neces-
sary to bear in mind not only the particular theories, topics and methods to
be elucidated, but also the views of previous writers.

Of Jai Singh’s theories we have but little information : tradition or mistake
has allotted to him the whole Ptolemaic theory, and possibly he accepted it
all ; but he must have been acquainted with the teaching of Kepler, Galilei
and Newton for he possessed the works of La Hire, Flamsteed and others.
The topics he dealt with are outlined in the preface to the Zij Muhaninad
Shahi. Principally he was concerned with the design of instruments and
practical observation with a view to the preparation of a catalogue of the

stars, etc. His bent was practical and he was particularly anxious to eliminate

instrumental errors.
These points have been illustrated in the foregoing chapters which also have

indicated incidentally the sources from which Jai Singh obtained his astro-
nomical notions and inspiration for his methods. There is not the slightest
doubt as to the main influence that directed his activities—it was that of the
Muslim astronomers of the tvpe of Ulugh Beg; but it is still popularly supposed
that Jai Singh’s work was principally, if not wholly, of Hindu origin, and pre-
vious writers have helped to strengthen the notion. Sir William Jones was one
of the first to give this impression: * The Sanskrit work,” he says,’ ** from which
we might expect the most ample and important information, is entitled Chetradersa
or a view of geometrical knowledge, and was compiled in a very large volume by
order of the illustrious Java Sixema comprising all that remains on that science
in the sacred language of India.” At considerable trouble and expense this work
was published by the Bombay Government and it turned out to be a Sanskrit trans-
lation of Nasir al-Din al-Tasi's edition of Luclid’s Elements. Hunter was also
misleading in a negative way, and more recently Garrett's (otherwise most excel-
lent) book is somewhat remarkably wrong on historical matters. It practically
makes Jai Singh the author of the Almagest, and the Hindus the inventors of
the astrolabe; and generally gives the impression that Jai Singh’s work was
wholly of Hindu origin. “ He revived Hindu astronomy, ” it tells us, " and gave
such an impetus to its study as had not been known in India sinee the time
of Brahmagupta in the seventh century.”

It is necessary, therefore, not only to trace Jai Singh's theory and practice
back to their proper sources but to examine in some detail the possible connex-

jons between his work and the traditional Hindu theory and practice.

2

L The works of Sir William Jones, with the Life of the .tuthor. By Lord Teignmouth. volo 1ii, p. 249,
Sir W. Jones was usually wrong on astronomical matters. He cemphasises his own mistake in tlis mstance
by his caution to others: ¢ Provided,” he says, " that the utmost ecritical sagacity were applied 1w dis-
tingwishing such  works.”

zpPp. 19,2 2L
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For purposes of exposition it is convenient here to speak of the influence
of three schools of astronomy (i) Hindu, (i) Muslim and (i) European.t  Jar
Singh was to some extent in contact with all three and it is a matter of con-
siderable interest to determine the quality and quantity of their influence on
him. Although he actually lived in the eighteenth century of our era the in-
fluences that directed his activities were medieval: little advance had been
made by the Hindu and Muslim schools for centuries and the advances in Europe
were too recent to be fully appreciated.

Hixpr AsTRONOMY.

64. There is a certain amount of very interesting mythological astronomy
recorded in the Vedas but the earliest formal Hindu astroncmical works are
the Jyotisha Veddiga and the Sirya Prajiapti, the latter of which exhibits a
strange cosmography (with two suns, two moons, etc.’) while both have the crude
elements of a scientific astronomy. These works are of considerable historical
interest : they show little, if any, Greek influence.

Soon after the beginning of the Christian era the traditional astronomical
svstem in India was largelv discarded and the svstem in vogue in the Greek
schools was imported and assimilated. In the Paicha Siddhantiha of Varaha
Mihira we possibly have summaries of two western books—the Pawulise and
Romaka Siddhiantas, but quite apart from this there 1s abundant evidence to
show not only Greek influence but Greek domination. The representative Indian
work that exhibits the astronomy of this period is the Sarya Siddhanta. In
its original form this work was probably composed about A.D. 400, and the
recension now in use about A.D. 1100. Since then very little attempt at advance
has been made. The orthodox still accept the Sarya Siddhanta as authori-
tative and other works are not essentially different.

Such are the facts hut there has been an extraordinary amount of mis-
conception current.  According to Hindu tradition the Sirya Siddhanta was
composed some millions of years ago.* Bailly towards the end of the eighteen
century considered that Indian astronomy had been founded en accurate obser-
vations made thousands of years before the Christian era. Laplace, basing his
arouments on figures given by Bailly. decided that some 3.000 years B.C. the
Indian astronomers had recorded observations of the planets correct to one
second ; 'Playtun” supported Bailly's views : Sir William Jones argued that correct
observations must have been made as early as 1181 B.C.; and so on; but with

TPhe questbn of Chinese inflirence has not been eonsider-l: Lut it is intere~tine tn note that in the
b4 : ‘
seventeenth eentury the French Jesmts helped the Chroese in their astronomy : and at Pekine a fow vears
aro were several lerge msttuments, supposcd to be designed by Father Verbicst, copied from the :p of
Tveho DB ahe, and also some Mu~lin m~trumonts of an eatlier 3 : .
ve . ] > v date. Sce G. Ferbes asto
o -0 . = story of dstronomp
PP s ad, Oy
2 v fo! owi . . e e : . .
The fol owing notes attempt o give very hriefly on'y a fair notion of Hindu astronomy No att n
- . N . N ¢ g yv. J ¢ ‘m
has been mude ot conpleteacss, For further information reference should be made to the works cnumn tpd
. 3 enumerate
i the annexed bibliography (p.141 seq.),
3 T ae wstronomnic al 1 otions vearlv Chricts - . }
>ti'n( _1 L .)u n< of the carly Christian writers were often far more absnr!, Se- p.
i Jirum Siddhada, 1. 2-3.

5 Afterward. both Laplace and Plavfar recanted. See my Hindu Astronomy
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the researches of Bentley, Colebrooke, Weber. Whitney, Thibaut and others more
correct views were introduced ; and 1t has long been known that the figures used
by Bailly are comparatively modern.

Vedic Astronomy.

65. Vedic Astronomy is more poetical than exact and it 1s of interest, apart from
jts poetic value, chiefly as a subject of controversy. Certain scholars. eg..
Dikshit, Tilak, Jacobi and others, argue from rather vague astronomical premises,
partly based on the texts, an extreme antiquity for the Vedic writings: others
do not accept their views.

The Vedic year was 12 months of 30 davs each and an occasional inter-
calary month,  the thirteenth month fabricated of days and nights, having thirty
members.”  (A.V. xmr, 3, 8) There is no indication of any definite cvcle.
(The five-year cvele appears later.) The vear was also divided into two equal courses
or ayanas, a nothern course or Uttardyana beginning at the winter solstice,
and a southern course or Dalshindyuna beginning at the summer solstice.

In the Rig Veda two asterisms only are mentioned, Maghd and Phalguni;
but in latar Vede texts (eqg., AV.. xix, 7. 1-3) a complete list of the 23
nalshatras or asterisms is given. This list is headed by Npettikas or the Pleiades.
which marked, it is believed, the vernal equinox of the Vedic year; and this
is a foundation, although not a wvery secure one. for Vedic chronology.!

If the vernal equinox was marked by Ayittiia@s then the period of fixing
this was about 2350 years B.C., when the vernal equinox was approximately
of the same longitude as Alcvone (% Tauri) the brightest of the Pleiades. But
the only evidence we have is the occurrence of the list of nakshatras with
Krittikds at the head and, if the assumption made is true. the only legitimate
conclusion is that this list must have been prepared at some time affer 2350 B.C.
It may have been an exofic list; or it possibly might be a genuine record of
Hindu observation at some time or other. There is another difficulty in the
fact that according to the Hindu records Krittikds apparently marked the vernal
equinox for a very considerable period.

Other parts of the Vedic texts have also been used for the purpose of
establishing their great antiquity, eg., Jacobi attempted to prove that the
Vedic year commenced with the summer solstice. His arguments are based
on th» following very doubtful rendering of a verse of the °Frog Hymn" :(—

“ Those leaders of rites observe the institutes of the gods, and disregard
not the season of [the twelfth month]:* as the year revolves and
the rains return, then scorched and heated they obtain Freedom.”

Dikshit,® from a passage of the Brahmanas (Q.B. 1I, 1. 2 =Y, fixes the
age of its composition at 3000 B.C. The words " They (the Krittikas) do
not move from the eastern quarter while the octher asterisms do move from

1 According to Alberuni (IT, 8) in his time the year was commenced with Chitra, Bhidrapadd, I7Lituka, or
Mrigasiras according to leality or prediliction,  See also Ileet JAL A4S 1916, pe 3T,

2 Other translations give * the twelve montls.”
3 [ndian  Antiquary 18395, XXIV, p. 240
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the eastern quarter’ he takes to mean definitely that the asterism Krittikas
(Pleiades) and no other asterism was on the equator; and he writes ™ In my
opinion the statement conclusively proves that the passage was composed not
later than 3000 B.C.” Many other similar interpretations have been strived
after.

In Vedic texts no definite mention is made of the planets, although much
ingenuity has been exercised in interpreting the texts otherwise. There are possible
reterences to eclipses which Ludwig, with some skill, has attempted to identity.

Vedanga Astronomy.

66. («) The Jyotisha Vedinga' and the Swryaprajiapt! contain the earliest
formal astronomical statements. The former introduces the 35-vear cvele of
1330 apparent solar davs. The year was tropical in theory and contained 366
apparent solar days and was therefore too long. The sidereal vear was 367
sidereal days. The lunar day or ¢/ wax 3} of an ordinary day, but was
reckoned as equivalent to an ordinary day for calendar purposes, one tithi being
omitted as occasion required. There were 27 nakshatras each suppesed to
occupy - =131 degrees of the ecliptic. and each nakshatra was considered
to be divided into 124 equal divisions or wisas. The sun therefore traversed

527124

5% 27 asterisms 1n the five vear cvele or 22 amsgas a dav; and to traverse

Ei e
one nakshatra it took 134 davs =13 davs 3335 kalds, since there are 603 Lalds

AT 27 63
i

in one day. The moon traversed ===/ nrk<hatrds in one day and one nakshatra
in 1 day 7 kalas.

The five-vear cvele appears to have commenced with the winter solstice
and Sravishtha is said to have marked the beginning of this cvele, and also
the heginning of the sun’s progress. and also the winter solstice—all of which
are in agreement. If Sravixhtha is to be identified with 3, a. y and & Delphini
(as it usually 1s) then it marked the winter solstice about B. (. 1100. But
a list of asterisms given in the text begins with Aévini (3, and y Arietis), which
marked the vernal equinox about the beginning of the Christian efa, The
Vedinga states that during the northern proaress of the sun the davs increase
in length at an even rate of I'37T minutes a day or 4 hours 48 min;ltes n six
months of 18;3 davs® :. the 1.1c>1.‘thern and southern progress are considered equal,

(h) The Sirgaprajaapte 15 a Jain treatise on astronomy  that is similar in
many respects to the Vedanga.,  The Jainas held the old Indian idea of the heavenls
bhodies revolving  round mount Meru and as a corollary to  this thei
eoneeived two suns. two moons and  two  sets of constellations, The ﬁve—vez;x.
cvele began with  the summer solstice with the sun in Pushva and Thiiﬁut
thought® this was a correction. from actual observation, of theyomer Vedinga

L Peliiga is the name of certam works or elases of works regarded as e oL T
ere wo rally considered as of a somewhat later date. orks regarded as euxiliary to the Vida, They
3 The table of clunates on page 131 shows that an inerease of 41 hours eorros onds to a Iati
of 36 337 N., the obligiity bing taken as 231 degrees. For a greater n;ﬂiqnitv 1t‘w0Au’ld be f lt; ,,'mmdv

¢ Thibaur calealites a precession of 177 3 or a difference of 1246 vears hetween t};(\ \urrl‘o UO(Fth.
the S yapropiaptt but gives a caution as to the uncertainty of the ‘l("lll(l'tmn‘ - 3 e Vedinga and
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Another point of difference was the employment of 28 nakshatras of unequal
extent and this altered, theoretically, the positions of the nakshatras—in some
cases to a very considerable extent, and makes our estimations of the periods in
which these works were composed very uncertain.
(¢) The characteristics of this period are:—

(1) The five-year cycle.

(2) The division of the sphere into 27 or 28 nakshatras.

(3) Equal daily change in the length of the day.

(4) Omission of any explicit reference to the planets.

Greek Astronomy in India.

67. Varaha Mihira and others, about A. D. 550, made popular new ideas
borrowed from the west: they remodelled the Hindu astronomical system on
Greek lines. Vardha Mihira’s astrological works contain numerous Greek technical
terms and show, unmistakably, Greek influence. His great astronomical work,
the PaRchasiddhantika consists of summaries of the Paitamaha, Vasishtha,
Romaka, Paulisa’ and Saura Siddhantas. “ The Siddhanta made by Paulida
is accurate, near to it is the Siddhanta proclaimed by Romaka, more accurate
is Savitra and the two remaining ones are far from the truth.” The summary
of the Paitamaha Siddhanta exhibits the teaching of the Vedanga stage but
adds the epoch of 2 Saka (=A. D.80). The TVasishtha Siddhanta appears to
represent the transition stage. It alters the longest day rule and introduces
shadow calculations and the lagna or ‘rising sign’ notion ; while the other three
introduce, unequivocally, the Greek teaching. The main characteristics of the
Romaka Siddhanta are—

(@) A cycle of 2850=19 X 150 years, perhaps based on the Metonic cycle,
(b) A year of 365 5" 55™ 12° which is exactly the tropical year of Hipparchus.
(¢) The epoch of 427 Saka (=A.D. 505).
(d) Omission of mention of epicycles.
In the Paulisa Siddhanta the following points are noteworthy :—
(@) A year of 365% 6" 12™
(b) A special rule for finding the place of the moon.
(c) Very rough rules for eclipses.
(d) Differences in longitudes between Avanti (Ujjain) and Varanasi(Benares)
and Yavana (Alexandria) are given.
(e) A table of sines agreeing with Ptolemy’s table of chords.

68. The Sirya Siddhanta is probably the best known astronomical work of
the Hindus. The several sections of the accepted text® relate to :—

1. The mean motions of the planets. 2. The true places of the planets.

3. The gnomon. 4. Eclipses.®

1 Alberuni writes (i, 153): “ Paulisa-siddhianta, so called from Paulisy the Greek, from the ety of
Samtra, which I suppose to be Alexandria.”

2 Varaha Mihira's summary of this work differs in some details frcm the text now in use but not
essentially, e.g.. the length of the sidereal year in the two works is: Old Surya Siddhanta 363¢ 6" 12" 6.
Modemn Sirva Siddhanta 365¢ 6° 12™ 36'56". The text now accepted possibly dates from about A.D. 1100
while the earlier limit for the original Sarya Siddhinta is about A.D. £00.

3« That subject which is tle greatest mystery, which perplexes the minds of writers of astronomical
works.” (P.8. i, 5.)

K
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5. Planetary counjunctions. 8. Instruments.
6. Asterisms. 9. Time. (osmogony.
7. Heliacal risings and settings.! 10. Astrology.

89(a). The topics dealt with in most of the later Hindu works are funda-
mentally the same as those of the Sarya Siddhanta and the following notes
apply fairly generally to all these works. The earth s considered as a fixed
unsupported sphere round which the other heavenly bodies revolve.* Its dia-
meter is given as 1,600 yojanas and the distance of the moon as 51,570 yojanas
or roughly the same relative distance as Ptolemy gives (61§ radil of the earth).
The distances of the other planets are calculated on the assumption that they
move with equal velocities. The equation of the centre of a planet is calcu-
lated by assuming epicycles, but an apparently indigenous notion Is introduced
by making the epicycle oval. Ptolemy's theory of the equant is omitted and
certain other improvements of Ptolemy relating to the moon and Mercury are
also omitted. The precession of the equinoxes is explained as a sort of libration
within limits of 27 degrees east and west of a fixed position, at a rate of 54
seconds a year; and the obliquity is generally reckoned at 24 degrees.

The Greek names of the planets and of the signs of the zodiac were adapted
and the seven day week introduced ; many Greek astrological terms and some
Greek mathematical terms were adopted without change. Some of the old
cosmological notions that did not interfere with the new ideas were retained.
The Greek teaching was, indeed, accepted as a whole — but the evidence points
to the curious fact that the Greek astronomy introdueed is that of a period
preceding Ptolemy, although Ptolemy lived in the second century of our era
and the Hindu-Greek astronomical works did not appear earlier than A.D. 400.

69(b). One of the most notable features of Hindu astronomy of this period is the
employment of immense cycles. To express the planetary elements in integral numbers
the astronomers assumed an artificial epoch of general conjunction and a period of re-
curring conjunctions. The last general conjunction was supposed to be at 3102 B.C.
and the cycle or yuga of recurring conjunction is supposed to consist
years.” The planetary elements are expressed in ternIl)sp of this cycle as fc?lfloxfrf:zi’ooo

Planet. Revolutions. Planet. Revolutions.
Sun . . . . . . . 4,320,000 | Saturn . . . . . 146,568
Mercury . . . . . . . 17,937.060 | Moon : Sidere:l revolutions 57,753,336
Venus . . . . . . . 7.022.376 - Synodic Y . 53,433,336
Mars . . . . . . . 2,296,832 ' Revolution of apsis . 488,203
Juper . .+ <« . 364.220 . . , node ] 2322354

* For some historical account of this topic see Bouché-Leclereq L'4 ;i
0 \ - Astrologie
2 Aryabhata attempted to revive the theory ol Heraclitus tl?at it an:sojihegr:acztutf‘.sp. S i
that Producod the apparent motions of the heavenly bodies; but he was condemned morthod e tior
the view has never been accepted by Hindu astronomers generally 89 unorthodox and
3 The number 4,320,000 = 20 x 60 3 is suggestive of Babyloni .
b g of Babylonian influence. See alsoJ. Adam The Nuptial
¢ As Whitney points out all these numbers except the last two ivisi
to indicate that the last two were later additions. P we are divisible by four and this seoms
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There was, of course, no general conjunction at 3102 B.C., which pericd
was arrived at by calculating backwards according to the rules. Bently assumed
that at that particular time when the calculation was made the positions of the
planets were known with some accuracy: he then caleulated according to the
Sarya Siddhanta tules the positions of the planets at several periods and found
them most correct for A.D. 1091 and concluded that the elements were fixed
and the work composed towards the end of the eleventh century.!

Hindu Astronomical Caleulations.

70. The important elements in the Sidrya Siddhanta are :—

Years in the yuga or age . . . . f 4,320,000 , A,

A

B | Siderealdays . . . . . .| 1582,237,828 ’f B.

C Natural or eivil days . . . . . 1; 1577,917,828 C =B—A.
D | Solarmonths . . . . . . 51,810,000 } D =12 x A
E Sidereal months j 57,753,336 E.

F ’ Synodic months ; 53,433,336 T == E—-A
G Intercalary months (adhimdsa) . . o 1,593,336 G = F—D.
H Lunar days (titki) . { 1603,000,080 H=230 xF.
1 Omitted lunar days (tithi Kshaya) . i 25,082,252 I =H-2C

(@) One of ‘the most frequent and most important calculation is concerned
with finding the akargane or‘sum of days’ that have elapsed since the beginning
of an age. Thus to find the akargana for the beginning of the solar vear 4294
of the Kali Yuga the calculation is as follows :—

s 1,593,336
—_— T = ]1H83-37
5516 ~51.840.000 °F & = 10833776

whence the lunar days elapsed = 30 (51516+1583-3776)=1592981-329.
omitted lunar dayj _ 25,082,252

1592981'329  ~ 1603,000,080

and the total number of civil days is 1568055-8116.+

(b) Another characteristic example of the calculations is concerned with the
equation of the centre (Kendra). The mean position of a planet was calcul-
ated from its number of revolutions in a yuga (p. 74). This was corrected
by hypothecating certain epicyclic motions. The mean motion in a circle (defer-
ent) gave wrong positions so the planet was supposed to move in a second
circle (epicycle) whose centre lay on the circumference of the mean circle (de-
ferent) and the corrected position was calculated on this theory. For all but
the sun and moon (which required only one) two corrections were made. (1)
the equation of the conjunction, (2) the equation of the apsis — by two separate

4293 x 12 = 51516, and

Again whence the omitted lunar days are 24925-4879

! For further details see my Hindu Adstronomy. Bentley's general argume..t is quite sound but ho

must not be accepted as reliable on all points.
+ This round -bout way is necessitated, more or less, by the form of tha tibles, The result may be obtained

by wmultiplying 12 x 4293 by % which is approximat-ly 3043823 and 12 x 1273 x 30-43:23=1568055-85668.
K 2
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epicycles ; and by combining these two equations the ‘True place’ of the planet
was dete’rmined The calculation, i1s complicated and entailed very considerable
skill of sorts. Here are calculations for the planet Venus for a particular position,

CALCTLATIONS FOR THE EQUATION OF THE CENTRE FOR VENUS,

Qs 3 ’
Given mean longitude . L “‘8 18 ‘li .
Longitude of conjunctio™ C =10 21° 50

A A s -1
Longitude of apsis, A =~ 197 52 o o 1 o
Epiéx'cle of apsis, B, varies from 11° to 12°. Difference, A= 1

. raria b < 100 N __Ho
Epicyele of conjunctions E, varies from 260° to 262° Difference, A =2

Fir-t calculation i Fourth caleulaticn

- en Second cateulation f Third calculation f
— S CmaRme | s b
— . B
- T T - i 818713 . 42607 , +227 o 8° 18°13’+ 95
ol 3 . . . . ] = gvyey T g 287 | 3
Longitude . ) 91°17 At A R
o acq=r o a0 ey
a. Mean commutation = (L - ] 2 3737 . .. . 2 3°37'—93
, =2 3014
» ol ¥ -44 h;’b I
a’. Equated anomaly =A4—L . J e 518°35 . PRl E i X L
b. Bhujajyi = Sinaor o' . s 308", . 6897 . . .1 691 . . .} 30807
¢. Rotyyia == Cosnora” . © 1527 . 33697 . . .} 3368”7, . .- 15217
. I/ I (
d. Correction for epicycle :f»'A - 147 . 1Y . . )12 . . \'
e. Corrected epicyele = E—d  + 0 260°13" . 148" ., s, L L f 260°13°
- O . 2218
360° ! !
= . . sy o e L L | 11187
360 L 5038’ 518 587
h. Chala karna = V(r4gf £/ + | B S ALY - . L I v
; ———%/ . . . . {\ 1515 . <219, . L 22, . | 1505,
! Qs L 0°5 co0s . ,
j = sin—Y . . . .| 267 - ho, ) ] 0733 ) : {K + 25°59
. N“\\
. 8" 18° 36 . . +25° 59’ =9 14° 35’

The true longitude is therefore

The radius(r) is supposed to be divided into 3438 equal parts which are as a matter of convenience
termed minutes, and the sines cte.,  (bhgajya, kotijyd. chala karna, etc.), are expressed in terms of this

radius (see my Indian Muthematics, P 11). ' -
The corrections for epicycles are simple proportions : the difference for 90° i A, what is the difference

for ¢ degrees? The dimensions of the epicycle are expressed in degrees, ete., in such a way that (r' being
° it the number of degrees : 360,

the radius of the epicyele) 2 7 fl" 2w - !

71. A great many mterestmg topics must be omitted in this brief sketch
of Hindu astronomical theory. — Aryabhata taught that the earth revolved upon
its axis and a proper explanation of eclipses but was not approved. The
works of Brahamagupte and Bhaskara have considerable Interest in matters
of detail but do not differ fundamentally from the Sarya  Siddhinta. Tudeed
since the time of composition of this work there has been practically no alter-
ation of fundamental importance in the Hindu theory.

At the present time there are three schools  of  astronomers : (i) The
Saurapaksha, (i) the Arya-paksha, (iii) the Brahma-paksha and these only
differ in matters of detul.  For example a distinctive featue is the lengths of the
vear® emploved. These are:— )

) (1) Sawra-pakshi et 365 6% 13™ 36-56°, (1) .irya-paksha vear 3631 6t 19 3.
(i) Brohina-paksh: year 3654 68 12m 300155,

U Really the differentiatint i3 & geographical “one. The Sirys Sidikanta is the stand;ud_;uﬂmgg‘;
in the greater part of Indiv bt )tho firt Ar‘i/‘rMSUM}M”M.H Fh_e E_luthom,ty e the Tamil and Malayalam
e ountries of Southern India whiv Lm?unagu};ta iy followed in ('ul?mt. Rijputina und North West India,

! Theoretially at least. the year in a Sldt‘T(‘f}l cne, but thb:re I8 sume vagueness and there are no records
of the methods by which the results wore attained. Sce R. Sewell The Indian Calendar, pp. 7-10,
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Hindu Star Lists.

72. The determination of the position of the stars with exactitude does not
seem to have interested the ancient Hindu astronomers.! In early works the
brief lists of stars with celestial co-ordinates given are generally in connexion
with the path of the sun and moon through the nakshatras. In each nakshatra the
position of a junction star or yogatdra was determined. The Pajicha Siddhantika
mentions seven of these while the Siarya Siddlant gives the position of 28, one
for each nakshatra and also of seven other stars. The Siddhanta Siromani and
Brahma Siddhanta mention only Canopus and Sirius. After these such lists as
Mahendra Surt’s (given in Appendix A) sometimes cccur.

2. The Parcha Siddhantika record is as follews :—

*“The yogatara of Kiittkd is at the end of the sixth degree and three and a half
hastas to the north of the ecliptic; that of Rehini is at the end of the eighth
degree, and five and a half hastas to the south of the ecliptic.” (XIV, 31)
“ The two stars of xunarvasu are at the eighth degree. and to the north and
south of the ecliptic at an interval of eight Aastas. The star of Pushya is at
the fourth degree, three and a half hastas to the north.” (33)

«Of Aslesha the southern star is at the first degree one hasta (south); so also the
northern star of Magha the conjunction takes place in its own field,? at the
sixth degree. Of Chtra at seven ard a half degrees. three hastasto the south.”?

The Sirya Siddhanta gives the pcesiticns of the chief stars of the nakshatras
in terms of pclar latitude and longitude.* The Sarya Siddhanta stars and their

position are given in appendix A.

Hindu Astronomical Instruments.

73. The only instruments of practical utility for astronomical purposes des-
cribed in ancient Hindu works are the sun-dial and clepsydra. An armillary
sphere is also described as an instrument for purposes of demonstration. The
only Hindu instrument of any antiquity actually found is the clepsydra, consisting
of a metal bowl floating in a vessel of water.®

The following is a summary of those parts of the early Hindu texts that
deal with astronomical instruments. (i) The Clepsydra or Water clock is referred
to in the Jyotisha Veddnga where the amount of water that measures a nddika
=24 minutes) is given. The more ancient form of water clock appears to have
been simply a vessel with a small orifice at the bottom through which the
water flowed In a nadika® but later on there came into use the form described
in the Sarya Siddhanta (XIII, 23) : “ A copper vessel, with a hole in the bottom

1 Alberuni writes (II, 83): " The Hindus are very little informed regarding the fixed stars. T never
came across any one of them who knew the single stars of the lunar stations from evesight. and was able
to point them out to me with his fingers.”

2 j.e., on the ecliptic.

3 Since 24 ajzigulas —= 1 hasta and the diameter of the moon was reckoned as 15 aigulas, and its mean
diameter as 32 minutes (SX. IV, 1) we have approximately 1 angule =2 8 and 1 hasta = 51’ 12" roughly ;
but possibly 1«igula was meant to measure 2 minutes. Also 27 nakskhatras occupy 360° and one therefore
occuples 13} degrees.

4 8¢ also p. 8.

5 Tt 15 the only instrument described in the .fin-i-Akbari (Ed. Jarret ITI, 16).

¢ J.F. Fleet Thae Auncien’ Indian Water Clock J.R.ALS., 1915, pp. 213-230.
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set in a vessel of pure water, sinks sixty times in a day and night and 1s an
accurate hemispherical instrument.” The Paiicha siddhantika description’ (XIV,
32) is similar but adds “Or else a nadikd may be measured by the time
in which sixty slokas cach consisting of sixty long syllables can be read
out.”

A later description of the clepsydra is as follows: “ A copper vessel, weigh-
ing 10 palas, six afigulas in height and twice as much in breadth at the mouth
—this vessel of the capacity of 60 palas of water and hemispherical in form
is called a ghati. The aforesaid copper vessel bored with a peedle made of 3}
mashas® of gold and 4 aigulas long gets filled in one nadika.”

In practice, no doubt, the dimensions of the bowl and the orifice were
determined by experiment. Bhaskara (XI, 8) indeed says:” See how often it
is filled and falls to the bottom of the pail of water in which it is placed.
Divide 60 ghatis of day and night by the quotient and it will give the measure
of the clepsydra.”

(i) The Gnomon.—The sun-dial described in the early treatises is of the
simplest kind, consisting of a vertical rod or gnomon divided into 12 divisions.
The descriptions are of a theoretical nature and do not apply so much to the
construction of instruments as to theoretical calculations. The Pazschasiddhantika
(XIV, 14-16) instructions are: “ Mark from the centre three times the end of
the gnomon’s shadow and then describe two fish figures. Thereupon describe
a circle taking for radius a string that is fastened to the point in which the
two strings issuing from the heads of the fish figures intersect and that is so
long as to reach the three points marked. On the given day the shadow of
the gnomon moves in that circle and the base of the gnomon is the south-
north line; and the interval in the north direction is the midday shadow.”
(III, 1-7) This means mark on any particular day the extremity of the shadow
at three different times—and these three points are supposed to lie on a circle the
centre of which is found (in the usual way) by the so-called fish figures.®

The Siarya Siddhanta directions (III, 1-7) are more elaborate but relate to
exactly the same type of dial. They are as follows:—

“(7) On a stony surface, made water level, or upon hard plaster, made level, there
draw an even circle of a radius equal to any required number of digits of the
gnomon. (2) At its centre set up the gnomon of twelve digits of the measure
fixed upon ; and where the extremity of its shadow touches the circle in the
former and after parts of the day, (3) there fixing two points upon the circle,
and calling them vhe forenoon and afterncon points, draw midway between
them by means of a fish ficure, a north and south line. (4) Midway between
the north and south directions draw, by a fish figure, an east and west line ;
and in like manner also by the fish figures between the four cardinal directions,
draw the intermediate directions. (5) Draw a circumscribing square by means

! Lala Chhotte Lal's Jyotisha Vedanga, p. 12.
t 2 About 56 grains troy. Tleet quotes another rule which gives the weight as a suvarna (= 16
mashas) and 4 angulas long drawn out round or square, Bhiskara simply says (XI, 8) it * should have
s hole bored in its bottom.”
3 The * fish figure’ is the common part of two intersecting circles.




ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 79

of the lines going out from the centre: by the digits of its base lines projected
upon that is any given shadow reckoned. (6) The east and west line is called
the prime vertical (sama-mandula): it is likewise denominated the east and
west hour circle (unmandale) and the equinoctial circle (vishuvan mandala). (7)
Draw likewise an east and west line through the equinoctial shadow (veshivad-
bhi) ; the interval between any given shadow and the line of the eyuinoctial

.

shadow is denominated the measures of the amplitude! (agra)

(i) Armillary Sphere.—The Siarya Siddhinta (x1r, 1-6 ) gives instructions
for the making of an elaborate armillary sphere :—

(2) ““ Let the teacher, for the instruction of the pupl ...... (3) prepare the wonder
working fabric of the terrestrial and stellar sphere (bhitbha gola). Having fa:h-
ioned an earth-globe of wood, of the desired size, (1) fix a s‘aff passing through
the midst of it and protruding at either side for Meru; and likewise a couple of
sustaining bands and the equinoctial circle ; (3) these are to be made with
graduated divisions (aigula) of degrees of the circle (bhagara). Further by
means of the several day-radii, as adapted to the scale established for those
other circles, (6) and by means of the degrees of declination and latitude marked
off upon the latter, at their own respective distances in declination, according
to the declination of Aries, etc., three (7) bands are to be prepared and fastened :
these answer also inverselv for Cancer, etc. In the same manner, three for
Libra, etc., answering also inversely for Capricorn, etc.: (8) and situated in the
southern hemisphere are to be made and fastened to the two band-supporters.
Those likewise of the asterisms situated in the southern and northern hemis-
pheres, of Abhijit, (9) of the Seven Sages (Saptarshayas) of Agastya, of Brhama,
etc., are to be fixed. Just in the midst of all the equinoctial band is fixed.
(10) Above the points of intersection of that and the supporting bands are
the two solstices (ayana) and the two equinoxes (vishuvat). From the place
of the equinox, with the exact number of degrees, as proportioned to the whole
circle, (11) fix by oblique chords, the spaces (ksketra) of Aries and the rest;
and so likewise another band, running obliquely from solstice to solstice, (12)
and called the circle of declination (krant?) : upon that the sun constantly revolves
giving light : the moon and the other planets also by their own nodes, which
are situated in the ecliptic (apa mandala) (13) being drawn away from it, are
beheld at the limit of their removal in latitude (viksheps) from the corresponding
point of declination. The orient ecliptic point (legna) is that of the orient
horizon ; the occident point (astamgachhat) is similarly determined. (14) The
meridian ecliptic point (madhyama) is as calculated by the equivalents in right
ascension (lankodayas), for mid heaven (hamadhya) above. The sine which is
between the meridian and the horizon (Ash/fija) is stvled the dav measure (antya),
(15) and the sine of the sun’s ascensional distance (charadala) is to be recognised
as the interval between the equator and the horizon. Having turned upward
one’s own place, the circle of the horizon i1s midway of the sphere. (16) As
covered with a casing (vastra) and as left uncovered, it is the sphere surrounded
by Lokaloka. By the application of water is made ascertainment of the revolu
tion of time. (17) One may construct a sphere instrument combined with
quicksilver ; this is a mystery, if plainly described it would be generally intel-

1 Distance of the sun at rising or setting from east or west point of the horizon
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ligible to the world. (18) Therefore let the supreme sphere be constructed accord-
ing to the instruction of the preceptor. In each successive age, this construc-
tion, having b:come lost. (19) is by the sun’s favour again revealed to some
one or other at his pleasure.”

(iv) Other Instruments—* So also.” the text continues. “ one should construet instruments
(yantras) for the ascertainment of time. (20) When quite alone one should app'v
quicksilver to the wonder causing instrument.! By the gnomon (sanku), staff
(yashtiy arc (lhanus), circle (chakra), instruments for taking the shadow of various
kinds .......... (21). By water instruments, the hemisphere (k:palt). ete., by the
peacock, man, monkey, and by stringed sand receptacles, one may determine time
accurately (22). Quicksilver-holes, water, and cords, ropes and oil ard water,
mercury. and sand are used inthese: these applications too are difficult .. ........
(24). So also a dial (narayantra) is gocd indiytime and when the sun is clear. ”

Such is the orthodox Hindu text relating to instruments. Nothing of material

value appears to have been added to these instructions until the methods of the Yavanas
were introduced by Mahendra Siiri and others; but Bhaskara (Siddhdanta Siro-
mane XI, 16) claims to have invented an instrument called Phalaka Yantra®
which he says 1s an * excellent instrument, calculated to remove always the
darkness of ignorance and is the delight of clever astronomers.” This instru-
ment is simply a board divided by horizontals into 90 equal parts. At the
centre of the 30th graduation from the top a pin or style is placed perpendicular
to the board and round it a cirele is drawn of radius=30 divisions, which is
graduated in ghatis and degrees, and attached to the pin is an index arm
(pattika). The instrument is suspended by a chain and isused for observational
purposes. It 1s in fact part of a very simple astrolabe. Bhiskara did not
seem very pleased with his instrument for he concludes’ (XI, 40) by saying
*“ But what does a man of genius want with instruments about which numerous
works have treated ? Let him only take a staff in his hand, and look at any
object along it, casting his eye from its end to the top. There is nothing of
which he will not then tell its altitude, dimensions, etc.”
well indeed the attitude of Hindu astronomers.

This sums up very

MUsLiM ASTRONOMY.

74. The Muslim astronomers frankly acknowledged their indebtedness to
Greek writers. Indeed they were to some extent the direct successors of the
Greeks in intellectual matters and the historical problems of their astronomy
are much less complicated than is the case with the Hindus. In the middle
ages they were the foremost astronomers of the world. They accepted the
fundamental features of the Ptolemaic svstem of the universe. They were aware
of the precession of the equinoxes and discovered the slight movement of the
apogee ot the sun and also they perceived the variation in the obliquity of
the ecliptic. They discussed the possibility of the earth revolving on its own
axis but generally rejected the theory.

1 Rep the Siddhanta Siromani xi 50-31. The mstrument appears to be a perpetual motion machine

which conwst< of a wheel with hollow (.tengential) spokes which are filled with mercury, “The wheel

tlue filled wili. when pieced on an axis supported by two posts, revolve of it~elf.”” This is an old friend.
2 Compare the ~ Balance Khoraric ou Fézawre’ deser bed by Delambre dstro.iomie du Moyen dge, p. 5-1
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They fully realised the necessity for methodical observation and in prac-
tical astronomy they excelled the Hindus and Eurcpeans of their time.! The
first series of regular observations with the aid of fairlv accurate instruments
appears to have been made at Gondeshiplir in the south-west of Persia in the
first years of the ninth century of our era. During the Califiate of al-Ma'min
(A.D. 813—833) at the observatory at Baghdad all the fundamental elements
of the Almagest were verified—the obliquity of the ecliptic, the precession of
the equinoxes, the length of the solar year, etc. A measurement of an aiwc

of the meridian in the region of Palmyra was also carried out during the same
period, and similar observations continued to be made throughout the Muslim
world until the middle of the fifteenth century. The observatory at Cairo was
founded in the tenth century, and the observations there were recorded in the
‘ Hakimid Tables ’ (al-zij al-Hakimi). In Persia an observatory was founded in
A.D. 1074 at Naisablir and there in A.D. 1118 al-Khazinl complied his * Sanjaric
Tables’ (al-z7j al-Senjar?). In 1259 a great observatory was founded at Marigha
in North-West Persia and there Nagir al-Din-Tisi (mentioned by Jai Singh)
published his famous °Ilkhanic Tables.’

With Tlugh Beg, the grandson of Tamerlane, the study of scientific astro-
nomy throughout the Islamic world ceased. He founded a large observatory at
Samarqand to which he summoned such renowned astronomers as Jamshid
al-Kashi (mentioned by Jai Singh), Kadi Zade, al-Rami, ‘All al-Kisji, and
others. He undertook a complete revision of the catalogue of the stars—based
upon direct observation—and himself wrote a preface to the tables a few months
before he perished by an assassin’s hand. Jai Singh professedly followed Ulugh
Beg in his astronomical work.

The names of many Muslim astronomers of the middle ages such as Ibn
Sina or Avicenna, al-Biruni, Omar Kahijami and Averroés are familiar to everybody.

75. The practical view taken by the Muslim astronomers led to attempts
to improve the instruments in use and to the design of others.

The Maragha instruments.

A brief description of the instruments used by Nagr al-Din al-Tasi at the
observatory at Marigha is available.? The theory of these instruments was
probably known to Jai Singh (see p. 4.).

The Mardgha instruments were—

(1) A quadrant or mural circle constructed of wood, the radius of which
was about 11 feet. The arc was of coprer, 3 inches wide, and
was graduated. At the centre was a copper pin round which the
alhidade (furnished with two sights) turned. The alhidade termi-
nated in a point and was moved by a cord passing over a pulley
attached to the wall.

1 Tt is related that the works of Aryabhata and Brabmagupta were introduced into Baghdid in

the ninth century of our era, and that these works possibly had some influence in directing the scien-

tific study of astronomy by the Arabs; but the ‘spirit’ of the Arab astronomy is entirely different from

tzat of the Hindu.

2 Jor ap account of earlier instruments see al-Battani ©pus astronomicum rvi-Lvir. Ed. (. A Naitino.
H
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(2) An armillary sphere of five circles, wiz., the ecliptic, colure, great
circle of latitude, the mendian and the small circle of latitude.
The ecliptic. meridian and small circle of latitude were graduated
down to minutes and the last mentioned was furnished with an
alhidade or sighter. A sighting tube appears to have been used
on the alhidade (see figure 68).

(3) A\ meridizn circle of about 11 feet in diameter furnished with an
albhidade.

(4) An equaterial civele fixed in the meridian.

(3) An instrument for measuring the diameter ¢f the sun or moon. This
consisted of two sights fixed on a bar. The cbjective was pierced
with a comparatively large hole and was moveable along the bar
over appropriate graduations. Spectal dires (like cemera steps) were
used with the objective.

(6) The instrument of two pillars. At the centre of a ler sryjated
by two pillers a pin was fixed, reund which revelved an alliidade
or sighter 12 feet leng.  Vertically bLeneath this pin weas ancther
to which was fastened a eraduated bar 174 feet long and along this
bar the end of the sighter was {ree to run. This appears to have
been a modification Ptolemy’s parallactic rulers.

(") A large azimuth circle fixed on a pillar traversed by two diameters
divected to the four points of the compass. At the centre were fixed
two vertical quadrants furnished with alhidades so that the alti-
tudes and azimuths of two stars could be taken simultaneously.?

(8)  Sme and Az'muth mstrument—An azimuth cirele similar to the pre-
ceding but in place of the vertical quadrants were two bars moving
i a groove and supported by two other lars perpendicular to
them.

(9) Stmilar to No. 6 but with the bars horizontal for measuring azimuths,

The notion of increasing the size of the Instrument as far as possible has
already been  referred  to (page 33). It is perhaps to Abu‘l Wefa that we cwe
some of the immense instruments which the Jdrab werks mention.  With g
quadrant of over 20 feet radius the obliquity of the ecliptic was observed in
ADo9950 The sextant of Abu M. al-Khojendi (C. A.D. 992) was of nearly sixty
feet radius.  In the tenth eentury the aperture dial was used and Na;sjir-al»DiJ;
by utilixing a hole in the dome of a large building, oltained excellent 1‘eSuItsj
According to Greeves the quedrait used by TUlugh Beg was 180 feet high.*

The astrelabe.” the thevry of which was due to Ptolemy, was in:iaroved
by the Muslims almest to perfection and many of these instruments were so

! The graduated bar, of coumse. measures the chords of the ares. and * as it was much easier *o or wduate
o,

a st shtliwe thay ana~e, the frge vu s continued to be the favoarte mstrument down to the cnd of the

+.x centh eentury.”’

(broyen o372 Thisis the Z4at ol Sha™ hatays mentioned by Jai Sineh (s o pag. 12).
* Nosc Tand 8 are intere~ting to us az beme the same in princip'e as the Rim Yantra (see page 305

3 The <hushtwm’a yavtrr i~ an eperture dial of this kind, )

! Sea L. P E. A\ Sdhllot, Prof. Tub, Astr. ' Ouloug Beg, {p. lsxx, xeviil, exxix,

*1oat s the flat astrobibe or dstrolabinm planispheriom,
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beautifully made as to become valuable works of art as well as efficient calcu-
lating machines and useful instruments of observation. As a portable instru-
ment of observation it was only superseded about A.D. 1731 by Hadley’s quad-
rant ; for purposes of astrological calculations the astrclabe is still in use in
the East. The flat astrolabe has already been described in some detail, as also
has al-Zarqali's modification of 1t and al-BiranT’s invention has also Leen referred
to (p. 87). There 1s also the linear astrclabe or ‘esa °’l Tasi (the rod of
al-Tasi),! called yashtr by the Hindus. Great ingenuity was exercised in devising
improvements and variations of the astrolabe and there are numerous Arabic and
Persian works describing the theory and construction of the instrument. The

term al-Asfurlabi as a name suffix was not at all uncommon.?

FEuropean Astronomy.

76. In Europe, after the death of Ptolemy in the second century of our
era, very little advance was made for a thousand years. The Christian church
often opposed scientific enlightenment and semetimes persecuted thcse  who sought
1t ; and the patristic writings contain the grossest of astronomical absurdities.

But about the thirteenth century sounder opinions began to prevail and
in the early part of the sixteenth century Copernicus wrote his De Revolutionibus
Orbium Celestium. Tycho Brahe, Kepler and Galilei preceded Jai Singh by about
a century. Greenwich observatory was founded some forty vears before that at
Delhi.  Newton’s Principia was written at the time of Jai Singh's birth ; Huvgens
died a few years later ; Flamsteed's catalogue of stars was first printed in 1688 ;
Halley in 1705 predicted the return of the comet named after him; the aber-
ration of light was discovered 1n 1727. Jai Singh succeeded to the Amber
territory in 1699 and the Delhi observatory was built about 1724.

77. The European instruments at the beginning of the seventeenth century
were in principle much the same as those used by the Greeks and Arabs.  Tycho
Brahe® (1546-1601) had several sextants and quadrants. a parallacticum (xee
p- 82), and armillary circles ; Hevelius (1611-1687) had a scmewhat smaller battery
of similar instruments; and Flamsteed (1646 1720) used a quadrant of 3 feet,
and a sextant of 6 feet radius.

The telescope was used for the general observation of heavenly bedies in
1609 by Galilei and telescopic sights were first systematically used about A.D.
1667. Gascoigne was probably the first (circa A.D. 1640) to introduce these
and he also invented a micrometer. Some twenty vears later Huvgens devised,
independently, the same contrivance. Hevellus introduced the vernier and tancent
screw ; Flamsteed used cross wires in the eve pieces of his sighters; Galiled
had used a pendulum for short time measurements: Huvgens devised a pendu-
lnm elock (1656) and Jean Picard (1620-1682) introduced regular time obser-

1 Ree Jowrnal asiatique 9” Sér 464f. ete,
t Eg., Al b, Tsi al-Asturlibi (9th  century). Fath b, Najiye a'-Asturlibi  (horn  AD.  941—42),
Hibetallih b, al-Hosein al-Asturlabi (died AD. 1139-49),

¢ Nev DRLYER's T'yeho Brahe xii. P18 th



84 ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

vations at the new observatory at Paris.! J. D. Cassini (1625-1712), it is stated,
devised schemes (never realised) for the construction of gigantic instruments.?

78. The Hindus, Arabs and Kuropeans all derived the fundamentals of
their astronomical science from the Greeks. It was the Hindus who first pro-
fited by Greek experience, then the Arabs and lastly the Europeans. The
last indeed obtained their knowledge of Greek astronomy primarily through the Arabs.

The following chronological scheme exhibits fairly well the relationship
between the three schools :—

GREFK
Astronomy,

ProreMy
2nd Cent. A D.

i
i
i
:
|
T
!

Hixvo
5th Cent,

ARAB
| 9th Ceut.

ETROPFAN
14th Cerrt.

i
-- Mahend:a, ete.

Jar SiNgH
1686-—1743.

1 An excellent, although all too brief, account of European instruments is given in the History of
dstioncmy by G. Forbes, while Dreyer’s Tycho Brahe is the only adequate account of medieval astronomy
{an+ wstrnments) in the English language.
2 A, Berry—A Short History of Asironomy, p. 160,
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When we examine carefully the methods of the several schools we find
somewhat marked differences. Even among the Greek astronomers (e.g., Ptolemy
himself) there was a distinct tendency to work on the observations recorded
by their predecessors and in the later Greek schools there was a consequent
neglect of observational astronomy. With the Hindus this tendency was em-
phasised fo a remarkable extent and practical work was neglected almost com-
pletely. The instruments they describe are either for purposes of what may
be termed theoretical calculations or for purposes of demcnstraticn (see page
78). They built no observatories and they made no systematic records of
observations.

The Arabs and other Muslim astronomers took an entirely different line.
They recognised the value of practical observation; but they hardly suspected
the need for a re-examination of the Greek theories. They built observatories
and devised improvements in the instruments and set about verifying and cor-
recting Ptolemy’s elements.

The European astronomers were perhaps not quite so bound by tradition
as were the Hindus and the Arabs. The death of the Ptolematic theory and
the invention of the telescope gave a great impetus to research and the Euro-
pean astronomers largely discarded the methods of their predecessors. They
recognised the inevitability of observational error and devised means to counter-
act it; they were forced to consider as of great importance facility of obser-
vation and gradually they devised instruments of types unimaginable to their
Arabic teachers.



Cuaprer XIIL.—THE EVOLUTION OF JAI SINGH’'S INSTRUMENTS.

79. The history of the evolution of Jai Singh’s astronomical instruments
would, if it could be recorded step by step, be of great interest; but detailed
descriptions of the larger Arabic instruments are not generally available and
we must for the present be content with general indications of the lines of
development. Generally speaking Jai Singh’s instruments are copies of or direct
developments from those used by TUlugh Beg and his predecessors and suc-
cessors. The flat astrolabe played an important part. Jai Singh’s first attempt
at improvement was apparently the construction of huge astrolabes such as
those shown in figures 28 and 29 and the construction of large graduated circles.
He had some excellent Arabic and Persian models (figures 5—20) but the metal
instruments ke had constructed do not appear to be of that fine workmanship
that adds so much to the value of many of the medizeval astrolabes. As far as
can be gathered Jai Singh did not use the ordinary sextant and quadrant instruments
such as were used by Nasir al-Din Tis1, Tycho Brahe, Flamsteed and others.

It bas been reloted how he discarded brass instruments and pinned his
faith on large immoveable masonry instruments; and some of these he claims
to have devised himself. As already has been pointed out (pages 12, 13) the
basic idea was not peculiar to Jai Singh. The Arab, Persian and Tartar astro-
nomers had constructed huge instruments; and they had formulated the wnotion
that the only bar to accuracy of observation was the limit imposed by cir-
cumstances on the size of the instruments. Jai Singh was prepared to ceTry
out the idea on which this proposition is based to, what he thought, a
reasonable extent.

80. The bases of the designs of the particular instruments are always obvi-
ous but Jai Singh showed very considerable ingenuity in the actual construc-
tions. The Jai Praka$ is practically the hemisphere of Berosus somewhat ela-
borated and the Samrit Yantra may also be considered as evolved from that
instrument.  This only means, however, that the dial of Berosus was of a
very general nature. It consisted of a hemispherical bowl placed with its rim
horizontal and in the centre and the same plane as the horizontal edge was
fixed a bead whose shadow on the concave surface of the hemisphere marked
the trace of the sun's diurnal path. The resemblance to the Jai Prakad 18
striking enough but it is doubtful whether Jai Singh had any knowledge of
the earlier instrument : he could only have learnt of it from the Muslim as-
tronomers (e.g., al-Battini who refers to the principle of the instrument).  The
Jai Prakas, however, is something more than the bowl of Berosus for it is
fully graduated and appears to have leen based upon the Muslim instrument

known as al-Masitarah, descriptions of which are found in the works of the
Muslim astronomers. !

¥ee L AL Sédrllot’s Meamnirs sur les insiruments astronomiques des Arabes, p. 151f.; also a de:cription b;r
al-Barjendi; alo Blagrave's dit of Dyalling, 1609. One section of Blagrave’s book is—¢“How to make a
d_all 01 a coneave hemispheare of a globe two severall wales,” and the second way is that of the Jai Prakas.
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The Samrat Yantra might be considered as a section in the plane of the
equator of the hemisphere of Berosus and with the bead extended into a line
parallel to the axis; but so could any dial be referred to the same origin.
In the British Museum are many dials of the seventeenth and early
eighteenth centuries constructed exactly on the same principle as the Samrit.!
The Samriat instrument is an equal hour instrument or equinoctial as such
instruments are often called. The evolution of the equal hour instrument is of
considerable interest. In early instruments the time from sunrise to sunset is
divided into 12 equal portions. These portions of time vary in length from
one-twelfth of the longest day to one-twelfth of the shortest day. They were
therefore called unequal hours, also temporal hours and planetary hours (see
page 22). Of these varying hours naturally the equinoctial hours were the
mean and on the introduction of mechanical clecks the equinoctial hour became
the standard for sun-time measurements. According to Delambre, Abdul Hhasan
(al-Hasan b. ‘Ali b. ‘Omar al-Marrakdoshi, Abu ‘Ali) was the first to introduce the con-
stant hour notion among the Muslims; but he seems to have employed, in
the usual manner, the horizontal plane for the shadow traces, while Jai Singh’s
nstrument receives the shadcw of the inclined gnomon on a circular arc lying
n the plane of the equator and thereby secures in the simplest manner equal
hours throughout the year. The direct origin of the tangential scales on the
gnomon for measuring the declination of the sun is not known; although Ibn
Yiinus and other Muslim writers of astreromy had worked out the theory.
Hindu astronomers did not employ tangent scales and refer to no other dia]
than the vertical gnomon and to no other dial measurements than the length
of the shadow. They made no direct angular measurements and an angular
dial would have been almost contrary to the spirit of their teaching® The
only other instruments that can be attributed to Jai Singh's genius are the
Digaméa Yantra and Ram Yantra but these are simply enlargements in masonry-
work of the azimuth and combined azimuth and altitude instruments of the
Muslims.

An indicator of the course of evolution of Jai Singh's instruments is still
to be seen at Benares on the instrument known as the Chakra Yantra. The
wedge (faras or ‘horse’) which fastens the parts of this instrument together
is of the traditional Arabic design.

! ¢.g.. apoc et dial made by Elias Allen about A.D. 1620 ; a more elaborate dial invented by John Paul
Kraus and engraved by T. G. Gutwe'n; one by Rugendas of Augsburg, 17.h century; ¢ne by Lautenz Grassl
of Augsbirg; etc,, ete.

2 Indeed they worked out the complete theory of the horizontal, vertical, inclined, cylindrical and
conical dials, etec.

3 This is a curious point in the history of science.  The Hindus scemed to avoid direct angular
mcasurements.  Their mathematical works contain no theorems or rules relating to angles (see my Indian
Mathematics, page 20). Whitney wrote (page 259): “ Lest it seem strange that the Hindus should have
derived from abroad the meme (kopa from ywyiz ) for so familiar and elementary a quantity as an angle,
wo would direct attention to the striking fact that in that stage of their mathematical science, at Jeast
which 1s represented by tne Sarya Siddhanta, they appear to have made no use whatever in their caleulaticns

of the angle.”



CuapTEr XIV.—CONCLUSION.

81. A considerable amount of evidence showing the relationship between
Jai Singh’s astronomical work and that of his predecessors and contemporaries
has been recorded. Let us recapitulate.

The names of the early astronomers and mathematicians referred to in
works attrituted to Jai Singh are :—

Euclid . . . . . . . . Circa. B.C. 290
Hipparchus . . . . . . . ' . 130
Ptolemy . . . . . . . ' AD. 150
Atdarrahmin b. ‘Omar aba’l-Husain al-Safi . . Died. » 986
Nasir al-Din al-Tasi . . Born. ,, 1201
‘Ali b. Muhammad al-Said al-Sharif . . ,, 1339—1414
Jamshid b Mes ‘ad Jijat al-Din al-Kashl . . Clirca. , 1440
Ulugh Beg . . . . . . . Died. , 1449
Maulina Chand . . . . . . . Circa. ,, 1550

Of those who came actually into personal contact with Jai Singh the follow
ing have been mentioned : Jagganith, Muhammad Sharif, Muhammad Mahdj,
Padre Manuel Figueredo, Father André Strobel and his companion, Father Claude
Boudier and Don Pedro de Sylva.

We know that Jai Singh possessed at least some of works of Ptolemy,
Ulugh Beg, P. de la Hire, J. Flamsteed, and also certain European astrono-
mical tables and mathematical text-books. He had Ptolemy’s Almagest
translated into Sanskrit, and a text on the astrolabe compiled, and he
brought up to date Ulugh Beg's celebrated catalogue of stars. The instruments
themselves are evolved from the types used by the Muslims and Jai Singh’s
inspiration was avowedly of Muslim origin.

82. The actual points of contact between Jai Singh’s astronomical work
and that of his predecessors and contemporaries have been generally indicated.
Yai Singh himself was a Hindu and had Hindu assistants, the most notable being
Jagganath, who, however, it seems was employed because of his knowledge of
Arabic—a somewhat unusual qualification among the Pandits of the day.!
He refers to one Hindu astronomer by name (see page 11) who was, however,
renowned because of his knowledge of Greek methods. Jai Singh was, no doubt,
well acquainted with the works of the Hindu astronomers but he does not seem
to have made much direct use of them.

Jai Singh had certain Muhammadan assistants (see page 5), he was ac-
quainted with the chief astronomical works of the Muslirns, he brought one of
their star catalogues up to date, and he copied the instruments of the observatory

1 There is a tale that Jai Singh was reproached with the statement that the Pandits, who pretended
to great learning, were entirely ignorant of Arabic scholarship and he produced Jagganath, who trans-
lated from the Arabic the two great works—Euclid’s Elements and Ptolemy’s Almagest. See Sudhakara
Dvivedi s Ganahkataragini p. 102 £
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at] Samarqand.  His masonry instruments were designed after the notiors tought
by the Muslim astronomers (page 13) and had absolutely nothing in commor:
with those described in Hindu works.

The contact with European astronomical knowledge mav not have Leen
really close but 1t was very definite. Jal Singh sent ceitain of his asistants te
Europe to get books and information: he invited Eurcpean priests to  visit
him, and he obtained European table: There 1s evidence, however, that bLis
contact with European knowledge was mere formal then intiniate.

83. We may leave out for the moment the que-ticn of Eurcpean influence.
as Jai Singh was really only on the border line of that influence, and consider
the Hindu and Arabic schools. The characteristic ditference between these is
connected with practical work. The Hindus were practical astroncmers enly
in so far as they could calculate from a given starting point with given rules
the positions of the planets, eclipses, ete., with scme accuracy.  This of course
implies a very considerable amount of knowledge and skill : but the Hindus
had no mstruments of precision of their own before Jai Singh's time : neither
were they interested in making practical observations of the heaveniv bodies.
Their rules and the elements given in their approved works sufficed them.
The standpoint of the Arabs was entively ditferent:' they were particularly
interested in the verification and correction of previously recorded results. They
built what were then the finest observatories in the world and theyv perfected
the astrolabe to an extraordinary degree.

The difference between the two schools 15 too well known to need elabo-
ration ; and the category into which Jai Singh’s work places itself is perfectly
clearly indicated ; and the hyvpothesis that he received his main astronomical
inspiration from Hindu tradition is completelv eliminated. He followed - the
martyr prince, Mirza Ulugh Beg™ of Samarqand. Since both the Hindus and
Arabs obtained their astronomy from the Greeks thev have much in common
but the work of Jai Singh was exactly of that nature which differentiates
between the two schools; and what the Mushim astronemers had and what
Hindus lacked attracted Jai Singh. In his work there is no point of contact
with Hindu astronomy that did not also touch the work of the Muslims while
on the other hand there are many points of contact between his work and Muslim
astronomy that are remote from the teaching of the Hindu schools.

Jai Singh’s apparent indifference to European achievements is rather re-
markable ; but it must be borne in mind that he very probably only became
acquainted with their results after he had conceived and partially carried out
his scheme of astronomical rescarch. His tables. it is supposed, were completed
about A.D. 1728, and the observatory at Delhi Lad lteen built a few vears
previously. It was in 1728 or 1729 that Ja Sinrh =ent Padre Manuel and
others to Europe and in 1734 he was visited by Father Boudier and his com-
panion. These dates might be considered suificient to account for Jai Singh's
neglect of the European discoveries but there is possibly another explanation,

1 The differentiation between the two schools may be t: some extent Cue to the caleadars adopted
for religious purposcs.
M
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Galilei died a prisoner of the Inquisition in 1642, and his books were not
removed from the Inder until A.D. 1835: Jai Singh's European advisers appear
to have been chiefly priests, who, if they were good Catholics’ would, at that time,
have hardly upheld the teaching of Copernicus, Kepler and Galilei! More
recent European discoveries might thus have been discredited in Jai Singh’s
eves, anlhe would, at any rate, have found it difficult to reconcile the persecution
by authority on the one side with the claim to brilliant scientific discoveries on
the other.

84, Jai Singh began his work at a time when Furopean astronomers had
arrived at what may be termed the modern conception of the universe. The
discoveries of Copernicus, Kepler, Galilei and Newton had been accepted and
scientists were settling down to work out in detail the results of their dis-
coveries., Flamsteed's great catalogue was completed just as Jai Singh began
his work. But Jai Singh was not in close contact with Kuropean ideas and
his first astronomical education was probably the study of the work of the
Muslim astronomers, particularly Ttegh Beg. In the special circumstances of
his experience it 1s not surprising that Jai Singh refused to follow the lines
of research indicated by the European astronomers. XHad he done so, his power
and hix wealth might have enabled him to alter the whole condition of Indian
scientific xcholarship and, instead of his labours ending with his death when
** science expired on his funeral pyre,”” there might have been established a
living school of research. The troubled condition of the country, and the general
state of civilization in it, were antagonistic to the progress of science and Jai
Singh's work is now only a tradition and his observatories are archaological
remains.

That Jai Singh made no new astronomical discoveries is hardly a fair criterion
of the value of his work; for, indeed, a great deal of the most valuable as-
tronomical work is not concerned with new discoveries. His avowed object
was the rectification of the calendar, the prediction of eclipses and so on—
work which entails a great deal of labour and generally shows no remarkable
achievement. Considering the state of the country in which Jai Singh lived, the
political anarchy of his time, the ignorance of his contemporaries and the difficulties
in the way of transmission of knowledge, his scheme of astronomical work was
a notable one and his observatories still form noble monuments of a remarkable

personality.

! Cowdemn tion of the correet te ching wes not vontined to the Roman Cutholic Church  See pg Moruax’s
A Buatyt of Paradoves, in wh h numerois worls opposing the * Newton'an theory ™ are quoted )
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A 1. EXTRACTS from the JAIPUR CATALOGUE.

9

e o

~]

| 1

|
RIGHT ASCENSION IN |

|
, ! b - -
. . . . Polar ISP o
Description as in the MS Longitude. : Latitude. longitude. Dechnatlon; D;;rzl 1« “$ Ghats and
! | . palas.
. { minutes.

J Magnitude.

!
* |
! I
CONSTELLATION OF THE LITTLE J : |
BEar 7 STars. ! |
i
‘
[

8 o ¢ | o

8 o ’ o 7 . ° v
| i i | g D
Star on the edge of th> Bear’stall 22423 . 66 27X {1117 0} 87 OX 48 0 58 0 3
| i i
Second star on the tail, nexstto . 22633 70 0 92110 8510 203 0] 48 50| 4
it. 3
Third star on the tail, next to = 3 5 3 7345 & 826 10 82 0 ! 285 0 414 10 4
it. i
Star on the left hind foot: 2| 32121 | 75 36 8 9 0| 7830 247 0 4110 4

stars on the fore-leg, one to .
the right of the other. ‘

Star on the right hind foot, one 3 28 23 | 78 0 811 15| 76 O 249 30 41 35| 5
to the north. "

Star on the left fore-leg, tothe 4 933 . 73 0 717 0| 75 0O 224 30 37251 2
South.

Star on the right paw to the 418 3 75 9 725 0| T345 1 232 30 3845 | 3

north,

Straight to the south from the 4 5 3| 71 45 71415 76 30N 221 40 36 57| 4
seventh star.

II. CoXSTELLATION OF THE
GREAT BEAR.

On the tip of the nose of the 319 3| 4015X! 32830 62 OXN 120 2010 | 4
Bear. ' !

fore-leg: the one to the -

First star in the eye of the bear 3 19 57 | 43 48 4 15 63510 124 30 2045 5
Second star in the eye of the { |
be..r. 3 20 42 43 45 4 3 O 65 5 126 0 21 0 5
Two stars on the forchead : the 32033 | 4754 | ¢ 7 0| 69 0 . 130 0 2140 3
first of them. { i
' I
Second star on the forehead . 321511 47 51 4 840 | 68 50 131 40 21 57 5
Star on the ear . . . 322 33 “ 51 18 4 14 50 720 ¢ 137 0O 22500 5
E‘ 1
Two stars on the neck, the first 32351 44 42 4 830) 65 0 131 30 21 55 kY
of them. ’ |
|
Second star on the neck . . 832657 l 11 34 1413 0 6430 136 0 22 40 4
| v
Two stars on the chest, theone + 4 527, 38 0 119 30 550 30 . 142 45 23 48 4
to the south. ! | 1
On the chest, fo thenorth . 4 239 | 4230 | 42020 | 60 30 4330 235 4
Two stars on the knee of the 4 330 3443 E 415151 52 45 138 0 23 0 3

south. |

|
| l
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A 1. EXTRACTS FROM THE JAIPUR CATALOGUE—concluded.

! : RIGHT ASCENSION IN &
i i L3
‘ [ Polar 1, clination| Ty, 2
No. Description as in the MS Longitude. | Latitude. ongitude. . € ‘ Deglc‘fes Ghatis a,nd‘ aao
' ' | ; | auv i ,
| ‘ | (‘ ’ minutes. palas. §
T E 1 1 ’——
| | | | |
8 o I' ° s o ’ o 2 i e ’ . P .
12, Two stars on the paw of the | 329 3 2021N 42630, 44 5N 149 30 24 5. 3
hind leg: the one to the f | }
north. ' ‘ t i
|
& K X K K X K K ! |
f i J
1. Large brilhant star between 62030, 31 18X i 73 0 21 ON 210 0 35 0 : 1
the feet. ' ! ;
! VI (ONSTELLATION OF THE ! ' ( | ‘
Crowx. ! i f l i
1. Very brilliant 7 838 4030N 724 0 28 ON 231 0., 383 2
2.  TFurther than this 7T 548 . 4624 ' 729 30 13 229 5 38 11 E 1
. ! i
3. Abovethesccond tothenorth . | 7 518 4821 72240 32 3 229 50 38 18 ’ 4
4. The third, to the northof this . | 7 7 48 50 43 ( 726 0 3315 233 15 . 38 53 , 6
5. Near to the great star to the | 71026 4127 | 725 0 27 0 23215 3843 4
south. ! I x‘ ;
; |
6. XNear this, alittle tothenorth . | 71254 4442 | 72630 27 0 23350 3853 4
7.  Near to the sixth, to the north . 715 3 46 0 ‘ 72830 28 0 , 236 0O : 3920 4
| | i
8. Near tonumber 7 . . 71439 4930N, 8 0 0 31 ON' 237 30 3035 4
V | .
VII. HERCULES, j |
: : ‘: !
1. Ontheforchead . . 812 3. 37 9N ! 81630 1430N 254 30 225 3
i | \
2. Ontheright shoulder . I 797 58, 42 51 8 6 0 220 i 24430 4045 3
| ‘ | i l
3. Ontherightarm . . . j 72454 39297 8 310 19 0 | 241 0. 40101l 3
| i
4. On the right side i 721 57 '7 37 0 8 025 17 30 ] 238 0 39 40 | 4
| | !
5. Ontheleft shoulder . : 81027 | 4745 | 816 01 25 0 | 25450 4228 3
6. On the left arm . . “ 8 16 45 ‘l 19 15 820 0 ] 21% 5 s 259 0 4310 5
7. On the left side 8222 { S48 | 825 01 28 0 | 264 0 43 4
8. In the left palm : three of these 8 28 54 f 5291 8 28 50 . 28 30 l 268 30 44 45 | 4
to the east. ‘ | | ! |
! i | f f |
9. Of the remaining two, the one 826 33 | 5339 ' 82730 30 0 . 26730 4435 4
g to the north. : ‘ i .
‘ 1 ‘ \ )
10.  Of these, the one to the south. 825 3| 32 39N ‘ 8 26 453 28 50 ’ 266 15 449231 3
\ i i ‘ |
* 27 ‘
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The above extracts (A1) show the form of the Jaipur catalogue but omit two columns
headed respectively Parsi Nam and Himdu Nam, as these two columns are mostly
blank [see figures 1 and 4]. The essential parts of the catalogue, which are given below
(Appendix Al°l), are the longitudes, latitudes and magnitudes, the other columns
consisting only of derived elements. The verbal descriptions of the stars are simply
translations from Ulugh Beg’s Catalogue and the names of the constellations and stars,
when given, are mostly transliterations or translations of western names, e.g. Sarpa
(Draco), Kaika-us (Cepheus), Silayak (Lyra, Ar. Shili'ak), VarSava (Perseus),
Dalphaina (Delphinus), Trikona (Triangulum), Javvara (Orion, Ar. Jauzi), Kaitus
(Cetus), Nauka (Navis), Muchchhi Yanaivi (Piscis Australis), AsSva mukha (Fam
al-Faras), Makara Puchchha (Danab al-Jadi), Iklila (Corona Borealis, Ar. al-iklil), Jat
ul-Kurasi (Cassiopeia, Ar. Zat al-Kursi), Arnava (Lepus), etc., etc. For the unclassed
stars (informatee) the expression Khariju (Ar. Kharij) sirati (Ar. Sarat) is used.
The term guchchha (‘ a cluster’) is employed to denote a nebula.

In the following table (A 1-1) an asterisk * indicates that there is a discrepancy
between Jai Singh’s values and those in Baily's version of Ulugh Beg's Catalogue
(Memoirs of the Royal Astronomical Society, 1843). Tn the case of the longitudes any
difference noted is between Jai Singh’s figures and Baily’s with 4° 8’ added, this being
the amount of precession that had accumulated between the periods of the two catalogues
(see page 8).

A table (A 1-2) of differences is added. These are mostly small and do not amount
to two per cent. of the whole, and many are obviously copying mistakes.! There are
indications that the MS. was copied from another Devanigari MS., which, in its turn,
was copied from one in Persian script. There are numerous examples of what appear
to be the result of confusion between the abjad symbols (see page 133) for 3 and 8, 4 and
7, tens and thirties, tens and fifties, which confusion is caused by the omission of the dots
in the MSS. There are also apparent examples of confusion between the Devanagari
symbols for one and two. Numbers 360 and 361 appear to have been interchanged ;
in 683 Jai Singh’s latitude is right, for Baily’s value is an emendation. Number 1008 in
Baily is omitted (see Baily’s note) and the numbers 1009-1019 in Baily correspond to
Jai Singh’s numbers 1008-1018.

! Thy MS. isa good one : that is it is lezible and was evidontly done with care. It is written on country
poper 8:3x 12 inches in Devanagari choracters. The copy was made in Samvat 1964,
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A.1'1. TueE JarpvR CaATALOGUE—LONGITUDES, LATITUDES AND MAGNITUDES.
(This is Ulugh Beg’s Catalogue with 4° 8 added to the longitudes.)

No  No BT Lonatude. Latitude.  Mag. No. : No. Bayer. 1 Longitude. Latitule,  Mag
——— ————— “'-fj ‘
Ursa Minor (Laghn Balu) b S oc o
‘ 28 °20 A 4 15 18* 20 43 X.
SEEEE > 2021 B4 (4T*15 28 42
1 1 a 2 21 23+ 66 27XN. 3 30 22 Y 4 24 51 35 1a
2 2 & 2 26 33 00 4 31 23 v 5 4 15 26 0
3.8 € 3 5 3 B4 4 32 24 & 5 4 33 24 45
1 4 L 32 7536 4 309 € 5 4 3 54 9
5 5 m 3 28 23 80 5 34 26 { 5 12 12 56 12 2
66 B 1+ 933, 13 0 2 3 21 7y 5 23 18 5t 9N |
707 Yy 418 3 %5 9N 3 : :
‘ Informate
Informata o - ;
| 36 1 521 31 40 15.\:.:‘
811 4 5 3 71 HX. g 37 2 51t 125 0 39 |
1 ‘ 38 3 £ 8 o 1733 |
Ursa Major (Saptarshayak)
3 4 46 45 19 42
9 1 o 319 3 40 13N, 4 0 5 4 9 48 20 18
100 2 A 3 19 57¢ 13 48 5 4 6 i4 9 18 23 45
1 3 7 3 2 2 13 43 o o 7 ‘;41‘339 20* 15
12 4 p 3203 45 5 13 81 3 23 39 23 OX.
13 3. o° 3 2 510 41 51 |5 ‘ *
1+ ¢ d 3 22 33 51 18 : 5 Draco : (Serpa)
15 7 T 3 23 51 44012 g 4 1| po 7 o2 39 | 6 15N.!
16 s h 3 2 57 054 1 45 2{ v:S 648{ 78 21 i
17 9 ¢ 1 5 27 38 0 . 4 46 3\,35879;75305
18 10 v ¢+ 2 39 2 39 4 47 4 € 8323 3| s o E
19 11 6 4+ 3 30 34 45 3 8 5 y .8 26 3\ 50 |
20 12 ¢ 3 2 3 20 21 3 49 6‘ b 9 19 58*j 82 9 :
20 13 k3 20 51 2y 0 3 3 77 € 9 28 18 78 15 !
22 14 € 3 20 24 36 0 5 5108 d 9 21 48 80 30%
23 15 £ 3 20 33 33 21 5 2 9 o ;10 14 48 81 24
24 16 a .4 11 33 19 24 2 53 1(); T io 11* 9 81 45
25 17, B 4+ 15 45 B9 |3 54 11| 8%014 21 83 0 |
| i ' i
26 18 O 1 27 33 51 30 \ 3 55 12f € l0 29 18 9 9
27 19:[ Yy 42 39 47 15 3 3 13 p 10 17 39 77 36
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: { i ; !
No. ' No. } Ba}cr.: Longitude. ; Latitude. Maz. No. No Baver.: Lormtude. | Latirude Mac.
|
A - — , . ]
i S o o , i \ N s, > ’ '
| 1 87 2 8 0 13 33 59 30N, 4
5 W] o 0 29 21 80 36*N.| 5 :
L
3 15, v |1 17 3 82 0 3
e | ' ° Bootes (dreapurusha)
59 16 T |1 20 42 80 53* 5
; | - on - - -
60 ‘: 17 ! lpl I3 8 21 84 12 4 88 1 K 5 26 3 58 43 N. b)
! - e - -
61 18" X 2 10 3 33 94 1 89 2 t 5 27 51 38 5l 3
‘ i . -
219 b 12 6 39 81 42 4 % 3 0 5 20 12 60 33 5
631200 f |4 15 48 87 15 6 o+ A o6 3 3 o4 5
| 1
{ 2 |4 2
6421 |4 4 33 86 45 6 25y 613 e 3
612 g 6 2 9 81 51 5 93° 6 [ 6 20 33 L 4
| s
| - on ok !
66/23° h'|6 13 8 0 |5 % 7 3 620 2% 4 0 +
. _ , L] co e
67241 L |5 28 42 8 15 3 B 60295 58 *
i ! ‘ 1 | 57 15 ‘
68&257 nlem o3 o 5 % 9 Vi 62 12 515 L4
' i ! 1
| | 5 1 27 L5
69,26 0 |6 12 45 74 30 | 4 T O
b i 7 b 45 5
70027 8 |6 1 57 | 71 21 %43 8 . X 7 23 | 4 48 00
! | 9‘5 ! 1 ~ —
CENE NI N 5 W o1zocT 2 S s
r ‘ ‘ | " 5 > -
2°20 g |5 4 42 ¢ 66 27 3 00 137 ¢ 7 0 5 | o2l °
i | ! { 5 =
73130 k |4 12 45 0 61 54 | 3 10114 b‘7 1l 248 3
i ! i > 15 - | 2 «
74+ 8l )\14 6 33 57 9N. 3 102 150 @ 7 136 404 0
i ‘ * 103 16 € 6 23 6 10 48 3
Cepheus (Kaika'us) 104 17 o 6 20 24 . 42 8 4
| 1 - 105 : 6 18 48 | 42 4
75 1; Kil 2 3 75 43N | 3 > 18 p 6 3
\ 106 19 5 29 97 28 0 1
)2y |1 26 39 64 30 4 0 ¢ o '
1 107 20 15 51 28 3
i3l Bl 1 45 115 | 4 PR 6 b 0
! | t
» 2 "6 ¢ 26 43 1
78 41 a 0 8 42 63 36 3 s 27 B9 6w
z 100 22 6 15 27 25 0N, 4
M5 om0 08| 713 1 09 v 615 2 ’
P !
o0 6, 8 o0 118} 73 51 4
' | Informata
81 7 6;02018 6 45 | 5
. ' | . |
82,81 ¢ 0 20 12 62 30 | 4 110 1. a 6 20 3 31 I8N. 1
! i ‘
83 | 9I € 010 3 60 0 5
84 100 L 10*11 9 61 15 | 4 Corona Borealis (Ikaliia)
! | ;
8 11° A |0 13 3 61 42 1 6 | -
C ‘ ‘ 1 1, a 7 8§ 38 4N 2
' nz o2 B i 5 6 24 4
Informat e Lo :
U nz. 3, 8 7 5 18 8 21 | 4
i | { .
860 1 0 6 18} 64 ox., UJ 114 4{ T 7 T 48 30 45 6
l N 0
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~o. ‘No.‘%Bayer." Longitude, 1 Latitude. lnag
! ‘
115 5‘ Y T 10 26% 44 27N'i 4
16 6| 8%7 2 54 | 4442 |4
117?7‘; e%715 3‘ 46 0 | 4
118 8? ) [7 14* 39 1 19 30):.5 1
Hercules (Jasi)
119% 1oa s 12 3 2 oax | 3
1200 2 B |7 27 8 ? 42 54 3
213y |7 o2 54 I 39 27 3
122 4 Kk | 2*21 07‘ 37 0 4
122 5. & |8 10 27 ‘ 17 45 3
20 6 A s 16 45 EEECIRE 5
125 7w s 22 21| 51 48 4
126 8 o |8 28 54 | 52 21 4
127 9" v |8 2 33 53 39 4
128 10 € 8 25 3 52 39 3+
129‘11' |7 28 18 53 9 3
120 12 € |8 4 33 53 30 4
131?13‘ dis 5 15 55 45 5
132;14j c |8 6 15* 58 36 5
13315 @ |8 8 54 50 51 1
134 16 e |8 10 9 1 6(0) 15 i 5
135;17: p |8 12 OE 60 12 4
13618 0 8 2t 48 | 60 51 | 4
137 19 . 8 17 31 69 15 4
13820 X 8 8211 0 12 6
139 21y |8 9 57 71 18 6
1401‘22} z s 1318 2 0 6
141‘23; 1,}7 55 3 . 60 36 4
142 20 o 7 19 39£ 63 9 | 4
143 .25 7 |7 10 54f 65 48 | 4
144 26 g 845:: 63 48 4
145"275 v 7 5335 64 30 | 4
146 28 x .7 5 0% 60 I5N. 5

No. %No ' Bayer.| Longitude. Latitude. Mag
Informuta

f i

' g o 11 o ’
W1 @ |7 2 20| 25 15N | 4

i . ;

Lyra (Aiqits)

N | j
148}1‘, a |9 12 271 62 ON. | 1
149 2{ 9 15 3| 62 30 4
150 - 3‘ C |9 16%18 6(0) 15* 4
151 4 &9 19 31 59 48 1
152;;3! n |9 27 18 | 60 48 4
153 6 0 9 27 39 59 30 4
14l 7] B 19 16 33 56 21 3
155 | 8| v |9 16 8* 55 15 4
156% 9! y |9 19 15 55 24 3
157,10 N |9 19 21 54 36 5

Cygnus (Jayara)
1581 1| B 19 28 33 49 12N. | 3
159[ 2| ¢ ‘1(0) 2 18 50 39 6
160[ 3| 10 9 24 54 30 5}
161%: 4l y 10 22 36 57 51 3
162 5] o 11 2 54 50 42 2|
163 6| O 10013 15 64 30 3
164% 7] 0 w0 16 33 69 42% 4:
165 8| & 10 16 3 o6 |4
166 9| k 10 12 48 40 |4
167 10! € ilo 24 12 19 18 ‘ 3|
168 11| A 10 26 24 522 0 | 4
169:12; 4 ?10 29 51 43 0 1 3
170 13° » 11 2 39 55 0 54
171 14 £ :11 7 42 56 42 ‘ 4
172 15 ol'10 25 36 63 27 E 4
173 16 %10 26 15 61 27 | 4
174 17 @'l 6 18 64 2IN. | 5
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No. ll\'o. Bayer. Longitude. ‘ Latitude. ‘)[ag. No. 1,‘.\'0. ‘ Bayer. Longatitude. Latitude, Maz.
!
Informate 205 16 b ;'1* 8§ 54 28 SIN. | 4
; | |
i gJ o . 206 17 X 2 620 28 36 | 4
175 1| 7 |11 4 51 | 50 2*N.| 4 %07 18 c la 6 18 ; 25 36 ! X
! ! E i ,'
176!2 o |1 612! 51 27 (4 208 19 w2 742 2 10 |4
i | H .
. . - (] oY ‘ 5 .5
Cassiopeia (Jatulkurasz) 209‘2’ , d §2 B8 b D
E 210 - 21 12 10 156 © 18 53¢ 1 5
177 10 & |1 2 36 | 43 45N 4 ! ! | l
: , 211 22 p (2 0 36 | 21 48 | 4
178 2 a |1 4 33 46 0 | 3 I ‘ |
| : 1 212 23. ¢ 2 2 30 @ 18 5¢ | 3
179 3| m |1 7 18 | 46 30 4 : } i :
‘ | 213 24| ¢ 12 1 4 | 14 33 | 4
180/ 44 ¥y |1 10 33 | 48 30 3 b | g
| 24/25 o 12832 | 1 |3
181 51 & |1 14 27 45 45 3 Do ' ‘ !
215126, ¢ |2 033 | 10 45N | 3
182 6| € |1 21 33 46 51 4 * : ! 5
183 | 7 1 24 54 47 36 4 Tnformate
1881 81 0 |1 7 45 | 44 30 4 e ] ,
f 26| 1: f£ 2 5 57 18 54N. | 5
18! 9] ¢ 1 11 54 44 48 5 ; i |
217 | 2| 2 8 5l 31 0 |3
186 /10| o |0 26 15 49 30 6 * ]
‘ 218 | 3 i1 18 36 20 24 5
187,11 « |1 9 33 51 42 ; 4 | i
188 | 12 1 2 9 50 48 | 3 . .
B | Auriga (Mamarak ul azinai)
189 13| p |0 27 48 | 51 ON. 6 — -
: | ! ! \
' 2191 1 8 |2 26*30€ 30 ON. | 4
7 | ‘ .
Perseus (Vamsmas’) 220 : 2. £ } 2 2 3 ¢ 31 0 5
i !
' 1 ' \ S 9 4
190 1! X |1 20 27 4 ON. 'Gu 21,3, @ (2 28751 @ 22 42 1
| I | i
91| 2| n |1 25 33 37 9 |4 222, ¢4 B 228 0 2130 2
! | |
102 3| y |1 26 39 34 6 | 3 23 5 v 2 2436 14 8 5
) ' ‘ ; .
193] 4] 6 |1 21 12 31 30 | 4 2241 6 f 2 26 3l 1333 |3
194 50 7 |1 24 45 38 0 | 5 25 7 e 2 25% 9 20 40 4
. , '
19| 6| ¢ |1 25 48 30 33 4 226{8i n521° 2 189 |
- [ \ " |
196 7| o 1 20 151 2 2 2 22‘}"% g ze 3, 18 9 4
197 8| o |1 20 27 21 271 | 4 228““% v o2 13 18 012 |3
1 ! : . = ,
198 9] ¢ |2 0 51 21 15 | 4 20 110y (21919 0 515 |2
| B ! ‘
} . ; r
199 | 10 312 s 3 2% 57 3 230 12 X}z 20 48 , 8 30 Eﬁ
i i !
200112 B 11 23 3 2 0 | 2
j s o
20213 ¢ |1 22 48 20 45 | 4 Ophiucus  (Zarva)
P [ ] |
203 14] p [1 21 45 . 20 21 4 232;15 a '8 19 12*| 35 5IN. . 3
| | | | ,
204115 1 20 48 0 21 9 | 4 233 2{ [ 8 21 18 28 9N, ' 3
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May.

No. No Bayer. Lonatude Latiude. Mau.
234 3y 8 22 57 25 36N, 4
235 4 L S8 6 33 32 33 4
9236 5 K 8 7 48 82% 0 4
237 6 A 8 2 2] 23 48 4
238 7 O 7 28 33 17 15 3
230 8§ € 7 29 3l 16 24 3
240 . L8 20 24 14 45 5
o411 10 v 8 26 27 1315 4
242 11 7 8 27 15 14 36 5
243 12y 8 14 45 6 45 3
244 13 € 8 17 12 148 4
215 14 A 8 16 48 3 9N* 4
216 13 6 8 17 31 29N> 54
247 16 b 8 18 27 0 188 | 4
218 17 ¢ 8 19 3 0 12N* 5
210 18 83 20 27 1w |5
250 19 8 6 18 11 43 3
251 20 & 's 5 12 5 30 5
232 21y 8 4 24 3 18 5
253 22 4 8 3 34 1 45 5
234 23 o S 6 2t 0 39N. | 5
25 4 p 8 513 0 438 \ 5
Informate
256 1 '8 26 48 28 9N, 4
257 2 8 26 44* 26 15 1
. 30 s 212 2045 4
250 4. '8 28 21 2% 0 4
200 :,‘ z, 20 9 32 21N, 4
Serpens (Haiya)
sl L. oL 1T 1309 37 43N, 4
w2 2 p 7 15 9l 39 42 4
245 5 717 42 35 12 3

No ! No ‘' Bayer Longitude. | Latitude.
S S, 3

264% 1+ B ; 1; '21 31 I3N. 3
265 5 kK 7 15 33 370 5
266 6 g 7 17 13 2 0 1
267 7 & 7 15 33 28 43 3
268 8 A T I3 36 26 39 4
260 9 g -7 18 33 25 48 3
270 10 ¢ 7 20 48 24 27 3
271 1l oy 7 22 33 R
272 12 8 2 48 13 12 5
273 13 5, 8 16 33 10 21 1
274 4. £ l8 20 48 8 6 4
275 15 o '8 21 8* 10 36 4
276 16 { .8 27 %0 19 21 4
277317 p 9 242 20 18 4
218 18 @ 912 15 26 56*N. | 4

Sagitta (Sahama)
219 1| y 10 3 57 39 15N. | 4
280 2| { 10 1 42 39 9 6
281 3| & 10 o0 33 38 45 5
282 4| a 9 28 48 , 38 30 5
283 51 B 928 9 3 12X. | 5
i
Aquila (Ukab)

284, 1 T 10 130 % 5N | 6
285 2 9029 33 | 26 45 | 3
26 3 @ 9 28 I8 | 20 13 I 2
287 4 929 0 98 33 | 5
25 5y o9 2 L 31 g 3
280 6 ¢ 0 0 33 ‘[ 31 9 6
T M E‘J 23 12 { 28 30 | 6
201 8 O 9 2 3{ 2% 30 ig
202 9 L .9 16 39 ; 36 15N | 3
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No. l.\'o.:‘Ba}eri Longitude. Latitude.  1Mlag.
i : i i L
Informat e
2031 1 m |9 27 9 |2 12N 3
204 2 0 ElO 139 | 18 27 , 3
295 | 3 8?9 2 210 | 20 21 | 3
2060 4 ¢ 19 21 57 0 19 Bl 1
207 | 5 ng 23 9 . 13 39 5
208 | 6 9 14 27, 16 30N.| 3
1
Delphinus (Dalphaina)
w ]
209 11 e 10 10 30 20 12N | 4
300 2 ¢ {10 12 15 %8 45 6
301 3i k 110 11 57 27 36 . 6
302 4 B o 12 24 31 45 3
303 5 a (10 13 57 32 51 3
3040 6 8 |10 15 3 31 51 3
305 7, y [10 16 o 32 54* 3
306 8, % 10 11 18 32 12* 6
307 9 L 1o 11 27 31 21* 6
308 10& 6 10 12 39 30 30X. | 6
Equuleus (ASrva mukha)
300 1] a 510 19 30 20 0N 4
310 2/ B 10 21 6 20 45 6
3111 3! y 10 19 53 25 0 5
32 4] 8 10 20 48 24 36X. 5
‘ !
Pegasus (7 yikad a$va khanda)
313 1 0 10 36 25 21N, | 2
314!2‘ Yy 0 3 20 12 24 2
350 3. B 11 25 45 30 51 2
316 4 a 11 20 3 . 1 2
3175 v o1 23 3 24 48 4
318 6 129 9 24 15 4

No. ' No. ;Ba)cr. Longitude, ! Latitude. Mag.
L .
319" 7 m o122 15, 34 45N 3
3200 8 o |11 21 33 | 39% 9 5
321; 9 A |11 2 18 | 28 39 4
322 10w 1 21 21 29 0 1
323111 11 12 33 17 15 3
s24l12 € 15 21 18 o o4
32513 p 11 16 3 14 13 5
3261 14 o 311 15 6 ) 15 21 5
21(15. 6 11 333 | 15 48 | 3
328‘16j v 511 2 21 15 15 f 5
320 [ 17 € 10 28 36 22 0 i 3
2018 #1115 42 41 0 4
331119, ¢ 11 10 27 34 9 4
332120 k 11 5 39 36 27N. | 4
Andromeda (Merat ulmusalasaloi)
333 1, & 0 18 36 24 ON. 3
334 2( w 0 19 54! 26 5% . 4
335° 3| € 0 18 3 . 22 24 : 4
336 4+ o 0 17 30 30 45 | 4
337 5| @ o0 17 20 . 32 2a* o 4
338 67 p 0 18 48 31 30 3
330 7T :0 12 42 41 0 1
3100 81 k 0 13 39 11 19 4
341 9, A 0 15 0 13 24 i 1
342 10| { 0 17 33 17 18 4
343 11| » 0 19 18 15 36 ‘ 5
4 120 B 0 27 21 23 36 2
345 13 [T 26 6 29 3Jo 1
346 14|y " 25 9 32 30 1
HTOL Dy 1010 39 27 36 3
348 16 | 13 36 30 4
3417 1 9 3 350 4
330 18 '1 5 39% 28 39 4
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!
No. 1 Xo. 1Bayer. Longitude.

Bayer. Longitude. l Latitude.

Latitude. Mag. No } No. | )Ilg.’
1 | | |
i g o . 1 o ’
: :
351019, 7 {1 5 3 '  23*36XN. | 4
_ Taurus (Prisha)
352,20 ¢ |1 4 3 36 0 5
' |
333210 A |1 6 48 | 31 15 5 ( S oo o
: | 378 1| F£ |1 20 28 6 248 | 4
33¢l2 x (1 7 0, 31 0 5 o f
1 379, 2, s 1 19 57 7 42 4
355 | 23 | 0 4 48 43 42X, | 4 T : :
‘ I 3800 30 &£ 118 42 8 54 4
;
. o o 381 4. o |1 18 0 9 39 1
Triangulum (3 usalasitrikoramarttih) !
3820 5| e |1 24 3 9 0 6
| !
36. 1 a |1 3 48 , 36* 6N!3 8 6 A |1 21 5 8 21 3
| . |
337, 2 B'1 918 : 2 15 ig 38+ 7. pl2 o0 33 12 42 4
| !
358' 3 8111015 1912 |5 385 8. v |1 27 30 14 45 4
359 4 oy [1 10 45 | 18 12 3 38 9. ¢ |2 5 48 9 42 4
‘ 387 10 4 |2 5 2 12 35* | 4
I ; !
. . ! !
Aries (Blesha) 388 11| y 2 3 3 6 9 3
' |
; ! 389 .12, &' |2 3 51 4 9 3
0% 10y 11 55* 7 51*XN. 3 T
‘ ! g 30 13, #',2 5 12 6 15 3
61 2 B 1 0 21 6 36* @ 3 o
: | 301 14! g 12 6 39 5 15 1
62| 3 7 i1 4 36 79 |5 L !
i 392 | 15 ‘2 5 18 2 54
363 4! 0 1 5 6 5 16 | 5 F ¢ 3
| | | 393116 ¢ |2 10 33 4 27 5
364 5. ¢ {1 0 9 5 6 |6
| ! : 304 17| m 12 13 24 4 30 5
365 6 v ;1 11 3 5 45 | 6
[ 1 395118 | |2 13 33 3 0 5
366 | 71 € 1 14 39 312 5
{ : 396 | 19 2 21 9 2 428
367 8| O il 18 3 13 | 4 ¢ 3
; 397120, 7 |2 8 42 0 30N.
368 0 L 119 3 2 30 | 4 o N 4
T 1 398 121 w2 4 57 1 0 4
360 |10 7% 1 20 39 1 39 4 y i
: | 399 |22 K'.2 4 33 0 9 4
370 |11 p i1 12 42 112 5 | :
, ! ; 40023 o' 2 0 12 0 39 N4 6
371112, ¢ 1 11 48 1 24N* 5 1
: | ; 0124 % 2 3 12 1 08 | 5
372 13 1T 9 3 5 08 | 4 l
Lo 102251 p i2 1 51 1 48N. | 5
I
403126 ‘2 1 27 6 18 5
Informate ;
04127, X |2 4 51 3 33 5
! w ;
5730 1 @ 1 43l 9 30N. 3 0528 ¢ |1* 4 33 5 36 5
37| 2° 115 9 10 0 4 406 29; 1 26 9 3 45 5
375 | 3 115 30 12 0 5 407 | 30 1 2 241 3 30 5
376 | 4 1 13 48 10 54 5 408 | 31 | 126 5 . 3 45 5
377 | 3 1 13 3 10 36N. 5 90932 5 |1 27 6 4 ON. | 4
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No. ) No. i Bayer. Longitude. |

‘ Latitude. Mg
i l -
Informatce
b g o o
410 1‘ 1 18 351 ° 19 30 8. 1
411 27 ¢ |2 18 13 1 35+ 5
112 3 2 16 51 * 1 9 5
43 4 2 18 542 1 30 Ja
414 5 2 21 42! 6 3¢ 5
115 6 2 22 57 | sos.is
416 7 2 20 24} 1 15x.:5
17 8. 2 21 51! 2 30 5
s 9 2 23 45! 1 48 5
419 10 2 24 21 [ 3 42 5
12) 11 2 25 36 2 20N. 5
Gemini (Mithuna)
21, 1] a 31651§ 9 54N. ! 2
422?2 ,33203J 630]2
423?3 03733} 0 85
424| 4| T /3 12 3 ;. 7 30 4
425!5 ¢ 13 15 36]1 5 80 4
426i6 v 13 17 57“1 4 54 4
427L7 k132 9 24 4
428 | 8 A§3 9 2 45 5
120 | 9 b‘—"{s 16 3 3+ 45 5
$3010] € 13 6 2 1 15*XN.) 3
431 11 3 3 14 51 | 0 218 3
432 12| [ 16! 218 4
43313 N 3 15 6 f 6 0 3
43414 5 3 0 3 ‘} 1 30 1
435 15| -3 1 39 | 1 15 4
436161 5, 3 3 33 | 3 24 3
BTy 35 39 ' 712 3
38 18| £ 3 730 | 10 128 | 4
. |

105

No. :.\'u,’B.lyer. Longitude. | Latitude. Mag.

Informatee

| 'S o .
139 1 | 3*x 27 21 0 458. | 4
440‘:2 x:3 0 3 6 ON. | 4
H o3 ‘[3 8 12 2 08 | 5
442; 1 '3 23 9 1 20 5
4433‘5 8‘3 21 21 3 0 5
el 6 f 3 19 54 415 5
w7 3 25 18 2 458 | 4

Cancer (Karka}

;L

#6 1 € |1 3 54 1 OX. 'cheh
#7 2 glse 133 1 oax i
448 3 0 |+ 1 18 1 158 4
449: 4y |4 3 42+ 3 B6N. | 4
50 5 O |+ 4 51 0 158 | 4
51 6 o |+ 9 48 5 218 | 4
$52 07 U |4 215 10 X | 4
453 8 p®|3 27 45 0 X | 5
$B5 9 B4+ 0 51 10 308 | 4

Informate
455!1! ol 4 8 18 | 2 138 0 4
456‘2: Kk 412 3 5 488 4
457;311;‘493 5 0N 3
B8 4| £ 14 6 57 7 0N | 5

Leo (Simha)

1459 1 K 4 12 18 10 9XN. | 4
460 2; At o4 18 8 0 4
61 3 po4 17 33 12 21 3
w4 € 4 26 6% 9 45 3
163 5 C‘4 214 33 11 33 3
164 6 'y‘426 6 9 45% 2
165 7!‘- n 2% 24 27 4 48 3
6 8 o 4 2 21 0 9N. | 1




ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

No No. | Biyer Lonzitude. Lahtude. Mag.
G o o
67 9 A [+ 26 30 1 278 4
46310 v |4 24 3 0 12 5
469 115 Y421 3 0 6 6
4701‘\12 E 14 18 30 3 9 6
RTRET: o |+ 21* 30 3 57 4
200 w4 25 48 4 0 4
17315 p |3 2 45 0 98 4
471 160 1 |5 0 33 | 4 135N, 6
475 17 k15 4 9 5 36 6
476 18 1 |5 6 27 2 6 6
477 19 b 5 5 27 13 6 5
478 20 § 5 T3 1409 2
479 21 ',) 6 48 15% 45 5
480 22§ i5 9 48 9 24 3
481 23, 5 14 6 6 9 3
482 24 o ‘o 15 24 1 15N, 4
483 25 p5;5 15 39 l 5 0S. . 4
181 26 L, 5 21 12 | 3 138, 5
85 27 B 5 17 57 12 0N 1
Informate
486 1 4+ 29 48 14 ON. | 5
487 2 5 2 3 16 30 5
485 3 5 10 3l 1 15N, 4
489 4] ¢ 5 10 27 0 308 5
00 50 d 5 11 24 3 0S. - 5
W6 5 20 12 28 12N. 5
027 5 20 33 23 30 5
103 8! 5 24 36 24 0N, 5
Virgo (Kanya)
494?1 v .5 20 39 439):.55
49522 5;5 20 33 6 15 E5
49613 ois 24 39 8 24 [5*
497;4 71-;‘5 20% 27 6 9 5

No. | No. Bayer.  Longitude. Latitude. Mag
198 5 iis 22 39 0 10N. | 3
499 6 16 1 15 1 30 3
500 7 yie 6 21 2 54 23
501 . 8 16 10 30 3 0 J 6
50009 8 6 14 33 136 4
503 10 856 8 9] § 45 . 3
504 11 p 16 1 54 | 13 30 5
50 12 d2'e 4 9 ‘ 11 18 6
50613 € ~6 5 57 16 15X, 3
500 14 a 6 20 18 2 98 1
58 15 {619 3 . 8 45X 3
50 16 126 20 240, 3 12X, 5
51017 h |6 21 271 0 248 6
s1018 m|6 92 3| 1 9N 5
512019 1 |6 22 33 | 2 548. 5
513 | 20 6 25 21 ( 1 30S. 5
514021 p |6 23 6 ) 8 45x.§ 5
515 (220 o |6 29 57 % 715 4
516 |23 4 |7 1 0’: 3 0 14
B17(24 ¢ |7 1 48 i‘ 11 45 \ 4
518125 ] |7 3 15 0 42 4
519 | 26 p|7 6 % % 9 5IN. & 4

Informaie
520%1 xje 8 18 | 3 428, 5
52132& l[llfil? 18 3 24 5
522!3 g:615 27 3 21 5
523 4 6 20 15; 8 0 6
524E5 6 2 27 | g 36 5
525!6 6 o8 18! 7 428 6

Libra (Tula)

— I ‘
5261 11 a 17 12 15+, 0 45N. | 3
se1| 2 BT 10 39 1 45 5
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i
No. Bayer. ‘ Longitude. Latitude. Mag XNo. No Bayer. Longmtude. r Latitude. Mag
T ! | 7_1\«;7 o ' |
‘S o | o ’ | [ S o o ’ %
s| Blr 16 6 8 4N 3 5816 4 817 9 21% 08 . 3
| | } ; |
4 8{712 6 8 36 5 559“7 O 8 22 3 19 21 l3
! ‘
5| & 7 17 20% | 1 46% 4 560 1181 , 8 23 36 16 18 3
i 3 ! 1 1
6 p! 17 14 54 | 1 9 ' 5 561119, x 8 22 39 16 0 |3
| |
Ty 7257 44 4 562120 X\ 8 20 19* 1333 3
| | '
8| 9 7 26 12 | 2 5TN. 4 53 21| 4, 18 20 3 13 548, 3
Informatce Informate
1 720 3 8§ £XN.1 5 361 1 8 24 0* 13 39S | 4
1 _ . Cu.
2 FT 26 54 6 30 1 565 2 8 19 15 6 43 5
3 7027 33 8 54 4 566 3 8 23 39 1 158 | 5
40 N T 26 33 0 36 6
5| oy 7 23 48 3 12X. | 6 Sagittarius (Dhanu)
6 7 24 33 1 248, | 4 ‘
567 1.y 8 21 57 7128 | 3
7 7 17 27 7 30 3 ‘
68 2 8 9 1 36 6 45 | 3
8 725 3 8 15 4 : l
| 59 3. € 8 1 21 11 12 3
9. 7 25 5l 10 08 | 4 ‘ . |
‘ | 57014149233‘ 2 0% | 3
| : | !
) o 5711 5 9 0 0 2 28 N.* 4
Scorpio (Frischika) ‘ £ o
52, 6, o .9 8 39 3 5803
;[ ; ' N ! |
1. 8 72930 ' 1 20X, 3 573‘7‘i¢ 9 6 27 3 54 | o4
; i [
2/ 8§ |[729 6 2 38 |3 5741 8 ¥ 9 9 15 0 458*. Gu.
3 72845*1 5 27 3 5500 £ 9 9 s 2 ox | 4
. ! i i
- | |
£ p |72 3 } 8 51S. | 3 56 1100 o "9 11 39 | 1 15 1
: l
5l w 8 036 1 1 45X 4 577 111 7 913 3| 2 0 4
6 ! |7 2018 - 0 30N | 4 58 12 d 19 14 57 1 3 15 | 3
| j ! i |
T o |8 43 | 3 458 | 3 579113 pl 9 15 33 | 4 6 4
8| o I8 626, 430 |2 580114 v 916 3 6 15 | 4
| |
91 7;8 7 48 | 6 21 3 58115 ¢ .9 19 21 5 24 1 6
| r . ‘ | |
10 ¢2 |8 221” 6 37 5 3216 g 9 23 18 6 0 5
u !s 333[ 7 12 5 533[171]":9 21 15 | 1 48X, 6
‘ ' | :
2] e isw 27 | 12 0 3 584 |18 4* 19 16 24 | 1 548. | 5
‘ ! ' ; :
i { ; 1 !
'13 koI8 123 15 5 3 585\[19 72 09 18 48 | 3 68 | 4
1| ‘is 135 27 | 18 31 4 586 1 20 Y 913 9l 2 s o5
{
2 1 \ !
15 s 13 33 IS URBE 4 587 2L . 9 10 390 | 5 ¢ 1
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No No. !’} Bayer. Longitude. “ Latitude. ‘ Mrg
! ‘
g o .
588 22 ¢ 9 9 39 7 08 | 3
589 23 9 11 54 22 18 4
390 24 o 9 12 21* 18 36 4
591 25 4 9 0 3 13 18 3
592 26 § 9 21 3 13 21 4
593 21, 9 28%33 | 20 39 4
594 28, 9 22 15 5 30 5
595 200 A9 23 3 5 30 5
396 30 L 9 2233, 6 9 5
597 31 ¢ 9 23 15 108 | s
Capricornus (Mokara)
}
508 1 gl (10 0 39 6 42N, 3
500 2| y 10 0 57 6 27 5
600 3; B |10 o 18 4 45 3
601 4‘ £19 29 3 730 6
602 a o |10 1 39 0 42 6
603 6[ r |10 1 57% 1 39 6
604 T, p |0 1 39 1 21 6
605 8 o |9 20 21 0 36 6
606 9 72 [10 1 30 327 | 6
607 10y |10 4 18 0 54N. | 6
608 11 [0 3 33 708 | 4
600 12 4 [0 4 9 8 45 1
610 13 A [0 8 3 8§ 6 4
611 14 [ [10 13 24 ) 4
612 15 10 13 42 5* 12 5
613 16 o (10 11 3 | 4 36 6
614 17y 109 o 418 6
615:}18 n |10 9 3‘ 2 2 5
616119 g [10 10 9| 0 0 4
617!20‘ 7 110 14 3 0 48 4
618121 e |10 16 42 315 4
619122 4, 110 18 15 | 5 0 3

Yo. | No. Bayer  Longitude. Latitude,  |Mag
s e .
620 23, 4 |10 18 21 2 30 *
62124, § |10 19 36 2 15S. | 3
622 25{1 10 19 51 0 1IaN. | 5
623 26!‘ po 1022 18 0o o0 5
624 27% A 10 20 39 2 48 5
625 | 23 | ¢l |10 21 42 4 ON. | 5
Aquarius (Kumbha)
626 1 ¢ 10 24 21 15 15N. 6
627 2 o 10 29 39 \ 10 9 3
628 3 o 10 28 42 8 42 5
620 + g 10 19 51 8 48 3
630 5. £ 10 20 48 6 45 5
631 6 10 10 15 7 6 : 6
62 7T 4 109 30 8 9 5
633 8 ¢ 10 7 57 8 9 4
34‘9‘},111 321 8 0 13
635 10 5 11 5 3 10 9 | 4
636 11 ¢ 1 5 1 1 s 48 3
637‘12 77111 730*‘ 8 o !3
638 13 g 10 20 51 | 148 | 4
639 14 p 10 18 l 2 ISN.! 5
640 ' 15 cr}u 2 9 | 115S.§4
641 16 :10 25 45 ‘ 1 54S. } 4
642 17 027 18 4 45N, 6
643 18 g ?‘11 6 3 8 188. } 3
644 19 11 5 45 : 5 45 i 4
645 20 10 28 51 l 6 9 | 6
616 21 o 1l 21% 42 1o { 5
647 22 ‘(',1 L 15 1 10 6 | s
618 23 7 11 8 39 0 18 | 4
640 20 ) 11 6 52 1 10 | 4
650 25 & 11 13 6 5 0 30 4
65126 4 11 13 33 i 2 0S8 | 4
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| !
Xo. }A\'u ,Bz\}cr. Lonaitude, 1 L (titude. Mag No. No. Bayer Lon atude, Latitude, Mg
j | “ U
{ ES ) ’ : 3 ’ N 3 ’ ) E ’
652 27 . Y J11 13 3 | 3 248 4 632 12 € 0 14 39 1 12N, 4
653 28 Y1 13 42 1 4 o0 4 6s3 131 L 0 17 3 ox oS 4
J ! | .
63+ 20 111 13 27 | 3 0 4 684 14| € 0 16 30 | 1 39 6
i i ) .
655 , 30 | {11 142 i 8 48 5 6s5 15 £ 017 3 4 s 5
656 311 o' 11 16 3 { 1130 686 16| M 0 20 3 2 30 1
‘ ' | !
657 32 @’ /‘11 16 153! 11 o 5 657 17| v 0 22 33 3 0 t
' |
658 ' 33 AI(II 15 30 143 5 688 18| & 0 23 37 8 45 4
: !
659 34 il ool 156 s 689119 a 0 26 3 9 30 3
[ ' !
660 35 1* 11 16 33 | 13 2 ! 5 600 120 o 0 24 33 2 128 4
1 |
i ) |
661 36 DLl 11 10 51 ! 15 0 4 691 | 21 T 0 24 12 1 48X, 5
| ‘ :
662 37 bl Il 24 | 15 A 4 632g22 N 0 23 54 5 0 ]
663 | 38 | 13 111 12 15 16 45 ' 4 693 23] p 0 24 18 | 8 36 5
| |
664 39; el 11 521 - 16 57 1 4 604124 & 0 25 30 | 22 9 3
‘ | !
665 40 @ 11 16%12 ~ 13 51 1 4 695250 T 0 24 34 21 21 5
666 41 @2 11 6% 23+ 14 48 | 4 696 26| h o0 21 42 20 45 6
667 42 1 0 27 21 248, 1 1 607 27| Kk 0 20 51 1 19 42 6
608 28| 1 0 19 48 ¢ 20 30 6
Informate 699 20 W' oo 20 27 | 12 31 1
|
a9 . !
i : ‘ 700030 YT 0 20 36 11 54 +
668 | 1| 11 20 48 16 338. | 4 :
o 01 (311 ¢ 0 2 5t 10 57 1
669 2‘ 11 23 20+ 15 45 1 1
' 7027321 v 0 25 3 18 0 1
670 3{ 11 22 36 l 19 188. | 4 | : 1
' ‘ 703033 ¢ 0 23 36 . 14 45 . 4
. ~ 5 i B "
Pisces (Mina) 04 34 X 0 21 183 12 0N, 4
671 1 B 11 14 54 8 54N, 4 Tnformal @
672 2y Il 17 57 7 12N, 4 . -
] 7050 1) 11 024 54 | 3 128 | 4
673 3 b 11 19 33 8 42XN. 4 ; } | \
‘ 3 706 | 2. 125 18 | 3 0 1
674 4§ 11 21 57 8 48 4 | 1 | ,
07| 3 125 33 1 6 12 1y
675 5 , 11 23 57 . 7T 0 4 ‘ : ! |
: 208 | 4 112 21 , 6 128. 4
676 6, 11 20% 24 4 0 1 : ‘
|
677 T A1 23 30 3 0 4 .
i o Cetus (Kaitus)
678 8 o 11 29 15 - 6 18 4 _
1 | ‘
679 9 q 0 4 58 5 24 6 709 10 A 111 39, 8 188, | 4
| ‘ ‘ ;
680 10 ;0 6 57 | 3 0 6 710 21 a 1 11 3 ;o2 3
b i
6s1 11 O [0 11 3§ | 1 54 4 moo3l oy 1 o6 18 12 18 3
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No. rA\:o iBnycr “ Longitudr. Latitude, \\‘.\Iﬂg, No. ixo. E Bayer. | Long.tude Latitude. ;M‘\g.
| | ' |
| T § o e o
M4 8 1 430 “ 14 428 | 3 14 n® o2 20 24 19 428 | 6
35w ‘1‘1 354, 8 9 4 5015 nt 2 18 21 20 9 6
e £ 1 7 6 30 4 4616 PP 2 17 39 20 30 5
o7 1 203 4 24 1 747 | 17 2 13 48 7 45 4
68 5 0026 4 25 42 1 748 | I8 2 12 54 7 54 4
79 o 0 27 12 29 15 1 49019 g 2 12 21 10 6 4
78 10 € 1 0 33 2 15 1 75012 @t 2 9 48 12 42 4
9 1 4 1 0 35l 28 51 1 B2 7t 2 8 5l 1118 4
20 012 ¢ 0 13 3 25 30 3 52022 @ .2 8 24 15 30 3
721 13 p 0 16 15 31 0 4 75309238 40 jz 8 47* 16 45 3
22 14 [ 0 18 45 21 9 3 24 7512 8 51 20 18 3
23 13 1*13 3 16 15 3 75525, b Ez 9 57 21 12 4
724 16 7 0 8 48 16 42 3 7561260 § '2 18 42 23 57 2
w1 P 0 4027 15 6 6 757 | 27 e |2 20 18 24 36 2
726 132 0 2 48 17 12 6 758 28? g 1221 12 25 24 2
727 19 | ?0 2 48 15 21 5 759 29} n |2 16 3 25 39 3
728 20 0221 16 6 5 760 3oj: c 12 19 21 27 54 4
720 21| , 11 28 3 10 30 3 761 ‘31} 62 !2 19 27 28 27 3
02| B 11 20 33 21 0S. | 3 6232 , (2 19 42 20 12 3
763 sz% d E2 20 33 30 42 4
i
Orion (Taveara) 761 24% v 2 29% 30 30 51 1
765 | 35 1 2 13 33 3118 1
L1 A 2 20 39 13 308, Gu 766136 T 2 11 45 30 24 ! 4
TL’.; 2 a ]2 25 21 16 43 1 67 | 57 e 2 16 9 31 15 ; 4
W3y 20T 42 17 4 2 83 K2 22 48 33 218 3
YRR AN ‘}2 18 48 | 17 8 4 i
5 5 M 12 26 48 14 0 4 )
IR l? o 2 N . Eridanus (Kulpa)
w7 € ;2 2 45 9 15 . 5 0 1| A 2 12 3 31 548 4
‘;al 8 2 29 12 § 42 5 770 | 2 Bz212 15 28 12 {4
300 of 2 13 0 12 715 6 | 31 Y 2 9 48 2% 12¢ 4
740 10 ' "2 20 18 713 6 2] 1| @ ]|2 7 21% 27 98* 4
111 X :2 25 15 3 2t 5 73| 5| w2 6 9 25 43 s
2 12| z °7 21 345 5 71| 6] v |2 3 21 24% 21 4
743“113, © 2 11f 3 19 24 4 T T € 129 27 26 0 {
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111

No. No. Bayer.g To.gitude. Tatitude. M No. | ¥o. Baver | Longtude. Latitule. .‘.\Ing
g o ’ o | ! ;S o ;

761 8| d |1 27 3 28 15 f 4 808, 6| € 2 813 15 308, | 4
7711 9| o |1 25 48 27 39 ; 4 8095 70 a 217 9 11 18 3
78110 7 |1 20 48 315 3 smi s| B ‘2 15 48% 44 12 3
7ol 7|1 17 39 31 15 | 4 811, 9 5 2 2 18 49 1
780 (12| O |1 17 18 20 0 { 3 sz 10] y ‘2 20 a1 16 9 1
781 13| € |1 14 54 27 48 ; 3 813 1:1 n| ¢ (12 22 6 38 30 1
2| £ |1 10 42 26 9 |4 sigf12| m 2 21w 38 08S. | 4
83 15] P11 8 15 o 5 | 1

8l M |1 5 24 24 30 4 Canis Major (7 yilat asévapamiirttih)
8517 01422 24 12 } 3 s3] 1 a |3 10 27 39 30S. 1
786 13] 7o 2 18 330 ‘ + si6| 2 0 1313 3 34 45 1
787 19; ™10 20 33 35 39 1 4 s7| 30 p i3 13 33 % 13 5
8820 |1 1 48 045 | 4 s | 4 y 316 3 s 0 s
o2 T T 5 | 38 30 i 4 s19] 5. ¢ |3 15 43 9 854
0|22 T |1 10 5 39 21 1 + 0] 6 8 '3 1 33 3 0 |3
23| 701183 i1 30 ] i 821 7‘5' v 3 8 51 a1 |
79221 T 1 M 45 12* 30 1 5 822 | 3}; AR 2 30 5
793|125 T{1 15 9 44 0 | 4 231 ol B 13 5 33 a3 o3
4026 7|1 17 18 o6 4 240100 &3 7 12 0 36 |
705 | 21| |1 25 51 50 42 . 4 825‘ nl £ '3 s s % o i 5
70628 V|1 26 18 51 45 ‘ 4 826 | 12| o©° 53 17 27 © 15 |4
797201 VP01 20 304 54 30 i 4 827513 ol |3 14 15 16 48 i 5
8130 V1 I8 9 b 50 828; | S ls 1| o |
CAEN AR T B $20115] € i3 16 48 | 3l 2 § 3
800 |32 VP 1 6 43 55 39 ; 3 830 | 16| K !3 14 33 55 15 ‘ 1
801 | 33 BRI 55 0 4 83117 £ 13 1 15 53 453
802 | 34 0 19 48 | 53 458 . 1 832118 7 [3 25 33 50 458 3

Lepus (Arnavea) Informatae

803 10 ¢ 111 48 ‘ 35 0S. ‘ 5 833 1 '3 15 80 22 428 4
804 | 2 xilzn 391i 36 0 |5 831 2. 2 20 9 60 45 1
805 | 3, l2 14 3 35 30 %5 835 3 |3 3 3 58 43 e
806 | 4 213 51 1 36 18S. | 5 836 4. 3515 56 51 1
so7 | 5 pol2 s | 30 30 4 87 5 '3 6 33 55 43 5
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No No Ba,\'or! Lonaitude. Latitude. May No iXO.jBJ}"r. T.ounaitude, Latitude. Mag.
[ | - _—
835 6| 2 20 48 | 55 218 | 4 868]23 Pt e 29 33 57 0 |4
s30 7 2 23 39 | 57 13 4 869 124 P° i+ 28 3 39 0 4
810 8 2 95 3 38 30 1 smizsl 5 2 33 80 15 4
s 0 2 92 3 59 30 |3 871}26 5 2 27 61 24 1
842 10! 2 18 33 ' 57 2 3 $72127 o' |1 22 51 21% 24 } 4
smlu;1 (214 38 s sos | 4 873’28 0" |4 22 12 96 4
874[29 o’ |4 21 30 43 30 | 4
Canis Minor (Lughusrana) 875 30 o' |+ 23 3 43 15 4
|

sitf 1 B 3 18 33 ¢ 13 N 4 876;31 € |5 TR 69 ?
S50 2] @ 3 22 3 ! 16 0N 1 8'71‘;2 . 5 10 a1 ot 13 3
873 33§ |4 4 18 63 54 1
Argo Navis (Saphina nauka) 87 w AR 65 24 6
( ‘ 880 '35 [ 14 23 21 64 15 2
8460 1) € 1+ 3o t 2 48285 $S1 36y |5 2 19 69 10 4
s17 2| ¢ ‘4 T8 438 3 882 | 3y 5 8 39 65 10 5
w3 € +o2 2 % o 1284 883 38 @ |5 15+ og* 65 50 3
$80 4 0 4 15l ﬁ 620 5 881030 |5 19 40 67% 20 3
ORI T B $5040 5 s 20 49| 62 50 .
851 67 Kk 3 20 18 { o 836141 o |6 1 49 ' e 15 4
2T p 3203 489 :4 887}42P 2 26 21 | g% 9 4
oS LT 41 Io40 24 : 1 88s 13 3 12 39 66 22+ | 3
s34 0 o 4 1 27 o6 0 N 2 |3 10 5 s o .
b:)’) I, x 4+ 6 3“*i 49 fS { 4 80045 j 13 22 49 J 71 458. | 3

836 110 v 328 3 8l at |3

s357 120 N 327 9 | 5 30 |3

s 13 f 4 3 15 ’ 55 30 { 5 ﬁydra (Sja)
80 141 ¢+ 5 3 : 59 0 l 5 w1 o ‘4 736 ‘[ 14 338 | 4
so 13| ¢F 4 6 m f 57 57 4 592! 2 8 4 6 33 | 12 30 | 4
61 16 | Yt 1 0 51 }| 58 9 1 s.ogi 3. € ‘4 8 36 11 158 l 4
s62 17| & 4 14 18 38 36 2 S04 1+ 7 !4 10% 33 49 |5
s63 18| o' 4 10 51 60 o0 3 9505 {41 3 u o9 |4
se 10 W 4 14 43 ’l 5 51 5 $96| 6w 14 3o 1 9 [ 6
$63 2'»; A: + 1 3*‘3 57 21 5 87| 7 @ 14 1636 13 0 f 1
Moo AT 15 5 ! 57 40 5 8081 8 T4 22 9 15 9 | 4
<7 22: Pt 20 24 ;‘ 32 30 4 899 1 9 ¢ 4 23 3 . 11 39 } 4
.
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No. | No. l Bayer.  Longitude. Latitude. IMag. No. ‘\o Bayer.  Loagitude. | Latitude. Mag
‘ lg o o S o . o o
90 10| T 4 22 3 16 428. | 4 928 4 Yy 6 6 54 14 18S. | 3
901 11 A’4 22 51 21 42 6 929 5 O 6 9 39 | 12 0 3
92 12| a 4 23 39 i 22 30 2 930 6. M 6 10 9 11 39 1
93 13| v 5 2 18 % 0 4 931 7 B 6 13 48 17 49 3
904“114 V5 42 23 15 . 4 ‘
905% ) A5 38 2 0 4 Centaurus (Kamvaras)
906! 6 p 5 11 12 24 10% 3 —_ , | —
907117 s 9 93 36 s 932 | 1| ¢ &7 43 | 2 98 |5
908 18 5 16 45 22 0 3 o3 2 k17 3 4 1o 6 5
909 19| B 5 24 5t 95 39 4 934 | 3| © |7 23 24 20 488. | 4
910 | 20 5 25 18 30 21 4 935 4 kj7 4 9 20 0 5
o11 | 21 ‘6 4 9 21% 42 4 93| 5/ ¢ |6 20 21 | 25 48 3
012 | 22 6 7 18 33 48 4 0371 6| 0 |7 8 48 21 57 3
913’23 '76 9 18 31 15 3 938 | 7| ¥ |7 2 33 27 45 5
i
914 [ 24| Y 6 23 3 13 45 3 00| 8| I |7 1 33 23 0 4
o5 25| w7 5 18 13 98. | 3 040 9] 07 12 421 24 0 4
o411 10| T |7 15 24% 18 6 4
Informatae 942‘511 P17 15 45 21 15 4
1 1 ‘ 943]l 120 T |7 6 52 28 45 4
916 | 1 4 6 24 22 39S. | 3 |
: | l 044.13] v |7 7 48 29 24 4
017 | 2 '5 3 12 10 12 4 ,
| i [ o5 14 |7 9 3 27 45 4
Crater (Vatiya vahu guna patra) 946; 13| M7 1015 26 42 4
0471 16| K |7 16 30 25 30% 3
o18] 1| a (5 20 3 22 428. | 4 948‘ T T o1 15 | 4
99 | 2| Y |5 6 3 19 45 4 o9 187 A |7 1 3 32 48 3
920 3| & 15 23 9 17 42 4 0119 n |7 10 51 30 0 | 5
021! 4| { |5 29 45 18 33 5 051 20l x |7 10 3 30 48 5
021 5] € |5 22 30 13 21 4 90221} ol7 6 3 31 5 5
9231 6/ 7 6 2 3 17% 48* 4 953?22% o |7 9 ‘ 37 42 5
924 7; O |5 925 3| 1 248 | 4 954:23E pleosas a1 |3
— 955124] 62754% 0 0 |5
Corvus 956; 25 P |6 26 3 : 41 0 ‘ 5
005 1| a |6 8 21 22 0S8 | 3 957%262 626 12 46 6 1 3
926 2 6 8 6 19 15 3 958 27*; e e 2n 10 4615 | 5
| 712 9| 40 4 ' 5

027 3| & \6 10 33 18 15 5 959 | 28
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No. No. DBayer. l Loauztude. ‘ Latitude. Mag No. Xo. | Bayer. Long tude. : Latitude. ‘Mzzg
- .. LT IR
960 29 710 9 43 0S8 3 900 | 31 & (8 19 59 26 308. | 4
961 30 R .. . 991 4| a }3 14 20* 30 20 5
962 31| v T 3 49 51 10 2 9921 5| B Es 18 59 E 34 10 1
963 32| & 1 9 9 51 40 2 903 6| 7 |8 I8 49 | 33 20 4
9+ 33| f 7 0 9 55 10 3 91| 71 0 18 14 39 308 | 4
965 34 Ci7 4 59 53 20 2 | i
966 35 a ‘8 2 9 41 10 1 Corona Australis (Mllr’tl!i(&)
967 36| 7y T 17 59 45 20 2 o5l 1l o lo 9 15 0 o8 | 4
968 37| € 7 8 29 49 108 4 O o1 13 .
997 | 3| C |9 6 24 20 30 6
Lupus 98| 14/ Blo 8 o 19 51 5
969 1 o j7 21 13 | 25 0% . 3 999 | 5| m {9 9 24 18 18 5
970 2 @ ’7 20 33 j 30 3 3 1000 6 6 |9 10 18 17 18 5
971" 3 C}7 25 121 21 28* - 4 001 7| Y |9 10 9 16 12 5
672 4 n |7 233 | 21 18 3 1002 8| & |9 9 4 15 15 5
053 5 0 |7 2 B 25 12 4 1003, 9| B |9 8 24 1512 15
074, 6 W T 23 27 97 0 5 1004 10| v |9 8 9 14 39 6
975]7 B 172 15 29 12 5 1005 11| ¢ |9 5 33 5 0 |3
976:8 € |7 2 39 20 0 5 1006312 kK |9 3 15 16 0 5
9771 9 p IT 2 12 2 57 5 1007 13| M|9 2 9 18 368. J 5
078 110 S |7 20 20% 33 10 4
9791‘ 11: T 7 13 49 31 20S. 5 Piscis Austrinus \lelcllC]l]li yam‘wi)
I ' - -
980‘; S 50 36 * 00* 11 Blio 24 48 ¢ 21 308 | 4
981 i 13 kT 16 33 20 24 5 000 2] 7 1o 28 18 ! 25 50 )
982;145 v‘zs 2 9 27% 18 1 T S O )
083 15 g8 22 15 g 001 4| € |10 28 54 ' 17 43 4
1 J
984 16 Y |7 29 3 13 21 3 w2 51w o 20 3 ] o o .
083 17 A8 o0 9| 1330 3 L ] ]
(35‘ oo 4,7 v e o ) 101.31 6j { loy26 15 | 16 45 54
¢ ‘ < v . - 99 rx ! ~ -
as7 19 O E7 21 6 11308, 5 o ’F Ao e ,‘ o ?
l [ 1015 8I Moo 19 30 15 30 5
e o] 6 o 15 21 ' 16 5 5
Ara i :
| ' 1017 10} ¢ 10 14 33 ;18 33 4
988 | 1} Yy 8 21 29 1 22 408 1 6 1018 11! k (10 14 33 ; 23 158 | 3
089 2 € 8 20 9 25 45 4 -

1
i
{ : | * Buly’s No. 1008 is omitted.
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991

Baily -+ 4° 8",

' 1
24 27
19 51
15 48
17 15
19 18

DO DOWPP =TT ~TO o e OB et = = b OO DNV O OTTTIDOOO WL ©
[ ]
et
et
to

1
3
7
11 2 42
6
6
7

m\l‘]‘];]glp&sblﬁnH‘[Q‘OP—‘[\Q[\'JIQMN
>
[

) LOXCITUDES.
No. —
Jai Singh.
| ]
s e
11 2 24 23
10 ;319 57
28 4 15 18
20| 4 47 15
497 9 19 58
53/ 0 11 9
84| 10 11 9
94| 6 29 23
111 7 8 38
115 7 10 26
118 7 14 39
1321 8 6 15
150 9 16 18
205 1 8 54
219 2 26 30
221 2 28 5l
2251 2 25 9
2321 8 19 12
257 8 26 44
275, 8 21 8
350! 1 5 39
360 1 1 55
361 1 0 21
3781 1 20 28
4051 1 4 33
411 2 18 13
439 . 3 27 21
449 4 3 42
462 2 2 6
465 2 24 27
471 4 21 30
497 5 29 27
526, 7 12 135
530 | 7 17 20
5451 7 28 45
562 8 20 19
5641 8 24 O
568, 9 1 36
590 9 12 21
5931 9 28 33
603 1 10 1 57
63+ 11 3 27 |
637 11 7 30
646 11 21 42
6491 11 6 52 |
665 . 11 16 12 |
666 11 6 23
669 1 11 23 20
676 11 29 2%
723 1 13 3
743 . 2 11 3
752 2 8 2¢
753 2 8 47
764 2 29 39
772 2 7 21 |
797 1 20 30
803 1 11 48
810 2 15 48
835 4 6 30
865 4 14 3
883 5 15 9
894 4 10 33
907 4 1+ 9
041 7 15 24 1
972 7 26 33 !
978 7 20 29 ’
086 7 20 41
8 20 |
1

11

A 1'2 DIFFERENCES BETWEEN JAI SINGH’S AND
BaiLy’s versions oF ULteH Brg’s

CATALOGUE.
LATITUDES. STAR MAGNITUDES.
b
Nl“ﬁ&@.[Bﬂy Yo. 3.8 | B
|
o ’ Q 7
42 20 13 1 29 15 8 4 3
511 80 30 | 80 33
57 80 36 80 30 70 4-3 3
59 80 55 80 15
19, 27 9 37 9 128 3 4
130 60 13 60 43
164 69 42 69 52 246 - 5 4
178 64 27 61 24
175 50 2 50 12 196 5 4
236 82 0 32 0
245 N. S 619 3 4
2146 X. S.
248 N. S, 620 3
278 26 56 26 54
283 31 9 ., 31 0 824 4 5
305 32 54 32 5 |
306 32 12 31 21 835 4 ' 5
307 31 21 32 12
320 39 9 34 9 1013 5 6
334. 26 5 26 54
337 ' 32 a1 32 30
351 25 33 27 36
356 36 6 16 6
3% 7 51 . 6 36
361 6 36 7 5l
363 5 16 | 5 36 ADDITIOXS TO TABLES
371 N [ OF DIFFERENCES.
387 12 35 12 15 :
400 N, S
4113 1115 JaiSinch.i Buily.
414 6 3¢ | 6 34 s b
$29 3 45 5 45 No.
30 1 15 1 51 ‘ -
464 9 45 9 o0 3 LONGITUDE.
1479 15 4 16 15
5 N <,
gzg 21 ox' 20 0 N B
574 Q ~ 127 { 8 26 53 8 26 33
612 5 12 6 12 I
6 S N. !
53 6 0 0 0\ | L TITUDE.
710 12 11 12 51
733 17 45 17 15
771 28 12 20 54 o o v
772 27 28 27 48 555 | 15 53 15 15
T4, 24 24 25 24 ;
788 39 43 38 45 571 2 25 ' 2 18
702 12 30 42 30
872 21 24 | 5l 24 887 | 67 9 66 9
884, 67 20 | 66 20
838 ' 66 22 | 66 12 9501 30 0 30 48
o6 | 24 10 1 24 45
911 J 21 42 1 31 42 03l 30 43 30 0
923 | 17 48 16 18
947L 25 30 25 33 971 | 21 28 21 18
982! 97 18 . 17 18

I

J
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A 2. MAHENDRA’S STAR LIST.

SINGH.

10

11

12

13

MsBENDRA’s LisT. PTOLEMY’S VALUES. \ D1FFER- No.
FNCES, Modern names and { in

| : Magnitudes. Jai
Name. iLongitude. Latitude. |Longitude. | Latitude. ]ALong' ATLat Singh.

| |
0 643| +27 0111750 +27 0 %18 53| 0 |O Pegasi=a And.2:1 | 313
Nadyantak . ll 01943| —5330 | 0 010| —5330 ';19 300, 0 |0 FEridani 802
\ 02243| +262 | 0 3350 | +2620 1853 0 | /3 Andromedm . 24| 357
‘ 02521 | + 1720 ll 0 640 | +720 ?18 4% 0 |y Arietis .. 47| 300
| 02643 +51 20 | o 750 451201853 | 0 | B Cassiopeia . 24| 187
'\ 11833 423 0l 02040 +23 01853 | 0 | B Persei 2 | 201
]! 12343 +30 0| 1 450 | 430 01853 0 | @ Persei . . 19 196
Brihma E o 133 —510] 11240 —51001853| 0 | @ Tauri . . 11| 391
At foot of ; 2 843! —313 | 1195 | —3130 1853| 0 |3 Orionis . 03| 765
1::”1:1& shoul- 21253 | —1730 | 124 0| —1730 1853, 0 | 7y Orionis .17 733
sﬁigasya 21353 -2230| 125 0| —2230 1853, 0 | @ Aurige . . 02) 221
Ardra . [ 22053 —17 0| 2 2 0| —17 01853 0 | & Orionis . . 090 752
Agastya ' 3 6 4 —75 0 217 0 —75 0 518 54* 0 a Argus .08 889
| 3 633 —3010| 21740 —39 0 i18 53| 0 | @ CanisMajoris— 16 | 815
.o 312 33 +9 40 223 29 +9 40 i'19 4* 0 a Geminorum . 2 421
Vyadhaniya. | 31843 —1610| 22910 | —1610 18332 0 | a CanisMinoris 05| 845
Magha 4 21 23 +0 10 4 230 +0 10 |i3 53 0 o Leonis . . 13 466
. 51323 +1150| 42430 | +1150 1853 | 0 | B Leonis . 22| 485
.. 592733| —1450 | 51330| —1450 14 8% 0 | yCorvi . . 28| 928
Chitra . 61533 -2 0| 52640 —2 01853] 0 | a Virginis .12 507
Svati 61553 +3130| 527 0| +3130 1853 | 0 | aBootis . . 02| 110
Visakha 7 333 +4430| 61440 | +4430 1853 | 0 | @ Corone Borealis2:3| 111
Jyeshthd 8 133 — 07 1240 —4 0 ;18 53| 0 | aScorpii . . 12| 550
.—\[t)}fg}::;u(:f']ge ofl} 8 13 43 | 436 0 72450 | +36 0 ;18 53| 0 & a Ophiuci .21 | 232
Miala . 820 3, —1310 8 110 —1315 %18 53 ‘ 0°5| < Telescopii . Neb. | 564
8 25 34 l +2 30 8 640| =250 18 54% 0 l p Sagitarii 23 | 571
Abhijit 9 613 ‘ 162 0 { 81720 | +62 018353 0 : o Lyre D01 148
92243 42910 9 350 +2910 118 531 0 ; o Aquile . . 09| 286
.. 10 25 53[ —23 0 10 7 0| —23 0 118 53 | 0@ 1 a Pisc. Aust. . 13| 667
1028 3 l 460 0 10 910| 60 0 ;18 53| 0 } a Cyeni ., 13| 162
| . 1121 3 | +31 0 ]\ 11 210 +31 0 Il8 531 0 B Pegasi . . 26| 316
; . 11 2313, -9 40 11440 —940 1853 | 0 (Ceti . . 37| 720

1 See the interesting note in Peters and Knobel’s Pinol. Cat.. p. 110.

* The readings vary.

The readings for longitude vary.

3 Some authorities give —20° 29, but Baily gives —23° 0. Sece Fol. Cat. p. 113,
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A 3. THE STRYA SIDDHINTA STAR LIST.

117

STRYA SIDDHANTA.

. Probable
Hindu . AN
- identification
Names, i
of stars.
,8 Arietis
35 Ar'etis -
7 Tauri
a Tauri
Brahmahri- a Aurige .
daya.
Agni or Huta- ,8 Taurt
bhuj.
A Orionis .
a Orlonis .
Prajapati or S Aurige .
Brahma.

Mngavyadha
or Lubdhaka.
Agastyva

A pas

Apamvasta .

a Navis

) Caneri

€ Hydr.e
@ Leonis .
8 Leonis
,8 Leonis
8 Virginis
8 Corvi

0 Virginis
o Virgin's
a Bootis

¢ Libr=

) Secorpii .
w Scorpii .
i A Seorpii .
8 Sagittaiii
O Sagittarii
a Lyrze

a Aquil - .
i B Delphini
A Aquarii

@ Pegasi

Y Pegasi

|
| C Piscium

a Canis Majoris

,8 Geminorum

Flamsteed's

values reduced
REDUCED to A.D. 564,
Polar Polar
Long. Lat.
Long. Lat. Long. Lat.
s ol oN. [ 1139] 911N.] 1356/ 828X
20 0 12 N. 24 35111 6 X. 26 >4 1 11 17 N,
37 30 5N 39 8| 444X, 5958 4+ 1X.
1930 35S | 48 9| 4498 | 4945] 530 8.
60 29 | 28 53 N. | 61 50 | 21 52 N,
34 5| TH N | 6232 522X,
63 01 108 | 61 31 9498 634013 25 %,
672 | o9s | 6350 8338 | 684316 &S
67 11 | 36 49 N. | 69 54 | 30 49 X'
762339528 | 81 7(3932s.
90 080 0S. ( € 475508,
93 0] exX.| 9255 6 ON.! 9314 639 S.
106 0 0 0/106 0 0 0 10842] 0 4X.
109 0 7S [10959| 63568 1122011 88,
120 © 0 0129 0| 0 © 112949 027 X,
144 0] 12X, 113958 | 1119 N. 141 15[ 1419 X,
155 0] 13N.01150 10|12 5X. 15137 |1217 X,
t
176 23| 8153 XN. 17138 | 8 38 X.
;
170 0 11 S 17422110 6 S. ; 17327 1 12 10 &,
17848 | 245N, 17812 | 1 43 X.
180 0| 28 [18048| 1508 |18349] 2 28
199 0| 37 N. (183 213350 N.|18t12]3057 N
|
213 0| 138 21331 1258 i 211 0| 1 48S.
220 0] 38 2241 2828 2230 157 s
220 0] 48 1230 7! 3508 [ 22944 4318
241 0] 9 | 24232) 848N 124033 |13 44 S
254 0| 5L 8. 234300 5288 [23432] 6258
260 0| 5 8. 260 23 ‘ 50N 2221 34w
266 40 | 60 N. 264 10 39 38 N. | 265 15| 61 46 N,
280 0| 30N, 28220 2051 X, ! 231 41 | 20 19 X,
200 0] 36 N. 295 5 3333 N, 285 19| 31 57 X.
320 0 1S 319530 oo s 52133 0238
2% 01 24N, 322Nz x
537 0 26N, 54716124 1 N.. 349 8|25 41 N
i
359 0 0 0 359 50 1 0 0 339 50 o 0

Na
wh
is

kshatra of
ich  the star
an indicator.

1.

(8]

w0

13.

Asvmi.

. Bharani.
. Krittika.

. Rohini.

. Mrigasiras,

. Ardra.

. Punarvasu.
. Pushya.

. Aslesha.

. Magha.

. P. Phalguni.

. U. Phalguni.

Hasta.

. Chitra.

. Svitl

. Visakha.

7. Anurdadhd.
. Jyeshtha,

. Mila.

. P, Ashadha,
. U Ashadaa
. Abhmt.

. Sravana

. Sravishitha.
. Satabhishaj.

. P. Bhadra-

pada.

. U. Bhadra-

pada.

28. Revar
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ToHE ZARQALI INSTRUMENT.

APPROXIMATE POSITION ON THE
INSTRUMENT.

POSITION ACCORDING TO FLAMSTEED.

Names of Stars.

|

A, - Deelin.

|
|
i

R. Long. . Lat. R. A. ' Declin. i Long. Lat.
| i
c o S ° j i o s o g ° 7 j o s
Dhanab al-Qitus (,3 Ceti) . | 6} —20 11 27! —22 ‘ 7 0 —19 41 11 28 13 . 20 24
| | | |
sadr al-Qitus {z Ceti) . 38 —16 0 29‘_—‘ —29 | 369y —1313; 029 0 —26 0
]i : | ! i
‘ ‘ l
Fam  al-Qitus (2 Ceti, 37! 2 1 6 —13 1 4132, 4250 1 939, —12 37
Menkar). i |
il aljuza al-Yasri (8 7o —901 2 12} 31} 74 35 —8361 21230 ] —31 10
Orionis, Ihgel). i E
: |
Farad al-Shaja’ {« Hydre). 137} —73 4228 221 138 5 —720! 42258 —2225
. |
Ras al-Asad (p Leonis) 142 L28 1 15} +12 . 143 45 27 27 417 6 +12 9
Qa'da Batih (« Crateis) ‘ 160 —16} 519 —223 161 12} —16 39 1 519 27 | —22 42
Zahr al-Asad (« Leonis) . 162 | +22% 5 53 14| 16423 2212 5 657 +14 9
i
Simik Ramik (x Bootis 210 +22 6 20 +32 210 22} 42049 619 54| +30 37
Arcturus),
Nasr-Wiagi¢ (= Lyre, I'cga)g 2771 +38} 9 101 62 0 276 36 | +38 32 910 57 | 61 45}
o
Dhanal, al-dajijah (a | 8. +44 11 1! +601 307 40; 441412 11 1 1} +59 57
Cygni). ‘ ‘ ;’
1 ]
Dhanab al-Jadi (¢ Capri- 3321t =17, i0 18, ) 322 29 ‘ —1729 1719 13 —2 32
Ccornl). i i
| i
Tam al-Faras (: Pegasy) 322 +81 10 27 +22 322 14 4828 102734 +22 7T
i ;
! | ,
Mankib. al-Faras (,3 Pegasi) 342 427 11 241 =31 0 342 111 42624 1125 2| 431 8
|

t Flamsteed had been at work at Greenwich for four years when the Zarqall instrument was icade,
The metrument s dated A.D. 1630 and Flamsteed's catalogue is for 1689,
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B.—ASTROLOGY.

The instruments. both brass and masonry. were sometimes used for astrological purposes and in
fome cases were graduated specifically for such purposes. The following notes and the accompany-
mg tables are concerned only with such astrological matters! as are exhibited by the instiuments,

and relate to :—
(1) The ascendant or rising sign.
(2) Houses (Domus Ceeli).

(3) Trigon or Triplicities and their Regents.

(4

(5

(6

(7) Septenaries, Nonenaries, Duodenaries,

) Terms or Limits.
) Decans and Faces.
)

Planetary Domiciles.

The Ascendant or * horoscope ’ is the point of the ecliptic rising to the horizon at the given
moment. Its determination is the first and most important astrological problem. By means of
the Jai Prakas (page 37) or the Kapala the ascendant could be determined by inspection. On the
Jai Prakas the shadow of the intersection of the cross wires shows not only the position of the sun but
also the sign that is on the meridian, {from which the rising sign could be deduced ; while the Kapila
shows the rising sign itself.

On the astrolabe the position of the sun on the ecliptic (its longitude) and its position for the dav
(its altitude) being known. the only operation required is to turn the *ankabiit («ranea). so that the part
of the ecliptic in which the sun is, lies on the proper altitude circle (almucantarat), and then the rising
sign or the point of the ecliptic on the horizon can be at once read off.

On the * Jaipur B astrolabe is given a table of the times of rising of the signs (see p. 23) from
which the ascendant. etc.. could be calculated. if the position of the sun were known, for any of the
given latitudes.

The ecliptic was divided into 12 equal divisions or signs of the zodiac which. owing to the obli-
quity. took different times to rise and set.  This problem of ascensions (*Avazsp2i) became of great
importance because it affected the position of the four * centres.” (1) The ‘horoscope * or ¢ ascendant.’
(2) Superior culmination. (3) The descendant. (1) Inferior culmination. These. in consequence
of the variable time of the risings and settings of the signs. are not at intervals of right angles as the
earlv ~ Eovptian * astrologers assum d.

This problem of the "anaphorai. is most interesting historically. Hypsicles and Hipparchus
(~econd century B.C.) studi~d it and Ptolemy gave the correct solution. Paulus of Alexandria (third
century of our era) animadverted on the erroacous methods? emploved and exhibited the ‘anaphorai

according to Ptolemy.

L AVe are not here eonesruad with the fact that the fundamental sscmptions in eonnexion with astrology are
false.  Ptolemy assner o nfinences smanating from celestial bodies which tended to make the nature of the ;l;bjﬂ(‘f
aftected sinular to the cvent. The Arabs condered the heavenly bedies rather as indieators than agents.  Neither
of the~e assnmptions is warranted by anv combimation of ob~ervation nd reasoning ; both were the result of false
iteas that have been long simee discarded exeept by the un-learned.

2 E.g., by Mamlius. See Delambre. Vol 1, p. 233,
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The following incorrect table! fzom Petosiris for the first and second climates may be compared
with that given on page 23 :— '

RisiNe. SerTING. ‘
1st Climate. 2nd Climate.| 1st Climato. ‘ 2ad Climato.;i
\ i
° 7 h. m. = °hm.‘ ° ! °I§
Arios . . . . . 21 40 = 1 26 40 | 20= 1 20 38 20 40 ] Pisces.
‘Taurus . . . . 25 0 =140 0| 24= 136 35 0 36 i Aquarius.
Gemini . . . . 28 20 = 15320 28=1 52 i 31 40 32 ! Capricornus.
Cancer . . . . 140 — 2 640 32-2 8] 28 20 28 1 Sagittarius.
Yeo . . . . . 35 0 =220 0| 36= 224 ‘ 25 0 24 { Scorpio.
Virgo S 3820 — 23320 40— 240! 21 40 20 | Libra.
ToraL . l 180 0 =12 0 6—{78«):12 0 i 180 0 180 &

The table for the second climate is reproduced in the Brihaj jataka® of Varaha Mihira (c. A.D.
550) and is therefore of considerable historical interest. Vardha Mihira lived at Ujjain, which the
Hindus placed at the middle of the second climate.® The Sirya Siddhanta (iii, 42 f.) gives the correct
rule for determining the times of rising (Udayasavas) of the signs, but gives 24° as the obliquity.

Houses.—The astrological houses (Domus celi) must not be confused with the planetary domi-
ciles. The system of twelve houses was not altogether accepted by Ptolemy but since the date of
Sextus Empiricus (3rd century of the present era) it has been mn universal use.* 1In plate Vand figure
17 the twelve houses are shown. The boundary lines pass through the intersection (H) of the horizon
and meridian and cut the equator at equal intervals of thirty degrees. The points at which these bound-
ary lines cut the ecliptic are termed the cusps (Cuspides domorum) and four of these are at once seen
(E, t,, W and 4 in plate V) but to find the others is a mathematical problem of some little difficulty
and occupied the attention of al-Battdni, Regiomontanus, Jean-Antoine Magini (1536-1617) anll
others. According to Delambre (p. 501) the Arabs divide the south-east quadrant of the equator
(S.E. in plate V) into spaces each equivalent to two temporal day hours and the next quadrant
(E.N.) into corresponding spaces of night hours> Campanus and Gazulus divide the prime vertical
(EZW) instead of the equator into equal divisions, and so on.

Trigons or Triplicities.—The Greek astrologers tried almost every possible combination
of the signs of zodiac. The signs being represented by equal spaces on the cizcumference of the circle,
pairs were associated by parallel lines (Antiscia of Firmicus, etc.), by diameters, by squares, by hex-
agons, and by triangles, inscribed in the circle.

The triangular aspect was considered the most beneficial and Ptolemy gives as the reason for
this that the trigon unites signs of the same sex,® but Bouché-Leclercq suggests as the motif the part
that the triad played in oriental religions.

! From Bouché-Leclercq's Astrologie Grecque, p. 269.

2 The rule reads : © The numbers five, six, seven, eight. nine and ten each multiplied by four are respectively
the measurements of the first six signs from Mesha (Aries) ; and these reversed become the lagna mdnas of the last
six signs.” (i, 1¢.)

3 The Hindus placed Ujjain on the tropic of Cancer, i.e., latitude 23° 51’ 15” according to Ptolemy.

& Manilius (first century B.C') had employed a scheme of eight houses.

8 But sce figure 17 which does not support this practice.

8 The sex of the signs is determined by the Pythagorean view of numbers, which shows the odd numbers as
masculine and the even as feminine. The signs are alternately masculine and feminine starting with Aries which
is masculine L’Astrologie Grecque, p. 154



122 ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

The trigons or triplicities are sets of three signs that are 120 degrees apart. The trigons in erder

are—-
. |
3 N
(a) ; () (© |
' |
(i) Arivs . . . Lko . . . | SAGITTARITS . . Masculine, Royal Trigon.
| i
(ii) Tavres . . : Virco . . . | CAPRICORNTS . ! Feminine.
! !
! i - .
(iil) GEMINI . . " Lisra . . . | AQUARITS i Masculine, Human Trigon.
| |
(iv) CANCER . . Scorpro . . | Prsces . . .t Feminine.
|
i
i

The Lords or Regents of the trigons are given on several astrolabes (p. 23). The origin of
the arrangement is obscure but according to Geminus the orientation is determined by the direction

of the wind when the moon occup’es one of the signs of the trigons, etc., ete.

The regents! are—

!
(a) l {b) .' {c)

| |

(i) Saturn . . . . . . . Sun . . . . . Jupiter.

(ii) Venus . . . . . . . Moon . . . . . ' Mars.
: i

(iii) Mercury . . . . . . Saturn . . . . . Jupiter.

(iv) Moon . . . . . . . Mars . . . . . | Venus,

The tables on the astrolabes correspond to these principles but add other information. The
table of trigons on * Jaipur A’ is given on p. 23 ; the corresponding tables on < Herat C’ is seen in
fioure 12. In both of these tables the trigons are classified in order as (i) Fiery, (ii) Earthy, (iii)
Ary and (iv) Wate:y.?

Terms or Limits ({p1a).—Fractions of each sign of 30 degrees are distributed among the
five planets and the amount allotted to each planet determines the quantity of its influence. The
planets are arranged in an order which varies for each sign ; but the order never forms an intelligible
series and the determining causes of the scheme are not understood.? The system followed on all
the astrolabes examined is that known to Dorothea of Sidon, Firmicus and Paulus Alexandrinus.4
Tt did not satisfy Ptolemy who t:ied to introduce a rational order but failed for the Egyvptian system
i: the only one generally recognised.

Tt is curious that some astrologers tried to explain the numbers as the times of rising of the res-
pective planets but Ptolemy pointed out that these depend upon the latitude of the observer, etc.;
Demophilus said the numbers represented the periods of revolution of the planets ; some say the num
ber allotted to each planet represents the number of vears of life that it ean Impart to the individuay

born under its influence. ete.

1 According to Dorothea of Sidon Ptolemy gives Mars for Saturn in i, (u).
2 according to Alberuni (ii, 220) the Hindus do not refer the aspectus trigoni to the elements.

3 The Brihdj-jitaka (i, 7) seems to aim at a systematic arrangement but the text is not at all clear.

¢ Bouché-Leclercq, p. 2061,



ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 123

The question of Jpiz made discord with the astrologers. * Apollinaris,” writes Demophilus,
‘“ disagrees with Ptolemy about the distribution of the dpiz and they both with Thrasyllus, Peto-
giris, and other ancient authorities.”? The complete table of terms is given below (p. 124).

Decans and Faces.—The decans (3:kawi) are parts of the zodiac each equal to 10
degrees. Each division of time had its protecting genius or chronocrator and the 36 decans are pos-
sibly of such or religious origin and correspond to 36 protecting divinities. Hermes Trismegistus
speaks of the 36 decans as ‘ vigilant guardians, inspectors of the universe.’

The system of decans imposes three kinds of influence : (1) that of the decans themselves, '2) that
of the stars that rise at the same time and (3) that of the * figures ’ or  faces ’ (zgdrwna).

The order of the decans, after Firm'cus and Paulus Alexandrinus, ete., and on the astrolabes

is as follows :(—

Signs. Decans,

ARIES . . . . . . . . . . Mars . . | Sun . . | Venus.
TAURLS . Mercury . Moon Saturn,
GEMINT . . Jupiter Mars . Sun.
CANCER . . . YVenus Mercury . Moon.
Lxo . . Saturn Jupiter Mars.
Virgo . . . Sun . Venus . Mercury.
LiBRA . ’ Moon . Saturn . Jupiter.
ScorpIO . i Mars . Sun . Venus.
SAGITTARIUS . . | Mercury . Moon . Saturn.
CAPRICORNTS . . . .~ Jupiter . Mars Sun,
AQUARITS . . : Venus . Mercury . Moon.
PisCES . . . Saturn . Jupiter . . Mars.

It will be noticed that the decans read vertically in the above table are in the order of the days

of the week.

Planetary Houses.—The idea that the planets, as divinities rejoiced in particular positions
seems to have come from the East (Babylon ?). The scheme seems to have been evolved by equating
the planets in order with the signs starting from the beginning of the calendar year, thus:—

!
|
|

Houses, Planets. Houses,
AQUARITS 1 Saturn . . . ‘ CAPRICORNTS.
PIscES . 2 Jupiter . . 1 SAGITTARIUS,
ARIES . 3 Mars . . . 1 Scorrio.
TATRUS . 4 Venus . . . ! LiBrA.
GEMINI . 5 Mercury . . . | VIRGO.
Lro . ‘ 6 Mcon—Sun 6" . . | CANCER.

! Bouché-Leclercq, p. 223.
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On the astrolabes (B. and E.) the arrangement is as follows :—

AQUARIUS . . . . . . . . . { 1 Saturn . | 8 Mercury . | 4 Venus.
Pisces . . . . . . . . . . | 2 Jupiter .| 6 Moon . . | 3 Mars,

ARIES . . . . . . . . . .1 3 Mars . .| 6 Sun . . | 2 Jupiter.

TACURUS . . . . . . . . . . | 4 Venus . . | 5 Mercury . | 1 Saturn.
GEMINT . . . . . . . . . . | 5 Mercury . | 4 Venus . . | 1 Saturn.
CANCER . . . . . . . . . | 6 Moon . .| 3 Mars . . | 2 Jupiter.

LEeo . . . . . . . . . .| 6 Sun . . | 2 Jupiter . | 3 Mars. .

Virgo . . . . . . . . . . | 5 Mercury . | 1 Saturn . | 4 Venus.
LiBra . . . . . . . . . . | 4 Venus . | 1 Saturn « | 5 Mercury.
Scorrio . . . . . . . . . . |3 Mars . . | 2 Jupiter . | 6 Moon.
SAGITTARIUS . . . . . . . . . | 2 Jupiter .| 3 Mars . . \ 6" Sun.

(APRICORNTUS . . . . . . . . . | 1 Saturn . | 4 Venus . . 1 5 Venus.
|

The Brihaj Jataka (i, 6) says: * Mars, Venus, Mercury, the Moon, the Sun, Mercury, Venus,
Mars, Jupiter, Saturn, Saturn, Jupiter, are successively the rulers of the twelve houses, Mes4, Vrisha,
Mithuna, etc., as well as of the Navamgas and Dvadasamsas of the houses.”

Septenaries.—These occur only on the Zarqali instrument and are as follows :—

AQUARITS . . ' 1 Saturn . : 2 Jupiter . ; 3 Mars , | 4 Sun 5 Venus . !l 6 Mercury ! 7 Moon . | CAPRICORNTUS.
PISCES . . . 2 Jupiter . ‘ 3 Mars i 4 Sun 5 Venus . | 6 Mercury i 7 Moon . ’ 1 Saturn . | SAGITTARIUS.
ARIES . N . .| 3 Mars . l 4 Sun i 5 Venus . [ 6 Mcreury | 7 Moon . 11 saturn . “ 2 Jupiter . | SCORPIO.
TAURTS . . . | 5 Venus 6 Mercury ‘ 7 Moon 1 Saturp . | 2 Jupiter . ‘ 2 Mars . 4 Sun . | T7BRA,
GEMINT . . N 6 Mercury | 7 Moon } 1 Saturn . | 2 Jupiter . | 3 Mars { 4 Sun . ‘ 5 Venus . | VIRGO.
CASCER . . . | 7 Moon | 1 Saturn . 2 Jupiter . | 3 Mars . | 4 Sun . ‘ 5 Venus . 6 Mercury

4 Sun 5 Venus ‘ 6 Mercury | 7 Moon 1 Saturn . 2 Jupiter . 3 Mars . | LEO.

The horizontal order starting with Aquarius is the standard order® of the planets ; the vertical
order (of the first column) is the order of the planetary domiciles (p. 122).

Novenaries.—If the planets be arranged in the domiciliary order, (1) Saturn, (2) Jupiter,
(3) Mars, (4) Venus. (5) Mercury, (6) Moon, (6’) Sun, in nines for each trigon starting with Mars we
get the following arrangement :—

]
I
TRIGONS., | 1 2 % 3 4 5 6 7 i 8 9
I f
i 0
1. AmiEs, Lgo, 3 Marss . | 4 Venus t 5 Mercury 6 Moon . | 6 Sun . | 5 Mercury | 4 Venus , | 3 Mars . | 2 Jupiter,
SAGITTARIUS. | |
2 TATRUS, VIR- 1 Saturn ., 1 Saturn . 2 Jupiter . | 3 Mars . | 4 Venus . | 5 Mercury | 6 Moon » 6 Sun . | 5 Mercury.
0, CAPRI- .
CORNUS. |
]
3, Grwist Lings, 4 Venus . | 3 Mars { 2 Jupiter . | 1 Saturn . ! 1 Saturn . | 2 Jupiter 3 Mars . 4 Venuws , | 5 Mercury.
AQUARIUS. ! . !
. C\.\')CER. ScoR- | 6 Moon . ' 6 Sun . 5 Mercury "4 Venus . 13 Mars . | 2 Jupiter . | 1 Saturn . 1 Saturn . | 2 Jupiter,
PIO, PISCES. \ . ! '

and this is really the arrangement given on the Zarqali instrument and it is implied in the Brihdj
jataka (i. 6) which says : * The rulers of the nine Navarsas of Mesha, Makara, Tu!a, Karkata are the
came who rule the nine houses beginning wi h Mesha.”

1 The classical (Plato, Aristotle, Eratosthenes, etc.) order was, Moon, Sun \Venus, Mercury), Mars, Jupiter,
Saturn. Tater Mercury and Venus were intcrchanged (Heraclitus) and about the time of Hipparchus the order was
made Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn,



Duodenaries.—The Zarqali instrument (E.) gives the planets also in twelves for each

ASTRONOMICAL OBSE

(figure 19). The arrangement is exhibited below

tally and vertically.

VATORIES OF JAI SRINGH.

sian

: the order is the domiciliary order both horizon

AQUARIUS
Piscrs,
ARITS .
TATRTS .
{ENMINT
('ANCER

LrOo .

VIRGO . .

LIBRA .
SCORPIO
SAGITTARICS

C\PRICORNCS

}
1 CO
Saturn . | Jupiter
Jupiter . | Mars :
Mars Venus ‘
Venus Mereury ;
Mercury Moon 1
Moon Sun -,
Sun Mereury |
Mercury | Venus . !
Venus Marz . l
Mars . : Jujter “
Jupiter . 1 ~aturn . :\
Saturn . l‘ Saturn E
)

Venus

© Meraury

Moon
Sun
Mercury
Venus

Mars

Jupiter .

Saturn .

Venus

" Moon

Sun

. Merowy

" Mereury

~ Venus

« Mars

" Jupiter .

saturn .

Jupster .

Raturn .

Jupiter .

Mars

Saturn .

<

Mercury

' Moom

., Suvn

Mereury
Venus

Mars

Jupiter
Mars

Venus

Saturn .

Saturn .

Jupiter .

I
6 ‘t 7 L 8 } 9 ! 19 i | o1
| ' l
— = | —
NMorn . “ Sun Mioroury Vinus Mars Jupiter | ‘ saturn,
" Sun R 7‘ Mercury | Venns Murs CJupiter ~Niiirn } Sotrn.
M oreary i YVoenus Mars Jupiter . Raturn noturn ‘ Tumt T
I YV nus ! Mars Jumter . saturn ., Saturn Jupieer “ Mars.
Mars Jupiter . | Saturn ~.urn . Jupiter Mars . ‘ YV onuns,
Jupiter . | Saturn . | Saturn . Jupiter . Mars Vs “‘ Meroury
Satwin . | Saturn L | Jupiter | Mars Venas Moroury % Monn,
Saturn Jupiter . Mars Venus Mereur: Moom I wun
Jupiter . ¢ Mars Venus Mereury  VMoon ~nn . ‘\ Merury
Mars Venus o § Mereury. Moon sun Mereary \ vV onus.
Venus Mereury Moon ~un Moreury Venus ] Mors,
Murcury Moon Sun Mereurs Vonus Mars i Jupiter.
1

*

SUMMARY OF THE ASTEOLOGICAL TABLES THAT OCCUR ON THE INSTRUMENTS
EXAMINED.
TRIGoNS,
S1gns Tcrms or Limits. | Dav Nicht Natwer of
Reguts, Regents., ‘irisan
3 _ roosun Jupiter )
[} (2] Aries ‘ Jupiter 6 | Venus 6 | Mereury 8 Mars 5 ' Saturu & i Illxt;‘;‘;‘nr :‘:;‘um . Roval Twry
:: Ventus Moon | — -
1 bl Taurus venus 8, Mercury 6 | Jupiter 8% Saturn 5"i Mars 3 u :I{I‘rl“ ); ,xlr:“‘ Farthy
1 3 } - ‘ . . i ‘ \:dtnrn N \}, reury |
o i Gemini . | Mercury 6 | Jupiter 6 1 Venus 5 DMars 7 l Saturn 6 in :l[\;(l:;tl:\rr} \;:fl:::."r ‘Humnn Aury
! | ,77 i """‘” 8 o Mars 7.77 T
3 ) Cancer Mars 7 | Venus [ i Mercury 6 Jupiter 7 l Saturn 4 iv S‘i}: ;;} ‘ }'I.l.),:‘l: i Watery
J— o
. osls ¢ Mercury 6 M P O R I,
4 St Leo Juptter 6| Venus 5, Saturn 7 Mercury 6 ‘ Mars : Saz‘nrn b}:;\”m Yoyl Trery
‘ —— ] VVt’mL; 77: ' Moon i : -
5 np Virzo Mereury 7 | Venus 10! Jupiter 4 Mars 7 Saturn 2 B :[Iflvll_gl . ;[ilrrxiua + Larthy
l ° ‘ :.!furn 3[(‘r4’.‘r§' .
6 £ Libra ‘ Saturn 6 | Mereury 8 ° Jupiter 7 i Venus 7 Mars 2 m :]Il;;r;t:.;p . Jlnl'lutrx:r Human, Air
} | 3 5 8 A :-I‘\"llh \\{:f\;\ ‘ Watery
7 m Scorpio . ‘ Mars 7 Venus 4  Mercury 8 Jupiter 5 Saturn & Mo T Moo ) 3
' | . P e o .oJdurater
S 7 Saaittarins. ! Jupiter 12| Venus 5, Mereury 4 Saturn 3 Mars 4 i {x%\n‘vtrll: . :‘\"“nru toval, Fiery
" \ 4? ) W\'u'mi e )_hmnrv*
i) C (‘.1prmornu<‘i Mereury 7 ¢ Jupiter 7 1 Venus 3 1 Saturn 4+ Mars 1 ‘ i :I*;:ljl ;Ii‘l?lvs : Earthy
3 L 1 _—— :,m'r,“i . :I :r‘x;\:'. ” { __,4*,_?“‘
10 ~ Aquarius . : Mereury 70 Venns 6 | Jupiter 7 ‘ Mars 5  Saturn 3 m :“”’::“ ‘1'_5 ]l:ll‘:rnr fuman. Airy
| \ ST e s
11 % Pisces ‘ Venus 12 ' Jupiter 4 | Mercury 3 Mars 9 Saturn 2 P A\‘l‘”“f); . ;!1:':;: ’ W atery
| t
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APPENDIX C.

Geographical Elements.
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C. (1) Astrolabe Gazetteer.!

Place. Longitude. | Latitude. Inhiraf. | Distance,
o ’ [+] I4 o ’
Mecca . . . . - . . . . . 77 10 21 40 0 0 0
10 11 21 20
Madina . . . . . . . . . . 5 20 25 0 34 10 S6
39 58 24 25
Ardabil . . . . . . . . . . 82 30 38 0 17 33 377
18 19 38 12
Astardbad . . . . . . . . . 89 35 36 5( 38 48 116
51 26 36 46
Baghdad . . . . . . . . . . ‘ 80 0 33 25 12 45 266
14 28 33 21
Baital Maqaddas® . . . . . . . . 66 30 31 50 15 16 309
35 b 31 47
Baniras . . . . . . . . . .| 117 20 26 15
83 0 25 18
Balkh . . . . . . . . . Rt 0 36 41 60 36
* 66 48 36 45
Basra . . . . . . . . . . 81 30 30 0 34 19 230
47 50 30 320
Damghian . . . . . . . . . 88 35 36 20 38 0 382
54 19 36 16
Damiat . . . . . . . . . . 63 30 31 25
31 23 31 18
Dilhit . . . . . . . . . . 13 35 28 39 87 34 763
; 77 0 28 14
Dimishq . . . . . . . . . Lo 0 33 10 30 31 203
| 36 18 33 30
Golkandah . . . . . . . . Y 39 18 0
| 78 26 7 12
Gwaliar . . . . . . . . . .1 11s 0 26 19
|78 26 26 13
Halb® . . . . . . . . . | 72 10 35 20 58 29
r 37 0 36 10
Hamadin . . . . . . I 83 0 35 10 22 17 320
18 20 34 50
Herat . . . . . . 91 20 31 30 53 17 139
62 9 34 28
I<fahin . . . . . . . . . . 86 10 32 25 40 28 330
51 14 32 39
29 51 31 113
Kabul . . . . . . . . . .| 104 40 34 7 69 57 604
69 18 34 30

T.kandarivah® ) . . . . . . ./61 54 50 58 .. ..
r
1]
1
i

Kishin . . . . . . . . . . 36 0 34 0

Kashir . . . . . . . . . . 1n8 0 33 0 68 44 605

Kufah . . . . . . . 79 20 31 30 12 3] 923

Lahore P109 20 31 50 | 78 26 674
oo 20 31 35

Mangurah . . . . . . . . . i 105 0 27 40 82 50 576

1 Ge- page 25: This isa sl ction only. The smull figur sin it.hes ar: approxim:te modern values, For
lists see Ptol-my, al-Battiani, Ulugh Beg., the Ain-i-akberi, ete.

2 Jerusalem.

3 119 on * Jaipur D

4 The values vary from 113° 0’ to 113° 33" and from 28° 15 to 29° v,

& Aleppo.

¢ Alexandria.
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C. (1) Astrolabe Gazetteer--conéd.

129

|
|

!

Place. Longitude, | Lotitude. ‘ Inhiraf, l Distance.
| | |

Maraghah . . 843 1(7) '377' 2:; 16 17 360
Misr? . f;li ?}f)) 33‘0) £<: 1 58 38 335
Mosul . ’Z (3 ‘2-; ‘itg) : 4 12 285
Nishabir . . . %;’ ?:‘(,)7 3;% Qi ; 46 25 4140
Qain . . - . 93 20 33 10 54 1 414
Qandahar . . . . l(;'z; t(g 333 32 750 656
Qazwin . . . . . 85 0 35 0 27 34 352
Sabzawar . . . . 91 30 36 b 41 12 423
Samargand . . . . . ?;? ig ?;S; ?;7(;

Shiriz . . .. . | 8 0 2936 1 53 58 279
Sirhind . . . 1 17(1; ?;; ??2 %(7) .
Tarablis® . . . . . . | 41? 28 %.‘22 4(9) 78 17 671
Tabriz . . . | 84.;’ 1(; I:Ig g 15 40 367
Tiflis . . . . . . 84;3 5(0) -1;11” 32 1+ 41 486
Ujjain . . Coe e e e e 1 03 30 9T 5 510
Yezd . . . . . . i 802 3(3 ‘33%’ 3(; | 18 29 331

\ l
1 Cairo.
2 Tripoli.

3 Possibly wrongly copied for 112 ; I, gives 110° 50" and 23° 30"

C. (2) Longitudes and Latitudes of Ujain, Delhi, Benares, Jaipur.

i
| Locality of observa-

! Latitude

Name of Place. Date. Authority. Longitude,
tion. North.
A, D.
Ussamx . . 550 | Panchasiddhan:’ia . 44° East of Alexan- | 24°07 Q7
b dria.}
1000 | Hindu canon accord- 240 07 0F
ing to .Alberuni.
1010 | Alberuni . ’ 990 497 0"
1150 | Bhaskara | 29° 307 0
Astrolabes 110° 50’ East of For- | 23° 30" 0*

tunate Isles.?

1 The longitude of modern Alexandria is given as 29° 51’ East of Greenwich,

61° 54’ East of the Fortunate Isles (see p. 127).
2 For the lcngitude of the Fortunate Isles see p. 25 where it is estimated at 35° West of Greenwich,

The astrolabes

general g ave



130

ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

C.

(2) Longitude and Latitudes—-conid.

Locality of observa-

Name of Place. Date. Authority. tion. Longituce. I&::)tr;t}'lde
i
Usrarn—contd. C. 1734 Jai Singh Observatory . e 23° 10" 0",
1792 | W. Hunter (4s. Res. | Near Rana Khan’s | 75° 46’ East of Green-| 23° 11’ 34-27,
1793, p. 141f). Garden. wich.
W. Hunter . Near Scindia’s Palace| 75° 55’ 3” East of {23° 10" 565",
Greenwich.
1825 | Warren from Hindu . vees 23° 117 307,
| Books.
1915 | Trigonometrical Sur- | Hill 1678 . . 23°11' 6”.
1 vey of India.
DELut . . ! Astrolabes . . 113° 15" East of For- | 28° 39 07,
l tunate Isles.?
1
|
1729 : Jai Singh . . | Observatory . . 28° 39’ 0",
1
1734  Father Boudier . ” . 75° 0’ East of Paris® | 28° 37° 0",
i
1792 | W. Hunter . v . .| 77° 2" 27" East of | 28° 370",
Greenwich.
1825 . Warrzen from Hindu ceee 1° 16’ 8" East of | 27°35 0"
Books. Ujjain.
1915 . Trigonometrical Sur- | Pirghaib . 77°12° 527 . . | 28°40°851°,
vey of India. Jama Masjid . 77°14’ 28" . 12873923,
BENARES . 550 ' Pazchasiddhantika . e 54° East of Alexan -
3 dria,
| .
Astrolabes . .. 117° 20" East of For- | 26° 15’ 0",
| tunate Isles.
1795 | R. Barrow A4s. Res., P 82° 54’ East of Green-| 25° 18’ 36”.
IV 1795, p. 326. wich.
1825 | Warren from Hindu AN 4° 377 0" East of Uj- | 25° 38’ 0",
Books. jain.
1915 | Trigonometrical Sur- | Observatory . 83° 0" 46:1” East of | 25° 18" 249"
vey of India. Greenwich.
JAIPUR . Astrolabe 103° 6" East of Fortu-| 26° 36”.
nate Isles.
Tieffenthaler . 73° 43’ East of Paris | 26° 53’
1734 | Father Boudier Observatory . 1 73° 50" East of Paris | 26° 56",
1915 | Trigonometrical Sur- | Minaret. 75° 497 18'5” East

i

i
b
{
i
|

vey of India.

of Greenwich,

1 For the longitude of the Fortunate Isles see p. 25 where it is estimated at 33° West of Greenwich,
2 The longitud ¢ of Paris Observatory is 2° 20" 13-5” East of Grecnwich,
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(3) Observatory Elements.

(a) Posttion.

131

. Annual
Longitude Magnetic Variation
Latitude. East of E:‘ ltenwi I Declination y
St ol hreenwictl. for 1015,
|
) s. | East
DrLat . . . . . . 28°37°35” | 77°13 57 5 8 523 1° 45 ~—1
JAIPUR . . . . . . 26° 55’ 2747, 75° 49’ 18” 5 3 172 1° 45
4
Taasrs R % 8 (-0 4\ ¢' 53 £ | 0 45
| !
1
| |
| I
BENARES . . . . . . | 25° 18" 24-9”, 83° 0’ 46" 532 31. 1° 5
Il . -
(b) Teme.
DIFFBRENCE BETWEEN LOCAL SUN TIME AND CLOCK (1 1.6, STANDARD) TIME.
Difference \
Place Lton‘gimde_ East | between local | ? ] ! ‘ ’
of Greenwich. | and standard | 5., o Feb. 12. Mar. 15, April 1. May 15. -June. 1, July 15 Aug. 15 Sept.1. Oct.1. Nov.3. Dec.25
! | | i ‘ . N
! { i ‘ |
i t . ' \$ ; : !
M. S, M, 8. M, 8. M.S. ! M S M. S. M. 8. M S, M. 8. M. S.! M. S i M. S . M S
‘ | ' ! !
| v . i ‘ i !
i | I .
Standard . . . 82° 30" 0" 0 0 +311 1-}—14 24 1+ 9 6 00 —3 8 ! 0 0 4544 X +4 23 0 0 . —10 16 —16 21 ¢
= { | - o f | ;
| ' i T | ‘ ' |
Delhi . . ., T 135 +21 8 [+24 1 +3532043014 ‘+21 8 .17 20 —r21 8 -1—26 52 +2531 |--41 8 +10 52 : +4 47 +21 &
| ; | o o
- ‘ ! | f ! 1 ! ‘
Jaipur . . T30 497 187 ~23 43 12954 +41 7 (13549 +26 43 +22 55 +2643 +3227 +31 6 428 43 +16 27 10 22 -28 1"
: 1 } j i {
o | o
‘ o l | I
Fal H
Ujam . . 75° 4‘ ~ +28 52 +380 3 .+4116 [+35 8 '+265 (‘+23 4 +2652 +3236 43115 +28 52 |-+16 36 ’+10 31 -2¢ 5.
| | | | : )
, j I ! 1 l ‘
! ! ! I ] ) ,
Benares . . . 83 0 46" —2 3 41 sl+1221 +7 3 —2 3;-—551%—2 3‘+3411+220‘)—23~1219_1324‘_23
| i i i t ‘

Stundard time in India i3 5} hours before Gre uwich time. The minus sign indicates that standard time is behind local sun time. Therefore to find standard time from
dial time add the p/us quantitics and subtract the minus quantities as given 1n the table. For intermediate dates proportionate parts will give ap,roximate result, lLhe i
8 given to the nearest second only for 1916, The annual variation is small.
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C. (4) Climates and Longest days.

i LaTIiTUDES. Loxgest Days.
. Hours of
Climates. longest e 1\ on Jai
dav. er | n Jaipur| | ) .
ay Ptolemy. Al-Battini.| A Astro- Calculated Calculated from lati-
! 1 labe. from hours tudes.
!
-— X —
i Latitudes. H. M.
b 123 12° 30 .. 12° 43 . 20 13 13
First {
m 13 16° 27 . 16°39’ 16° 44’ 16° 13/ 21 13 17
b 131 20° 14’ 20° 28’ 20° 31’ . 22 13 21
Second . . { !
m 134 23° 51" | 24° 5 24° 10/ 24° 107 23 13 25
b 133 27° 12’ 27° 28’ 27° 34/ .. 24 13 29
Third . . {
m 14 30° 2’ 30° 400 30° 46’ 30° 467 25 13 34
b 14} 33° 18’ 33° 37 33° 43’ .o 26 13 38
Fourth . . { }
m 144 36° 0 36° 22/ 36° 28’ 36° 287 27 13 42
b 143 38° 35’ 387 54 39° vV 28 13 47
Tifth . . . .
m 15 40° 567 41° 15 41° 21’ 41° 217 29 13 52
b 15} 43° 417 | 43725 | 43°30° | .. 30 13 56
Sisth . { "
m' 151 45° 1/ 45° 227 45° 39’ 45° 327 40 14 51
i
_ f
b } 15} 46° 51’7 . 47° 12 47° 38’ .. 50 18 10
Seventh. . . - | ‘
m J 16 48° 32" - 48° 53 48° 59’ 48’ 59° 60 18 31
)
|
|
|
16} 50° 47 . . . ..
ete. {
! !

1 ¢ pus Astronomicum Ed. Nallino 2nd part 65—66,
The calculated results are obtained from the formul al-sA()I;z—h:the longest day where sin h=tan . tan «
and where w=20" 29" and ff):the latitude.
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Technical Terms and Tables.

'
|

. WRET VURLE )
Lamiteor | ! tanreoe | PR L rmom DUREE
du Jour du Jour du Jour

i "
o, h e, h . )

0.0 12 G1.1q 14 6= 24 r mois 1}
A b3 H 2 - !

b 4% 13 Hha, 13 20 HG.51 2 »

3 4 ’ H
30.4% 1} 64,50 21 -3. %0 oo !
huo2g |5 Hy, 4N 22 mNLrr b !

o ) 4 .

49. 2 16 6601 23 8B 3o :
3%. 31 17 6,32 24 go. o Hoo» |
TR - . v I
N, 27 18 h
|

|

ATéquateur, les 8= heures d une annee se re partissent en ;12 heures de
Jour, st heures de crepuscule et 3,01 heures de nuit Au pole ces nuunl»ru
devionnent tespeetivement 4,00,

2,03 el 1903 heures.

¥

1607
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D. TECHNICAL TERMS AND SYMBOLS.

D (1). Numerical Notations.

:
e |

| \ ’
1 ) a ; 1 ? 60 o 8 Yo go
9 - b ; r ) 70 ¢ f v. So
3 c j f r 3 80 o f Ao ceo
4 o d | = " 90 ) 8 l 9 &

! 1
5 P b ) y 100 3 9 1 geo
6 | w q : 200 y  ox beo o0
" 3 z v 9 300 b sh Peoo EER)
8 ¢ h A | 400 @ t ae geo
9 b t | q & 500 S th Dee | Yoo

|

10 & i po Qe 600 ¢ kb Te. goo
20 1 k re ’ Qe 700 y dh Voo Qoo
30 J 1 e 30 800 tos d : A Too
40 ; m Ke 8o 900 L z | e Eoo
0 o n 0. yo 1000 ¢ e feee Qooce

|

The abjad system is indicated by eight voces ienoriabiles
abjad hawiwaz kutts kaluman sa'fas qurashat thakhadh da-agh.
But western Mussulmans arrange the last four words thus : Sefad qarasat thakhadh zaghash.
The Greek system agreed with the abjad as far as 80 but the portion from 90 to 300 corresponded
with the abjed from 100 to 400. The later numbers differed considerably. In deciphering the

engraved numbers on the astrolube there are sometimes apparent ambiguities to be cleared up, owing
- . . . ~ o9
partly, to the omission of diacritical marks.k

1&ee prge 97; Nallino's al-Baitini, iii f, and Peters and Knobel's Ptolemy’s Calalogue of Stars p- 131.
Morely made a number of mistakes particularly v ri veeribing the symbols for 4 and 7.
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D (2). Signs of the Zodiac.

\
| | ARABIC, SANSKPIT.
0 RE « Aries . al-Hamal i Mesha.
l 4 ‘ ‘t
[ ! | [
1 ¥ " Taurus al-Thaur . . Vrishan.
E |
2 n | Gemini .. al-Jauzd  Mithuna.
3 == Cancer . . . al-Saratan " Karka.
4 2 Leo al-Asad " Sinha.
1
) ;
5 m Virgo . . al-Sumbulah , . . Kanya.
| |
6 ~ ' Libra. .. alMizan . Tula.
7 m Scorpio al-"Aqrab ! Vridchika.
|
:

8 1 Sagittarius . al-Qaus ' Dhanus.
9 4 Capricornus . alJadi . Makara.
10 = + Aquarius al-Dalau Kumbha.

! !
| ;
11 * Pisces al-Hat Mina.
D (3). The Planets.
AraBIC,! F SiNSKRIT.?
| |
1 7] Saturn . . . Zuhal . . Arki.
{ |
| i
1
2 ¥ Jupiter . P Mushtari . ' Brihaspati
| |
3 3 Mars . . . . ! Mirrikh . I Kuja.
| |
4 © Sun . . ' Shams , Strya.
|
5 4 Venus Zuhrah . Sukra.
6 ¥ Mereury . . Ctarid . Budha.
i D Moon . Qamar . Chandra.

1 The planets with the exception of the sun are sometimes (¢.g.. in the table of Trigens en Jaipur A) densted
by the final letters of the Arabic names/, 7, Lk, (sh), b, d, r; Sce also Sédiilot Proll Talles Astron, d'Ouluvg B g
p- cxlviii.

2 T*ere are many varnants of these names,
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L Asvini (8, 7y drietis)

2. Bharam (33, 39, 41 dreetin)

3. Krittika (Pleiudes, ) Taviri, dc.)

4. Rohini (a, 6, Ys 8, € Tu.ri)

5. Mrigasiras (A, (]5, ‘;bz Orionis)

6. Ardra (a Orionis)

7. Punarvasu (B, a Gemanoriie

8. Pushya (0, 8, v Caneri)

9. Aslesha (€, 8, o, n, p Hydrm)
10, Magha (a, ), v, L, My € Leonis)
I1. Pirva-Phalguni (8, G Leonis)

12 Uttara-Phalguni (IB, 93 Leonis)

13. Hasta (3, Y, €, Q, B Corvi)

14. Chitra (a Virginis)

15. Svati (@ Bootis)

16, Vieakla (4, v, 85 @ Libre)

17. Anwradhd (8, ,3 T, Scorpii)

18. Jyesjtha (@, 0, T T Scorpli) .

10, Mila (A, v, K, 4 9 7, C Wy € Scorpii)
9. Parva-A<hadhd (0, € Sagittaril).
2], Uttara-Ashidha (8, CSlzgi[turi[)
92, Abhiptt (a, € { Lyr)

23, Sravana (@ B Y Aqicde)
24, Sravishtha (ﬂ, a, Ys 8 Delphini)
25, Satabishaj (A Aquarii, etc.)
26, DPirva-Bhadrapada (4, ,8 Pigasi)
27, CUttara-Bhadrapadi (y Pegas, a Andromedie) .
28, Revati (é Piscium, etc.) .
B. (. 130 Hipparchus
A. D. 150 Ptolemy
880 al-Battdnl
035 Abul Rahman al-Suti
100l Ibn Yinus
1100 Saryr Suldhdnta
12500 Alphonsine tables
1270 Nasir al-Dinal-Ta-1 .
1433 TUlugh Beg
1500 'Tycho Brahe
1690 Flamsteed
1729 Jar Singh .
194080

ASTRONOMICAL OBSERVATORIES OF JAT SINGH.

D (4). Lunar Mansions.

Hindu Nakshatras.

[SY

1o

o o B W

=1

®

Arable Manzils.

(B, 7y Arictis).
(33, 39, 41 Arietis).

(Pleiades, ) Tauri, £c.)
Dabarin (a, 0 Vs 8 e Tauri).
Haqah (A, ¢, ¢ Crionis).
Hanw’ah (9, 1, v, 7y, & Geminorum).
Dhira (B, a Geminoruom).
Nathrah (v, & Caneri).

Tart f(ancrz N\ Leonis).
Jabhah (a, 3, 7y, C Leonis).
Zubrah (8, 0 Leonis).

Sarfah (/8 Leonis).
([3, 7, Vs S, € Virginis).

(@ Virginis),

Sharatin
Butin

Thuraiya

Auwd
Simik
Ghafr (L, Ky N Tirginis).
Zubinin (a, 3 Librac).
Ikhl (3, 8, 7 Scorpii).

Qalb (a
Shaulah

Scorpti).

(A, v Scorpii).

Xa'dim (72 — L Sagittarii).
Baldah (North of 7 Sagittarii).
Sa'd al-Dhabih  (a, B Capricorni).
Sa'd Bula® (€. p, v
Sad al-Suud (B,
Sa'd al-Akhbiyah (a, 7y, {, 0 Aqaarii).
al-Fargh al-Mugdim (a, ,3 Pegasi).
al-Fargh al-Mukhir (y Pcgast,
Batn al-Hut. (8 Andromede, ete.)

v dquarii).

Aquarii).

a Andromedue).

D (5). Obliquity of the Ecliptic.

1916 1s¢ July . . . .

23° 317 20”7,
23° 317 157,
23° 35 0.
23° 337 45”.
23° 347 527,
21° 07 0.
. . 23732739
. . 23°30707.
. . 232307177
23 29" 47

. 23 287 48",
. . 23° 28" 0,
23° 277 28",

... 2 2Th e

(The secu’ar variation is between 21° 39" and 24° 36 approximately.)
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D (6). Length of the year.

D. H M. 8
Hipparchus . . . . . . . . 363 5 55 12 Tropical.
Ptolemy . . . . . . . . 365 5 46 24 »

s . . . . . . . . 365 6 9 486 Sidereal,

Romaka Siddhanta . . . . . . . 363 5 33 12
Paulisa Siddhanta . . . . . . . 365 6 12 36 Sidereal
Aryabhata . . . . . . . . 365 6 12 30 »
Brahma Gupta . . . . . . . 365 6 12 30915 ”
al-Battani . . . . . . . . 365 6 12 — »
Siddhanta Siromani . . . . . . 365 6 12 9 .

Astrolabe . . . . . . . . 35 5 30 124 Tropical
Approximately correct values—
Tropical year . . . . . . . 365 5 48 4598,
Sidereal year . . . . . . . . 3635 6 9 993,
D (7). Precession of the Equinoxes.
Annual precession.
A.D. 150 Ptolemy. . . . . . . . . 36" a year or 1°in 100 years.

810 al-Battani . . . . . . . . 54'33” a year or 1° in 66 years,
1100 Sirya Siddhanta . . . . . . . 94”7 a year.
1150 Bhaskara . . . . . . . . 59°97 a year.
1370 Mahendra Siri . . . . . . . 51" a year.
1500 Copernicus . . . . . . . . 902" a year.
1590 Tycho Brahe . . . . . . . . 517 .

1729 Jai Singh . . . . . . . . 51'6” or 4° 8" in 297 Muslim years.

[The precession for celestial longitude of all stars is approximately 50° 26” a year or, more
correctly 50°2564"+0'0222" T (where T is the time in centuries reckoned from A.D. 1900). The

complete period of precession is approximately 25,696 years.]
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E. CHRONOLOGY.

There has been considerable difficulty in ascertaining the dates of construction of the ob-
gervatories, etc. Sir Robert Barker, who was contemporary with Jai Singh. stated that the
vbservatory at Benares was supposed to have been built by Akbar; James Prinsep gave the
date as A.D. 1680—six years before the birth of Jai Singh ; another writer gives 1693 and so
on : of the following dates those relating to Jai Singh must consequently be used with some

circumspection.

Greenwich observatory founded . . . . . . . 1675
Jai Singh born . . . . . . . . . . 1686
Newton's Principia published . . . . . . . 1687
Jai Singh succeeds to the Amber Gadi . . . . . 1699
Halley’s Synopsis of Cometary Astronomy . . . . . 1705
Death of Aurangzib . . . . . . . . . 1707
Jai Singh invests Thun . . . . . . . . 1712
G. D. Cassini dies . . . . . . . . . 1712
Farruk-Siyar . . . . . . . . . . 1713
Jai Singh displaces Budh Singh of Bandi . . . . . 1718
Muhammad Shah . . . . . . . . . 1719
Jai Singh appointed the Emperor’s deputy at Agra and Milwa 1719
Great earth-quake at Delhi . . . . . . . . 1720
Flamsteed dies . . . . . . . . . . 1720
Jai Singh’s expedition against Jats of Bharatpur . . . . 1722

Delhi observatory built . . . . . . . . C 1721

Historia Celestis Britannica published . . . . . . 1725
Isaac Newton died . . . . . . . . . 1727
Jaipur city built . . . . . . . . . . C 1728

The Zij Muhammad Shak; finished . . . . . . C 1728
Aberration of light discovered by Bradley . . . . . 1728
Observations recorded at Delhi . . . . . . 1729
Jai Singh resigns the province of Malwa to the Peshwa . . 1734
Jaipur observatory built . . . . . . . . 1734
Benares observatory built . . . . . . . . 1737
Nadir Shah sacked Delhi . . . . . . . 1739
Halley died . . . . . . . . . . 1742
Jai Singh died . . . . ‘ . . . . . 1743
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mittee of Publication. (Journul of the American Oriental Society. 1833, pp. 141-198.)

Bapu DEva Sastri—Translation of the Strya Siddhinta and of the Siddhinta Siromani by
the late Lancelot Wilkinson, revised by B. D. Shastri, Cealcutta, 1861,

*H. Kern.—The Arvabhativas with the Commentary, Batadipika of Paramadisvara. Leuden,
1874.

G. TuiBauT AND StpHAKARA Dvivepr—The Pafichasiddhantikd. The astronomical work of
Varaha Mihira. The text edited with an original commentarv in Sanskrit and an English
Translation and Introduction. Benares, 1839

* BRANMASPHUTASIDDHANTA AND DHYANAGRAHOPADESHADHYAYA BY Bramvicrera.—Edited with
his own commentary by Mahamahopadhvava Sudhakara Dvivedin. Benares. 1902,

LarLa CunoTe LavL.—The obscure text of the Jyvotisha Vedanga explamed.  Allahebad, 1907.

*BuiskARA.—The Treatise on astronomy by Bhaskarichirva with his own exposition, the
Vasana Bhashva. Formerly edited by the late Mahamahopadhyvaya Pandit Bapu Deo
Shastri.

See also RoEr, J. 4. S. B., 1844 ; A. WEBER, Ind. Stud.. x, 1866, 213 f. . Horrxig, J. A.
S.B., 1893, wvii, 9-18; Tmisavt. J. A. S, B.O187TT. xuvi. 411437, 1880, xwnrx, 107-127

e

* In Sanskrit only.
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and 181-206 and 1884 rmr. 259-293; J. BurcEss Ind. Ant., 1891, xx, 53 ; Diksurr Ind. Ant.
xI1X, 1890 ; StpHiKARA DvIVEDI'S, J yantishum. Benares, 1908 ; xix, 45-54; M. P. KareGaT, J.
A. S. Bombay, 1896; The Benares Sanskrit Sertes, etc.

(c) General.

J. S. Barry.—Traité de I'Astronomie Indienne et Orientale. 1787.

J. BextLEY.—A Historical view of Hindu Astronomy from the earliest dawn of that science
in India to the present time. In two Parts, part i. The Ancient Astronomy. Part 1i
The Modern Astronomy, etc. London, 1825.

J. M. F. Guerrs.—Astronomie Indienne d'apres la Doctrine et les livres anciennes et modernes
des Brammes sur I'Astronomie, 1'Astrologie et la Chronolgie—Suivie de l'examen de
Yastronomie des anciens peuples de I'Orient et de U'Explication des principaux Monu-
ments astronomico-astrologiques de 1'Egypte et de la Perse. Paris, 1847.

* SrpHiKARA Dvivepr—(Ganaka Tarafgini, or Lives of Hindu Astronomers.

J. Burcess.—Notes on Hindu astronomy and the History of our knowledge of it. J.R.A.S
1893, pp. 717 £.
* 8. B. DixksHiT.—Bharatiya Jyotih—%stra. Poona, 1896.
G. THIBAUT.—Astronomie, Astrologie und Mathematik (Grundriss der indo-arischen Philologie,
iii, 9, 1897), pp- 717 L.
Qee also Davis, As. Res., 1790. ii. 225-287 and 1792. 11, 209-227 ; JoxEs, As. Res., 1790,
i, 289-306, 1792. iil. 257-294 ; J. PLAYFAIR, As. Res., 1795, iv, 158-164 ; J. BENTLEY, As. Res.,
1799, vi, 537-588 ; BucHANAN, 4s. Res., 1799, vi, 163 f.; Joxes, Works, iv, 1-47, 48-69, 71-92 ;
J. BENTLEY, As. Res., 1805, viii. 193-244; H. T. CoLEBRONKE, As. Res., 1807, ix, 323-376 and
1816, x11, 209-250 [also Misc. Essays, 1872, II. xiv, 321-373 and 1I, xv, 374-416]; T. WARREN,
Kala Sankalita 1825 ; H. R. Homsixgrox, Oriental Astronomer, Jafina, 1848; W. BRENNAND,
Hindu Astronomy, 1896 ; T. AUFRECHT, Cat. Bol., viii, 325 f., 1864 ; J. EceEerLiNG, Cat. Sans.
MSS., India office, part V, x. 1896, Culcutta Review, 1850, xxv, 65-85; 1900, cx, 344-356 ;
Freer, J. R. 4. 8., 1915, 213-230, ete., ete. A. BourqiN, Ciel et Terre, Bruxelles, 1908, pp.
105-112, 129-133, 159-163, 213-222.

(d) Chronology.

See Dixsuir, Corp. Inscr. Ind.. 1888, iii, 161-176 ; JacoBr. Ind. Anf., 1888, xvii, 145-181
Ep. Ind, i, 403-160 and ii. 187-498 ; Schram, Ind. Ant., 1889, xviii, 290-300 ; DiksHIT, In([’_
Ant.. 1890, xix. 481.; SEWELL and Diksurr, 7h- Indian Calendar. 1896 ; KieLnors, Ind. Ant.,
1899, xviii, 193-209 and 380-386 ; R. ScHRaM. Kdalendariographische und Chronologische Tafeln.
1908 ; FrEeT, Enc. Britannica, 13. 491-501; PiLLavs, Indian Chronology, 1911 ; SEwEeLL,
Indian Chronography, 1912 ; etc.

(4) Muslim Astronomy.

DeLayBRE.—Histoire de l'astronomie du Moyen Age. Paris, 1819.

J. J. SéprLoT.—Traité des instruments astronomiques des Arabes. Traduit d'Aboul-Hassan
par J. J. Sedillot, et publié avec une introduction. 2 wvols., 1834-35.

L. A. SépiLLoT.—Mémoire sur les instruments des Arabes. Paris, 1845.

L. P. E. A. SépiLor.—Prolégomenes des Tables astronomiques d’Oloug-Beg.
notes et variantes et piécédés d'une Introduction. Paris, 1847.

Publiés avec

L. P. E. A. StpiLLor.—Prolégomenes des Tables astronomiques d’Oloug-Beg  Traduction et
commentaire. Paris. 1853.
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C. A. Nacrtivo.—Al Battani sive Albatenii. Opus Astronomicum. Milan, 1899-1307.
H. Suter.—Die Mathematiker und Astronomer der Araber und Ihre Werke. Leipzig, 1900,
G. A. Navuixo.—Astronomy (Encyclopedia of Islam, 1913, f.).

See also Jorrpary, Mémoire sur l'observétoire de Méragah, 1810; Carra DE VAUX,
I'Almageste d’Abu‘l Wefa, ete., Jour. A4s., 1892, xix, 108-471; L. A. Hocyem. Z D.M.G.,
1893, xLvi, 213-275; and Framsteep’s Hist. Cel. Brit. for Ulugh Beg's Catalogue, ete, ete.

(8) Astrology.

H. Ker~xy —Brihat-Samhita. J. R. A. 8. 1870-75 and Verspereide Geschriften, i & ii. 1893,
A. Boucnf-Licrercq —L’Astrologie grecque. Paris, 1899.
Harr Prasanxa CHATTERJEE.—The Brihdjjatakam of Variha Mihira, Allakabad, 1912.
C. A. Navnixo.—‘Astrology ’ (Encyclopedia of Islam).
See also A. WEBER, Ind. Stud., ii, 1853, 236-315 and iii ; H. Jacos1, Indische Streifen, iii,
1879, 165-168, etc.

(6) General.

J. FravsteeD.—Historia Ccelestis Britannica. 1725,

DrrLaMBRE.—Histoire de lastronomie ancienne. Paris, 1817.

DeLAMBRE.—Histoire de l’astronomie du moyen age. Paris, 1819,

F. BaiLy.—The Catalogues of Ptolemy, Ulugh Beigh, Tycho Brahé, Halley, Hevelius Memoirs
Roy. Astr. Soc. 1843, vol. xill.

R. WoLr.—Geszhichte der Astronomie. Miinchen, 1877.

E. B. KxoseL.—The Chronology of Star Catalogues. London, 1877.

J. L. E. Drever.—Tycho Brahe : a picture of scientific life and work in the sixteenth century.
Edinburgh, 1890.

A. BeErrv.—A short History of Astronomy. London, 1898.

A. vox BrauNwiHL.—Vorlesungen iiber Geschichte der Trigonometrie. Leipzig, 1900.

J. L. E. DrevEr.—History of the Planetary systems from Thales to Kepler. (ambridge, 1906.

. Forees.—History of Astronomy.! London, 1909.

C. H. B. Perers axp E. B. KxoBeL.—Ptolemy’s Catalogue of Stars. A Revision of the

Almagest.  Washington, 1915.

' A cheap and excellent little book,
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(The references are to the pages.)

A

¢ Abderrahmin b. ‘Omar, Abd’' l-—Husain alSafi (d.
A. D. 1986) 5, 10, 88,

Aberkas=Hipparchus 3.

Abdul ¢ Ali b, Muhammad b al-Hasan Nizdm al-Din
al-Barjendi (c¢. A.D. 1524 b.) 40,

Abjad notation 15, 97, 133.

Aboul Hasan. See al-Hasan b, ‘Ali b. 'Omar.
al-Marrakoshi, Abu ‘Ali.

Abu’l Wefa, See Muhammad b. M. b. Jahja Abu’l-
Weifa’,

Agra-yantra, 47, 57.

ahargana 75.

Ain-i-akbari 11, 45, 77, 127.

Alberuni.  See Muhammad b. Ahmad Abu’'l Rihan.

Albategnius. See Muhammad b. Jabir b. Sinin
al-Battani.

‘Ali b. Abderrahman Abid‘l Hasan ibn Jinis (A.D.
959 d.) 87.

‘Ali b. Mubammad al-Saijid al-Sharif al-Gurgani
(A D 1340-1414) 4 77.

Alfonsine tables 14.

Alhidade 18, 26.

Almagest 2, 23, 69, 81.

Almucantarats 18, 19.

Akbarnima 11.

Anaphorai 118.

Angular calculations : nut used by the Hindus 87.

Annus magnus.

« ankabiit, ‘spider’ : the ecliptic tablet of an astrolabe
18 seq. 20, 21

Aperture dial. See sheshtdmsa yuntrs.

Apollinaris 122.

Apsis.

Arabic astronomy 80-83.

Aranea. See ‘ankabiit.

Armillary sphere 79-80, 82.

Aryvabhata (A.D. 476 b.) 74, 76, 81, 142,

Arya-paksha 76.

Arya-siddhanta 76.

Arzachel.  See Ibrahim b, Jahja al-Nagqas.

Ascendant 37, 119.

Ascensional differences 23.

Asterisms.  See Nakshatras and manails.

Astrolabe : 16 s~q., 82-83, 87; cylindrical 37 ; linerr
83 ; perfected by Muslims 17, 82; used by J i
Singh 12, 16, 86 ; works on 3, 141 ; Z rqali 27 seq.

Astrolabes: at British Museum 24; Europe'n 17;
Hindu 16, 31-33 ; at Jaipur 16 seq. ; at Krpirthais
16.

Astrolabium planisphaerum 17, 82.

Astrological tables: 21, 23, 119 seq.; anaphorai
119; duodenaries 124, 125; faces 29, 122, 123;
novenaries 123, 125; planetary domiciles 122,
125 ; septenaries 123, 125 ; terms 121, 124 ; trigons
23, 120-121, 124,

Astrology 119.

Avanti=Tjjain q. v..

Azimuth instrum nts 19, 37.30, 43-144 53, 57, 62-63.

B

Bailly J. 8. (1733-1793) 70, 143,

Beily F. 97, 116, 194.

al-Barjendi. See Abdui Ali b. Muhammad b. al-
Hasan.

Barker, Sir R. account of Benares observatory 64,
139, 141.

al-Battani. See Muhammad b. Jabir b. Smman,

Benares observatory 13, 61-66.

Bentley J. 71, 143.

Berlin observatory (1705) 14.

Berosus : dial of 86.

Berry A. 84, 144.

Bhiaskara (f. A, D. 476) 76, 78, 80, 142,

Bouehé-Leclercq A. 74, 120, 121 142.

Boudier, Father C. 5, 6, 14, 51, 188.

Bradley (A.D. 1693-1762) 13).

Brahe, See Tycho Brahe.

Brahmagupta (A.D. 598 b.) 76, 81, 142.

Brahma-paksha 76.

Brahma- sphuta-siddhanta 142.

Braunmiih! A, v. 144,

Brihajjataka 120, 121, 125, 144.

Burgess J. 141, 143,

Burrow R. 31.



Campanus 120.

Carr-Stephen 48.

Cassini G. D. (A.D. 1625-1712) 14, 84.

Chakra-yantra 32, 63.

Chandradhar Guleri 2, 55, 141.

Chaucer’s Treatise on the Astrolabe (A.D. 1391)
17, 18, 31, 142.

Chaubil, Father 6.

Chinese instruments 70.

Chords : tables of 73.

Chronology : astronomical 71; Jai Singh’s 13, 14,
139.

Clepsydra 77-78.

Climates 24, 131.

Colebrooke H. T. 71, 143.

Conjunction, geaercl 74, 75.

Coupernicus (A.D. 1473-1543) 1, 83, 90.

Copley, Mrs. 34.

Cross wires used for telescopes 83.

Cumm and Commandine 5.

Cycle : five-year 71, 72; Me'onic 73; of 4,320,000
years 73.

D

Dakshino-vritti-yantra 3, 35, 39, 45, 53, 56-37, 61.

Daniells, the : their drawings of Delhi observatory
42, 47.

D’Anville 5, 6, 141.

Day, longest 19, 20, 72, 131.

Decans 122 125.

Declination graphs 22.

Delambre (1806) 8, 22, 80, 87, 119, 124, 144.

Delhi observatory 3, 6, 13, 41-50.

Delhi Archaological Society 48.

Demophilus 122.

De Morgin 90.

Dials 87, See S~mrat yantra and nard val-yo vantr:s.

Digamsa yantra 3, 85, 38-39, 53, 57, 62-63.

Drkshit B. D. 71-143.

Dhruva-brahma-yantra 23, 34.

Domiciles, planetary 122-123, 125.

Dorothea of Sidon 24 121.

Drever J. L. E. 33, 82, 83, 84, 144.

Duodenaries 124—126.

Earth : diameter of 74.

Eggeling J. 143.

Epicyeles 73, 74, 73, 76.

Equant 74.

Equation of the centre 74, 75-76.
Equal hours 19, 87.

Equal hour dial 36, 87.
Equinoctia} dicls 36, 87.
Equinoctial shadow 32, 59.
Fratosthenes (276-195 B.C.) 24.

i INDEX.

Errors in instruments 13, 14; in European tables 11.

Euclid (#. 300 B.C.) 2, 5, 88.

Eudoxus (c. 409-356 B.C.) 24.

European astrcnomy: 83-85; its influence on Jai
Si: gh 2, 89-90.

Eur« pean instruments 83-84.

Eurcpean works used by Jaj Singh 2 seq.

Evans L, 142

Faces 29, 122, 125.

Fanshawe H. C. 48.

Faras or ‘horse’ 18, 31, 63, 87.

Figueredo, Father 5, 88.

Firmicus (A. A, D. 334) 120, 12].

Flamsteed J. (A.D. 1646-1720) 2, 4 83,117, 188, 144,
Fleet J. F. 71, 77, 142, 143. -
Focard J. 23, 26, 142.

Forbes (. 84, 144.

¢ Fortunate Islands’ 25, 28, 129.

G

Galilei (A.D. 1564-1642) 83, 90.

Gazulus 120.

Geminus 121.

Geocentric theory 31.

Geogr: phic:.! elements 25-26, 29, 127-130,

Gerbert Sylvester II 17,

Garrett A. ff. 2,5, 15, 33, 46, 54, 53, 69, 142,

inomonies 73, 78-79, 87. -

Gola-yantra 3.

Gower 17.

Graphs 21, 22,

Greaves J.

Greek astronomy 73 seq.

Greek technical terms 73, 74.

Greenwich observatory 14, 139,

Guerin J. M. F. 144,

al-Gurgani. See ‘Ali b, Muhammad al-Saijid al-
Sharif,

H

Halley (A.D. 1656-1742) 83.

Hamid b. al-Khizr, Ab@ Mahmid, al-Khojendi
(A.D. 1000 d.) 82.

Hadley's quadrant 83.

al-Hasan b. ‘Ali b. 'Omar al-Marrakoshi, Abu ‘Alj
(f. A.D. 1262) &, 28 87.

Heliacal risings and settings 74,

Hendley, Col. T. H. 56, 141.

Her:clitus 74.

Hevelius (A.D. 1611-1687) 4, 14, £3,

Hindu astronomy 79-80.

Hindu astronomical instruments 31 seq., 77-80.

Hindu i fluence 01 Ji Singh’s work 88,

Hindu st rlists 4, 77, 116, 117.

Hermes Trismegistus 122,



INDEX. i

Hipparchus (c. 130 B.C\) 3, 13, 88.
Hire P. de la, See La Hire.

Historia Coelestis Britannica 2, 4, 144.
Hoisington H. R. 143

Horoscope 119.

Hours 19, 87, 120.

Houses, astrological 19, 120.

Huggins, Lady 141.

Hunter W. 5, 7, 8, 10, 12, 47 57, 67, 141.
Huygens (A.D. 1629-1693) €3.
Hypsicles 119.

1
Tbn Jinis. See ‘ali b. Abderrahman ab@'l Hagan
b. Jinis.
Ibrihim b. Jabja al-Naqqds al-Zargdli (A.D. 1029-
1087) 27.

Iftikhar Khan 27.

’Tlkhanic Tables 5, 11.

India Office astrolabes 20, 31.

inhirat 25.

Instruments: errors in 13, 14; European 83-84;
evolution of J_i Sizgh’s 40, 86-87; Flamstecd’s
14; Hindu 31 seq., 77 sey.; Jai Singh’s 12 seq.;
masonry 33 seq.; metal 16 seq.; Muslim 12, 81-82;
size of 13, 14, 17, 82, 86.

Jacobi H. 71, 142.

Jaggannath 2, 3, 39, €8.

Jaggat Singh of Jaipur 2.

Jai-prakas 8, 13, 35, 37, 52, 86, 119.

Jaipur city 1, 6, 53, 139.
observatory 13, 51-55.

Jai Singh (A.D. 1686-1743) 1 seq., 88-90.

Jamshid b. Mes'ad Gijat al-Din al-Kashi (A.D.
1437 b.) 5, 11, 81, 83.

Ja'qiib b. Ishig b. al-Sabbih al-Kindi, Abd Jasug
(cirea A.D. 874 b.) 12.

Ja‘qiib b. Tiriq (A.D. 79 d.) 59.

Jats sack Delhi 47, 48, 137.

jihat 25.

Jesuit records 5.

Jones, Sir W. 69, 70, 143,V

Jyotisha Vedanga 70, 72, 77, 142,

K

Kala Sankalita 143.

Kapila 5, 35, 57, 119.
Kapurthala : instruments at 16.
Karka-rasi-valaya 45.

Kagani tables 5, 11.

al-Kiashi See Jamshid b. Mes'dd.
Keith B. 142.

kendra 75.

Kepler J. (A.D, 1571.1630) 14, 90.

Kern H. 142,

al-Kindi. See Ja'qub b. Ishaq al-Kindi.
al-Khojendi. S¢e Hamid b. al-Khizr., Abdi Mahmid.
Knobel E. B. 28, 116, 133, 144.

Kotan : instruments at 16, 34.

Krinti-vritti-yantra 32.

Krittika 71.

Label or ruler 26 .

lagna 73.

La Hire P. de 2, 4, 14, 88.

Lala Chhote Lal 142,

Lanka : longitude zero 59, 6.

Laplace (A.D. 1749-1827) 70.

Latitudes : on rstrolabes 25, 127-128 ; and climrtes
24, 131; :nd lenzest dayve 20, 131: of obsery:-
tori:s 1238-129.

Leiden observatory (1632) 14,

Le Strange G. 25.

Lettres édifiantes, ete. 5,6, 14, 141.

Libration 74.

Limits. See Terms.

Logarithms 5.

Longest days 19, 20, 72, 131.

Longitudes: on astrolabes 25, 127.128: reckoned
from Fortunate Isles 25, 127; from Lenkd 59, 6u;
from Ujjain 58 seq.

Lords of trignns, ete. See Regents.

Lunar mansions. See manzils and n>kshatros.

M

Magini J. A. (1556-1617) 120.
Mahendra Siri (. A.D. 1370) 3, 14, 116.
al-Majisti. See Almagest.

Mamilius 24, 119, 120.

Manmandira at Benares 61.

Man Singh of Amber 61, 67.

Mansions of the Moon. See Manzils and nekshetroe.
Manuel, Padre 5, 14, 89.

Manzils 29, 125, 135.

Marshall, Sir J. i, 60.

Maragha observatory 5, 45, 81.82.

masafat 25.

Mashallah = Ma-sha-allah (A.D. 815 b.) 18.
Mathurd observatory 2, 13, 67-68.
Maulanachand 11, 88.

Measures of length and time 136.

Mecea : direction of 25.

Meru 72,

Metal instruments 12-13, 16 req.

Micrometer : invention of 83.

Miéra-yantra 35, 45.

Months : interealary 75.

Moon, distance of 74.

Morley W. H. 26, 31, 133, 141, 142.



Muhammad—

b. Ahmad Abu’l Rihin al-Biriini (A.D. 973-1048)
13, 37, 59, 71, 73.

b. Jabir b. Sinin al-Battini (A.D. 929 4.) 12, 18,
23, 24, 81, 120, 127, 131.

Mahdi 88.

Mokim, astrolabe maker 24.

b. Muhammad b. Jahja Abu'l Wefa (A.D. 940-998)

82,
Shah 8, 11.
Sharif 5, 88.

Muldchind. See Maulinachand.
Mural quadrants 39, 45, 53, §6-57, 61.

N

Nakshatras 72, 73, 117.

Nallino C. A. 12, 18, 27, 81, 131, 133, 144.

Napier, Don Juan = J. Napier 5

Nari-valaya-yantra 35, 39, 53, 57, 62.

Nagir al-Din al-Tasi (Muhammad b. M. b. al-Hasan,
Aba Jafar, A.D. 1201.1273) 4, 11, 86, 88.

Newton, Xir Isaac (A.D. 1643-1727) 1, 83, 90.

Niyat-yantra 43.

Novenaries 123, 125.

Numerical notations 133.

0

Obliquity of ecliptic 3, 74, 80, 135.

Observation : neglected by later Greeks and Hindus
85.

‘Omar b. Tbrahim al-Khaijami (m. D. 1049-1124) 81,

Olough Beg. See Ulugh Beg.

von Orlich 48.

g:rlg-p;: U]]am 58.

P

Pailhade M. 29, 141.

Puagichasiddhdntika 70, 73-74, 77.

Paris Observatory (1667) 14.

Parkes, Fanny 67.

Paulus Alexandrinus (f. A.D. 378) 24 119, 121, 122,

Panlisa Siddhanta 73.

Peters C. H. E. 116, 133, 144.

Picard J. (A.D. 1620-1682) 83.

Petosiris 120, 122,

Planetary hours 19 ; houses 122, 125.

Plancts : elements of 74; n mes of 134; ordir 123;
not mentioned in Vedic literature.

Playfair J. 70.

Polar latitude and longitude 8.

Precession of the equinoxes 8, 74, 136.

FPrinsep J. 61, 64, 139.

Ptolemy, Claudius (. A.D. 140) 2, 11, 13, 24, 74,
116, 121, 122, 127,

Q

Quadrants : mural 39, 45, 63, £6.57, 61 ; of sines 22,
29.30, 34,

1v INDEX.

R

Rim yantra 13, 35, 37-38, 43-44, 53, 82.
Rasi-valaya-yantra 35, 62, 56.

Regents 121.

Rekhaganita 5.

Refraction 4.

Regiomontanus (A.D. 1436-1476) 33, 120.
Reinhold (A.D. 1511-1553) 14.

Rennell 141.

Restorations 48-50, 54-53, 58, 65-68.
Rete. See ‘ankabiit.

Rieu 10.

Romaka Siddhanta 70, 73.

Rudolphine tables 14.

S

Sacrobosco (circa A.D. 1236) 22.

safiha = tablet q. v.

Sa‘id Ahmad Khan 48, 141.

St. Petersburg observatory (1725) 14.

Samarqand observatory 3, 12.

Samrat-yantra or 3, 13, 35, 36-37, 41.43, 52, 56,
61-62, 86-87.

Samrit-siddhianta : a translation of the Almagest 2.

Saphaea Arzachelis. See Zarqali astrolabe.

Saura-paksha 76.

Sauvaire M. 29, 141.

Sédillot J. J. 143.

Reédillot L. A, 25, 27, 37, 86, 143.

Sedillot L. P, E. A. 11, 13, 26, 82, 124, 143,

Septenaries 123, 125,

Sextant 39, 82.

Sewell R. 76, 143,

Shadow scales 22 29,

Bhashtamés ventra 3, 12, 35, 39, 52, 82,

Siddlanta Siromani.

Signs: Arabie and Hindu names 134; rising 23, 73,
119-120.

Sines: quudrant of 21, 22, 29.30, 34 ; tables of 73.

‘Spider ", See ‘ankabit.

Star lists: on astrolabes 21, 33 ; Flamsteed's 4, 117,
118 Jai Singh's 8 s2q., 95-115; Mahendra Suri’s
4, 116: Ptolemy's 4, 116 ; Surya Siddhan 77, 117;
Ulugh Beg's 3, 8, 95-115; al-Zarqili's 27-28, 118.

Stofler 19.

Strobel. André 7, 88.

Sudhiakara Dvivedi 88, 143.

al-Stfi. See ‘Abderrahman b, ‘Om-~r.

Sigrya Projaapti 70, 72-73.

Sarya Siddhanta 23, 70, 73-74, 77, 78, 120.

Suter H. 10, 11, 27, 59, 144.

Sylva, Don Pedro de 7, 88.

T

Tablets 18 seq ., 31.

Tabulee Astronomice of La Hire 2, 4 14.
Tangents 36, 87.

Telescope: aerial 6; first used 83.
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Telescopic sights 83.

Temporal hours 19, 22, 31.

Terms 121, 124.

Thibaut 9, 71, 72, 142, 143.

Thorn W. 46,

Thrasyllus 122,

Tieffenthaler: 7, 141 ; on Jaipur observatory §3-5%;
on Mathurd observatory 67 ; on Ujjain observatory
53.

Tilak B. G. 71, 142,

Time : equation of 130; measures of 136.

Tod Col. 1, 47, 141.

Tomkins H. G. 141.

Torquetum 33.

Trigonometrical Survey 42, 129,

Trigons 23, 120-121, 124,

Triplicities. See Trigons.

Triquetrum 18, 82.

Tycho Brahe (A.D. 1546-1601) 4, 14, 33, 83, 144.

Ul

Ujjain: 2; the Greenwich of India 58-60; map of
{at end of volume], observatory 2, 13, 56-60.

Ulugh Beg (A.D. 1394-1449) 3, 12, 26, 82, 86, 88,
89, 127, 143.

Unnatamsa-yantra 32.

Upsala observatory (1730) 14.

Uraniborg (Tycho Brahe’s observatory 1576) 14,

v

Vaja-peya sacrifice 2.
Varaha Mihira (A.D. 587 d.) 73, 120, 142, 144.

Vardnasi = Benares q. v.
Vasishtha Siddhanta 73.

Vaux C. de 141.

Vedic astronomy 71.

Venter of astrolabe 71, 25.
Vernal equinox: position of 29.
Vitlamayus = Ptolemaus.

W

Warren’s Kala Sankalita 143.
Weber A, 71, 142,

Whitney W. D. 71, 74, 142.
Williams J. L. 65, 141,

Wolf R 33, 144,

Y

Ya'Kib ibn Tarik. See Ja‘qib b. Tarik.
Yantra = instrument.

Yantra Raja = Astrolabe 3, 32, 33.

Yavana for Alexandria 73.

Yavanas, Greeks or Westerners 3, 4, 12, 80.
Year: length of 24, 73, 76, 136.

Yunan for Rhodes 3.

Y/

al-Zarqali. See Tbrahim b. Jahjad al-Naqqis.
Zarqali astrolabe 22, 27-30, 123, 124.

Zij Myhammad Shahi 6, 8-15.

Zurich observatory (1739) 43.
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REFERENCES TO THE MAP OF UJJAIN,

Aali gate
Bazars
Kagzipura
Panchaiti bagh
Mula Mandari-ka-bagh
Rani khan
Rani-ke-Sale-ka-Mandil
Gopal Mandil
Post offire
Dano gate
Chandni gate

s Choak
Maina Bai's palace
Lakherbart
Falky sahib’s paiga
Kotwali
Custom house
Mint
Tehsildart
Kat-ki-choak

» gate
Dharamsala
Baija Bai-ki-chatri
Ramghat
Hospital
Udast baba-ka-ghat
Shrine of Maolana
Palace
Kas-Am Mahil
Mahkakal Mahadeo’s temple
Karor sagar or Kot sagar
Sir Subak’s house
Paiga
Chaobis khambha or 24 pillars
Hakim Rahim
Bequn’s garden
Karaknath's temple
Pirjangli gate
Jai Sizgh’s Observatory
Narsing ghat
Linambary
Bar-ki-Chaols
Masan ghat
Ciao ’s
Awntipura
Tdjpur gate
Chwmar bauls
Chatri -

Dewds .

190 Inidore ’s

30 Hanumdn bauli
51 Fazalpur
52 Telivdra
53 Pinjarwdra
34 Sardfa

35 KRarampura
a6 Nijdjpura
57  Ddbri

38  Daolatganj
60 Anandganj
61 Bequmpura

62 Bahdrdurganj

63 Mdlipura

64 Kangalpura

65 Bhandpura

66 Kanthdal

67 Mir:awdri

68 Gunpat Rao’s garden
69 Chuni Lal's ’»
70 Kishan Dds ”
Kher sdgar

Dudb Talai

Nikds Talai

Nil Ganga
Telegraph office
Opium godown
Budwdria Hat
Gogasai
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83 Bhanow Mandar

84 Ukhlesur Mahadco

85  Saity tombs

86 Holkar's garden

87 Hindw burning ground
88 Pir Machau-ki-durgah

Kalka mata
Kirpaniwaji-ka- Mandar
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91 Roknri Begum-ka-Mughra
92  Caves (Bharthari gufa)
94 Nag tulai

<o
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Ranpt Mahabir
96 Nawapura

98 Ganga ghat

99  Mangalnath
100 Vishnuw sagar

. Bouwnlury pillars
1678 Heights nbove sea level
10r Relative heights

A Trigonometrical Survey poind
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