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PREFACE.

—_—

OUGH the kindness of Sir John Marshall, C.LE., Litt.D., ete., Director
General of Archwology, and the Hon'ble Mr. H, Sharp, C.8.1., CLE., ete.,
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 astroncmica)

researches; (ii) his own publications; (iii) 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, ete. The sixth section presented

‘some diﬂiculty—'fchieﬂy because of the somewhat erroneous idea that prevails that

an account of Jai Singh is necessarily intimately connected with the history of
Hindu Astronomy. To form a proper estimate of the value of Jai 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 lsbours and for
further details refer /to my other book. B

This volume is primarily a tour report for the Archmological Department
and therefore principally deseriptive. 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 fieasure,
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 Tal, the Darogha
Imarat, and Professor V. V. Tamhankar and Pandit Kedar Nath of Jaipur ;
to Rai Bahadur Munshi Bal Mukan, the Sar Suba, and Pandit Sham:

[l



ii PREFACE

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 Archmological 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 Caleutta
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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The Astronomical Observatories
of Ja1 Singh

.
o

Cmarrer I.—JAI SINGH.

1. Mahiaraja Sawdl Jai Singh II of Jaipur was born in A, D. 1686' and
succeeded to the Amber territory at the age of thirteen in A.D. 1699, a few years
tiefore the death of :’mrﬂngzi’h‘ 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 Malwia. In
1734 he was again governor of Malwd and in that year, apparently with the cog-
nmizance of the Emperor, he resigned the provinece to the Peshwa. He died in
1743, two hundred years after Copernicus, and * his wives, concubines, and secience
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 caravansémis 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 ohservatories 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 astronomieal 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 no
particular school but studied Hindu, Muslim and European methods impartially,
He collected astronomical books and had certain of them translated ; he organised

Ve yeur in which Newton's Principia was completed,
s Awnals and Anbiguitica of Rajasfhan, By Licutenant-Colonel James Tod, 1829, Vol i, p 308,

* Tod, ., pe 360.
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2 ASTRONOMICAL OBSERVATORIES OF JAI BINGH,

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 Mathurd. 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 Cealestis 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
exhaunstive 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 is 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. Jai 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 Samvat Siddhanta| * the supreme text-book '
has practically the same meaning as the Arabic title AIanjl'&;if-f ‘the grmbest;

/ and as the Greek title peyd\n ovvrafis ‘the great compilation.™
According to Garrett® the Samrdat Siddhanta expresses Jai Bingh’s views on
y 'f astmnumylund 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
y | of Jai Singh’s nssi.stant.si who was quite unambiguous on its origin. He wrote ;
Grantharh siddhinta samrijam samrit rachayati sphutam |
Tushttyai Srijayasitihasya Jaganndthihvayah kriti ||
Arabi bhishayd grantho Mijastinimakah sthital |
Ganakanim subodhiiya girvinya prakti kritah. ||

Jagannith's introduction contains, besides the usual invocation, (a) Efulngies

of Jai Singh with which are references to certain events of some importance*

11t is said that Jegget Singh gave Jai Singh's unrivalled library to o ocourtesan: it was (hus
despoiled nnd its treasures distributed among her base rolatives” Thiz would mecount for the mungre ness of
the information now available ; but the tale does not altogethsr bear the impress of truth.
o= ® Another title is Siddhanls Sira Kawsubbe, Ses Avrsron rjfl'-:tl'. Sans. Man, Trin, Coll, Dublin, p. 76
® The Jaipur Observatory and its Builler. By Licutenant A. fl. Garrett, R.E., nssistod by ‘Pumﬂt
| Chandradhar Guleri. 1002, pp 19 and 21,

S The Govind image epizode, the Faje Peyw sacrifice, and the abolition of a certain tax (T the Jezeya),

7
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ABTRONOMICAL OBSERVATORIES OF JAI BINGH. a3

() a list of instruments and (¢) an explanation of the source from which the
work was obtained.

Jai Singh, Jagannith 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 ohservations of the stars. 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 Dighhitt
(Mural quadrant), (5) Vritta Shashtaméaka (An are of sixty degreez placed in the
meridian) which, he says, * the yavanas call sha’sifkari”, (8) Samrdt Yantra
(Supreme instrument—an equinoctial dial),  the best among the instruments’/and
(7) Jaya Prakas ° the crest jewel of all instruments.’ {0

Then we are told (in the verse quoted in full above) that Jagannith 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
Arabie language entitled Mijasti.'! He also tells us® that “ in the Yavana country,
the Yavana masters of astronomy, Abarkhas, etc., found the maximum declination
to be 23degrees 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.”

(i) 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 Ulugh Beg's
tables see below (p. 8).

(#i7) The Hindu name for the astrolabe is Yantra Rdja and Garret says® that
this ** appears to be a very ancient type 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 iact;

the astrolabe or Yantra Rdaja 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 Siiri and was written in the
time of Firoz Shah in Saka 1202 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

1ie, Plolemy's Almagest,
t From the Culiutty M8, The names rrt somewh ot pu:lzlinglhqt Ab rkhos i for Hipparchas, Vitlamayua is
for Prolemmus. Dy Yun.n possibly Rliodes is meant. The date “1651 Salivihana is oguivilent to A. D. 1720,

Indr prasths (2 Dellid,
/s

3p. 49, Eeo R. Mitrs Caf. Sans. M35, Bilaner . 351, ;
& This work together with Malayendus commen®Tty was printed by the Iaste Pandit Sedhikar Dvivedi of
Bannres.  In the [ndia Ofice Library isa manuseript (2005, 15251) of this work which was described by Eggaling
(Catalogue Sanskril Manuserips, India Ofize Librarg, V. p. 1030, Seealso No, 2006 (2343 by p. 1081) s follows -
" Yambra rijs or Yantrordjagome, also enllod Sepentrdgoma and Sadyanira, s tooatiss in five chaptors
on the constrootion mud wse of the armillary spliere and the ealen n of velestial and terrevirial longi.
fudes and latitudes, by Siri H:tﬂ:un‘rn‘l the pupil of Madena Siri/the court astrologer of Bhrigopura,

A




4 ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

and certainly used some of the Arabic or Persian text-books on the aﬂtm]ubes_.f{:f
which there were a great many available. ¥

Ma'endra describes his treatise as ** This scientific work, the good Yantra
Raja, full of much variety and wonder causing, for the benefit of the people, ete.”
It is * abridged, ecsence-like, exhaustive but very simple and delightful to the
heart.” He says (v. 8): * 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
thirty-two stars' and then (v. 28) writes:  After freeing these stars of drik
karma mark them on the celestial globe . y . ] This is a secret
that has come from the Yavanas.™

Mshendra’s small star catalogue is of considerable interest because such
lists are very uncommon in Hindu books and because it is taken from
Ptolemy’s catalogue. The latitudes are exactly the same as Ptolemy’s in all cases
but n:rm?‘{l and the longitudes differ by exactly 18° 53 in all cases but six.

(iv) 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-
tronomic _-f_ﬂf which the first part had appeared in 1687. This work contained,
besides the usual tables, a refraction table (which/it is said/Jai Singh copied)
and a description of a machine imvented 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.

(v) 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, observations with Sharp’s
mural are. 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 descrip-
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/ nml‘iﬁnally the British eatalogue of 2,933 stars.

{ui]ﬁUndnuhtedI:} Jai Singh possessed other astronomical works, but the only
possible hints as to their identity are contained in the preface to his own cata]&gu'u
where he mentions several astronomers by name. For example 'he not only
mentions Nasir-al-Din al-Tisi (born A.D. 1201) but also hizs commentator (Ali
b. M.) al-Gurgini. Nasir al-Din was one of the greatest Muslim astronomers,

" 1 Mahendra's list is given in Appendix A He gives tho rate of precossion as 564 seconds and ¢
T : '
B voon g, BT aimost exactly 1250 yoars and this gives the date for Ptolemy's

cataloguo ss AD, 11T approximately,

may be doted that

s
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He made observations at the Marigha observatory and published the famous
*Ilkhdnic Tables.'! He wrote numerous works on astronomy and mathematies,
including commentaries on the works of Archimedes, Euclid, Ptolemy/ ete.

Coupled with Nasir al-Din, Jai Singh mentions also Jamshid Kishi (Jamshid b.
Mas‘tid b. M. Gijat al-Din al-Kashi) ! who was one of Ulugh Beg's assistants. He
wrote several works on astronomy and particularly on the Kaqini tables. He
also mentions al-Sifi (zee page 10),

(vi7) Hunter' tells us that he met at Ujjain a grandson of Jai Singh’s
principal assistant ( ? Jagannd@th). “ In his possession,” he writes, “1 saw the
translation into Sanskrit of several European works, executed under the orders
of Jaisingha, particularly Euclid’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

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 astromomical 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-

L Some nmecount of the Astronomical Lobours of Jaya Sinha, Rojoh of Ambhere, or Jayanagar. By
W. Hunter. Asistic Researches, Vol V., 1799, p. 208,

2 This is the Rebhoganita referred to on po 69,

3 This seems to bo the source of Tod's statement that Jai Singh caused “ Don Juan Napier on the
gonstrustion and use of Jogarithms to be translated into Sanskrit.” (il 358),

* Garrett p. 20, TIn the Jaipur museaom there is & terrestrinl globe attributed to Jai Singh; and for
the transference of Ulogh Beg's co-ordinates into declination and right ascension a large and fairly accurate
celestinl globe was wsed by Jai Bingh's assistants (see p. 8),

8 There i= n treatise on the astrolabe (British Mussum Adit. mmouseripts No. 7480) by *Abdu'l Rahim
b. Muhammad Sharif al:8harif, The date of the manmsoript is A, H. 1165 (=A.D. 1751}, See Morley p. 2,

* Garrett p. 20,

¥ Lottres ddifianies of curivuses, ferites des Missions &rangéres, Nouvelle Edition. Mémoires des Indes, Toma
quinzidme, Tolouse mn/ pp,/260 1.

" A journey Of over & thousand miles.

¥ (haervations phigues faites en 1738 par des Pires Jésuites, pendant lewr voyage de Chandernagor
a Deghi et 4 Jo p. =60, :

Eelaircissemens glographiques sur la Corte de 1'Inde. Paris 1753. p. 46. Father Boudier's account was
not published till lster, but M D'Anville obtained the manvsesizt from M. Dﬂ.lpﬂ&mini.l.
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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

Enst of Paris, East of Greenwich, north,
Delh: . . . . . . w0 = I 8 ay 280 37
Jaipur . . ’ . ' . 73° 0= T76° 10" 13" 26° 5og’

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, caleulated 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 avee une de dix-sept pieds.”

This visit is of such importance as to warrant quotations from early works
regarding it. We read in the Leftres édifiantes (p. 269 £): * 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 Pére Figueredo, Jésuite Portu-
gais, fit par ses orders, mourat en 1743........... Ce Prince ayant demandé
des péres Jésuites de Chandernagore, I'espérance de le rendre encore plus
favorable aux Chrétiens, en favour de qui il avait déji commencé une :Egli&n
dans sa nouvelle ville,* détermina leur Supérieur-Général dans les Indes & lui en
rnvoyer deux, qui partirent de Chandernagor de le 8 Janvier de Pannée
1734, et qui firent les observations géographiques qu'on va rapporter. ('est
tout ce que leur a permis de faire en ce genre I'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’avoeir fait construire un observatoire dens la
ville de sa résidence 4 environ cinquante lieues de Delhi, en avoit élee un

1Tie Paris chesrvatory is 0° 0% 20-D pecs =2° 20" 13:5° E. of Greenwich, Jaipur observatory s 75° 40
185" B. of Groenwich, while Delhi obeervatory is 77° 13' 5° E. The npproximately correot latitudes
nce Delhi 28% 37" 35" N., Jaipur 26° 56" 27" N.

In the latter part of the sevemteenth contury the diffirulty of chromatic aberration was inlly
overcome by the use of very long telescopes—often s hundred feot or more. This Jed to *mrin] 2
copes ' without tubes of which la Hire in 1715 gave & description ; possibly Fathor Boudier®s was 2
small one of this type.

! Jaipur was built sbont A.D. 1728,

2 Antiguitd Gécgraphique de Flnde, 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 an 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 4 Agra et Delhi, pour
fairve visite an R. P. André Strobel, que Jessing, Raja de Djepour, curieux d’astrono-
mie avoit appelé d'allemagne avee un compagnon.”

The only other European connected with Jai Singh that we have information

: ahoutz_'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,

® p 210,

! Description historiges of glographigue de I' Inde. Ed. by J. B‘mnn.iﬂfl?ﬁﬂ- Prefacs p. & —/
| A= .

T



CuartEr IL—JAI SINGH'S ASTRONOMICAL TABLES.

4. The Zij Muhammad Shihi 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 manuseript at Jaipmi/an:l (B)
a complete Persian manuscript at the British museum. At first/B was supposed to
be an original work/while A was said to be, not the Zij Muhammad Shaki itself
but/ Ulugh Beg’s celebrated catalogue brought up to date by Jai Singh and
his assistants.

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

* Homage to holy Ganesh. Catalogne of 48 constellations. From the time
of Ulugh Beg's table A.H. 841 to the present date A.H. 1138% or
207 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 {‘Ip (Figures 1,
2) / and I give below extracts' from the manuseripts together with a
table of comparisons. The manuscript gives : (a) 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 ’}1 this is the Strya Siddhanta method
of indicating the positions of stars, but it also occurs in Muslim works, e.g., Abii
¢Ali al-Hasan in the 13th century of our era calculates the polar longitudes
L
for a number of stars; and the presence of these polar longitudes in Jai
Singh's catalogue is possibly due to Muslim and not Hindn influence. (f) Decli-
nations )_a.nd () Right ascensions apparently read off from a globe /() Right
ascension in ghafis and palas obtained from (g) by dividing by six.* (k) Star
magnitudes which seldom differ from thd&e recorded by Ulugh Beg.

The catalogue is notan original one ;hui:! is Ulugh Beg’s brought up to date,

! Hunter and others say that Jai Bingh was chosen by Muhsmmad Shah to reform the calendar } but probably
Jai 8ingh was the mover and at the most obtained the Emperor's formal sanction, [

T AH B1=AD 1437-8; A.H. 1138=A.D, ‘TE'E’T“= and 207 Muslim year—288-2 Christian yiears, [AH.
6223 II#:'T-E-AA.D‘] ' ELesll=u4s b 1 i

* Thi-precession of the equinoxes is mesnt. The rate here given, 4°8° in 207 Mnalim years, is equivalent
to 51-8° & year. See appendix D,

L Furthsr extroels are given in appendix A

% The polar longitude is marked on the ecliptic by the circles of declination, that is, the difference (A ) botween
tho troe longitude @ and polar longitode (A7) Is that portion of the ecliptic intervopted betwoen the star’s deoling.
tion and latitudo circles. The polar latitude 5 (which is nat given in the Ms,) i, similarly, the part of the

declination circle between the star und the ecliptic. The change of eo-ordinates can be made by help of the following
¥ ool w0 " . »
forinule (V) fan M= 5—1411} #in J=ain M, oin ' (idi) sin Ax =tan A ool AF,
* U0 palsa =1 ghati = 2% minutes=5 degrees. =

/>
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ASTRONOMICAL OBSERVATORIES OF JATI BINGH. 9

The method of transference of cordinates employed was hound 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 Jai Singh's work as showing at
least one of the sources of his astronomical knowledge.

ExtrAcT FROM THE JATPUR CATALOGUE.

A B o D |I E i - LT H I
| - Ascension
- - Palar . | Right A . .
Longitude. | Latitude. | . ngitude. Declination. D }:‘F:] ;:u ghatia  (Magnitade,
V1 | Conatellation of the K m = I 1 . A
Crown.
1 | Very brllinnt . 7 B 38 440 30 TN 0 +25 0 =1 0 38 30 2
2| Beyondthis .| T 548 446 24 722 0 +30 16 229 B 31
3 | Above the second 7 618 +48 21 7 82 40 +32 &6 220 50 38 18 4
to the north.
4| The third to the | 7 748 450 45 728 0 +33 15 233 15 35 53 6
north of thia.
5 | Kear to the large 7103 +44 27 78 0 43T 0O 2312 16 38 43 [ ]
star to the south.
8 | Nearthisslittleto 712 64 444 42 728 20 +27 0 233 50 38 58 [
tha north.
¥ | Mear to this the 715 3 +46 0 7 28 30 +25 0 26 0 3?!20 '
gixth to the
sonth.
§ | Near to number 7 714 30 449 30 8 00 31 0 237 30 39 35 ]

] InFrERESTE InFrERESCE BET-

Modern From Unvos BETWEEX weEx MBS, aND
From Plolemy. name, Bza. MS. AxD FLAMSTHED REDUCED
Urven Bro. ro A.D. 1785,

1 I;zﬁ Latitude,| A long. | A lat] Along | Al

L | Corona Borealis.

[ -

| | Fulgensearumqune sunt in corona. . | 5 a |7 434 |+47307| +4 40 | 18767 —3G100E
2 | Qum omnes istas precedit . . . 3/ |7 140 44024 4470 (1] 431577 | 418700
3 | Borealior queistamsequiter. .+ < | 48 [7 110 44821 | 4487 | 0 | —1790° | —13751"
4 .?E““' jstam et borealior ista . OF |7 340| +50 45| 479 0 | —3251% | +14'56°

By |7 60285 | +44 27| 3768 0 —35'51° | —510"

6 | Qum fulgestem o m&hnquhnr’f
6 | Que istam proprive sequitur. - 10 7|7 840 | +44 42| 3478 0 |—=143" | —117%"

L&l
7 | Que Tpost Ustas rursus sequitur. . | 13 [71086| 448 0| 448 | 0 | 13257 | —p2s*

8 | Boquens ounctes que’ inCoorona sunt. | 144 (7M1 31| 44020| 438 | O :-aow 18738
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6 (B). The British Musenm manuscript' bears the title Zij Jadid Muhammad
Shahi (the mew Mubammad Shih tables) and Raja Jai Singh Sawai 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
Samyat era. (ii.) On the determination of the ascendants. (iii.) On the motions
of the planets and stars and their positions.

The first two sections follow Ulugh 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) constellaion numbers, (¢)
names of constellations and stars, (d) Longitudes, (¢) Latitudes, (f) Directions, (g)
Magnitudes according to Ptolemy, (k) 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.

7. The preface to the Zij Muhammad Shahi i8, fmm’hiﬂturical 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.

1f 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 calenlator 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 could it have been possible to arrive at the end of
our wishes, or to escape from the lﬂh}'rinthf and the precipices
of ignorance.

From inability to comprehend the all encompassing beneficence of His
power, Hipparcouus is an ignorant clown, who wrings the hands

of vexation; and in the contemplation of His exalted majesty,

= — e £ L e T

' Rieu's Catalogue of Oriental M8S, ** Add, 14373, Foll. 222 ; 11} inehes by 73 12 lines, 43 inches long ;

wiitten in Nastilik, with * Unvan and gold mled margins, apparently in the 16th Century (Francis Gladwin)'
The MS. isin good condition and could easily be reproduced by rotograph.

* Abdarrahmén b. ‘Omar, Abfi'l-Hosein, al-866 (died A. D. 986) wrote on the fixed stars, the astrolabe,

&c (M. Suter. Die Math w Astr. d. Ambqupm;. /5 =

* Hunter }leu Res. V. p. 118 1, '- :

- [
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x ProLeMY is a bat. who can never arrive at the sun of truth: the
T adl Cafos / demonstrations of EUCLID are an imperfect sketch of the forms of
his contrivance : and thousands of Jamsuin Kisial', or Nasie T0sL? |
in this attempt would labour in vain. i
But since the well-wisher of the works of creation and the admiring l
spectator of the theatre of infinite wisdom and providence SawAil Jar
5/ Stex’/trom the first dawning of reason in his mind/and dusing its J)
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 i
f-)t./ “fs f of the supreme artificer he obtained a thorough knowledge of its
( prinuipﬁrand rules.
He found that the caleulation of the places of the stars as obtained
from the tales in common use/such as the new tables of S'atp /o
Gureint* and Kaicast, and “the Tasahildt-Mula Chand® Akbar
Shahi', and the Hindu books, and the European tables,” in very
} 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
qu of the rising and setting of the planets, and the seasons of
v eclipses ‘and jof the sun and moon, many considerable disagreements of
a similar nature were found—he represented it to his majesty of Cag
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/ /a
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. Mes'nd Gijit al-Din al-Kishi was ano of Ulugh Beg's astronomors,

* Nasir al-Din al-Tdsi was born A.D. 1201 Ho worked ot the Marigha observatory and published the famous
—_ qlki=hic Tables.' He translated Euclid's Elements and Ptolomy's Almages!, and wrote many works on astronomy.
/ TTai Singh writes in the third person.

* Posaibly *Ali b. M. al-Saijid al-Sarif al-Gurghni, who lived from AD. 1330 to 1414 in Shiriz, and
wrote o commentary on Negir ul Tosi's Tadkire (See H. Suter's[Die Mathematibter und Astronomen der Araber ind
Thre Werke, p. 172) ; but Gurglind was & desigmstion of Ulngh # fnmily land Ulegh Beg's tablos wore sometimea )Q
termed the Gurgani canon [See LP.E.A. S&dillot's Prolégomines des Tobles aslronomigues o Olowy Beg, poo, xix ;
also din-i-dkbari, (i) 20 and 41 (Jarrett’s edition) ; Abbarndma, {i}, 204 (Beveridge's BEdition).]

& Syter (p. 95) montions one al-Khigfint, an astronomer and nstrologer fwho died in AT, 1038 and who worked ,!_';
at improving the astronomical tahles The Khiqini tables wete supplementary to the jlkhiinic tables of Nnsiv
al-Tisi and wore prepared and edited by Jamshid al-Kishi.

% « Manling Chind. the sstrologer, who was possessed of great neuteness and thorough dexterity in the scienve "‘r
of the astrolibe, in the seratinising of astronomical tables, the construetion of a anid the mterpretation  of f‘.‘.
the stars, was duptited to be in attendance at the portals of the cupols of chastity in oiler that e might obsorve
the happy time and ascortain exactly the period of birth (of Akbar). He reported in writng to the exalted camp U I
that acconiing to altitudes taken by the Greek Astrolabe and by ealenlstions bused on the Gureni tables, ote.”

s { Abtmrnidma, Vol 1 HHGIIJZEI]. Bovoridge), He also cast the horeseope of Jahingir in A.D, Iﬁmiicmnlln.g lo tho _% taa
O Greek canon (. il 7. Bee also nnd 374} A — =y
¥ Hin is possibly reforring to La Hire's Tobule Astronomica and Flamsteed's Historsa Colaatd Brataniics, Fimy
4 B2
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12 ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

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 MussMMAD SHAR' May he ever
be triumphant in battle.*

He was pleased to reply, since you, who are learned in the mysteries of
seience, have a perfect knowledge of this matter, having assembled
the astronomers and geometricians of the faith of Islim, and the

Brahmans and Pandits,’ and the astronomers of Europe /and having If"

prepared all the apparatus of an observatory, do yon 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 hnppani 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 Islim, since the time of the martyr prince, whose sins are for-
given', Mirza Urven Brg, 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 ohject.
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 'Ifagremb!a 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

! Mohammad Shih reigned from 1710-1748,

* This must have been written before 1739 when Nadir Shih sacked Delhi

'ﬂmmmmhcmumhraﬂhdumm

¢ Ulugh Bog waa assassinated in A.D, 1440 while lhe#tjﬂuwﬂmkmppomdhhn been published
in 1728, approximately 207 Muslim years after, Bee p. 8.

# At Dalhi,

instruments, ete. See Sadillot’s Proldgomédnes des Tables astranomigues d’Yuloug-Beg, p. exxiz, See also page 81
for u fuller sccount of Muoslim instrumenta,

¥ Boe below for a bibliography of bouks on the sstrolabe, There wore numerous Arahie snd Persinn  works on
astronomical instruments avaflable,

* A ring instrument, arm lla, spherr. amillaribs —(N..llino ii. 229).

*3 gaz=10 feet utdhmﬂlrr_ t perhaps here o gaz=1 donda—6 font approximately,

® An astrolabe with two rings or parts. It is the Mqlr:r_un. or regule parallactice. AL Battini el
it the ‘long alhidade' (Nallino i 321). In Leidem fs o M. De rutione Fua ope instrumenti Zat al-Sho'batain, ote,,
by the celebrated al-Kindi. Muohsmmad bin ‘Isie b. Abi ‘Abbad, Aby'] Husan also wrote on the same
instrument (Suter pp, 26 and 48).

B This must be the =ame a8 the Shashidmia Yantra,
cnlled shudsufbari.”  Soe pages 3 und 39,

" The Jai Prakaé is called shamlah by Hunter,

which, according to Jlﬂlnlth_ﬂ{'thu Yavanas

J—
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ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 13

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 HrrpARCHUS
and ProLEmy, proved inaccurate, must have been of this kind.
Therefore he constructed in Dar al-Khalafat Shah Jahanibad," which is
;  the seat of empire and prosperity, instruments of his own inven-
> [ tiunz;such a8 Jai Prakas and Ram Yantra and Samri Yantra® the
semi-diameter of which is 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
f ~ was removed.
And in order to confim the truth of these observations /he constructed
" instruments of the same kind in Sawai Jaipur, hjﬂ@ 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.®
Hence he determined to erect similar observatories in other large cities
so that every person who is 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 thejir occur-

* Of. Alberuni Chronology of Ancient Nar;m;;-f'p. 1)jwho writea : ** It is impossible to fix the parts of the groatest
cirele by means of the parts of the smallest vircle. 1 refer to the smallness of the instruments of ubservation in com.
parision with the vastness of the bodies which are to bo observod.  On this subject I have onlarged in my book called
Kitah-al-istishhid bikhtilif-al ‘arsdd.” LP.E.A. Sédillot [p. exxix] gives the following interesting quotations ¢
** 8i j'avale pu, disait Ebn-Carfs, fnire un cercle qui s'uppuyat d'un coté sur les Pyramides ot de 'sntee sur lo ment
Mocattam, jo I'surais fait ; car plus I'instrument est grand, plus los operations sont justes.” 4=

i.e,, Dalhi

! Bee below pe 38 saq. . . e

! To make the measuroments fit the eubit used must have been a large cubit — 38 afgulus,

* This implies that the Delhi Observatory was completed before the others were staffod ; and that all of them
wure built before the preface was writter. This dutes the preface after 1734 and perhaps after 1737, (See p. I5)

* We must sccept these statements about perfect agreement with some cantion.  'We have very fow recopds
of Jai Singh's actusl calculations or observations : his value for precession was 516" a year and for the abliguiry
2372870,

* The project of building observatories at other places was never carrisd out,

I
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14 ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

rence cloud or rain may prevent the observation—or the power
and opportunity of access to an observatory may be wanting—he
deemed it necessary 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 wnrk—’—that the business of the
observatory was still carrying on there and that they were con;+=
tantly labouring to determine with aceuracy the subtleties of this science.

For this reason, having sent to that country several skilful persons along
with Papre Maxver®, and having procured the new tables which had
been constructed there thirty years before and published under the
name Liz* as well as the Europe tables anterior to those®

On examining and comparing the calculations of these tables with ac-
tual observations it 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 ghafi or fifteen palas.®

¥ '{ Hence he concluded that i since in Europe 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 this place by the aid of the unerring Artificer astronomical ins-
i T]m1 chronology is very uncortain.  Delhi Observatory waa constructed probably about lTﬂ_a.ndthut;bj;,
it is said, were finished in 1728 ; but there is evidence that leads us to the conclusion that this preface was written

luter. (Ses p. 130).

2 [Ueaniborz (Tyeho Brahe's obsorvatory) in 15768 ; Leided 1632 ; Paris 1667 ; Greenwich 1075 ; Berlin 1705
£, Petershurg 1725 ; Upsala 1730, ote.

5 Iy 1728 or 1729 the Reverend Father Figuoredo, a Portuguese Jeanit, went to Europo by the order of Jaj
Singh. Possibly thin is the samo man. Seo Letires edifiantes of curicuses Lxv. 260,

& s Hire's Tebules Astronomice was published in 1702 see p. 4 Father Boudior, who went to Delhi and
Jaipur in 1734, actually refors to this edition, He writes : {En se servant di In méthods de M. do la Hire, édition
e am tables 1702, page 53, on & trouvd que lo commeneement de 'éelipee & Delhi, lorsqu'il était & Reme 11 heures
40 mirates 556 secondes do metin, ote,,” Letfres, ste. xv, 288,

¢ We know that, bosides La Hir's tables, Jai Singh possesscd those of Ulogh Beg snd Flamstood. The Istter’y
work containg also the tables of Tycho Brabe, the Landgrave Hesse and Heveling, Other possible tables are the
Trletan Tuble of 1080 ; the Alfonsine Tables, 1252 ; Reinhold's Prussinn Tables, 1551 ; Keplor's Budofphine Table,
1627 § Casmma's tables, 1668 and 1003 ; Halley's tables, 1710 ; ote,

& i) palaa=1 ghafi=24 minotes, and 15 palor=f minutes

? The instrumonts used by Flamstead (1646-1719) were an iron sextant of 6 feet radins ; a three-foot quadrant ;
& mural are of 149 degrees and mdios 7 feet * divided with hitherto noapproached acoumey * and with which ajl
his most valnable work us executed ; two clocks and two telescopes.  For further particulars of European ina.
truments, see p. B

-
—
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ASTRUNOMICAL OBSERVATORIES OF JAT SINGH. 15

truments have been constructed with all the exactness that the
J;ﬂ{' heart can desire /and the motions of the stars have for a long
period beem 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 Z_'.ghen 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 i they may arrive as near as possible ?:"; the truth, which, in
fact, is every day seen and confirmed at the observatory.
It therefore behoveth those who excel in this art, in return for so great X/
benefit, to offer up their prayers 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 worldst,

’Huhnmmndmhdiﬂdinﬁ.ﬂ.lﬂnﬂﬁmjmuﬂwthsdnuhﬂtJliﬂhgh.

" There are some points about_the preface that are not quite vonsistent with each other and known ) =
facts. The tradition is that the Zij Muwhammad ShahT was completed in AD. 1728 and this is, to some o /a
extent, confirmed by the Jaipur MS.; the preface was written some time after all the observatories bad
been boilt, that §s after 1734, and * more than 300 vears ™ after ( the death of) Ulugh Beg [Ulugh Beg
died in A.H. 853, and 85343001153 A.H. « A.D.1740-1} The legitimate conohusion is that the preface
wad written somn considerabls time aftor the tables been completed, . 4

In 1002 Garrett wrote of the Zij Muhammad Shghi: 1 have been unable to procure the Sanskgit . A | 1
ariginal oreven a vernscular copy " and * up to the nt time the only copy of Jai Singh's astronomical
tables, or Zeech Mahommed Shahi, which has been obtained is o book in Persian characters ... . Unfor-
tunately most of the figures are written in & kind of cypher, and although the key to this has been
found, the thorough examination of this work will necessarily prove s long and laborious task.™ (pp. 18m.
ad 74). The British Museum Persian MS. is in excollent condition and although the tables are, Hnoien
in the abjad notatiom, thers would be no difficulty in translsting them.

A



CaarrEr IIL—METAL INSTRUMENTS.

8. Jai Singh himself tells us that he first constructed, ‘according to Mus-
sulman books’ instruments of brass such as Zit al-Halag, Zat al-Sho’batain, etc. ,Z
and at Jaipur I found a unique collection of such instruments, including
Arabic and Persian astrolabes, dating from the time of Shah Jehdn.
These instruments play a very important part in Jai Singh’s work; to
appreciate which a proper understanding of them is 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 Kapiirthala and other places were shown : these
included * two fine astrolabes,” one 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 3lst year of the reign of Shah Jehin and A.H.
1067 (=A.D. 1857). Diameter 13 inches. Jaipur. Figures6 and 8,

C.—Astrolabe. Designed by Mubhammad Amin bin Muhammad T&hir and
engraved by A’bdul Alimah. From Herdt. Diameter 7°3 inches.
Indian Museum, Calcutta. Figures9, 12, 15 and 186,

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. (=AD. 1680). Made for Nawab Iftikhar Khin by a
certain Zia-al-Din. Diameter 2 feet. Jaipur. Figures 19, 20, 21, 22,

F.—Astrolabe. Brass, 48 inches in diameter. Lahore Museum.

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

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

1.—Jai Singh's brass Yantra Raj. Diameter 7 feet. Figure 29.

J. Unnatanéa Yantra. A graduated brass circle 17} 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.—DLhruva-bhrama Yantra or * Circumpolar instrument’ Jaipur.

1yol II, 359,
"8 p. 34 for an sccount of an instrument presented by the Rajah of Kotah to the Government

of India,
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O.—Armillary sphere at Jaipur. One also at Kotah.

P.—Arbic Astrolabe. Brass, 57 inches in diameter. Delhi.
().—Persian Astrolabe. Brass gilt, 3'75 inches in diameter, Delhi. |
R.—Hindu Astrolabe. Copper, 7 inches in diameter. Delhi.

Of these it 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 B, *Jaipur A’
and “Jaipur B’ are of extremely fine workmanship, while E is an interesting
example of a type hitherto seldom deseribed in detail 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. Indeéd in the middle ages the
astrolabe was one of the chief astronomical instruments. The Arabs perfected
it at a very early date and it remained one of the principal astronomical
instruments until about the 17th century, and is 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 adc#pfed 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 medimeval literature to the astrolabe. More 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 s 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 ?:Eaﬂigpﬁ‘émm, in Arabic called Zdt al-Safd‘ih (‘Consisting
of tablets’) like ‘Jaipur 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:

(1) The containing disc is termed the mater® (Ar. wmm) and the inner part
of this is the venter® 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, 13).

1 Gower refers Lo one of gold: “With him his astrolabe be name, which was of fne gold precions,
with points and eireles marveilloos,™

The Granads astrolsbe deseribed by H, 8 Cooper (JEAS 1004, 53f) has silver knobs on esch pointor
of the ‘onlabif'; in the Britich Moscum are several inlaid with silver ; and others ovidently had some sort of
jewel fixed in the Eursi {see fig. L'!i?il‘l. irstruments are not uneommon.

® Moder, mother, rotula, £ Also wajh or face,

 Also enlled Margiabruin or Limbus, Mufra (side) ete
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/ “‘/ (i¥) The ‘ankabiit or aranea' is an open work dise marked with the ecliptic / /_p
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
shazdia or *splinters.”® The pointer at the top of the ‘ankabiit at the first point
of Capricorn is termed the muri or index® (Figures 5, 6, 9 and 10).

(+i7) Several thin discs or tablets!, marked with almucantarats®, azimuth circles,
hour circles, ete., for varions latitudes, ete., fit into the body of the astrolabe.
(Figures 17 and 18).

(iv) The alhidade or® sighter revolves round the centre on the back of the
mater. Each arm has a perforated libna’ or * tile ” which is sometimes hinged on /9
to the alhidade. European astrolabes sometimes Kad 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. quth’
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).

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

(vit) The back of the astrolabe (Zakr al-usturlih) 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 ‘ankabiit (which rotates) and the graduated cirele on the raised edge
(kuffa) of the mater form a very efficient calculating machine.

Tue TABLETS (Saram).

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.

VAlso  shabalah, net, rmte; Alanoabuth ; Volvellum, eto,
B Ibr al-Kawilih, needles of the stars, ote
¥ Muri ris al-jadi (indox of the head of Capricorn) ; Almury, Ostensor, Dentiels, ole, * Thin Almury ia
cloped the Denticle of Capricome. This same almury sit fixin the hod of capricormne.” Chauger, I, 23,
‘ Ar. Safd‘ib, SBaphiahs, Tympans, Tabuly regionum, ste
¥ Cirenli  grogressionum [ Ar. widegiam ferdi ).
® Ar. Yigid, * door poat” ; Diopten, Mediclinim, Vertionlam, Alidsde, ete. Tannor (1587) desoribes the
alhidade thus : * Altrinda or mediclinium, in which are pot two Hiile pins or tables to take the height of
. the sun in the day and of the stars ot night, of which one aide goeth through the centre of the astrolabe
) ts ealled the line of trust, becanse it_hrinp;nth eredit of things practised there,"
w * Tabells, Pinna, Pinnula ; kadaf, _ dafa,
* Owtensor, index, petite roue, ete.
* Axis, clavus, exiltre, alchitot, eavills, oto; mikwar (axis). wated (stake),
WS¢ D and E (fig. 24). The former (D) is from the India Office Pursian astrolabg and E is taken s
from the DBritish Museum MS, of Mis'i Allab's work. Seo also Page 63 and figure 68; and Nalling
cl-Battdni 1, 310, i
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ASTRONOMICAL OBSERVATORIES OF JAT SINGH. 19

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 Qs Gy B
The number of almucantarats varies in different astrolabes: if there is one for
each degree of altitudafthe 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 famm or ‘ complete’ ; Herat C (figures 17 and 18) is nisfi ;
while * Jaipur D’ (figure 10) is 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
Zis, Zys, 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 in plate V by the broken lines ¢, ¢, ¢, ty, ete.' 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 87) 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
€ &, & ey, eto.

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
hy Hhy, hy Hhg, etet (See appendix B).

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

allet ABCD (Plate V) represent the tropic of Capricorn and IE‘:;j the meridinn, and let_the aro
A _F measure the obliquity of the vcliptie, then the point 8 on the interssotion of BF and 4, ¢ is on
the equstor and SENW reprosents the equator, E being the eastern point, Similarly by drawing Os
parallel to OF we get s, the southern point of the tropic of Cancer and &0 the dismeter of the voliptic,
The sngles 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 upposite point on the horizon ia H; where Ef{,
(=) moets the meridian line N§ produced. To ohtain a eircle (almucantarat) for altitude a fuark of
angles ($kg 90°) from 8, the south poitit of the cquator, (positive direction § W) and jain both thesa
points to E, the vast point on the equator: the distanee botwesn the points interoepted an the meridian line
N & ia the dismoter of the eirele of altitude a,

¥In the diagram NL, =8L=1, the latitude of the plice, and EL; outs the moridion line Ng ,
in the nadir n. The horizon is graduated by joining the zenith, Z, snd the gradustions an the “i“““’i,_/

and each azimuth circle passes through the zenith, nadir and the point on the horizon to whioh it per-
taing, while the centres of the arimmuth circles lis on the line paraflel to EW and biseoting Zu.

®To draw the temporsry hour circles /divide the duy portian {thet is the portion below the horizon
in tho diagram) of each of the three circlss—the tropic of Capricorn, the equator, and the tropie of Can-
oer—into twelve equal parts and draw circles fy by, ty ty ] ete, throngh esch trio ﬂfﬂummudin; e
For the equal hours draw through X, the centre of the circle of the horizon, a circle concentrie with the
equator and tropica. Gradoate this circle ot intervals of 15 dogrees starting from the south poitit and
proceeding westwarda. With the soath point snd in suecession the other paints of gradustion as cetitros,
and radius equal to the mdivs (XH) of the horizon draw ares fif fufy, ebey, from the cirels of Capri-
com to that of Cancer. (These ares will pass through the oqual divisions of the equator, already marked
for temporal hours). The result of this constroction is that any point on the ccliptio, as the ‘snkabiit is
rotatod, passes from ono oqual hour line to another in one twenty-fourth of & revolytion,

‘The lines that divide the houses pass through # and H,, the points common to the horizon andt

meridian, and points on the Equator st intervals of 30 degrees starting from the Enast and West line,

Their centres lic on the line that passes through X (the eentre of the circle of the horizon) wnd is Pﬂfﬂﬂ;‘l__ =5

to the Esst ond West line, The points of intersectipn of thess house lines with the Edliptic are terrog
eusps. (For further dmmz-u B 120 sad ucidatio fabricie wruspie astrolabii ;§3$
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rally written just below the wufk or obliqgue 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 cityis also given. For example * Delhi R * has
* Avamtikayim 22" and ** Amadivad’ 23.”

(vii) Special Tablets.—In the ordinary astrolabe the number of tablets
varies to as many as nine—not counting the ‘ankab@it. Generally one is a spe-

cial disc for horizons on one side and gelestial 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-dfagiyak) is shown in
figure 16. The horizons are arranged in four sets—one sef 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 janibi) or the total obliquity (nor-
thern or southern).

* Ankabut eu-ordmatas.—ﬂn 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-’ankabiit, ‘the tablet of
the measure of the 'ankabiit.” It occurs in most of the estrolabes I have examined.

(iz) The Lahore Museum astrolabe has a tablet for the latitude of the equator.
Here the oblique and straight horizons coineide and this line is marked al-maghrib
al-ard lah ‘the west—mo latitude’ and al-mashrik al-ayd 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 nisfi 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.

:A“mt.i in I_-"Am the Iatitude of which is roughly 23° 10 The latitude of Ahmedabad is spproxi®
mately 23° 6%
® Morloy says: * These last two mentioned Safilabe appear to have been used ns modols for the mﬁ.
wetion of the ordinary tablets " fbut he s mot altogether right in the second cass,
4 Merley (pp. 12—13) descril®s three tablets for “no latitude ' snd gives dingrama (XX, 17, 18 and
19). Omne belongs to the India Office Persian Astrolabe, mthut‘thﬂ Vaux sstrolabe, the I.hird. the Indis
Office Hindu sstrolabe.

R
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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°/ (id) a tablet split into twp halves along the meridian, for latitudes 30°
(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 and a number of the more important northerly stars, The points
(shazdia) 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, ete. of
the instrument. The small Jaipur astrolabe (D) has 25, the Shah Husain
instrument has 63, ete.

The ‘ankabiit is generally the most ornamental part of the instrument: it
18 sometimes inlaid with silver ; Jaipur A shows the forms of the constellation
animals, ete. The ‘ankabiit is 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-Asturlab),

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, ete,

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

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

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

(¢) Tables of signs, mansions, planets, terms, faces, etc.: generally con-

tained in the inner semi-circles of the lower half of the dise,

Special tables contained in rectangles such as :

(/) The times of the rising of the signe (In the centre of figure 8).

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

right of figure 7).

(h) Table of climates| (Lower part of figure 7).

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

(@) 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,

tThe dinmeter of the ecliptic is the distance s or Aty (Plato V) botween the intersections on the
meridian line NS of the tropies of Capricomn and Cancer. The graduations of tke ecliptic lio on the
line joining the pole of the ecliptic to the eorresponding geadustions on the tquator. The pole of the
equator is, of course, at the centre of the dise, while the pole of the ccliptic is at o distance fram the
pale of the cquator equal o the maximum dealination (approximately 23:° It s sometimes R
Qutiah wl-buruj.

fThe south point is at the top of the dise,
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(b) The ‘quadrant of sines’ oceupies the south-east quadrant and oceurs 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 }_hnthl radii are so divided and
hnria:ugtal 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 Zarqill astrolabe below (p. 29) the use
of these scales is explained in more detail. In some instruments arcs for 2317,
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 17) of the signs are written in the spaces, six on the horizontal
radius and six on the vertieal, in the following order—

3 4 ] 6 7 8
Vertical , , Cancer  Leo Virgo Libra Beorpio  Bagittarius
Horizontal . Gemini  Taurus Aries  Pisces Aquarins  Capricornus
2 1 0 11 10 9

This diviﬂiun,:: combined with the graduated circumference forms a scale of
circular and angular cn—nrdinutmu?and on this scale are traced various kinds of
graphs® ﬂhm\"illg: for example—

(1) The relation between the sun's right ascension and meridian altitude
(figures 7, 8 and 37) ;
(i) The meridian altitudes for certain latitudes (figure 12);
(i17) The altitude of the sun when it traverses the azimuthal eircle of the
Ka'bah at Meccaj
(iv) The temporal or unequal hours (figure 11).
(d) There are generally four sets of shadow scales®two on the periphery of

' In the Herat (figure 12) and the Shih Hussain instruments the main divisions are not eqoal but propor-
tional to the sun's declinat’on.

* Figare 37 shows how the curve {i) is constructed for latitude 27 N. For each pair of signs ';-nd:h
marking the angle of the meridian altitude of the sun are drawn, and the pointe of intersection dﬁm
radii with the corresponding aies of the signs are joined. To make the graph perfeotly odo
points: must, of course, also be fixed. Figure 11 shows the unequal hour eurves Atmn'ﬂllﬂ.;. Delambre
{Astronomie du Moyen Age, p. 243) this is first described in o small work by Saerobosco (cires AT, 1250)
It oeours on mafiy old astrolsbes, but it gives only roughly approximate results, To construet these In:ru:;
lings ‘the are of the quadrant is divided into six equal parts and a semi-circle ereoted on one of the bound-
ing radii, This is the sixth hour line and tho others am arcs of circles of which the centres sre on the
sameo Tudiss, but at points equidistant from the eentre of the quadrant snd from the successive po %
division on the arc of the quadrant. , pairfts

* Figure 23 shows bow these scales are constrooted. Thire are generally two kinds of seal
for  T-unit gnomon and the other for a I2.unit gnomon. The semi-circle ace is biscoted at ¢, and ac
and ¢e are biscoted at b nnd d. The line bd, which is bisscted ot ¢!, is the basis for both !l:.ll-l'.ll ih
part bet is divided into 12 equal divisions and c’:j into T equal divisions ond these W“Uﬂnlmm '

f f‘ mited on their respective uidui:na far as (s convenient. Lines joining the points of division with'Ga m:};

eut the area snd the small central rectangle and form on them the shadow scales, On
A most
the 12-umit seales nre on abe and kg, ete.; and the T-unit scales on ce and il The Zarqinm.m:;:
has, however, in place of the central rectangle, the smaller semi-cirole, fj graduated. Varia
the basis line (b c') may b placed vertically through b and then graduated. A soour, eg.,

/>
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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 circular shadow
scales (figure 10). Given the length of the shadow in terms of jte gnomon—by the
aid of the shadow scale and the alhidade the degree of altitude of the sun
and the time can be found.

(¢) In most of the instruments the inner semi-circles of the lower half of
the dise 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 O (figures 7, 8 and 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.

| 28 | a7 aw as 34
H.H.H.Il.!l’,ll.!
nansllu'unlm'!:a::n
198 19 1 ;132 18 gl 1ﬂil=r|1a_,“|-1 1

- I (e ==y
o] ag :l[m[!ulzz wlelnle| o wl al LaTrTy i,
H_J:.'H.w.jﬂ.al.u.u.u.u.ﬂ_u..a.n_m u_lu,.u.|u.u. M, H. ML 3 HL M. I MHEL __Fiany.
| |
.Il:]!ll:ﬁllﬂlllﬂ_lﬂ-lfﬁ_l 1@ 1 1ax 1

A | T &3 1 da) 1441

O 2| 2 oae :25;2:: ]

u:]:u :ﬂ.{:::ul]: =19 =:||'lu 217 21 216 2 14 2 14 Seorpio Lo,
ye

2E g

:mvfxﬁilﬂl:!ll'l!.i I

2292222 2 2 :jsln!:m::ﬂ:nlnr.zn 217 :1!;317:1« zij:u-un 2 M Bagittarins | (upeer,
!

—
1 35 Piagea Aries,

1 48 Agunrimy Tairus
””"I”""”";"“-”T”*“‘“I”“’“I’d’ <2 (i 172 23.3qalhrﬂwhn Gemisy,

—

:ul:m{:: RS R BT :|:§=||}=|n,=ni= Liben Virgo,
|

This table and the rule on which it i8 based played a very important part
in medieval astronomy and astrology.!

(7) 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, ete.

Nature of the Trigons and their Regents or Lords,

'lf_frl-t“lrrn rlbi;ﬂu I Fiery. | Ewrtiuy, | Alry, | Watery,
Day Lords « | Hun - l.lum.m- « | Baturn j Veoms . | Moon . | Mars . | Ssiurmn | Mereury Jupiter | Veoma , | Mngs » | Mooma.
Triplicktics o | Arien | Lea . [Sagittiarios] Tamras , YViegon , | Caprie- Geminl . | Libes | Aquasios | Canper | Searplo . | Pisoes,
e,
Night Loeds | Juplker . Il Sun . [ Batwrn [ Moo . | Venm + | Mam | Meronry | Satoen | Fuplter - | Mars . | Veom « | Moon,

The triplicities or trigons are groups of three signs feach of which is
situated 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).

!See Book ii of the Almagest; ol-Battani [Opus  Autronomicum Afnd Part, p. 051; the Sirys
Siddhinta i, 60L. ete. ; also tho note un natrology (Appendix B), From the formuls Sin e, — i ¢, tan 8,
shere 3 is the latitode and 3 the decliuntinul'ithn s-onlled  ascemsiong differences nro caloulnted ; then
sin MNP, eon ain 0%, cor w .
from mn by == :.-n'l—-.._:I — 4 SN {&I +'b;l"_———-.fm E. ¢ Mim tb:l"'""l =1 the values of § are
calonlsted ; snd finally f, =8 —my, t =8y —N 4oy, 0 =3 — % ol =y —ay oy =ty +a
— g and so onfsinee by = by, 3y = by, by =15y, anday =y, dy =aj.
’
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(h) Climates.—The table of climates oceurs only on Jaipur A (figure ?]
towards the bottom of the lower hali of the disc.

Table of climates.

CramaTes, ’ Frasr. BrooxD. Turen. Fovnrn. Forra. Brxra. | BEVENTIL

Hwad e | b= b m b b m L b
mhllnﬁ;[a} !

Latitudes : . | 1298 Jgea 2 a4Le o LU 1L b L T L a4l 438 gras 472 4HIT

Honrs . | 1315 | 1318|150 1a0 | L4 e 149 150 | 158 ggee | paes 1@0
1

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, ete., ete.
The subject presented difficulties. The number of climates assumed 'E'ﬂIiEdf
but generally a {:humgraph.m system | ‘which applied the seven planets to the
Beven zones or climates, prevailed. Al‘m, 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-
gion corresponding to ascensional 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 (figure 7) shows
multiples of the differences between the approximately correct length of the
tropical year and 365 days, thus:

a7 3404 2,625 dos: | | e 850 | FEr ey
o ] i 8 9 8 ‘ B 4 il 3 2 1
= e = R
90 80 70 80 | 50 40 | 30 0 T
1pes 164 ¢ 0 g 213t FPe 2624 ‘ 10828 1t | iggm
- |

The table gives n(87° 33’ 6")—a.360° where = ranges from 1 to 9 and
trom 10 to 90 and a is a whole number®* Now 87° 33" 6" rexpresaed in time
is 5 hours 50 minutes 124 seconds and the length of the tmipma} year was
supposed to be 365 days 5 hours 50 minutes 124 seconds’

! The measure of the longest day ia Ef;—ﬂ where sin h = lan & tan o,
# For example 106° 33°=30 (87° 33’ 6”)—a.300 = 2026" 33'—a.360° =7,360" - 106° 39"—a.360° =
2 tth]:nmh Muzoum astrolabe dated A, H. 1070 (=A.D. 16850- ﬂl]] by Mahammed Mokim o L:Il::r: ;::.a- the
Lme o
Al-Battdni gives 86 36" and Nallino gives the following note :** Habash in suo astron
pnrtm exoedentem revolutionis (fexd al-dawr), scilicet quantitatem (gradibus expressam) qus ﬂ:u:mﬁli‘:::
#65 dies excedil, inventam essn ab sstronomis khalifse al-Ma'min ;—

|pql¢|u],u. al-Shammisiyyah. . . . . . . B0° 43 305 36 47
Dnmn.ur: in urbse . . . * . . . « BOT 41255 v o
o Yohy'a ibm Abl hhu;ﬁr . 867 35* 139 g

In tabulis sais Habash primam qumutntm m,r.-pit, ml-u'miﬂ amhnm HE° 43 308 g7 gradi -
tom pus mrmiil, dﬁhﬁ-tﬁ 38" ete."  Opus Aetronomioum L pp. 42 & 211, AR S
The prescot lungt tropical year ~xprossed in mean time is 365 days 5 hou
or J65-2422 days nearly. S bt l i

|

1||.
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14. The face.—(Wajh) or Venter.—The inside surface (venter) of most of

) the astrolabes is engraved with a list of cities and their latitudes and longitudes

and  sometimes ,their position relative to Mecca.! The last is indicated by the
tnhirdf or “inclination’ and the masdfat or *distance' and jihat (side or point
of the compass). The inhirif is the arc of the horizon intercepted between
the meridian of the place and the vertical circle passing through the zenith
of Mecca.® The Masifat is the distance of Mecca measured along a great
eircle/ and the jihatis the quarter of the horizon in which Mecca lies. ;

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 retc.;
Jaipur D gives 36 towns: the Herit astrolabe (C) gives 44 places with the
inhirif and jihat; the Shah Hussain instrument gives 103 places with latitnde,
longitude, inhirdf, masifat and jibat; the Lakore astrolahe gives also 36 places,
with latitudes and longitudes only. A selection from these astrolabe gazetteers
I8 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—

Langitude Latitnds

diffedoaon difference,

Marighah . . . . . . . . . 35°4% F 1
Baghdsd . . . . . . . . . 35 e &
Shiraz . . . ' . ' . . . 35° 30 v &
Nisibiir - . : - f . - : « S350 0" 13
Yezd # - : . . . : = . ° 30 0" aa

+ Isfahan a : . > . : . : . 347 56 0" 14

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

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 ;“‘hu fixed
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 Adin-i-Akbar® 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, ete.”

18en the exccllont litih book Paerophrose de Uasfrolale written in AD. 1555 by Taquls Focard de
Montpeltier, who terms the venter * Miroer du Monde * and giveson it an actual map of the werld (i, 130-7).

® The angulua positionis of the old geographors. SmaLB-lLi.uEL 136-7 ; L A Bidillot's Mémoire, 971.;
the Nuzal al-@uidk (Ed. 8. le Strange) p. 26 ; &o. &e.

* The values given on all the instruments examined for these six places are the same : at Marighah,
Baghdid and Nisibfir were important obeservatories,

*One second of longitude at Delhi is roughly equivalent to about 30 yands; very roughly & mils to a
minute of are. (At latitude 30° N. one degree of longitude—06480 moties=0560-97 milus.)

*Ed, Gladwin [ ii, /351,
AT D
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Some of the towns and their positions are given below :—

S faaa| Wimen | Lot |
sl | semd, | PRGINE | o

s s CI 5 2

Halb (Aloppo) . i ’ - A —5 +351 —7 &0 +35 30
Tus . - . * . . - . + 13 +37 412 30 +37T 0
Kiabnl . + . ' . . . . +M} 434 +H4 40 +H 7
Jahinibid (Delhi) , . . . . . 43 +28} +33 45 +28 30
Lahore | . . ' - . ; . +29} +ai} +29 20 +31 50

19. The obverse of the dise (figure 19) contains tha-—ieﬂmnng scales and
tables' /which are, more or less, common to all a;ptmlah-es. Reading from the
o

circnmference towards the centre Hhoyp—are @< v il - 4

(@) The two upper quadrants -are graduated for every three degrees

(numbered in the abjad notation) alse in degrees numbered in Arabio
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 scale
(See p.22).

(¢) The next complete annulus contains the signs of the zodiac Avhich are

accompanied by graduations down to intervals of twelve minutes,

(d) Next are the manzils or ‘ mansions of the moon ',

(¢) The planetsLtwelve to each sign-_with graduations for every 21 derees,

(/) The planets—nine to each sign—with graduation for every 3°¢R0.

(9) The planets—five to each sign—with their limits or terms indicated,

(h) The planets—seven to each sign—at intervals of 43 degrees,

(1) The planets—three to each sign4-These are the ‘faces’ of the particular

sign. -

(7) Again three planets to each sign,

(/) Another pair of shadow scales.

() Separated from the others by the smaller shadow scales (k) are the names
of the European months with a scale showing the days of each month, ete. The
mstrument 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 gines, The are AB is divided into degreea;fand:_-"frum every point of divisim% lines

1 Of these'o to j are shown in the appendix on astrology (p. 124),
* On an astrolabe made ut Sevillo in AH, 609 (AD. 1211.12) similar constructions ar found, Ses
the acticles by MM. Sauvaire and Pailhade, Jowrnal asiatigue 1803, 9 série, i, PP 66 and 185%

i
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are drawn perpendicular to OA. The radius OB is divided into 60 equal parl:siam!
lines are drawn parallel to OA. In the diagram sin 40° reads 39°, i.e., §5 or *65, Lut
the instrument itself is more accurate than this. The radius OD is divided into sixty
equal part:a}' and‘,f'thmugh each point of divisinn{fci'mlea, 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 ¢ =§§ (='833). Now the arc 50 in the qua-
drant CB touches the horizontal line 50 which cuts the arc BA at 56}, therefore »
-=564 [actually sin 563=="8339].
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CaaprEr 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. Tt is a
thulthi or tripartite instrument and has two tablets, for latitudes 27° and 72° N., and
a tablet of celestial latitades 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 [hgm:e 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.—
Latituds,  Longtitude,

Jayanpur . . : - i - . 26° 36" I19° ©
Ujjeyani . : : : ‘ : . . 23° 30" 110° 50
Delhi - . . - o . - . 200 0 13 o

Benares . 3 . . . ' . ; 26° 1 17T 2

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 minutely, “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 Devanfigari 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-

~¢lination 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:—
(af) Longest day 33—30 (a,) Longest day 36—24

Ava [T1. Latitude 37.

i The Tudia Office instruments sre now in the Ind an section at the South Kens ngton Museum,
4 Agiatic Researches, 1790, Vol. i, p, 48),
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Latitude 22, Shadow 5. Bhadow 9.
Hypotenuse 13, Hypotenuse 15.

(b,) Longest day 33—50 (by) Tablet of horizon without
AMADIVAD. any numbers or inseriptions.
Latitude 23.

Shadow 5—6,

Hypotenuse 13—3.

The latitudes are here given in four different ways(i) in degrees, (ii) in length
of longest day (in ghatis and palas), (iii) in length of the equinoctial shadow'
or tang, (iv) by the hypotenuse of the equinoctial shadow or sind.

These may be expressed thus:—

Varves ox e [ssTEUMENT, CALCULATED YALUES,
Lat. | Lingest day, fan & Hin & Longest day. | fan ¢ | sin g
~ 7 Pe A m a A m &
|
2 33 30 = 1% 24 0 vy =417 ¥y =385 | 13 22 52 44 375
23 33 &0 == 18 82 0 578" =439 b — 91 13 27 18 424 381
12 13%a"
aa 36 24 = 14 33 38 5 ='7a0 5 ='l?.|:|llilr 14 36 48 754 i

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 ftamm (complete) . for
latitude 27°N. Tt 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 Unnatarmsa Yantra is possibly another of Jai Bingh’s original ins-
truments. It is a graduated brass circle 17} 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) bLut the Zat al-halga is ordinarily an armillary
EP]]ETE.

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
s 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 lengti.
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Jagganith's instructions ; and there still is at Jaipur the old masonry work
for a much larger instrument of the same type. The Kranti Vritti Yantra
is used for direct measurements of celestial latitude and longitude. It consists
of two brass circles (figure 58) pivoted so that one always 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
Torguetum of Regiomontanus (1434-1476), which was rejected by Tycho Brahe as a
clumsy instrument.'

24. At Jaipur 1 was shown a modern Hindu astrolabe or Yantra Raj, dated
Samvat 1709 (=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:—

Fitne on lustramant, Modern Kame, | Name oe instrument. | Moders Nume.
1 Bamudras paksi P Ceti, 9 Chitrs . a Virginis.
2 Rohini . a Taari, 10 Bviti a Hoolis,
3 Apdea a Orionis , 11 Anuridhi . a Scorpi,
4 Lubdhaka x Canis Majori, 12 Abhijit . . . i a Lyr
& Pus'¥i . : 3 « | & Caneri. 13 Sravany . : .| m Aguile
6Maghd » . . .| & Leonia 14 Satajiva A Aguil.
7 r . . ‘ ' - 15 Parvabhidrapadi o | 3 Pepasi,
8 Hasta . A . « | & Corvi.

The ruler is of the same type as those emploved on the face of certain
medigval European instruments (see p.26).

25. The Dhruva Bhrama Yantra or °‘ Cirenmpolar instrument’ is another
modern Hindu instrument of rather crude workmanship. 1i consists of a
square plate with a slit near to and parallel 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 Markati (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 Turiya 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 sighting ring
the index shows the altitude and the time. Also a list of the 28 nokshatras
(initials only) starting with Advini and proceeding in the usual order’ is given,
and to each asterism is attached a number varying from 12§ to 18}

' Ses R, Worr Geschichte der Aslronomie, p. p. 161 and J. L. E. Drevine  Tycho Brahe p. 317,
2 The Hindus reckon their sideral time from the rising of the vernal equinox and beoee it differs from

European tune by 6 hoors.
*Seo Garrett, p. 63 cnd 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 Dhruva
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 Kapiirthala. The list of instruments—drawn
up by a Hindu astrologer—is curious and valuable One of the entries is—
“ Yanti Raj—the usturlib of the Yunani"”

VJournal of the Asiatic Sociely of Bengal, 1830, p. B31L

*1 am indobted to Mrs. Borough Copley of Kotah for this confirmation of Tod's statement and for
s photograph of the armillary sphere. , '

"Ewe B. H. Baden Powell's Hand Book of the Manufactures and Arts of the Punjab, 1872, p. 250L



Craprer VI.—MASONRY INSTRUMENTS.

27. The masonry instruments, which vary in size from a few feet to 00
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 Prakis and the Rim Yantra. These three instruments are indeed peculiar
to Jai 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 mot mentioned specially
in the preface because they were common to many observatories. They are
however mentioned in Jagannath’s introduction to the Samrdt 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. Y

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

() Dakshinovritti Yantra at Jaipur, Ujjain and Benares, Figures 56
and 62,

(/) Nari-valaya Yantra at Jaipur. Ujjain and Benares, Figures 53 and 65.

(9) Vritti Shastamsaka at Delhi and Jaipur.

(h) Misra Yantra at Delhi. Figures 50, 51 and Plate XIX.

(¥) Rasi Valaya at Jaipur. Figures 54 and 355,

(j) Kapala at Jaipur. Figure 31,

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

! The contrast with the procedure in Europe is interesting, The European scientist recognised the
inovitability of error and took measures to countemct it (eg., with the micrometer, vernier, teleseopio
mghts, etc., ste.) Even a modem theodolite ns a useful astronomical instrument, is worth more than al|
Jui Singh's large buildings. Possibly Jai Singh's power and wealth inclined him to move in a direction
that coukd not lead to the desired end, See page 90.

3 g5es page BB
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£8. The Bamrat Yantra or ‘Supreme instrument ™ is, as its name implies,
the most important. It is an equinoctial 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 circle 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 is
equal to the latitude of the place, EF and GH are at right angles to AB as also
are DF, MH. If KL is the direction of the sun then the are 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 quadrants 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 F to A, In the figure tan 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=FE is the radius, and the lines radiating from
E and G show the construction of the scales of tangents cn the edge AB.

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

SaMrit YaNTRA.

‘ Haight. | ) Myt | g | it | anee xho
= =
Telhi 68’ o’ 4 ‘ nser | 125767 | 406 | T | meaw
Jaipur . . . . .| 80 | W3 | weus| meo | @i | ¢3¢ | s
‘ 18°6° | 3o | arst | ey
Ujsin . . . . . 20 |18 | e | ae | o 28° 10
Benares 2203f | 1wy | asta0n | awspr| one| st10n | o2stase
‘ 8y | e 0oy | nTne | v | vor | wenr

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 is nearer the sun) and its slower motion in
summer ; (2) the obliquity of the ecliptic.® Consequently 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 being fixed for the

Tt Williams says the Arabie name was * Kootoop bede i Hindu droag "

¥ They were originally gradunted in ghagis and palus,

* These nre two principal esuses but all other causes combined only alter the squstion of time by
a few ssconde



ASTRONOMICAL OBSERVATORIES OF JAT SINGH. a7

longitude of 821" degree east of Greenwichﬂur 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 (.

29, The Jai Prakgs is called by Jagannith sarva Yantra  Siromani * the
crest jewel of all instruments’ Tt is o hemisphere, on the concave side of which
are mapped out certain co-ordinates. Cross 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 eye” at the proper
graduated point and observing the passage of the body across the point of
intersection of the wires. For this purpose passages are cut 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 eircle 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 out
the meridian at distances 233° 20°12’ and 11°30° on either side of the equator.
Through the pole, hour circles Pgt Pa*, Pa®, ete., are drawn. The circles iy,
iy, ), 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 Jai Prakié turned through a right
angle.* '

The Jai Prakas 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 Shihi (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 the 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

"The method is very orode/and the obssrvations must have been very rough approximations only,
* The Jai Prakif was known to the Arabs as al-Mastarali. For descriptions ee L A. Sédillot’s Mimsire and
Blagrave's Arl of Dyalling quoted below { p, 86),
The Chronolegy of Nations p, 357 £
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and the inside of the circular wall are graduated in seales of tangents for altitude
and azimuth observations. The height of the wall from the graduated floor is
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). aud  consequently, as in the case of the Jai Prakas, 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 6 dezrees in each building, but at Jaipur there are 12 sectors only{laml
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 ecan
be placed horizontally. The construction is illustrated in plates X111, XVII,
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 Yantra exist at Delhi and Jaipue
only and the Jaipur instrument is quite a modern one.!

The dimensions of the two instruments are :

I
Inside dia- 3 Dismeter of
metar. Height. pillar.
Dalhi . . - . . . . . - : 5 M b Sl A
Jaipar . 7 1" 11* - 4* -

31. The Digamséa Yantra (‘Azimuth instrument’) although not actually men-
tioned by Jai Singh in the prefaceis given, however, in Jagannith's list (see
p.8). It is a simple and useful instrument, and examples of it 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 Digahda Yantras are—

| DMAMETERS. ! Hzwswrs,

Uuter wall. Inner wall Outer wall Inner wall,

Joipar . e . . - A z ; ‘ by A | 17" 6° & & ¥ 2y
Ujjnin « =TT g 24" 4" 8 10" PO
Bonares - . . Hi Rl o | n’ o 8 4 P

' It was built in 1801 There are also two small Eim Yantros which were constrocted as models



Trarn A1

Pio: 34 DIAGRAM OF - SAMEAT TANTRA,

Fio. 83, DIAGHAY OF SAMEAT TAXTHA,

anyd

i RS AR RS - s A i |

Fia. @ OONSTRUCTION POE THE XIVAT CUAKHA Fie 17, DNCLINATION GHATH

Fiu

B DHAMINAM OB TILL JAL FilaNaf

s

L

—






ASTRONOMICAL OBSERVATORIES OF JAT SINGH. 39

Jaganniith's deseripticn of the Digamda Yantra is as follows :—* Make a
circle on the ground with any radius. This eircle s called the horizon. We
ghall have to make three horizons here. On the frst circle build a solid pillar.
On the second eircle 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 cemtre 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 horigon. This thread is called the *thread of the
circle of wision.”

32, The Narivelaya Yanfra (‘ Circular dial') is mentioned by Jagannith and
it occurs at Jaipur, Ujjain and Benares. It may be described as a oylindrical
dial—the axis of the cylinder peinting north and south,and the northermn and
southern fzces 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 eircles grad-
uated into hours and minutes and ghatis and palas /respectively. The shadow
of the style marks the time of the day/and the instrument alsoshows, very effec-
tively, the passage of the sun across the equator (the equinoxes). See figures
53 and 65. Jagannath remarks about this instrument that it is not of much
value | because it only gives readings for northerly observations. This applies
to some extent to the Benares instrument (see figure 65), but not to those at
Ujjain and Jaipur. The latter, however, is quite modern.

33. The Dakshinovritti Yantra (‘ Meridian circle’) is like the mural quadrants
found in most medigval observatories, It consists essentially of a wall in the
meridian._-'and on the wall are two graduated gquadrants and centre pins (ses
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 Shashtamsa Yantra (‘Sextant ') occurs at Delhi and Jaipur only

‘and is really another form of meridian circle. It is a large graduated are lying

in the meridian and is built in a * dark room’ at the bottom of the masonry
work  that supports the huge quadrants of the Samrit 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 acouracy 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 Samrdt 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 Ra&i Valaya (zodiac dials) at Jaipur. There are some
indications that these two instruments, or rather sets of instruments, were not
devised by Jai Bingh 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 arcs for meridians at Greenwich and Zurich fon
the west and two corresponding places on the east. The Rasi ‘E’alu.}ra is a set
of twelve dials connected with the rising slgnﬂ and which show the sun’s latitude
and longitude. /

35. Of these instruments it is claimed that Jai Singh devised the Samrat
Yantra, Jai Parka$ and Rim Yantra. The evolution of these instruments will
be dealt with in a concluding chapter but it may be remarked here that Jai
Singh’s mgenult} was chiefly concerned im the transference of demgns previously
executed in instruments of comparatively small size to huge masonry instru-
ments. No new invention in the ordinary sense of the word was attempted.
The Samriit 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 jon the edge of the
gnomon had been previously used as on the Samrit Yantra ; therefore, besides
the general design, we may credit Jai Singh with this device. The Jai Prakas
or ‘invention of Jai’, as it may be called, and which Jaggannith 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 manuseript copy of a
work by Abdul Ali Barjendi' (died A.D. 1523) most of the details of such an
instrument as the Jai Praki$ are given. Jai Singh's duplicated instrument is,
however his own design and probably the introduction of the culmination E.lgnb
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 Mifra Yantra
at Delhi was not a new idea. It had, at any rate, been worked out for vertical

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

' Abdul *Ali b. M. al-_osein, Nizim al-Din sl-Barjendi wrote a commentary on Nagic al-Din's recen-

sion nfbhndhmpcﬂ.uommhqrm}luud Diin's treatise on the astrolabe, & comment on Ulngh Beg's tables,

a troatise on astronomy, ete. Iam indebted to Khin Bahfdur Pir Mazafinr .&hmuddﬂelhliurthhmn{ﬂ:h

msnuseript, which was written out by one Qabad b, “Abdul Jalil in A. H. 1066 (=A.D. 1655) at Hyderidbad, Ita
date and its presence at Delhi suggests the possibility of its having once belonged to Jui Bingh's library.
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Cuarrer VIL—THE DELHI OBSFRVATORY OR JANTAR MANTAR.

For the Delhi abservatory, known as the Jantar Mantar, we have the following
approximately correct elements :—
Latitude 28° 37" 35" N2
Longitude 77° 13" 5" E. of Greenwich.
Height above the sea-level 695 feet.
Magnetic declination E. 17 45, in 1915, Annual varistion—1".
Loeal time 12 minutes 12 seconds after standard time.

36. The observatory is 3 miles 3} furlongs almost due south from the Pir
Ghaib, the Trigonometrical Survey point on the Ridge near to Hindu Rao’s
House. It iz also 1 mile 7} furlongs 49° west of south from the Jama Masjid.
In the projected new city the observatory borders (on the east) the toad leading
from the railway station to the Secretorint and Covernment House. It conse-
quently will be a notable feature in the Imperial Capital and, apart from its
historical value, it is desirable that it be made, by suitable surroundings and
proper restoration, as dignified as possible.

The general plan® (Plate XII1) of the observatory shows the following strue-
tures :—

(a) The Samrd Yantra (°Supreme instrument’ ) a huge equinoctial dial.
Figures 40, 43-46 and plate XV.

(b) The Jai Pruk&é’; consisting of two hemispherical at-mcmms__ﬁust to the
<outh of the Samrat Yantra. Figures 41 and 42 and plate XVIIL

(¢) The Ram Yantra/ consisting of two circular buildings to the south of
the Jai Prakas. Figures 41, 47-49 and plate XVIL

(d) The Mifra Yantra (‘mixed instrument’), north west of the Samral Yanira.
Figures 50 and 51 and plate XIX.

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

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

37. The Samrat Yanira is the central building of the observatory. It is
the largest and most imposing, although & considerable portion of it is below
the surface of the earth, It is, indeed, built into a quadrangular excavation
gome 15 feet deep, 125 feet from east to west/and 120 fpet from north to
gouth. The structure is 68 feet high, of which 603 feet is above the earth’s
curface : 125 feet from east to west and 1135 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 point to the celestial

1 [n 1734 Faother Boudier, who helped Joi Ritigh, obtained 28° 87 N, and 75° 0" Fast of Paris lor the
Delhi observatory. Rernel gquotoes Boudier as giving longitude 77° ¥, {(The long:tode of the Paris observatory
ia 2307 13- 5° E. of Greenwich.) Huntor gives Lat. 23 47° 96" and Jong. 77 2° 27" E.  For the latitude Jui Singh
ohbtiined 28 30" 07, Hes page 129, .

3 The Dolhi plans were prepared for me by the Public Works Departmuil, u.,,,d.,Lm saps Inten-ho 1o
of Mr. Glen, Exsoutive Engineer. F =

$ For the theory of the inll:ntm-lmtéﬂ - 96.
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north pole, that is they 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 35) 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 symbols, 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 40 the time is about ten minutes to four
in the afterncon. The sun’s deeclination is found by observing 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 Shashthdmsa Yantra. This is a large graduated arc 60
degrees in length  built in the plane of the meridian ; and through a small
orifice mear the top of the quadrant the sun, as it 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
in 1910.

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

The lower part of the structureis now, more or less permanently i 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 1o 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 Samrdt 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 staircases (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 face of the quadrant.
The graduations on the edges of the gnomon are scratched into the lime plaster
surface and are becoming obliterated.

* Jai Bingh gives 18 cubits ns the radiug and one minute as wiual to o -hn.rluj'uurn nud-s-hall, Bee

page 13,
! The time scales are on the upper surface of the quadrants and the digree scales oo the extrenie edyes,

The Furopean symbols were probably introduced at the restoration in 1010,

1 In Deeember last a Triginometrical Survey party was using the top of the gnomon as & point of ob-
gorvation ond found the dial in the way. The pillar as it was originally designed was exactly suitable for
their purpose, ' ;

3 {n January 1016 its maximum depth was about 4 fest while at the end of August it was 3 feet deeper.

b oo Profsce to the Zij Mubammad Shahi p. 13 above.
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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.

28 The Jai Prakas consists of two complementary concave hemispheres
situated immediately south of the Samrit Yantra. Their structure is best seen
in plates XVIII and figures 41 and 42. Theoretically_only a single hemisphere
15 necessary, butr,\'t_u facilitate observation  pathways are cut into the surface ;
and the second Jai Prakad 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), ete., 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 is 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 been 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 Prakas. Hunter'’s words are :* Between these
two buildings, (i.e., the Rim Yantra) and the great equatorial dial is an instru-
ment called Shamlah. 1t is 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 twenty-seven feet five inches.” Thorn uses 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 of them
had disappeared. :

30. 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 figures 39, 41, 47-49 and in the plates XIII and XVII. Each consists
of a cireular wall and a pillar at the centre. The height of the walls and

pillar from the graduated floor/is equal to the inside radius of the building’

measured from the cireumference of the pillar to the wall, viz. 24 feet 6} inches
and the diameter of the pillar is 5 feet 3} inches. The walls and floor are
graduated for reading horizontal (azimuth) and vertical (altitude) angles. To

! For a more dotailed account of the theory of the instrument see p. a7,
& |
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or is cut up into thirty sectors with the spaces

facilitate observation the flo
sectors, viz., six degrees. The

between of the same angular dimensions as the
graduated sectors are supparted on pillars three feet high so that the observer
can ‘ place his eye’ at any point on the scale. The graduated walls are
similarly broken up by openings, at the sides of each of which are mnotches
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 is replaced by an iron tod. At Delli the pillar is graduated by vertical
stripes (see figure 48), each six degrees in width, and these are neceaaaryf_;na
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 ind drawings show that no important
ctructural alterations have been made during the last century. The Daniells’
picture (figure 41), however, apparently shows a different entrance to the mnorth

Ram Yantra.
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40. To the north-west of the Samrit 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 & gnomon with two graduated semieir-
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" E.! 4

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 i
and “ Serichew a town in the Pic Island in the Paeifio Ocean east of Russia’
latitude 48° 6’ and longitude 153° 12’ E.”

Let AB (figure 36) be the edge of the Delhi gnomon and ABD in.the plane
of the Delhi meridian. Let ABE make an angle 8 with 4BD then ABE represents

> a meridian at a place whose longitude difference from Delhi is §. Let o, )
= denote the direction of the sun when it is in the Delhi meridian/ then the arc
DP will measure its declination ; and if CX, be the direction of the sun
when in the plane ABE/ then EQ will measure its declination. On the Niyat
Yantra /the semicircle ABD is not marked but ABE '“étnfrespunda 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-
K noctial dial constructed on the same principle as the large Samrat Yantra. On
the west side of the building is a second quadrant, the face of which is hori-
' zontalﬁ'inatead of being parallel to the axis. It iz called the Agra 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 Dakshimo
’ . vritti Yantra | used for obtaining meridian altitudes, The north wall of the

Misra Yantra is inclined to the vertical at an angle of 5 degrees (figure 51j
and is marked with a large graduated circle. This is called the
Earka Rasi Valaya or * Circle of the sign of Cancer.’ As the latitude of Delhj
observatory iz 28° 37’ 35", and the obliquity of the ecliptic is 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
3 of the centre pin falls on the graduated circle. This may be the northern dial

E referred to by Jngmmﬂthl (see page 39).

‘ * Theso are the angles given by the Pandits but according to the messurcments of the engineers who
prepared the plans the angles are 77% 18, 09° 50% 09° 42’ snd %7° 22 They are diffioult to measure
acvurately.

& This implies that the longitude of Delhi was taken sz 77° 168° E of Greenwich, Tt f= really 77° 310 5°,
Zurich obeervatory i §° 34" E. of Greenwich,

* Tt may be noted that Greenwich observatory was founded in 1675 some 50 years before that at Delhi
was built but that Zurich observatary did not come into existonce until 1750, some sixteen years after Jaj

: Singh's death,

A
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41. In the front of the Miéra Yantra is a platform 47 feet by 43 faet on
which are traces of a quadrant of 20 feet radius. This platform was prnhahlv
used for making measurements when the instruments were being constructed
or repaired. >

To the sonth-west of the Mifra Yantra are two pillars 17 feet apart and this~
line joining their centres points 35° 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). 3

Hunter states that to the west of the Mifra Yantra and close to it ‘was a
wall in the meridian with double quadrants. Jagga.nﬁth Jai Singh's assistant,
recorded! that in the year 1651° of the Salivihana 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 SBamrit 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 Shaki. There is some uncertainty
about the date of construction. Pandit Gokal Chand gives A.D. 1710 and Sa’id
Ahmad Khin 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 exaltedl 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®ts of an observatory.” This seems to indicate that the construction was
started after Muhammad Shih ascended the throme. 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. Jagannith 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

L 8w pr.gu!nuiﬂ.nntpngnﬁﬁ

r A D 1720,

* Delhi.

4 Mphammnd Shih ssceoded the throne in 1719 (Ootober Dth). y
8 Thom sayn : ** The third year of Ihrnlgnoillﬂhlmmndﬁhihutl'iL
¢ See page 1L

T Bee page 12
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to be unsatisfactory, hnd__ therefore he constructed * instruments of his own in-
ventinn;'auch as Jai Prakié and Rim Yantra and Samrdt Yantra ......... of stone
and lime of perfect stability, ete.”” In Jai Singh’s time  therefore, the observa-
tory probably consisted of the Samrat Yantra, the Jai Prakas the Ram Yartra,
a mural quadrant, and some metal instruments. Of the present buildings /pos-
sibly/ the ‘Mifra 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 Claude 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 on record ro description of the
observatory or the instruments.

In 1785 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 Miéra 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 twao
upper 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 gquadrant (Agra Yantra) on the west side. Referring to the Samrat
Yantra he states * It is built 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 1803 Major William 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.

=

2 i, 378.

E i:d;u'mul of the present State of Delhi. By Liout. Franklin, Asiatic Reserches, vol, iv., 1805, p. 431.
Muhammad Shik's mign commenced in 1710, and Jai Singh died in 1743,

3 Awmatic Researches, v, 1708, 1771

4 He does not mean that he measured correetly to a thousandth of an inch but that it was npproximately 23

inchea, The radine was consequently about 13} feet. . x
& Memoir of the War in India conducled by General Lord Lake in 1818, p. 171

® Oriental Scenery, 1815, part v, plates XIX and XX. The original drawings for these plates must have
b en made 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; bub 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 ted sandstone and bricks and the ascent to them is
by handsome winding marble stair cases.”"

Next comes Sa’id Ahmad Khan's description® which was translated by Gargin
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, ete.”

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

44, Past Restorations. Sa'id Ahmad Khin tells us that in 1852 the Raja.pf
Jaipur partially restored the Samrdt Yantra at the request of the Archmological
Society of Delhi; and in the Proceedings of the Delhi Archaological 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, it 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 Mahardja 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
Praka$, 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 & soft black stone very neatly
inlaid in the surface of the quadrants. The graduations in lime are already
becoming obliterated. On the top of the gnomon of the Samrdt Yantra a sun-

dial of European type was erected.
On each instrument a tablet giving the name of the instrument, the date of

3 Trapels in India, London, 1845, p. 40, (The account is mot relisble and 1 am inclined to think/
von Ocich never visited the observatory ; but what he suys ls the sort of thing that oeccurs in many
guide books).

+ Athdr al-Sanadid 1852, Reprinted 1876.

3 Journal Asialique V. xv, 1860, 536[

& Carr Stephon—The Archaological and Monumenial Bemains of Delhi, 1876 ; and H. G, Fagshawe, vk, -
Past and Presest, 1002,
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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. Fature 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
of 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
usedr_’and at Benares the latter only. Marble ,or some other suitable stone
should be employed.

The Samrit Yantra (figure 40, ete.) is the most important of the instruments
and every effort should be made fo preserve it permanently. Its 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 patics ol
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 t.a.kauhthe chief instrument of the observatory
will be utterly ruined. When the water has been excluded the chamber con-
taining the Shashthirmsfa Yantra described above (page 42) should be opened out
and the instrument put in working order.

The main graduations on the quadrants of the Samrit Yantra are suitable!
and need not be restored at present but the graduation on the edges of the
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 is/
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 pillar ‘or to
Pl&ﬂﬂ around it a mﬂingfor PmtEBﬁD]]. (A-U- examination of the Jﬂipur gﬁumun
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 yand should be made perfectly level.

+ ¥ It was & mistake, I think, to introduce Enropean measures 1 nd sym bols and 1 should like to sen the odges
/" aood with marble as criginally they were, and the old graduations replaced.

a
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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 Prakad 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
s0 exposed and consequently not so liable to deteriorate as those in the Jai
Prakas. The walls of the Ram Yantra at Jaipur are in marhle hut there the
instrument is much smaller than that at Delki,

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 qund.rnnt described by Hunter (see page 47) and no longer in
existence mlghl: be rebuilt. It was originally to the west of the Miéra 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.

¥'Two of the pressnt tablets are too distant to be read with ease.

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

* Kark Rashi Balay Yantrs, Restored A.D. 1910. Tested by Jotish Gokal Chand Bhawa, for finding the longi-
tuﬂtn{thuunwhmm&mrarthupnmtminih]’.ﬂpﬂnmmmthnphuu!lluﬂh:.









Cuarrer VIII.—JAIPUR OBSERVATORY.

The elements for Jaipur Observatory are approximately as follows :—

Latitude* . . . . . . 26T

Longitude . . - - . . 15749 187"

Height above sea level . g . . 1,082 feet.

Magnetic declination . s . .  E.1°45' in 1915,

Local time . = 18 206 minutes 43 seconds after standard time,

46. The observatory is mthm tha palar.:e precinets 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 crt]r 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.
Samrit Yantra . - L = . ~ » » « Plate XXI.
Shashthinss Yantra . . o ‘ . . . .
Risi Valaya . . . . . o/t Vs « . Figures 54 and 55.

FAPREM ' v 5w e e Ca o e e e 30.
Baplarsl s o f i = By e b sEm @Ta g ey 1 BE
R YR o B S mat o ome W o gwes; BE
Digshéa Yantrs . .. . « + & . . PaeXXL

Smaller Samrat Yantra L o s . . Figure 52.
Nari Valaya Yantra . S T T
Dakshigovritti Yantra . . X . ! 5 N : » DB.

(Chakra Yantra . W e . . - . Figure 57.
{Kriinti Yantra . 1 - . . . 5 . 2 = B3.
‘Unnatabéa Yantra . . . s ° s =

Yantra Rijaor Astrolabe . . . . . . . Figures 28and 29.

Astrolabe A - . . L . 4 . . . FiguresGand 7.

= B : g : . . . . . . » 6,8and13.

L D 5 . : » - . . . » 10, 11 and 14.
hqﬂnmhbﬂ - . . . . . . . T Igﬂnﬂdﬂﬂ.
Miscellaneous : . = . A . P . A w28, 27,

1 The position of the palace minaret (Isri Lit) about 200 yards to the west of the ubservatory enclus-
ure, is Lat, 26° 55" 274" N., Long. 75° 40° 185" East of Greenwich. Tiefonthaler gave for Jaipur 26° 53
. ond 74° 43’ East of Paris. Futher Boudier gave for the observatory Lat 20° 66" N, and Long 78°
g0' E. of Pards. Bee page 6.
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a2 ASTRONOMICAL OBSERVATORIES CF JAI SINGH.

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 is graduated to read to seconds but this is
impossible in practice owing to the ill defined shadow (ie., 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 Shashthaméa Yantra, or sextant instrament, 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 are: 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 Samrit Yantra, but tf:'i: 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 thesun’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 Prakas is constructed in the same manner as the
Delhi instrument (Plate XXI and fizure 30). The prineiple 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 Kapdla is 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 Praka$, 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 11} feet and is a

1 4 he colours have since dissppearcd,

"
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ASTRONGMICAL OBSERVATORIES OF JAT BINGH. 53

complete hemisphere, that is, no pathways are cut as in the Jui Prikas. The
graduated rims are in marble but the remainder of the surfaces are in lime
plaster.

Riam Yantra.— There are four instruments in white marble (plate XXI and
figure' 59) but all of them are quite modern (? 1801) and were made according
to Jagﬂnnﬂ.th’s instructions. Im 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 oceupying 12° each in
one instrument and 18° in the other. For an explanation of the construetion
see p. 37.

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

Nari Valaya Yantra.—There are similar instruments, but mich smaller,
at Ujjain and Benares. The instrument at Jaipur is a masonry cylinder 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, Mahirdja Purtap Singh.

Dakshinovritti Yantra.—The construction of the Dakshino Vritti Yantra
or mural quadmnt is clearly seen in plates’ XXI and figure 56. It is of the
game principle of the' similar instruments at Ujjain and Benares (that at Delhi
hias 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 mdius. 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 Ai 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, whn 'with another priest visited Jaipur in 1834
and made observations. He nmlma no references to the instruments® and they
wete possibly only in' the course of construction at the time of his visit. He,
however, mide observation’ for the determination of the latitude and longitude
of the observatory itself.’

Tieffanthaler’s deseription* of the observatory is as follows :—

“ But a place that deserves detailed description 18 that' where astronomieal
obiserviations are made: it is 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

! Iy tho peneral plan (plafe XX7) the sapporting masonry work is mot shown but see figure 53
8 Npither does he make sny referénoe to the instrumoents at I}e]h{ u]r.huugh hit made obserst gtions thern

long’ after the” obsrvatory was  buill

3 Leitres &lifianies, otc., pp. 200.200, Soe pago 6.

& Des Pater Joseph Tieffenthala’s historisth—geographisshe Beschréibung cm Hindustan, 1783, wol |,
p. 244, French ed!tion, p. 316 /.
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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 jand some astrolabes made in lime, also a meridian line and
a horizontal dial engraved on a very large stone. g

“ But what attracts most attention is a gnomon (azis 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
gﬂ:uaum;'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 it will indicate the declination on the ground.

“] 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 Ra&i Valaya was added after Jai Singh's reignj-"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 1801 and in 1901 His Highness the present Mahiarija 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-
o 112 Puris feet=128 English feet spproximately,

*70 Paris foot=74} English feet spproximately.
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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, iz 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 restamtri?n 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 instraments! ‘but not in sufficient detail for purposes
of comparison.

Lieutenant Garrett’s work has been somewhat severely eriticised in one
respect.’ He found the Raéi 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.

MEASUREMESTE OF GNOMOES MEASTREMENTS OF ONOMONS

BEFORE ALTERATION. AFTER ALTERATION.

Signs.

Azimuth. Altitude. Aszimuth, Altitade.

(] i (-] L -] ¥ o L

Aries . : g e @ —2 0 27 0 —25 56 24 33
Taurus . 5 e e & —21 30 15 30 —31 17 14 23
(lemini . ST —12 30 70 —12 19 6 36
Camcer « « » = . 00 3 30 00 328
Leo o W 12 30 70 12 19 6 36
VHEnY & o e 4 s - 21 30 15 30 21 17 14 25
Libra S o 26 0 27 0 25 56 24 32
Scorplo . . S S 26 0 38 0 25 37 35 33
Sagittarius - T 18 0 46 30 17 40 45 42
Capricornus . 5 0 0 50 30 0 0 50 22
Aquarive . . v —18 0 46 30 —17 40 45 42
Pisces . —% 6 38 0 —25 37 35 33
Maximum alteration 0 20 2 28

' London Indo-Colonisl Exhibition in 1886, Handbook of the Jeypore Courfs, pp. 59-62.

3 Indian Amjxm, 1006, p. 34
N



Crarren IX.—UJJAIN OBSERVATORY.

Latitude . . . .| | | apoaeNn

Longitude . . . ., | | g 4{7 0" . of Greenwich.
Height . ¢« » . . 15600 feet,

Magmetic Declination . . « . 07457 K. (1915).

Local time is 26 minutes 52 seconds aflter 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 about a quarter
of w mile to tlie ecast of the observatory is seen tlie 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 is a small and apparently fresh nullak
quite. close by and the foundations of the Digamméa Yantra have already been
partly worn away,

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

(@) The Samrit Yantra.

(b) The Dakshino' Vritti Yantra,
(¢) The Nam Valaya Yantra,
() The Digariéa Yantra.

These are all' in a: state of ruin. The foundations of the Digarnéa 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
18 possibly due to the faulty structure, for the foundations for this heavy mass
of masonry seem to be inadequate. The Samrat Yantra is 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 size as the one at Benares and the smaller
one at Jaipur, namely, 22 feet high, the edge of the gnomon 474 feet, and tle
radins of each quadrant 9 feet 1 inch. In 1796 or thereabout, when Himnter
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 ghomon  and.
perpendicular to its edge. From: the peints (H, F} where these lines meet the
edge of the gnomon seales 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 plate XXIV
and in figure 62, The masonry work is fairly intact but the graduations have
disappeared. The instrument was originally something like thg
(figure 56). It consists of a wall lying in the meridian ang on its east face was
a double quadrant the ceutres of which were at points near



-'q-."r:'F FOR






ASTRONOMICAL OBSERVATORIES OF JAL SINGH. 57

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. Om 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 Agra 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 Puebha 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
Samrit 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 ghafis and subdivisions. The styles and graduations have disappeared.

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. Conecentric 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 ~walls 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 Digamda 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 189). Tuare is no record as to whether or not the instru-
ments were ever used for actual systematic ohservation but we know that before
the end of the eighteenth century they had ceased to be so used.

i Thero is some ambiguity in Hunter's referomoe but Fanny Parkes (Wanderings of a Piigrim, eto.,
II, %09) turns it into » eertainty for she says: “ The observatory st Oujein hns gince bein eonverted into
an arsenal and foundry of camnon. Her irformation was obtained from Hunter.
"
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The earliest known description of the Ujjain observatory was by the Jesuit
priest, Tieflenthaler. 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 astronomieal 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 s'de of this is a quadrant of
a geometrical circle; also a dial made in lime and a meridian wall in stone.”

The only other acecount 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 in the 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,
(i) The ground surrounding the instruments should be levelled ; the trees, re-
moved, ete. (iil) For the particular instruments the following suggestions are
made : (a¢) The Samrit 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 stone on a secure foundaticn. (¢) The Digamfa 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 ofyvn of the Greeks) or Avanti as it was often called, is
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—geogruphische Beschreibung von Hindustan, vol i, 246. ==
* Asigtic Researches V, 1799, p. 14 L
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ASTRONOMICAL OBSERVATORIES OF JAI SINGIL 59

In the Paiichasiddhantika (xii, 17) we read: “ Ujjayini is near to Lanka,
being situated to the north on the same meridian: hence the noon 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
nddilkds arising from the difference in longitude from Yavana are seven and a
third in Avanti, nine in Viripasi.'” (iii, 13.)

The Sirya Siddhdnta (i, 62) says: *‘Situated upon the line which passes
through the haunt of the demons® and the mountain which i1s 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
Lanki with Meru divides the dwovuém 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 Lankd with Meru and passes through Ujjain. 8o they report
on the authority of Pulia®. But he was much too intelligent not to have
known the subject better. The times of eclipses prove that statement to be
erroneous, and Prithusvimin 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 Ujjain is 4} 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 4% 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 Almangiira,® which the author calls Brahmanavita, ie, Bamhanwa,
viz., latitude of Ujain, 22° 49'; latitude of Almansiira, 24° 1’. According to the
gsame book, the straight shadow in Lohdniyye,” i.e., Lohariini, 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.”

! Yavann is Alexandris whose longitude is approximately 20° 51" E of Greenwich. Seven and one.
third migikis=2 hours 58 minutes=44 degrees and 0 nddikds=54°. Theso give the longitude of Ujjein
oand Viaripasi (Bopares) as 73° 517 and 83° 51°. Their longitudes are spproximately 75 47" and 83° 0° 44",

¥ Lanki.

2 Moont  Merm.

L Alberunis India (By E  Sachaun) i, 316

% 3 At Mathori according to Albermni (i, 8508). Rohitaks, he says, & in the district of Multan, It
wis deserted in Alberuni's time,

*1 FL cirea AD. 400

TE Died A, 796, sow Suter, p 4

*This mnst be an equinoctial shadow length, which gives & latitade of tan | & = 20° 57§ roughly.

12
The correct latitude is about 23° 10" which gives & shadow of 50, digits.
* Thin is given on the * Jaipur II' astrolabe with lstitude 27° 40° North. Bee p 127,

® Porhaps the AwylBage of Plolemy, o} -ﬁ = 25° 15" nearly.
& |

\s
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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, ete.”

Bhaskara in his Siddhdnta Siromani (Gamita vii, 2) writes :—* The line which
passing above Lankd and Ujjayini and touching the region of Kurukshetra and
other places, goes throngh 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 circum-
ference, north of the equator. This is equivalent to 22} 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 dapdas or 720 minutes high and
hence the latitude = tan—13} == 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 Archeology and the Surveyor-
General, been produced. The Trigonometrical Survey point on the map is Hill
1678 whose longitude is approximately 75°46'44” and latitude approximately 23°
11" 6" North. It is 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 Jaj 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 obh-
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,

¥ Guerin, dstronomie dndienne, Pacis, 1847, P 148,



CrarrEr X—BENARES OBSERVATORY.

Latitnde . . - . . . 25°18'34-9" N,

Longitude . : < % ; . 83°0 46-1" E. of Greenwich.

Height above sea level . . . . 300 feet.

Magnetic declination . : ; . E. 0° 45° (1915).

Local time . . 2 minutes 3 seeonds before standard time,

56. The observatory is situated on the roof of the old part of the building
known as the Minmandira, which was built by Min Singh, a Riajah 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
Karniki ghat and 13 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 in its general
appearance,” writes Fergusson,'  (it) has on the river face a balconied window,
which is a fair and plessing 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, Bawdil Jai Bingh 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 Digamhéa Yantra is seen above the three balconied windows.

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

The larger Samriit yantra (44), the Narivalaya yantra, the Chekra yantra (CC),
the Digamiéa yantra (DD), and the smaller Samrit yantra.

On the east wall of AA is a double quadrant or Dakshinovritti yantra
and to the south of AA is another Dakshinovritti yantra not shown in 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 is 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 8%
inches long and the radius of each quadrant is B 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 dises, the one towards the north edge being ins-
cribed in Indian characters while the one on the south is in Kuropean
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 (sce page 36). A comparison between

1 4 History of Indian and Eostern Architeeture, ol i, 178,
2 Compare Campbell's drawing (e. 1773) figone and Prinsep’s (. 18256). Tho latter b= given in Benwres
Hlusirated by 3 series of Drawings, by Jumos Prinsap,



62 ABTRONOMICAL OBSERVATORIES OF JAI SINGH.

a drawing made about 140 years ago (figure 67) and a recent photograph (figure
66) shows that very little alteration has been made, the only noticeable being
the inlaid metal discs already referred to, the employment 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 quadrants is a platform (shown in the plan) for the ohserver.
Apparently in 1773 these quadrants were not in existence (see figure 67) but according
to Pandit Bapu Deva Sastri they were there in 1865.

The other Dakshinovritti Yantra is a self-contained instrument consisting
of a wall lying in the meridian on the east face of which are two quadrants
each of 7 feet 9! inches radius. 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 deseription 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 inches. The circles were possibly used for construction purposes.

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

The Nari Valaya (‘ circular dial’) or Uttara dakshino Gola (north and south
dial) is a cylindrical dial—the axis of the cylinder pointing north and muth/
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 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 ecan only be
used for sun observations when the sun is north of the equator. The inserip-
tion on the instrument reads:— Narivalaya Dakshin and Uttra Gola. The use
of this instrument 1s 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 an iron 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 is to measure azimuths

! T'here is some indication tha. this instrument was originally made [or northern observations ouly, S 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 Digarmsa 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 is no space
to sccommodate 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 Papdit Bapu Deva Qastri in 1865,

The Chakra Yantra is shown in the plan at CC. It is an equatorial and
was common to most mediwval 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 is fixed
go 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 clrcle] in the plane of the equator (figure 65). There
is no pointer for this hour circle, and /according to Hunter 'there was none in
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 is 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
'*ﬂﬂi’?m R S T T (e

Fia. 08. Tone Famas o Homse
' Phil Trans. Royal Soc. 1793 i 45
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18 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 medimval Europe it was
generally made into some semblance of a horse's head (see figures 24), * Thorw
which Pyn,” wrote Chaucer, * ther goth a litel wegge which that is 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 Muslimg and the example on the Clakra 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 deseribed by Fergusson and Havell. 7

The astronomical instruments were added by Jai Singh about A. D. 1§37.
The date is not certain and nearly every writer gives a different one. Sir
Robert Barker, who was almost a contemporary of Jai 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 wvisited Benares in 1734 and made astronomical
observations there makes no mention of the observatory. Jai Bingh himself
tells us that in order to confirm the ohservations made at Delhi he constructed
mstrurents of the same kind at Jaipur, Mathurd, Benares and Ujjain : and the
Delhi observatory was probably built about 1724 : that at Jaipur was built
in 1734 and William’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 deseription 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 Campbeil,
Chief 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 Narivalaya and the small Samrdt appear to have been

VThis s the date given by Willisms, who, on all points that can be .?aﬁﬂnd. is oxtremoly reliable,
Bee 9. 130,

* dir Robort Barker lived from 1720.1789 and went out to India in 1740 six yoors aftor Jai Singh's death,

* Tavemitr dind in 1679, thres yoars after Jai Singh's birth.

4This particular mistake I8 repestod in the Encyelopodia Britamnica, wvol. 3, pe Tl4,

f Bir Robert Barker left India in 1773, His notes and the drawings were probably made im 187273,
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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 Valaya 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 very 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 Bir Joseph Hooker made excellent drawings of three of the
instruments and in his diary rtecordst that * the observatory is still 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 mecessary 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. Jn 1912 the present Mahiraja of Jaipur ordered the complete restora-
tiop 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 mice 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

LAD 1737 TAD. 1743
1 Himalagan Journals, 1854, pp- 7477,
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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 & better set of instruments could hardly be devised. But, apparently,
astronomy is no longer studied at Benares, Ujjain and Jaipur.
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CeapTER X1.—MATHURA OBSERVATORY.

61. The old fort, at Mathurd, known as Kans ka kila was rebult by Rajn
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 confractor
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,

L]

eto.

Tieffenthaler and Hunter give brief descriptions of the Mathura observatory
and as these appear to be the only actual descriptions preserved they are given
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 d'ameter; 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 gs, Res, V. p. 180.

*The fort was built by Man Singh.

 This description is interesting ns it corresponds to the instructionus given by Jagannith (see p. 30),
The Benares dial is similar and possibly had only a north face originally.

& Thers is & similsr pillar on the Jaipur instrument (see plate XX, figure 63), and slso one on the top
of the gnomon of the Samrst Ysatra 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 has some appearance of being
of & 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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CuarreEr 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 it is 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 Muliammad
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, ete. 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 type 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 wvery large volume by
order of the illustrious JAva SiNeHA 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 bea Sanskrit trans-
lation of Nagir al-Din al-Tisi's edition of Fuclid's Element;. 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. “ Herevived Hindu astronomy, " it tells us, “ and gave
such an impetus to its study as had not been known in India since 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-
sons between his work and the traditional Hindu theory and practice.

L The workn of Sir William Jones, with ihe Life of the Author. By Lord Teignmouth, wol, iii, p. 249,
Sir W, Jones was usunlly wrong on astronomicsl matters, He emphasises bis own mistake in this instance
by his caution to others : * Provided,” be says, * that the utmost critical sagacity were applivd in dis-
tinguishing such warks"

*Pp 19,20, 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, (ii) Muslim and (iii) European.! Jai
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 Furope
were too recent to be fully appreciated.

Hixpv AsTRONOMY.®

64. There is a certain amount of very interesting mythological astronomy
recorded in the Vedas but the earliest formal Hindu astronomical works are
the Jyotisha Vedinga 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
system in India was largely discarded and the system in vogue in the Greek
schools was imported and assimilated. In the Paiicha Siddiantika of Varaha
Mihira we possibly have summaries of two western books—the Paulifa and
Romaka Siddhdntas, but quite apart from this there is abundant evidence to
show not only Greek influence but Greek domination. The representative Indian
work that exhibits the astronomy of this period iz the S#rye Siddhdnta. 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 Sirya Siddhdanta as authori-
tative and other works are not essentially different.

Such are the facts but there has been an extraordinary amount of mis-
conception current. According to Hindu tradition the Sarya Siddhanta was
composed some millions of years ago.* Bailly towards the end of the eighteen
century considered that Indian astronomy had been founded on accurate obser-
vations made thousands of years before the Christian era. Laplace, basing his
arguments on figures given by Bailly, decided that some 3,000 years B.C, the
Indian astronomers had recorded observations of the planets ecorreet to one
second ; Playfair® 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

2 The question of Chiness infloence has not been consilersd ; but it = interesting to note thatin the
seventeonth centary the French Jesuolis belped the Chiness in their sstronomy ; and ot Peking n fow years
s wore several large instroments, supposed to be designed by Father Vorbiost, copied from three of
Tycho Beahs, snd also some Muslim instrumonts of an eatlier date. See G. Forbes History of Astronomy
P TRTT L

T The fol'owing notes atlempt to give very briefly only o fair notion of Hindu astm

! 3 ! ] nomy. No attomp:
has been mede st completeness, For forther information rofercnco should be made to the m:{h m':m:m t:d
in the annexed bibliogeaphy (p.141 seq.). "

* Tho satronontical notions of the enrly Christinn writers were often far more shanrl., Ses

¢ Grga Siddhanta, i, 2-3. i S

* Afterwands both Laplace and Playfair recanted. BSee my Hindu Astronomy.
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the researches of Bentley, Colebrooke, Weber, Whitney, Thibaut and others more
correct views were introduced ; and it has long been known that the figures used
by Bailly are comparatively modern.

Vedic Astronomy.

85. Vedie Astronomy is more poetical than exact and it is of interest, apart from
jits 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 gntiquity for the Vedic writings; others
do not accept their views.

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

In the Rig Veda two asterisms only are mentioned, Maghi and FPhalguni;
but in later Vedie texts (eg., A.V., xix, 7, 1-5) a complete list of the 28
nakshatras or asterisms is given. This list is headed by Krittikds or the Pleiades,
which marked, it is believed, the vernal equinox of the Vedic year; and this
is a foundation, although not a very secure one, for Vedic chronelogy.!

[f the vernal equinox was marked by Kpittikds then the period of fixing
this was about 2350 years B.C., when the vernal equinox was approximately
of the same longitude as Alcyone (% Tauri) the brightest of the Pleiades. But
the only evidence we have is the occurrence of the list of nakshatras with
Krittikiis at the head and, if the assumption made is true, the only legitimate
conclusion is that thig list must have been prepared at some time after 2350 B.C.
It may hove 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 Krittikias 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 tha 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 (S.B. 1II, 1, 2 *), fixes the
age of its composition at 3000 B.C. The words *They (the Kmttikas) do
not move from the eastern quarter while the other asterisms do move from

! Acoording to Alberuni (11, 8) in his timo the yoar was commencoed with Chitra, Bhidempadi, ZTphttika, oe
Mrigniras according to lreality or prediliction. See also Fleet J.E.A.8., 1016, p. 570,

® Opher translationa give ** the twelve montia."

B [udinn Antiguery 18395, XXIV, p. 245
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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 mnot
later than 3000 B.C.” Many otber 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
references to eclipses which Ludwig, with some skill, has attempted to identify.

Vedanga Astronomy.

66. (a) The Jyotisha Vedaiga' and the Siryaprojiapti contain the earliest
formal astronomical statements. The former introduces the 5-year cycle of
1830 apparent solar days. The year was tropical in theory and contained 366
apparent solar days and was therefore too long. The sidereal year was 367
sidereal days. The lunar day or tithi was §j of an ordinary day, hut was
reckoned as equivalent to an ordinary day for calendar purposes, one tithi being
omitted as oceasion Tequired. There were 27 nakshatras each supposed to
occupy - = 13} degrees of the ecliptic, and each nakshatra was considered
to be divided into 124 equal divisions or asas. The sun therefore traversed
5% 27 asterisms in the five year eycle or % amsas a day; and to traverse
one nokshatra it took 13} days =18 days 335 kalds, since there are 603 kalds
in one day. The moon traversed "7 —2% nakshatrds in one day and one nakshatra
in 1 day 7 kalis.

The five-year cycle appears to have commenced with the winter solstice
and Sravishtha is said to have marked the beginning of this cycle, and also
the beginning of the sun’s progress, and also the winter solstice—all of which
are in agreement. If Sravishtha is to be identified with 5, a, ¥ and & Delphin
(as it usually i) then it marked the winter solstice about B. C. 1100. But
a list of asterisms given in the text begins with Advini (3,and y Arietis), which
marked the vernal equinox about the beginning of the Christian era. The
Vedinga states that during the northern progress of the sun the days increase
in length at an even rate of 1'57 minutes a day or 4 hours 48 minutes in six
months of 183 days®: the northern and southern progress are considered equal.

(b) The Siaryaprajiapti is a Jain treatise on astronomy that is similar in
many respects to the Vedanga. The Jainas held the old Indian idea of the heavenly
bodies revolving round mount Mern and as a corollary to this they
conceived two suns, two moons and two sets of constellations. The five-year
cycle began with the summer solstice with the sun in Pushya and Thibaut
thought® this was a correction, from actual observation, of the older Vedanga

i Fedasga is the name of certain works or clusses of works reganded ae auxili

pre g rally aonsidered as of & somewhat later date. uzilinry to the Veda. They
# The tahle of climates on page 180 shows that an incrense of 4} hours

of 36° 35° N., the obliquity being taken ma 23] degrees. For a greater obliquity i:om'mt !l.'n & latitnde
‘Thim_mmf precession of 17° 37 or a differonce of 1246 yesrs betwoon the Vediaga and

the Sargnprajispti but gives o caution 8s to the uncertainty of the deduction.
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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. Variha 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 Paichasiddhantikd consists of summaries of the Paitimaha, Visishtha,
Romaka, Paulifa’ and Saura Siddhiintas. * The Siddhinta made by Paulisa
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 Vedarnga stage but
adds the epoch of 2 Saka (=A. D.80). The Vasishtha Siddhanta appears to
represent the transition stage. It alters the longest day rule and introduces
shadow ealenlations 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) A cyele of 2850=19X 150 years, perhaps based on the Metonie eycle.
(b) A yeat of 365" 5" 55™ 12* which is exactly the tropical year of Hipparchus,
(c) The epoch of 427 Saka (=A.D. 505).
(d) Omission of mention of epicycles.
In the Paulia Siddhanta the following points are noteworthy :—
(a) A year of 365" 6" 12™.
(b) A special rule for finding the place of the moon.
(¢) Very rough rules for eclipses.
(d) Differences in longitudes between Avanti (Ujjain) and Varinasi (Benares)
and Yavana (Alexandria) are given.
() A table of sines agreeing with Ptolemy’s table of chords.

68. The Sirya Siddhinta 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.®

t Alborumi writes (i, 153): “ Panliza-siddhints, so called from Puaulita the Greek, frum the aty of

Samtra, which 1 suppose to be Alexamdrin

2 Varaha Mihim's summary of this work differs in some details from the text now in use but not
exsentislly, ¢.g., the length of the sidercal your in the two works fs: Old Sirya Siddhints 3654 6" 12% 36
Modorn Siryn Siddhinta 365 6" 19* 4556° The text now seccepted possibly dates from about AD. 1100
while the sarlier Jimit for the original Birys Siddhinta s about A.D. 400,

3« That subject which is the greatest mystery, which perplexes the minds of writers of astronomical

works.” (P8, 1§, 5)

K
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5. Planetary conjunctions. 8. Instruments.
6. Asterisms. 9. Time. Cosmogony.
7. Heliacal risings and settings.! 10. Astrology.

69(a). The topics dealt with in most of the lster Hindu works are funda-
mentally the same as those of the Sirya Siddhanta /and the following notes
apply fairly generally to all these works. The esrth isconsidered 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} radii 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 caleu-
lated by assuming epicyeles, 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 zodiae 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 introduced 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(h). 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 wads supposed to be at 3102 B.C.
and the cycle or yuga of recurring conjunction is supposed to consist of 4,320,000
years." The planetary elements are expressed in terms of this eycle as follows :—

Planct Rovolutions, Flanst. Revolutions,
Bum . . . . . . . 4,520,000 | Saturn ~ . ’ _- 1448 508
Morcury . = . . . i . 17.907,060 | Moon : Sidereal revolutions F 57,763,336
VYoona . . . . 5 & 3 7,022,378 e Synodie ar . 53,433,330
Mara .« - g - . - . 2,208,832 »  Bevolution of apsis . 488,208
Ju]-‘l - v . 4 . . = 304,220 " " w Dode . 2322354

2 For somo historical aceount of this topic see Bouché-Ledls 1 )
* Aryabhata sttompted %0 rovive the theory of Hernclitus that Li‘:ﬂ;o:g;iemﬂ:'pu 1117,

that produced the apparent motions of the heavenly bodies : own  revolution

thmh-mmrhmmma Mmmﬁ”hmmnmmumﬁ.
number 4,330,000 = 20 x 602 is snggestive of Bal ity

Nwmber of Plato, byloian influcnce. See alsoJ. Adam The Nuptial

¢ Aw Whitney points oot all these numbers i 1
to indicate thad the st two wore Intor adiditions, S¥eopt the lust two are divisible by four and this seoms
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There was, of course, no general conjunction at 3102 B.C., which period
was arrived at by calculating backwards sccording to the rules. Bently assumed
that at that particular time when the caleulation was made the positions of the
planets were known with some accuracy: he then calculated according to the
Sarya Siddhanta rules 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 Calculations.

70. The important elements in the Sirya Siddbinta are :—

A Years in the yuge or age . . . . | 4,320,046 A
B | Siderealdays . - ’ 1582,237 828 B.
C | Natuml or eivil days 1577,017,528 C=B—A
7y D | Solarmenths 51,840,000 D=12x A
" B | Siderasl montha . 57,753,336 E
7. F |Synodiomonths . 53,433,336 r=-E-A
B L S Intercalary months (adhimdsa) 1,593,336 G = F—D.
cl. M| Lunardays (66h) - 1603,000,080 H = 30 x F.
" 1 | Oumitbed usiar days (tithi Ksheya) . 25,082,252 I=H-C
(@) One of“the most frequent and most important calenlation s concerned
with finding the gana or ‘sum of days” that have elapsed since the beginming

of an age. Thus to\find the akargana for the beginning of the solar year 4204

x 1,595,336

= = 1583-3776
51516 —51,840,000 5

95,082,252 , A
1603,000,080 whenee the omitted lonar days are 24926-4879

ys is 15650565-8416.1

(5) Another characteristic example of the caleulations is concerned with the
equation of the centre (Kendra). The mean position of a planet was caleul-
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 (epicyele) whose centre lay on the circumference of the mean circle (de-
ferent) and the corrected position was calculated en 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

A

* For further dotails see my Hindu Asfronomy. Bontloy's general argumest b quite sound bot he
must not be secoptod ss relinble on all pointa
+ This round bout way i m#mhﬂbg_hyu.lmmntmxmﬂm The result may be obtainad

by waltiplying 12 « 4208 by - which is spprozimately 3045823 aad 12x 4279 x 30- 4323 150805585668,
x 2
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cning these two equations the ‘ True place’ of the planet
aloulation, is complicated and entailed very considerable
caleulations for the planet Venus for a particular position,

epicycles ; and by comb
was determined. The ¢
gkill of sorts. Here ar®
FOR THE EQUATION OF THE CENTRE FOR Vexus,
L=g8 18 1¥

CALCT LATIONS

Given mean longitude .
Longitude
Longitude of apsis,
Epicycle of apsis, E

Epicycle of conjunctions

of conjunctio™
A="

7 vﬂﬁﬂﬂ-

19° 52

¢ =10 21° 50

from 11° to 12°. Difference, A= 1°

E, varies from 260° to 262° Difference, A=20

First ealrulation 4 : Fourth raleninticn
Urieiiner | Seskme | TRMINGAY | aabia
— — i W L] ’ o md = 1 AR = = G _;-
Lungitude . . 2 [erass . |_4f.2g. LT +22 o 100w ﬂ‘__l.s&' :l;:a_;ﬂgfa
. Mean commutation = C—D 2397 2 geg7’_9g
= = 2% 14
a’. Equhd ﬂ.ﬂﬂmﬂ-l}" I P ] 5158735 _Tﬂ = B 15" 24
b, Bhujajul = Sin aor &' 080" . | sy’ 091’ 3000°
e, Kopjyd = Copuor a’ 1527° . . | 3369 368" 1501
d. Correction for epicycle “Ef. 147" . 12 i 12’ . g -y
e. Correctod opioyele = E—d o | 260°13° I 11%48" . 11°48" . . 260°13"
b! mn' M t »
3 e S « - |23 26 . . 2218
a0 . |
o L RN R not' . . e 104" 1118*
X Chal Baras = Srkgp F1° +| 20 548 . . 3458 067"
i _Ef ; .| 1616 . . | a1 i 295" 1505,
i gy T g : . + 2677 | + 0°23 . L + 95°50"
The true longitude is theretore rine +26° 59 — 14° 38°

i be divided into 3438 equal purts which
The rudins(r ha‘uppﬁdﬂdm s .._q are a8 8 matter of convenience
ekl min'.ﬂﬂh}l-l’lﬂl the sines, tho, (bhupajid, kofijys, chala karma, ete.), ore expressed in torms of this

¥ 1 LR
radius (soe my Jndian Mathemahed, P - ;
The okl for upiu;ﬂ‘h‘ are simple proportions : the differcnce for ™° i A, what is the diférence

izt Aaade’t: ha: ipeanwions o e eployuio By expremtel M Fpmad; che, ik % ey Whal 0 Hnin
the radius of the epioycle) 2 ¥ r Ay 3 the ntmibur of degrees : 360.

71. A great many interesting topics must be omitted in this brief sketch
of Hindu astronomical theory. Aryabhata taught that the earth revolved upon
‘s axis and A proper explanation of eclipses but was not approved. The
works of Brahamaguptd and Bhiskara have considerable interest in matters
of detail but do not differ fundamentally from the Sirya Siddhanta, Indeed
since the time of nnmpusitinn 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, (ii) the Arya-paksha, (in) the Brahma-paksha and these only
differ* in matters of detail.  For example a distinctive featueis the lengths of the
year* employed. These B e = )

(i) Saura-pakeha yar 365* 6 13% 3636
(iii) Brakma- ksha vear 660 6= 12= 30-915

R 3
I Roally the Aifforentisticn 18 o geographical one. The Sirga Siddhdnta is the standard authoricy
in the greater part

of Indin but the first erf:-SHdhdahtil the suthority in the Tamil and Malsyi)
s ountries of Southern India whié Beahmagupta is followed in Gujarit, Rijputina and North West India.
* Thooretically at least, & idereal one, but thers is some vaguenoss snd there are no recorda

(i) Arya-paksha vear 365" 6* 12  30.

the year in n
of the methods by which the results wers sttainod. See 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. Tn each nakshatra the
position of a junction star or yogatdra was determined. The Pajichka Siddhantika
mentions seven of these while the Sirya Siddhant gives the position of 28, one
for each nakshatra and also of seven other stars. The Siddhanta Siromani and
Brahkma Siddhanta mention only Canopus and Sirius. After these such lists as
Mahendra Suri's (given in Appendix A) sometimes occcur.

2. The Pasicha Siddhantikd record is as follews :—

* The yogatara of EKjittkd is at the end of the sixth degree and three and a half
hastas to the north of the ecliptic ; that of Rohini is st the end of the eighth
degree, and five and a half hastas to the south of the eeliptic.” (XIV, 34)
“The two stars of Funarvasu are at the ecighth degree, and to the north and
south of the ecliptic at an interval of eight hastas. The star of Pushya is at
the fourth degree, three and a half hosios to the north.” (35)

*Of Acleshd the couthern star is at the first degree one hasta (south); so also the
northern star of Maghd the conjunction takes place in its own field.? at the
sixth degree. Of Ch.tra at seven and a half degrees, three hasfasto the south.'?

The Sirya Siddhanta gives the pesiticns of the chief stars of the nakshatras
in terms of polar latitude and longitude.! The Sirya Siddhinta 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 deseribed 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 wvessel 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 Veddanga 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 nddika® but later on there came into use the form described
in the Sarya Siddhanta (XIII, 28): “ A copper vessel, with a hole in the bottom

U Alberuni writes (LI 83): *The Hindus are wvery little informed regarding the fived stars. I never
came acoross any onn of them who knew the single stars of the Iunar stations from eyvesight, and was able
to point them out to me with his fingers”

% je, on the seliptic

3 Bince 24 adgulas = | hastn and the dismeter of the moon was meckoned os 156 aagules, and its mean
diameter aa 32 minotes (85, IV, 1) we have approximately 1 asguls = 2' 5% and 1 hasta = 51° 127 roughly ;
but possibly |odguls was meant to messure 2 minutes. Also 27 waksbbatres occupy 360° and owo (herefore
wocupies 134 degroes.

+ Bep alap ™ 8.

B Tt is the only instroment described in the din-i-Abbari (Ed. Jarret 111, 16),

& . F. Fleot The Ancient Indicn Waler Clock J.BAS, 1915, pp. 213-230.
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set in a vessel of pure water, sinks sixty times in a day and night and is an
accurate hemispherical instrument.” The Paiicha siddhantikd description® (XIV,
32) is similar but adds *“Or else a nddiki 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 aiigulas 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 aiigulas long gets filled in one mddika.”

In practice, no doubt, the dimensions of the bowl and the orifice were
determined by experiment. Bhiskara (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.”

(ii) The Gmomon.—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 Padchasiddhantika
(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. ™
(IT1, 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 Sirya Siddhinta directions (II1, 1-7) are more elaborate but relate to
exactly the same type of dial. They are as follows:—

“(i) 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. (3) At its centre set up the gnomon of twelve digits of the measure
fixed upon ; and where the extremity of its ghadow touches the eirele in the
former and after parts of the day, (3) there fixing two points upon the circle,
and calling them the forenoon and afternoon points, draw midway between
them by means of a fish figure, s 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 figzures between the four cardinal directions,
draw the intermediate directions. (5) Draw a circumscribing square by means

i Lala Chhotte Lil's Jyotisha Vedaigs, p 12

%3 About 56 grains troy. TFleet quotes another rule which gives the weight as a mrarna (=18
mishas) snd 4 efgulas long drawn ont round or square, Bhiskara simply says (XI, 8) it * should have
s bole bored in its bottorh. "

3 The * fish figure’ is the common part of two intersecting circles
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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 (soma-mandala): it is likewise denominated the east and
west hour circle (unmandala) and the equinoctial circle (vishuwean mandala). (7)
Draw likewise an east and west line through the equinoctial shadow (vishuvad-
bha) ; the interval between any given shadow and the line of the equinoctial
shadow is denominated the measures of the amplitude! (agrd).”

(iii) Armillary Sphere.—The Siirya Siddhinta (xm1, 1-6) gives instructions
for the making of an elaborate armillary sphere :—

(2) “ Let the teacher, for the instruction of the pupil ...... (%) prepare the wonder
working fabric of the terrestrial and stellar sphere (bhibha gols). Having fa:h-
joned an earth-globe of wood, of the desired size, (4)fix a staff passing through
the midst of it and protruding at either side for Meru ; and likewise a couple of
sustaining bands and the equinoctial circle; (5) these are to be made with
graduated divisions (adgula) of degrees of the circle (bhagara). Further by
means of the several day-radii, as adapted to the scale established for those
other cireles, (8) 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., thres (7) bands are to be prepared and fastened :
these answer also inversely for Cancer, etc. In the same manner, three for
Libra, etc., answering also inversely for Capricorn, ete.: (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 (kshetra) of Aries and the rest;
and so likewise another band, runmning obliquely from solstice to solstice, (12)
and called the circle of declination (krdnti) : upon that the sun constantly revolves
giving light : the moon and the other planets also by their own nodes, which
are situsted in the ecliptic (ape mendale) (13) being drawn away from it, are
beheld at the limit of their removal in latitude (mikshepa) from the corresponding
point of declination. The orient ecliptic point (lagna) is that of the orient
horizon ; the oceident point (sstamgachhat) is similarly determined. (14) The
meridian ecliptic point (madhyama) is as ealoulated by the equivalents in right
asoension (lankodayis), for mid heaven (hamadhya) above. The sine which is
between the meridian and the horizon (kshitija) iz styled the day 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 is midway of the sphere. (16) As
covered with a casing (vesfra) and as left uncovered, it is the sphere surrounded
by Lokaloks. By the application of water is made ascerfainment 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 construe-
tion, having bacome 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'y
quicksilver to the wonder causing instrument.! By the gnomon (fanku), staf
(yashti} arc {fhanus), circle (chakra), instruments for taking the shadow of various
kinds ..........(21)., By water instruments, the hemisphere (kipala), ete., by the
peacock, man, monkey, and by stringrd sand receptacles, one may determine time
sceurately (22). Quicksilver-holes, water, and cords, ropes and oil ard water,
mercury, and sand are used inthese: these applications tooare difficult .. ........
(24). So also a dial (narayantra) is goed indaytime 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 Sir and others ; but Bhiskara (Siddhanta Siro-
mani XI, 16) claims to have invented an instrument called Phalaka Yantra®
which he says is 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 circle 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 is in fact part of a very simple astrolabe. Bhaskara 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.” This sums up very
well indeed the attitude of Hindu astronomers.

MusLisM ASTRONOMY.

74. The Muslim astronomers frankly acknowledged their indebtedness to
Greek writers. Indeed they were to some extent the direct successors of the
(reeks 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 system of the universe, They were aware
of the precession of the equinoxes and discovered the slight movement of the
apogee of 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 Sep the Siddhdntn Siromani x 6061, The instrument appears to be s perpetusl motion machine
which consists of & wheel with hollow (Mtangential) spokes which are filled with mercory.  *The wheel
{lus Blled will, when ploced on an axis supported by two posts, revolve of iteelf” This is an old friend.

% Compare the * Dalance Ehorarie ou Fézaire * descr'bed by Delambro Astronomie du Moyen Age, p. BIL
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They fully realised the necessity for methodical observation ‘and in prac-
tical astronomy they excelled the Hindus and Europeans of their time.! The
first series of regular observations with the aid of fairly accurate instruments
appears to have been made at Gondesh@piir in the south-west of Persia in the
first years of the ninth century of our era. During the Califiate of al-Ma'miin
(A.D. 813—=833) at the observatory at Baghdiad all the fundamental elements
of the Almagest were wverified—the oblignity of the ecliptic, the precession of
the equinoxes, the length of the solar year, etc. A measurement of an are
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 ecentury, and the observations there were recorded in the
‘ Hikimid Tables ’ (al-zij al-Hiikimi). In Persia an observatory was founded in
A.D. 1074 at Naisabiir and there in A.D. 1118 al-Khiizini complied his * Sanjario
Tables’ (al-27j al-Senjari). In 12539 a great observatory was founded at Mardgha
in North-West Persia and there Nasgir al-Din-Tsi (mentioned by Jai Singh)
published his famous °Ilkhanic Tables.’

With Ulugh Beg, the grandson of Tamerlane, the study of scientific astro-
nomy throughout the Islimic world ceased. He founded a large observatory at
Samarqand to which he summoned such renowned astronomers as Jamshid
al-Kashi (mentioned by Jai BSingh), Kidi Zide, al-Rimi, °‘Ali al-Kisji, and
others. He undertoock a complete revision of the catalogue of the stars—hased
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
Sind or Avicenna, al-Biruni, Omar Kahijimi 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 instraments used by Nasr al-Din al-Tiisi at the
observatory at Marfigha is available® The theory of these instruments was
probably known to Jai Singh (see p. 4.).

The Marfigha instruments were—

(1) A quadrant or mural circle constructed of wood, the radius of which
was about 11 feet. The arc was of copper, 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,

It is related that the works of Aryabbats and Brabmapuptn woere introdueed into Baghdfd in
{he ninth century of our ern, and that these works possibly had some infloemce in directing the scwmn-
tifie stody of astronomy by the Aribs; but the “aspirit’ of the Arab astronomy is entirely difforont from
that of the Hinduo.

® For an account of esrlier instruments see al-Battini Opus ostronomicum tvrwvie  Ed. O A Nailino,

H
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(2) An armillary sphere of five circles, viz., the ecliptic, colure, great
circle of latitude, the meridian 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 meridian circle of about 11 feet in diameter furnished - with an
alhidade.

(4) An equatorial circle fixed in the meridian.

(5) An instrument for measuring the diameter of 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. Special dises (like ccmera steps) were
used with the objective.

(6) The instrument of two pillars. At the centre of a lar svpported
by two pillars a pin was fixed, round which revolved an alhidade
or sighter 12 feet long. Vertically beneath this pin was ancther
to which was fastened a graduated bar 174 feet long and along this
bar the end of the sighter was free to run. This appears to have
been a modification Ptolemy’s parallactic rulers.’

(7) A large azimuth ecircle fixed on a pillar traversed by two diameters
directed 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) Sine and Azimuth instrument—An azimuth circle similar to the pre-
ceding but in place of the vertical quadrants were two bars moving
in a groove and supported by two other bars perpendicular to
them.

(0) Similar to No. 6 but with the hars horizontal for measuring azimuths.

The notion of inereasing the size of the instrument as far as possible has
already Dbeen referred to (page 35). It is perhaps to Abu‘l Wefa that we owe
some of the immense instruments which the Arab works mention. With a
quadrant of over 20 feet radius the obliquity of the ecliptic was observed in
AD.995. The sextant of Abu M. al-Khojendi (C. A.D, 892) was of nearly sixty
feet radius. In the tenth century the aperture dial was used and Nasir-al-Din
by utilising a hole in the dome of a large building, obtained excellent results,
According to Greaves the quadrart used by Ulugh Beg was 180 feet high.*

The astrolabe the theory of which was due to Ptolemy, was improved
by the Muslims almest to perfection and many of these instruments were so

1 The gradusted bar, of course, measures the chords of the arcs, and * as it was moch essier to pradoate
a stroight los than an are, the frigesiren sontinned to e the favourite instrument down to the end of the
siz conth contury.” (DmeEvEz, p 332) Thisis the Zal al Shy' batayn mentioned by Jai Bingh (s pags 12),

* Nos, 7 and 8 are intereting to us as being the sams in principle a3 the Rdm Yanira {soo page 57},

3 Tha shashfdnin’a yomtra is an sperture dial of this kind

s Ban L P. B A. Sédillot, Prol. Tob, Astr. d'Ouloug Beg, pp. bxx, xeviil, oxxix,

$ i at s the flat astialibe or Astrolabium planisphmrim.
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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 caleulations the astrolabe 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 it and al-Birfini’s invention has also been referred
to (p. 37). There is also the linear astrolabe or ‘asa 'l Tiisi (the rod of
al-Tiisi),! called yashti 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-Asturlibi as a name suffix was not at all uncommon.®

European 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 sometimes persecuted those who sought
it ; 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 Calestium. Tycho Brahe, Kepler and Galilei preceded Jai Singh by about
a century. Greenwich observatory was founded some forty years before that at
Delhi. Newton's Principia was written at the time of Jai Singh’s birth ; Huygens
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 in 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 (see
p. 82), and armillary circles ; Hevelius (1611-1687) had a somewhat 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 bodies in
1609 by Galilei and telescopic sights were first systematically used about A.D.
1667. (lascoigne was probably the first (circa AD. 1640) to introduce these
and he also invented a micrometer. Some twenty years later Huygens devised,
independently, the same contrivance. Hevelius introduced the vernier and tangent
gcrew ; Flamsteed used cross wires in the eye pieces of his sighters ; Galilei
had used a pendulum for short time measurements ; Huygens devised a pendu-
lum clock (1656) and Jean Picard (1620-1682) introduced regular time obser-

1 Bop Journal asiatique 9° Bér 404/, ete.
' Eg. 'Ali b ‘Isi al-Agjurlabi (th eentory), Fath b Najiys a'-Asturlibi (born AD Bi1—42),
Hibetallah b al-Hogain al-Agturlibi {died A.D, 1130-40)
¥ 5y Daevae's Tyeho Brohke xil. 715 4
4 2
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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 Europeans 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 :—

GueErk
Astronomy,
|
Proremy
2nd Cent. A.D. |
|
1
Hixur )
Bth Ceut. !
i
Anam
| 8th Cent.
i
1
Erzorsiy - = ;
14th Cent. —— Mahendea, ete.
i
v
Jar Sivan
16861743,

1 An excellent, nlthough all too brief, account of Europoan instruments is given in the History of
datronemy by G. Forbes, whilo Dreyec's Tycho Brohe is the ooly adequate account of medimval artronom y
(gt instraments) inthe English language.

t A, Berry—dA Short Higlory of Astronomy, 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 predecesaum_;':anﬂ in the later Greek schools there was a consequent
neglect of observational astronomy. With the Hindus this tendency was em-
phasised to 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 demonstration (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 fo 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.



Casprer XIII—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 suec-
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 medieval 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 Tisi, Tycho Brahe, Flamsteed and others.

It has been related 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 heen 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 unotion
that the only bar to accuracy of observation was the limit imposed by ecir-
cumstances on the size of the instruments. Jai Singh was prepared to CETTY
out the idea on which this proposition is based to, what he thonght, 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 construe-
tions. The Jai Prakis 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 Prakid is
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-Battani 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-Masditarah, descriptions of which are found in the works of the
Muslim astronomers. !

' Fee L. A. Bédillot's Memoire sur lea inatrumenty astronomigues des Arabes, p. 151f; also a deseviption by
al-Barjendi ; also Blagrave's Art of Dyalling, 16809, One section of Blagrave's book is— How to make s
d all 02 & concave hemispheare of & globe two severall wales,” and the cecond way is that of the Jai Prakdd
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The Samriat 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 Samrdt 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 mnaturally the equinoctial hours were the
mean and on the introduction of mechanical clocks the equinoctial hour became
the standard for sun-time measurements. According to Delambre, Abdul Hhasan
(al-Hasan b. ‘Ali b. ‘Omar al-Marrakoshi, 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 are 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 astromomy had worked out the theory.
Hindu astronomers did not employ tangent scales and refer to no other dial
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 Rim 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 Bingh'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.

! og., npoo et dinl made by Elias Allen about A.D. 1820 ; a morte elaborate dial invented by John Paul
Kraus and engraved by T. G. Gutwein ; one by Rugendas of Augsburg, 17ih century; one by Lautensz Grassl
of Augshirg ; ete., slo,

* Indeed thoy worked out the complete theory of the horizontal, verticsl, inelined, oylindrical and
conjenl dials, ete,

' This is a curious point in the history of science. The Hindus seemed to avoid direct angulsr
maonsuroments.  Their mathomatical works contain no theorems or rules relating to angles (see my [ndion
Mathematics, page 20). Whitney wrote (page 250): “ Lest it svom strange that the Hindus shonld have
derived Irom nbroad the name (kona from ~ywviz ) for so familisr and clomentary s quantity as an angle,
we mould direet attention to the striking foct that in thatstage of their mathematical science, at least
which is ropresonted by toe Sirys Siddhdnia, they appear to have made no use whatever in their caleulations

of Lie angle.”



Cuarrer 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 attributed to Jai Singh are :—

Euaclid A i - - ~ ‘ 2 . Cirea. B.C. 290
Mipparchus ; : . . i . ; i = 130
Ptolemy . : : - ; . : ' = AD. 150
I Abdarrahmén b, “Omar abi’l-Husain al-Safi . . Died. » 986
Nagir al-Din al-Tisi . - = : . Born, . 1201

*Ali b. Muhammad al-Said al-Sharif

- . » 1339—1414
Jamshid b Mes ‘Gd Jijat al-Din al-Kashi i R o 1440
Ulugh Beg g ; ‘ . ! 4 . Dhed, 5 1449
Maunlini Chind . . - - . . « Clirea. w1650

Of those who came actually into personal contact with Jai Singh the follow
ing have been mentioned: Jagganith, Muhammad Sharif, Muhammad Mahdi,
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.
Jai Singh himself was a Hindu and had Hindu assistants, the most notable being
Jugganith, who, however, it seems was employed because of his Imowledge of
Arabie—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 Muslims, he brought one of
their star catalogues up to date, and he eopied the instruments of the observatory

! Thero is & tale that Jai Singh was reproached with the statoment that the Pandits, who protended
to great leaming, wore entiroly ignorant of Arabic scholarship snd he produced Jugganith, who trans-
Iated from tho Arabic the two groat works—Euclid's Elements snd Ptolomy's Afmagest, Sev Sudhsknrs
Drvivodi s Ganalateragin p. 102 L
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at] Samarqand. His masonry instruments were designed after the nofions taught
by the Muslim astronomers (page 13) and had absolutely nothing in common
with those deseribed in Hindu works,

The contact with European astronomical knowledge may not have been
really close but it was very definite. Jai Singh sent certain of his asastants to
Europe to get books and information; he invited FEurcpean priests to visit
him, and he obtained European tables, There is evidence, however, that his
contact with European knowledge was more formal than intiniate.

83. We may leave out for the moment the question 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 difference between these is
connected with practical work. The Hindus were practical astroncmers only
in so far as they could caleulate from a given starting point with given rules
the positions of the planets, eclipses, ete., with some accuracy. This of course
implies a very considerable amount of knowledge and skill; but the Hindus
had no instruments of precision of their own before Jai Singh’s time ; neither
were they interested in making practical observations of the heavenly bodies.
Their rules and the elements given in their approved works sufficed them.
The standpoint of the Arabs was entirely different:" they were particularly
interested in the wverification and correction of previously recorded results. They
built what were then the finest observatories in the world ‘and they perfected
the astrolabe to an extraordinary degree.

The difference between the two schools is too well known to need elabo-
ration : and the category into which Jai Singh's work places itself is perfectly
clearly indicated; and the hypothesis that he received his main astronomical
inspiration from Hindu tradition is completely eliminated. He followed * the
martyr prince, Mirza Ulugh Beg™ of Samarqand. Since both the Hindus and
Arabs obtained their astronomy from the Greeks they have much in common
but the work of Jai Bingh was exactly of that nature which differentiates
between the two schools; and what the Muslim astronomers had /and what
Hindus lacked /Attracted Jai Singh. In his work there is no point of contact
with Hindn 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 Hndu 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 research. His tables, it is supposed, were completed
about A.D. 1728, and the observatory at Delhi had bLeen built a few vears
previously., It was in 1728 or 1729 that Jai Singh sent Padre Manuel and
others to Europe and in 1734 he was visited by Father Boundier and his com-
panion. These dates might be considered sufficient to account for Jai Singh's
neglect of the Huropean discoveries but there is possibly another explanation,

3 The differentintion between the two schools may be ts =ome extent due to the ealendars adopted
for religious purposes.
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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
eyes, and he 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 European 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 catalogne was completed just as Jai Singh began
his work. But Jai Singh was not in close contact with European ideas and
his first astronomical education was probably the study of the work of the
Muslim astronomers, particularly Ulugh Beg. In the special circumstances of
his experience it is not surprising that Jai Singh refused to follow the lines
of research indicated by the European astronomers. Had he done so, his power
and his wealth might have enabled him to alter the whole condition of Indian
scientific scholarship 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 archmological
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.

1 (Condemn tion of the correet te ching was not confined to the Roman Catholio Church  Seo e Mﬂi@#

A Budyet of Parudozes, in wh' b numeross works opposing the * Newton'an theory ' are quoted. il
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ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

A 1. ExTRACTE from the FJAIPUR CATALOGUE.

95

Ku, Description as in the M3 Longitude. | Latitude. | Pnhﬂfme_ Declination|
|
|
CONSTELLATION OF THE LITTLE
Bear 7 Brams. |
|! -] ] o a = " I
1. | Btar onthe edgo of ths Bear'stail 224 23 | 6 2TN | 1117 © 87 ON
2. | Becond star on the tail, next to 23| MO g2 10| 8510
it
3. | Third star on the tail, next to | 3 5 3| T3 45 g2 10| 82 0
it.
4. | Star on the left hind fook: 2 | 321 21 | 75 36 8 9§ 0| 7830
gtars on the fore-leg, one to
the right of the other.
5. | Star on the right hind foot, one | 32823 | 78 0 B1116] 76 O
to the north. |
6. | Star on tho left fore-deg, tothe | 4 9 33| 73 0 717 0| 78 0
South.,
7. | Btar on the right paw to the | 418 3| 75 0 72 0| TE45
north.
L. | Straight to the scuth from the | 4 & 3| 71 45 71415 76 BON
soventh star.
IL CoxSTRLLATION OF ml
GEEAT Bram.
1 | On the tip of the nose of the | 3 19 3 40158 32830 | 02 0N
2, | First star in the oye of the bear | 3 19 57 | 43 48 4 1050| 6510
2. | Socond star in the eye of the
becr. 22042 | 43 45 4 3 0. & B
4. | Two stars on the forchead : the | 3 20 33 | 47 M 4 7 0] 690
first of them.
Second star on the forebead . | 3 21 51 | 47 5l 4 B 40 | 68 30
6 | Star on the ear i . +| 320 38| 518 414560| 72 0
Two stars on the neck, the first | 3 23 51 | 44 42 4 B30 | 6 0
of thom.
8. | Second atar on the neck . 32657 | 4454 413 0| 430
9, | Two stars on the chest, theone | 4 527 | 38 D 41030 | 55 30
tao the south,
10. | On the chest, to the north . 4 280| 4234 4 20 20 | 6O 30
11. | Two stars on the knee of the | 4 3 30 | 34 456 415151 5L 46
foreleg: the one to the
south.

RionT ASCENSION IN

Deg-ees |

and
minutes,

32 30

221 40

1210

124 30

126 ©
130 O

131 40
137 0
131 30

136 0
142 45

143 230
158 0

Ghatis and
palas.

41 10

41 35

a7 25

38 45

360 57

nm
22 50
21 G5

22 40
23 48

23 B6
2 0

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

[ RIOHT ASCENSION IN |
No.|  Description as in the MS  |Longitude. | Latitude |$LZEH.'DH"‘““"" Egmw [l
and | Ghatie and
m.iu.nma.‘
E = # v # Hs 4 o e ’ .
12, | Two stars on the paw of the 3| 2021N ) 42030 44 5N | 14930 24 5
hipd leg: the ome to the
north,
2 0 8 0 0 0 @
1, | Large hbrilliant star betwesn | 62030 | 31 18N | 7 8 0| 21 oN 210 0 35 0
the fost.
V9 CoxsTELraTioON OF THE '
Crows,
1. | Very brillinnt . . 7T 833 030K | 7T 0| 28 0N a3 o0 35 30
2, | Further than this . . T 548 | 4024 722 0| 3015 229 & 3811
8. | Above ths second to thenarth . | 7 5 18 | 48 21 T240)| 22 5 220 50 a8 18
4. | The third, tothenorthof this . | 7 7 48| 50 45 728 OI 33 15 233 15 38 53
ﬁ.iﬁmmthupmlmm:hn 71028 | 4427 T2 0| T 0 232 15 38 43
south.
6. | Near this, a littls to thonorth . | 7 12 54 | 44 42 T2 30| 27 0 233 50 38 58
7. | Near to the sixth, tothenorth . | 715 3| 46 0 T2 30| 28 0 236 0 39 20
3-!anhnmnbu"l . . «| 71430 40 30N | 8 0 0| 31 ON 237 30 39 35
HrFi
VIL Hercores,
1. | On the forehead . - B12 3| 37 ON| 81650 | 4 30N 254 10 42 25
E.II;Jnt.hnﬁght-hnuhlnt . | TETSE| 42 M 8 6 0| 22 0 244 30 40 45
3-|Dnthnrightnrm . . «| T 2454 -30 37 8 310 19 O 241 0 40 10
4. On thoe right side . . < TR BHE) 3T O B 025 17 %0 258 0 39 40
. | On the left shoulder ’ «| B1027| 47 45 816 0| 25 0 254 50 42 2§
On the left arm . . | BlB 45| 4D 15 820 0| 210 5 250 o 43 10
7. | Onthelefigde . - «| 82221 51 48 B2 0) 28 0 266 0| "44 3
8, [u;ﬂh:htrﬁmpulm=thmnfthtm BI85 | 822 828 50| 28 30 208 30 44 45
o mﬁ:gﬂmqtm.mnm B2633| 5330 82750 30 0 267 30 44 35
Imjmlhm.fhnmlﬂlhﬁMth+ 825 3| sn2adN ﬂﬁﬂﬁl 28 &0 266 15 44 23

i Magnitade.

w @ R e W

.

e = D W e W W W

.!ﬂ
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The above extracts (A1) show the form of the Jaipur catalogue but omit two columns
headed respectively Parsi Nam and Himidu 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), Kaikia-us (Cepheus), Silayak (Lyra, Ar. Shili'ak), Varsava (Perseus),
Dalphaina (Delphinus), Trikona (Triangulum), Javvira (Orien, Ar. Jauza), Kaitus
(Cetus), Nauka (Navis), Muchchhi Yaniivi (Piscis Australis), Aéva mukha (Fam
al-Faras), Makara Puchchha (Danab al-Jadi), Iklila (Corona Borealis, Ar. al-iklil), Jat
ul-Kurasi (Cassiopeia, Ar. Zit al-Kursi), Amava (Lepus), etc., ete. For the unclassed
stars (informate) the expression Khdriju (Ar, Kharij) sirati (Ar. Siirat) 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). In 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 tweo catalogues
(see page ).

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
ndications 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 Devanigari
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 M8. is a good one : that is it is legible snd was evidwntly done with oare. It is writien on country
poper 83 % 12 inches in Devanigeri chorneters. The copy was made in Samvat 1064,
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A.1'1. Tuae Jarrvr CararoctE—LoNGrTUDES, LATITUDES AND MAGNITUDES.

ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

(This is Ulugh Beg’s Catalogue with 4° 8" added to the longitudes.)

Ursa Minor

Ko || o, :| T‘l:::.:a

Latiiile. Mag,

(Laghu Balu)

K. |3n. Bauger,

T e 1 - ||
1‘1 a (2 4 23 66 27N. | 3
2| 2 Slﬂzﬂas 70 0 4
3!3 € (3 5 ai 45 | 4
s| ¢| ¢ |3 &1 21 75 36 4
5| 5 u'amza 8 0 5
6| o ﬁ|4 9 33 73 0 2
7 7] v |4 18 8 % 9N | 3
Informata

E‘l‘ 4« 5 3} 71 45N. | 49
Ursa Major (Saplarshayah)
‘ﬂ‘|1| ﬂ'|31!] 3 40 I6N. 4
w| 2! Als 19 57 43 48 5
1| 3| 7|3 20 4 43 45 5
12| 4| p |8 20 33 & 54 5
13| 5| ofls a1 & 4 6 5
| 6| d|3 22 33 51 18 5
15|? TIH".EEI 4 42 L]
16| | h|s 2 & 44 54 1
al ol dle s m 38 0 4
1Bl10] v Ne 2 m 42 3 f
wiun| €4 33| 444 |3
20 /12| ¢ |3 290 3| 20 2 | 3
aalis| (35| 22 0 |3
oo 14| @ |3 20 24 | 38 0 5
PAET I :120:1:1' 33 21 5
s;!m a |4 11 33 40 2 2
25 /17| B4 15 45 5 0 3
o (18| © |4 27 33 | &1 30 3
27 1w y [+ 38 20 47 15 3

| I;..jn._;uuuu. Latituida, :mu
lg - e

28 20| A |4 15 18°| 20 45N | 3
29 mi B 4T 28 42 3
30 22| ¢ |4 24 54 35 15 3
a1 r.ai v |5 416 %0 3
st |2¢| £ |5 & %8 24 45 3
33|25 € |5 4 39 54 0 2
34|26 L (5 12 12 o6 12 2
35 27| n |5 23 18 54 ON.| 2

| |

Informate
35!1 32 3 40 15N.| 3
37| 2 5 14 12 40 39 5
38| 3 4 89 17 33 4
30| 4 4 6 45 19 42 4
w5 4 9 48 20 18 4
41 |4 9 18 23 45 4
2| 7 4 3 2 20* 15 6
8| s 3 23 30 23 ON.| ®

Draco (Sarpa)
4|1 p|7 2 3 7% 15N. | &
@l 2| v |8 6 48 7B 21 4
6| 3 B‘a 79 75 30 3
47| 4| E |8 23 3 80 0 4
%8| 5| y |8 2 3 70 3
w 6| b |o 10 &8 g2 9 5
50| 7 n|92313 78 15 5
si| s d o 2 a8 80 30% 5
ﬁrz|n o 10 14 48 81 24 5
asm' w [0 11* g 81 45 3
54 n‘ 8 |0 14 2n 88 0 4
ﬁﬁ|13| € |0 20 18 9 4
56 13| p [0 17 30 77 38 5
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29

Ne- | Wo. | Bayer. |I Lmgciiuile Latbimile, Maz No. | No. B-.u-r.ll Longitude, | Latii i, Mag.
| ' .
|I !b =- n a'rl-a 3013 m 0 0N | ¢
5T | 14 o020 21 80 36*N.| & |
i i I = 2 Bootes ( Aevapurusha)
&8 | 16 T |1 20 43 80 H5* 5
eof17| ¢'|a s ;| s 12 4 88 li "‘ﬁ 38| %GNS
61 (18| x (2 10 3 83 24 4 BO.| & & |8 2 8l 58 &1 5
62| o (2 o 30 84 42 4 m3|6|ﬁﬂﬁll2‘ 60 83 5
e3l20] £ |4 15 48 87 15 [ M| 4 Ao 3 3 54 45 5
gl 21| w |4 4 33 86 45 8 @6 y |6 14 3 49 24 3
6|22 gle 2 9| s 81 |3 o3| 6| B |6 20 33 | b4 2 '
6|23 h'|s 1 30 84 0 5 pe| 7| & |6 20 23| 40 0O 4
o1 |2¢| £ |5 28 42 85 15 3 L GRS ) R 4
es |25 | m» |6 I1 3 78 BT 3 96| 9| V|6 2 12 57 15 4
o 2| 0 |6 12 45 T4 30 | 4 07|10 | T 14 6 2 5
27| 8 |6 1 &7 n g -4_4 ﬂﬂlll X |7 2 45 48 5
mizs| i |5 13| e 2 5 W12l e (7 2 3| 4 46 5
12|2ur a |5 4 42 66 27 3 00 13| ¢ |7 0 & 41 21 5
alsl lemal aw |3 101 thlTlE 2 48 |5
{31 A 4{133: 5 ON. | 3 “"-’“"’ ﬂ"’ 136 | 4042 |5
103(186| € |6 25 6 40 48 3
Cepheus (Kaika'us) 104 | 17| o |6 20 24 2 0 4
w1 k|12 a 7 45X | 3 10518 p (68 18 48 2 3 4
% 2| ¥ |1 28 %0 64 30 A 10619 |6 20 27 28 0 4
s Blr 14| miw |4 A el (e B RS »,.0 13
B|4| a0 8 & 65 36 | 3 08 |21| ¢ |6 14 9 % 45 | 4
w| 5| plo om h 1 100 22| v |6 15 % 25 ON. | 4
80| 6, 0 |0 118 73 51 4
gt| 7| € [0 20 18 65 45 5 Trformaia _
82 s! t |0 =0 12 62 30 4 uul' II]- a [0 20 30 ]. 31 I8N | 1
83| 8| € [0 10 3 60 0 5
g4 10| £ ho*mn 9 61 15 4 Corona Borealis ([Ikalila)
85|11 A [0 13 8 61 42 '. 6 o) 14 4 a = e
’ el 2| B |7 5 48 46 24 4
i na| 3| 0|7 5 18 48 2 1
Hﬁll‘ 0 ﬁlBl M 0N 5| ll4|4 T|T T 48 50 45 ]
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¥o, |,'\u l n.m-r.| Lomgitude, Lontitunte. May Fa. ‘w‘ Bayar. | Lotgitude. | Latitude: Mug,
A Ris Informuta
1| 5| ¥ |7 10 26 ¢4 TN | 4
16| 6| & |7 12 b4 14 42 4 . % °
e g R v [ 147‘ 1 @|7ma 35 16N, | 4
1]3I L] L 7T 4* 30 40 30N 4
Lyra (Amaqiti)
Hercules fJﬁgﬂ 148 | a |9 2 27 a2 OoN 1
40 | 2 € (9 15 3 62 30 4
me| 1| a |8 12 3 27* 9N. | 3
8 50| 3l £ |9 1818 6(0) 15* 4
120 | 2 7 27 48 42 54 3
51| 4| &% |9 19 3 5 48 4|
121 8| ¥y |7 24 54 30 27 3
152 | 5| B |9 27 18 60 48 4
122 4 K o o 51 37 0 4 |
153 6| @ |0 21T W G0 30 4
123, 5| & |5 1w = 47 45 3
| 14| 7| B |» ¥ 33 o6 21 3
l1o¢| 6| A |85 16 ¢ 40 15 5
155 | 8{ » |90 18 &* 85 15 4
125| 7| w |8 22 2 51 48 4
156 | ¢ y |0 W 15 55 24 3
126| 8| o |8 28 54 21 4
7|10 A |9 W 21 54 36 &
127| 8| w |8 26 53 53 39 4 |
128|100 £ |8 25 3 a2 20 3 C i |
enus dNara
12a 11| & |7 28 18 53 9 3 y ya
130 [12| € |8 4 33 53 30 4 158 1| B e 28 a3 4 12N, | 3
1351(13] d|s 5 15 656 45 b 150 | 2| & [10) 2 18 50 30 i
132 |14| € |58 @& 15* 68 136 ) | 0| 3| m |0 0 =4 5430 5
133 |15| = |8 8 &4 59 51 | 161 4 ¥y 10 22 36 57 Bl 3
134 16| e |8 10 9 8(0) 15 5 162 5| a |1 2 54 50 42 2
18 17| p |8 12 0 60 12 i 63| 6| 8 |10 13 15 64 30 3
136 (18| @ |5 24 @ 60 51 4 16¢ | 7| @ 10 16 33 60 42* | 4
|
t1:::r|m L |8 17 3 60 15 4 165 | 8| & |10 18 3 16 4
138 /20| x |8 B 21 0 12 6 166 0| x [10 12 48 4 0 4
I 130 (2| y |8 9 &7 m B ] 167 [ 10| € |10 24 12 49 18 3
wo|2| % |8 13 19 2 0 8 198 11| A |10 26 24 52 0 4
| | |
H1|23| n |7 %5 3 60 38 4 o 12| { (10 29 51 a3 0 5
M2 (24| o |7 19 39 | 63 9 4 170 (13| » (1 2 30 5 0 4
H:l‘ﬂ.ﬁ T |T 10 M 85 48 E 171 | 14 glu 7 42 56 42 4
]44'2'5 ¢ |7 8 & A3 48 4 172 | 16| o! |10 25 38 a1 27 4
|
Ms |2 w |7 5 M| & . |4 173 | 18 10 28 15 | 64 2 | o
1m|33| x|7 8 0| ® Bx|s 174 (17| @'l B 18 64 21N | &
| | J
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Ho, | Xo. | lhrur.‘ Loagitads, Latituilo. ‘m:. Xa, No. | Bayer. | Loogtiteds. | Latitade, Maz.
Informate 5|10 b |1* 8 B4 28 SIN. | 4
|
g ° - o 200 17| A |2 6 24 28 36 4
L | [ 2 - EESRE & 20718 ¢ |2 6 18 % 36 X
178 2| o (1 B8 12 51 27 4 am‘ w| w2 74 b )
Cassiopeia (Jalwlkurast) m“|2’" d |2 818 M 4 5
210 | 21 2 10 15 18 54 5
i77| 1| £ [r 2 38 | 43 45N. | 4
211 /22| p |2 0 36 21 48 4
18| 2| @ j1 4 33| 48 o 3
212 23| ¢ |2 2 30 18 54 3
170 | 3 1 7 18 46 30 4
K 3 |24| £ |2 1 45 14 38 | 4
180 4| ¥ |1 10 33 48 30 3 |
914 |25 o |1 28 32 11 3
w | 5] & |1 U2 465 45 3
215(26| [ [2 o 33 10 4N. | 3
2| 6| € [1 2.1 38 | 4660 | 4
183 | 7 1 24 54 47 36 4 Tal t
14| 8| A |1 T 46| 44 30 4
26| 1| f£|2 &8 18 G4N. | 5
185 | 0| o |1 11 & 4 48 5
07| 2 3 8.8 31 0 5
186 |10 o |0 26 15 49 30 8 |
218 | 3 (1 18 36 20 24 5
18711 « |1 9 33 51 42 4 f |
188 | 12 1 2 9 50 48 3 LT
B Auriga (Mamarak ul azinai)
180 13| p |0 27 48 51 ON. | & — |
219 1| & |2 26*® 30 ON. | 4
Perseus (Farafavaf) ﬂ,| 2| £ |29 3 & 1o ”
190 | 1| x (1 20 29 0 oON Iﬁu 2| 3| a |2 28° 01 22 42 1
191| 2{ » |1 25 33 T 9 | & 22| 4| B |2 28 0 21 30 2
192| 3| y (I 28 39 4 0 3 | & y |2 4 38 14 48 B
w3l 4| @ |1 21 12 st 30 |4 24| 6| G |2 26 B 13 33 1
14| 5 7 |1 24 45 4 0 o 225 T & |2 35 0 20 40 4
|
95| 6| o« |1 25 48 30 33 4 g0| 8 p (215 4@ 15 0 4
196 | 7 a |1 20 15 an 2] 9 27 8 { |2 16 3 18 @ 4
197 | 8| o |1 0 27 37 7 4 228 | 10| g|3 13 18 10 12 3
198 | 8| ¢ |2 0 8 21 15 4 “-'29"1}.« 219 19 5 15 2
i l10f & [2 2 13 98 &7 q 230 | 12 xlsm;s 8 30 8
200 (11| 5 |1 24 8 2% 0 n 231 (18| ¢ i" 20 33 10 54N. | ©
a1 |12] B |1 28 3 22 0 ]g
02 (13| & |1 22 48 20 6 |4 Ophiucus (Havea)
- |
20314 p |1 2 & 20 21 4 232 | 1| a |8 19 I12¢ 35 GIN. | 3
204 | 18 f,llmm 21 0 4 mia Bls 21 18| 2 9N | 3
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Ne: x¢.|m,n.\ Longaa. ! Yaiiiuds. i:m;. K i!m |mg=r| anit . Latitads, .‘.'L
I -} 5 a ] -
934 | 3 '}":Eﬂﬁ?l 2% 86N, | 4 204 | 4 ﬁ;;lﬂ 21 84 15N, 8
o35 -l‘ L 3 l]-33I 32 33 + EI.‘..";_.‘.E KITIS ki1 o0 &
238 5. K A 7 48 Bz 0 |4 Eﬂ-ﬁ-rﬂl w |7 17 15 42 0 ]
27| 6| A |B 2 2 21 48 4 287| 7| & |7 156 33 28 45 3
238 -:IE 7 28 3 17 15 3 28| 8| A {7 18 38 20 390 1
Eauac!'-'ﬂsillﬂﬂlﬁ 269 | 9| @ |T 18 33 25 48 3
g0 | 0| p |8 20 2| 144 |5 g0 (10| ¢ |7 20 48 | 24 27 3
241 (10| » |8 26 27 | 13 15 4 271 (1| |7 22 33 16 15 E 4
249 | 11 'r‘ﬂ- 27 15‘ 14 36 5 272 | 12 8 2 48 13 12 5
ﬂ-ﬂlllﬂ 7|8 14 & | 6 456 3 273 |13 | » |8 16 33 10 21 4
guafas| E(s 1w z| 148 |4 gia 14| £ |8 w s 8 6 | 4
m‘u' A |8 16 46 3 ON*| 4 276 | 15| o |a 2 8 10 36 4
24615 @ 8 17 51 2 ON.*| B 276 16| [ |8 B ¥ 1 2 4
24?1'15 b |8 18 st | o0 188 |4 277 |17 -,?ju 2 42 % 18 "
248 11| ¢ |E 19 3 o l'-’-N-'.l b a8 (18| @ |n 12 15 % 06N, | 4
z;nlm| |Bmm. 130 5
gl SRR |2 Sagitta  (Sahama)
m‘m_ ¢|n 5 12 5 3 5
252 |21 | y (8 4 2 3 18 5 g9 1| ¥ W0 3 & 35 I5N. | 4
253 (22| ¢ (B 3 & 1 45 ] 280 [ 2| L 1o 1 e m 9 6
2.—‘,4i23: ar | B 8 34 o 3N b 281 3 alu 0 33 a8 45 B
m—-aly Piﬁ E-Iﬁl 0 #658 |5 282 | 4| @« b 3/ 48 3 30 &
263 | | Blo = o 38 12XN. | &
Informate '
g.-mi 1 '8 26 48 % 9N | 4 Aquila ( Ukab)
| .
25:‘2 B 25 4 2 15 4 = 1‘ g e, R T,
m‘a 8 27 12 24 4 4 ol ol g el Lok :
o0 | 4 8 25 21 2% 0 4 |
b ‘ . 246 3| e 0 28 18 % 15 2
;rf_ni.-. IE 20 9 32 4N | 4 st 4 - PR e -
; B ol y|on o oo 3
SeTpens (Haiya) @ | 6 ¢ 10 o 33 0 (i
:._-,1|l ¢ |T 1@ 9 37 45N | 4 200 7| m|9 3 12 28 30 [
mg|gp115:‘rl o« 4 20| 8| oo |9 24 3 28 =0 [+
ﬂm| s| |71 e 35 12 3 202 | 0| ( 19 16 3 3% Wy | 3
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No. | Ko n-:rmr.l Longitnde, Latitude, Mag. No. | Xo. | Bayer. Lomgituids Latitude, !!l-p
B [ S & ¥ |
Informat @ ‘
J10 T n 11 22 15 H 45 N, a3
H (=3 ] [+] . | .
293 | 1| W |0 27 9 21 12N. | 3 320 8} o 1 21 33 W 9 ! 5
o04 | 2| # 10 1 30 18 27 3 s2t| 9| A fi1 20 18 8 W |4
|
205 3| 8 |0 20 = ay 97 3 2210 p 1 21 2 20 0 |4
| -~
a8 4| o Vo s &1 0 & " 32311 ¢ 12 33 17 15 3
ot s Sl e . sea 12| £ 1 15 2 158 0 4
98| 6| Alo o % a4 3% (13| p Ji1 18 3 14 15 5
326 | 14 o |11 15 6 15 21 o
Delphinus  (Dalphaina) 7|15 0 ju 33| 1548 |3
. 28 (19| » 1 2 2 15 15 5
200 1| € |10 10 30 20 12N, | 4
| 320 | 17| € [10 28 36 22 0 3
300 2! &« |10 12 15 2% 45 ) .
' 320 | 18 w3||| 15 42 41 0 4
sot | 3| » |10 11 &7 27 36 6
3 a3 | 10| |u 10 27 34 0 4
202 | 4 I 12 24 3 45 8
B . 332/20| x 11 5 39 3 TIN. | 4
w2 5| a |10 13 & 32 51 8 - ! -
%4/ 6 & o5 3| sl |3 Andromeda (Merat ulmusalasaloi)
305 7| y (10 18 0 2 54 | 3 -
: F oN. |
06| 8| m [0 118 | 32 120 | 8 o (I8 o kT ol B o )
L]
07| 9| L lo n o7 a1 2+ | & Be| 2 W 039 5 . .
08 | 10 gilba Se e o awilvy 25| 3| € |0 18 3 a3 o 4
16| 4| oo 17 B 30 43 4
Equuleus  (Aéra mukha) w7 5| 0 017 2 L S
- 338 | 6| p [0 18 48 nw |5
20| 1| a« |10 10 30 X | | |
] W 30| 7| o« |0 12 42 1 0 |
an | 2 0 21 6 20 45 6
ﬁ 340 8 K g0 13 39 41 49 4
1| 3 10 19 54 %5 0 5
i ; , M1| 0| A |0 15 © 43 24 1
212 | 4 10 %0 48 24 3N | 5
8 . m2/10] L |0 17 33 17 18 4
M43 11| g |n 19 18 15 6 5
Pegasus (Fyilad aéva bianda) '
344 | 12 ﬁ 0 37 2 a5 38 2
N3 1 0 10 38 B uN | 2 35(13| p (0 26 6 | 20 M | 4
34| 2 ¥y (0 5 12 2% 2 36| 1| » |n 25 0 32 30 | 4
31i5| 3| B 1 25 46 20 5l 2 7 | 16 T'III_I:.'.'EI o7 26 3
36| 4| a 11 20 3 T 2 48 | 16 1 1t 3 36 30 4
|
a7l 5| v = 3 24 48 ' 340 | 17 1 8 3 a5 0 4
3zs'u| 12 9 2 15 I 350 | 18 1 5 30=| 28 %0 "




104 ASTRONOMICAL OBSERVATORIEE OF JAT SINGH,
Ko x.;.|m.:rr:, Longituds, Latituds. Ilhg. | Xu. |h|u.m.| Langiiude. Latibude. ‘!I.u{
l 5 a i - "
asl | 18 T 1 & 38 21= 38 N. 4 -
Taurus (Frisha)
352 (20 | ¢ |1 4 3 3 0 b
353 (21| A |1 6 48 34 15 5 lg = - e .
378| 1| £ |1 20 28* B 248 | 4
a4 22| X |2 T 0 a oo 5
370 | 4| & |1 19 57 7 42 4
355 | 23 D 4 48 43 42N | 4
g0 | 3| &£ |1 18 42 8 o4 4
) ~ W 381 | 4| o (1 18 O 9 30 4
Triangulum ( Wusalasitrikonamirttil)
382 G L& 1 24 13 8 0 i
38 | 1| a |1 3 48 36* 8N. | 3 383 | 6| A |1 271 51 8 21 |
37| 2 Bl1 9 18 20 15 3 384 | 7| pm |2 0 33 12 42 1
58| 3/ & |1 10 15 10 12 | 5 85| 8| » (1 21 B0 4 45 4
|
369 | 4| Yy |1 10 45 18 12 - 386 | 0| o |2 5 48 9 42 4
|10 2 (|2 &5 2 12 55* 4
Aries (Mesha) 3811 y |2 3 3 6 0 3
| | 389 12| §' |2 3 &1 4 9 3
30° 1| ¥y |1 1 &5 7 Gl*N.! 3
300 ml Mz 5 12 6 15 5
ssi® 2| Bl1 o m 6 36° 3
| 301 |14| o 2 6 39 5 15 1
362| 3| n (1 4 38 7 9 5 _
39215 ¢ |2 5 18 2 54 3
83| ¢«| @ |1 B & 5 16% 5
nﬂa-m| i (2 10 33 4 27 5
884 | 5| ¢ |1 ©O B 5 8 5
34 17| m |2 13 4 20 B
a6 | 6| ¥ |1 11 3 5B 45 o
30 (18| ! |2 13 33 3 0 5
0| 7| € |1 14 30 3 12 5
396 (19| £ |2 21 o g 428 | 3
67| 8| & |1 18 3 1 30 4 |
397 (20| 7 |2 B 42 0 ION | 4
se8| o| L |1 19 3 2 30 4 1rll
go8 | 21 |2 4 57 1 0 4
360 |10 £ (1 2 30 1 30 4
_ ] | 300 |22 Xl|2 ¢« 38 0o 9 4
80|11 | p |1 12 42 112 | &
. 400 (23| w2 0 12 0 3N g
871 (12| o |1 11 48 1 2N~ B
401 |24 | H%l2 3 12 1 0B | 5
a7z | 13 1 0 3 5 08 | &
n2l25| p |2 1 51 4 48N | 5
403 | 26 1'[; 2 1 27 8 1B G
Informat®
04127 X |2 % 5 3 33 B
|
:I'.‘Elﬂli-lﬁl P 0N | 3 06528 ¢ |1* 4 33 5 30 5
874 2 1 a8 9 1nu|4 400 | 20 1 258 9 3 45 5
75| 8 1 15 0 uula 407 | 80 1 26 24 3 30 &
370 | 4 1 13 48 10 54 5 408 | 31 1 2 57 1 45 5
|
a7 | B 1 13 3 10 3N. | B 00132 5 |1 27 @ & 9N | 4




ASTRONOMICAL OBSERVATORIES OF JAT SINGH. 105
Xo. Ilh‘u,-[nmr. Longitade, Lutivade, |:q| Wa. | Moo | Bayer | Loagieds, Latitudn, Mag.
Informatea
Informate | e o,
i 89| 1 2 2 0 458 | 4
s - " - "
‘ I ; 0| 2 x |3 0 3 6 0N | 4
410 1 1 18 51 19 08 | 4 | |
| . il 3 d (3 8 12 2 08 | &
a1 2] ¢ |2 o18e 13| 1 3* 5
; 42| 4 |3 23 9 1 2 -
412 3 2 156 &l | L] o
| “3 5 g 32 30 5
413 4 o 2 18 ™M 1 30 o -
I sa| 6 £ |3 19 54 4 15 a
414 o 2 21 42 | 6 34~ b
us | 7 3 25 18 2 458 | 4
415 | & 2 22 57 8 0S8 | 5
4iu| 7 2 20 M 1 16N. | & Cancer (Karka)
417 | 8 | | [
a2 A AR |“ 445‘ 1| € |¢ 35 1 0N lchoh
418 | 9| ha
* . =N W o 2 ur| ¢| 7|4 1 33| 1 N | 4
410 | 10 | 2 |
tlll EME 4 # ug| 3| 0 |a 1 48 | 1 158 | 4
an & |
i Il e el so| 4| y|e 3 & 3 6N | 4
m| 5| 8 ls 4 B | 0 158 | 4
|
g 4 51 8| a |2 9 48 5 218 | 4
Gemini  (Mithuna) | |
452 | 7 L 4 2 15 | 10 16 K. 4
421 1 a 3 B 5 : 9 54N F 1 a8 .l-l-’ 3 97 4B | 0 4N 5
22| 2| B3> 3 6 %0 |2 9 Ble os | 10 w8 |4
23| 3| 8|3 7 28 10 45 4 —
28] ¢ 7 |3 12 3 T 50 4 Informate
|
425| 8| ¢ |3 15 36 5 30 4 4:-5:':;‘4&13 2 158 | 4
0| 86| v |3 17 & 4 54 4 56| 2| x |4 12 3 5 488 | 4
45| 7| |3 2 9 2 45 4 &7 3| » |4 9 B 5 ON.| &
28| 8| A3 15 D 2 45 ] 58| 4| £ |4 6 &7 7 OK.| 5
420 | 9| Db*|3 16 3B 3% 45 5 )
| Leo (Simha)
10| e |3 8 21 1 15*N.| 3 .
gl 813 14 5 o 218 | 3 lﬁﬂ‘ I| k|4 1B 18 10 0N | 4
492 (12| [ |3 11 ¢ 2 18 4 0| 2| A |4 14 18 B 0 4
433 (13| )\ |3 15 6 6 0 2 | 5 p.'-411'3:1| 12 21 3
94 14| 5 3 0 3 1 30 4 d02| 4| € |4 328 n-i P 45 3
435 | 15 F_-ISLW 1 15 4 4ns|5£4m:m‘nn 3
|
436 | 16 » |3 % 83 3 % 4% m|ﬂ Yy |4 38 0 0 45 2
87|17 4 |3 5 TR 2 $65| 7| q |20 7 4 45 3
38 18| £ |3 T 30 0 125 | 4 408 | 8 aliiﬂﬂli 0 X | 1
| —
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ASTRONOMICAL OBSERVATORIES OF JAT SINGH.

Ko Fo. | Tayer. Longftude. Latiude. -IHna. Xo. HNuo. | Hayer, Loaghtude. Latitwle, M
| s « = | § o o .
67| 9| A |4 26 30 1 278 | 4 408 5| B |5 22 30 0 10N | 3
468 |10| » |4 24 3 0 12 5 M| 6| m|e 115 1 30 3
409 (11| o (4 21 3 0 o 6 B0 | 7| ¥y |6 6 21 2 54 3
70 12| £ (4 18 30 30 ] 01| 8 6 10 30 | 3 0 i
471 (12| o |4 21° 30 3 & 4 2| 9 6 14 33 1 38 1
472 | 14| w |4 26 48 4 0 4 503/10 & |6 8 9 B 45 3
473 (15| p (5 2 45 0 D8 | 4 504 11| p |68 1 ps 13 30 5
d4 |18 § |5 o0 33 4 I6K. | @ soal12| d*| e 4 9 i1 18 B
475 ITI kE|s 4 9 5 18 (1 608 (13| € |6 5 &7 16 16N. | 3
476 (18| 1 |5 8 27 2 B i 507 | 14 6 20 18 2 8B |1
77|19 b |5 b5 27 13 6 5 68|15 L |6 19 3 § 45N. | 3
473|2-:ri 8 |6 17 88 14 89 2 500 | 16| I |6 20 24 g 12%. | 5
470 | 21 B 6 48 15* 45 5 510 (17| h |6 21 27 0 245 | 6
m--l # |5 0 48 0 24 3 511 Ial m|8 23 3 1 8N.| &
481 | 23 L |8 14 @ 6 0 a si2l1pl 1 |6 ¢ 33 2 48 | 5
482 |U| o |5 15 1 15N, | 4 513 | 20 6 25 21 1 308 | &5
483 | 25 | Pﬁ G 15 30 5 DB | 4 514 | 21 pl|6 23 8 8 45N. | &
8L 2| , (5 21 12 3 158. | & 615 |22 , |6 20 &7 115 | 4
wﬁiﬂ 3 & 17 &7 12 0N | 1 516 | 23 £k |T 1L o 3 0 4
BIT|24| & |7 1 48 11 45 4
Informate sig|es| 7 |7 3 18 0 42 | 4
48&' 1 !-i 29 48 | 14 ON. | & 510 | 28 p|7 6 4 8 GIN. | 4
487 | 2 5 2 3 | 16 20 5
88| 3| x |6 108 | 1 15N | 4 Informatw
80| 4| © |5 10 77 ! 0 308 | 5
41.m| 5| d (5 11 24 8 08 | & ek [ 2 A it K
01 6 52 12 | 2 12N | 5 g ] WL LR 7 2
M 5 20 33 23 30 | 5 s ! 0 | B e .
03| 8 oA 2 0N | & okl e 2 A |15
| B2 | & 6 21 27 8 238 b5
Virgo (Kanya) 525 | 6 6 25 18 7 428 | o
94| 1| ¥ |5 20 30 4 BN | 5
sl 2 El'ﬁ et 3 5 2 _Libra (Tula)
486 | 3| o |5 24 3D 8 24 i 526 | 1 a |7 12 15+ 0 45N. | 3
407 | 4| W |5 20+ 27 g 0 i 527 2| m |7 10 3 1 45 B




ASTRONOMICAL OBRERVATORIES OF JA1 SINGH. 107
¥o. | o.|Mayer. | Tangitute. Latitude. :Hu ¥o. | Nou | Uager.| Loagttue tatitnde, | Mag
S @ F ] r I ﬂ_ @ L] L] #
528| 3| B |7 16 & 8 45N. | 3 G816 y» |8 17 9 21* 08 | 3
520 | 4| & |7 12 @ 8 36 5 5B | 17| @ |8 22 3 19 21 3
530 | 5| «f |7 17 20¢ 1 46* 4 560 (18| , |8 23 38 18 18 3
sm| 6| o |7 14 B4 1 0 5 A8l | 19| x |8 22 39 0 o 3
532 7| y |7 2 57 1 45 4 p62 (20| X\ |8 20 19° 13 33 3
593 | 8| @ |7 20 12 2 OTN. | 4 m'z] v |8 20 3 13 548, | 3
Informale Informate

534 | 1 720 3 8 @AN.| 5 564 1 8 24 00 12 398 | 4
535 | 2 7 26 54 6 30 4 5,5:,!2 smls| 8 45 G;
536 | 3 7273 B 54 4 Erﬂﬁ;ﬂ 32335! 4 158 | 5

537 | 4| x |7 26 23 0 36 6

538 | & T 23 48 3 12N. | ¢ Sagittarius ( Dhanu)

|l B el e v o7 | 1| ¥ |8 #71 &7 7 128. | 3

540 | 7 7 17 97 7 30 3
568 | 2| & |9 1 gsoe 8 45 3

541 | 8 7T 2% 3 B 15 4
560 | 3| € |8 1 21 11 12 3
bl M Bt Sl O 0| 4| £ |90 2 s3 g 08 | 3
Scorpio (Frischika) et T IR YIS
. - 52| 6| o |9 8 39 3 458 | 3
43| 1|1 B8 |7 20 30 I 0X.| 3 53| 7| ¢ |9 68 T 3 o 4
54| 2| § |7 20 o 2 38 |3 4| 8| »* (9 9 15 0 458 Gu
645 | 3| ¢ |T 28 45 5 27 3 sis| o| £ |9 s m 2 0N | 4
B4G [ 4 p T 20 3 8 5l&. 3 66 |10 o |0 11 39 I 15 4
541| 5| » |8 0 38 1 45N. | 4 577 (11| & |B 13 3 2 0 4
48 | 6| ot |7 20 1B 0 30N | 4 618 (12| d |9 14 BY 3 In b
B49 | T| o |8 4 86 3 465 | 3 60 {13 | o' |9 16 33 4 6 4
550 | B| o |8 6 24 4 30 2 580 14| w |9 18 3 6 15 4
66l | B -+ |B T 48 6 21 3 681 (15| &' |9 19 21 5 24 (i
852 (10| o |8 2 21 6 57 5 2|16 g |9 23 18 6 0 5
553 | 13 8 3 3 T 12 5 583 | 17 | f |o 2 1B 1 m}:.i ]
554 | 12 8 10 27 12 0 3 584 | 18 X’ B 18 24 I 548 | 5
555 (18| w |8 12 3| 15 650 | 3 585 (10| At |0 18 48 | 3 a8 | 4
56 | 14| |8 13 27 18 51 4 58620 o |9 13 9 ‘ 2 188, | &
557 | 15 |8 13 33 10 15 4 537_:1] T |9 10 30 5 0 4




ASTRONOMICAL OBSERVATORIES OF JAI BINGH.

o e Wﬂi Longitade. aikads  |atsg) No. | Wo | Bager.| Lomptoade. Latitude.  [Mag.
| | la =y | g o ¢ o
688 | 23 ;|993s: 7T 08 | 3 620 | 23| o [10 18 21 2 30 .
589 | 23| 8 |9 11 5 22 18 4 621 | 24| § [0 19 36 g 1558 |3
600 (24| o |0 12 21° 18 36 i 622 | 25 10 19 51 0 I15N. | &
50126 5 |0 0 3 13 18 3 623 26| , |10 22 18 0o 0 5
ﬁnaﬂ|g D21 3 13 21 4 624 |27| A (10 20 30 2 48 o
503 |27 | . |9 28* 33 20 39 i 625 |28 | @b |10 21 42 4 OK. | 5
5|28 o |9 2 15 5 30 5
Mol A8 88 3 i, R Aquarius  (Kumblia)
606 | 30 b Iu 2= 33 6 5 .
] e |u & 15 o | 5 626 1| g (10 24 21 15 158, | 8
627| 2| o [0 20 39 0 0 3
828 3 o |10 28 42 B 42 b
Capricornus ( Mukara) w4 g lown . 4
D08 1| o' 10 0 3 6 42N | 3 60| 5| £ |m 20 48 8 45 L b
Eﬂﬂﬁlylﬂ 0 &7 6 I 6 631 | 6 o 10 15 T 6 [}
6oo | 3| g 10 0 18 445 3 u:;:"r'#w 9 40 8 9 5
ﬁul:iflnﬂn 7 30 ] ﬁ:iﬁﬁEi!ﬂlTET 8 9 4
62| 5| o [0 1 3 0 42 6 64| 0| o 1 3 2 8 0 3
603| 8| & [10 1 &7 1 39 6 635 |10 - 11 & 3 10 9 4
ﬂﬂi"lplﬂlﬂl 1 21 [ aasu;!gtam 8 48 3
606 | 8| o |® 20 M 0 36 6 mlznluvw 859 3
l!ﬂu'ﬂll-r’lﬂ-lﬁﬂ B o 8 638 13| g 10 20 51 1 48 +
807 10| » |0 4 18 0 54N. | 6 630 14| p 1 0 2 IBK. | 5
608 11| ¢ [10 3 3@ 7 OB | 4 840 | 15| _ |1 2 ® 1 158 | ¢
600 | 12| o [0 4 9 8 45 4 41 u|‘ 10 25 45 1 548 | 4
nm!m A o s 3 £ 6 4 mgln 10 27 18 4 6% | 8
611 | 4| [ |0 13 2 7 0 4 ii-l.ails s |1 6 3 8 188 | 3
612 | 15 10 13 42 o* 12 5 B4 |19 2 11 5 45 5 45 4
613|16| o [10 11 3 4 36 o 645 | 20 0 2% & 6 9 6
614 | 17 X o 9 9 4 1B [} Mﬂ-,ﬂll ,‘-‘-."' 11 21* 42 H o 5
015 | 18| o w o 3 2 2 4 M7 | 22 g* i Y57 0 & 5
616 (19| § o 10 9 0o 0 4 648 | 23 ino§ a0 0 18 4
637 |20 ] |10 14 3 0 48 4 640 | 3| )% 1 6 B2+ 1 10 4
618 | 21 o [10 16 42 5 15 4 450 | 25 11 e 0 a0 4
G190 ﬁi x [0 18 Ib 5 0 2 651 | 28 X 1n 13 13 2 og 4




ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

bo: |t | maee|| Tonivide Lathuds.,  |Mag.

L [
gs2 | 27| I? 1;; :1 :; 248 | 4
n,r>.1lm| Yl 13 a2 4 0 4
654 | 20 4-‘!}1 13 27 5 0 1
655 mnl Ell 11 42 8 48 5
666 | a1 | m'lu 16 3 1 30 1
657 | 32 2l 16 15 1o 5
63 (33| A*11 15 3 14 30 | 5
850 | 34| 11 |11 &G 42 I5- 8 | &
860 | 85| i (11 18 33 15 42 | &
il :m: bt 1t 10 & ! i 0 | 4
fa2 | 37 bE L 11 24 15 & 4
gos |38 | B 12 15 | 16 45 4
664 30| o 1 & 2 16 57 | 4
865 40 | g (11 16* 12 i5 &l 4
nﬁnlu ot (11 6 23 14 48 1
H-G7|4E ||| 02 | 21 oas |1

Informate
088 | 1 1 20 48 16 338 | 4
660 | 2 1 23 20° 15 45 4
870 | 3 |11 22 30 19 IS8 | 4
Pisces (Mina)
on| 1 B o4 54 8 BAN. | 4
g7z | 2| y (I 17 &7 T 12N. | 4
ﬁTHI | b (11 19 33 8 42N | 4
e.-u|4 g M a1 5 B 48 1
65| 6| o ]u 23 57 T 0 4
676 u| - |u 20° 24 | 4 0 4
677 1| A Ju 23 30 3 0 4
68| B| o (1L 20 15 6 18 1
o0l 9 q |0 4 58 5 2% 0
880 10 0 6 57 3 0 i
ﬂBllll dlon 3 1 54 4
{9

Xo. | ¥o. | Bayer. | Low (tmile. Lt e, | Maz
ol 2 .y
g2 (12| € |0 14 30 T 12N | 4
eea (13| L |o 17 3 6* 08 | 4
e3¢ (12| e [0 18 30 18 |6
5|15 £ |o 17 3 4 M |5
36 | 16| @ |0 20 3 2 a0 i 4
g7 (17| ¥ |0 22 3 & 0 | 4
oss | 18| € iu 23 57 8 45 4
gso (10| a [0 26 3 0 30 |3
690 | 20 o (0 24 33 2 3B 4
go1 || = [0 28 12 1 48%. | &
62 (22| 7 [0 23 & 5 0 | 3
a3 |2s| plo 24 18 83 |5
opd (24| & 1o 25 30 22 0 |5
e 25| T |0 24 o4 21 2 5
6oa (20| h o0 21 a2 20 45 ]
g7 21| k|o 20 m 10 42 6
gos 28| 1 [0 190 48 20 30 6
goo (20| Y'|o 20 27 12 51 1
700 30| Y 0 20 %6 11 54 1
700 (31| |0 20 54 10 57 4
23| v |o 25 3 15 0 4
703 33| ¢ |0 23 36 14 45 4
704 (34| X |0 21 18 12 0N. | ¢
Informal @
|
706 | 1 11 24 54 3 128. | ¢
706 | 2 1 25 18 3 0 4
07| 3 {11 25 33 6 12 1
w08 4| Iin 20 21 6 128 | 4
Cetus (Kaitus)
00| 1] A |1 11 30 8 188 | 4
70| 2| & [1 11 3 121 3
m| 3| y|1 618 12 18 3




110 ASTRONOMICAL OBRERVATORIES OF JAI BINGH.
| 1
Ko Mo \B{yﬂr Longituds, Latignde, lu.u No. | No. | Hayer. Lo tude, Latftudes, May.
S | L
7z | q| 8|? 419 1: ;23, 3 T4 | 14 u’lgﬂi} éa 1; ;23. 0
713 s! v |1 3 5 B 0 4 745 | 15| n' [2 18 2 20 9 i
T4 ulf‘ll 7 15 6 20 4 746 | 16 q‘a*|:an:m 20 30 b
s v £ |1 2 3 42 4 47 | 17 | 2 13 48 7 45 4
716 s: p |0 28 45 25 A2 4 748 | 18 2 12 54 T b4 4
w0 o 0m N 29 15 1 M0 |18 g |2 12 2 0 6 4
78100 e |1 03 26 15 4 750 |20 w* |2 0 48 12 43 4
TI0 11| & |1 0 5 28 5l 4 51|21 w2 8B &1 14 18 1
T30 | 12| + (0 15 3 25 30 3 He 2| wt (2 B 24 15 30 3
o (1] » |0 18 15 31 0 4 753 |29 | & I'.? 8 47+ 16 45 3
T.*'{EIH. ; 0 18 45 21 a3 704 | 4 s |2 8 M 20 I8 3
723 ;5' g |a1*13 .3 16 15 3 766 | 25 | |2 8 a7 21 12 4
724 (16| V7 |o 5 48 16 42 3 256 | 26 | 5 |2 1 42 23 57 2
217 P lo 4 2 15 6 0 57 |31 | & |2 20 18 24 30 2
728 | 18 0 2 48 17 12 @ 758 | 28 2 21 12 25 24 2
727 | 19 0 2 48 15 £ 5 50|20 | 5 |2 18 8 25 29 3
728 | 20 0 2 21 (I 5 0030 ¢ (2 1 2 27 54 4
720 | 21 ¢ ¥ 28 .3 10 30 3 761 |31 & |2 19 T 28 27 3
730 | 22| 8 |Iu 20 33 21 08 | 3 T62 (32| . |2 190 42 20 12 3
763 (33| 4 |2 20 33 30 42 4
Ofion {Tavuira) M| » |2 20* 39 30 &1 1
75 | 35| B 2138 3 3 18 1
31| 1| X |2 20 30 13 308. | G 6 (36| T (2 14 45 30 24 4
2 2| a |2 25 2 16 43 1 w7 lar| e ‘2 (] 31 16 4
73| 3| ¥y |2 17 a2 i o | e 768 35‘ K '3 22 48 33 218 | 3
TH| 4| A |2 18 @ 17 30 4
785 | 6| M |2 26 48 14 0 4 ]
s e o i - Eridanus (Kulpa)
m| 5| &€ |2 20 45 o 15 9| 1| A |2 a2 3 31 68 | ¢
788 | 8 2 20 12 8 42 5 0| 2| B }2 12 15 28 12 4
70| o] P |38 o 12 T 15 0 | 3| P |2 9 48 28* g0 | 4
0 | 10| ' |2 20 18 7 15 [ m| 4| » |2 T 21* 27 99¢ 4
| x' |2 2% 16 3 2 5 T3 6|l p (2 6 9 25 48 4
742 (12 ] 3 |2 27 4 3 45 6 7ia| 8| v |2 3 4 24% 24 4
743 (13| w |2 11* 3 19 24 4 76| 7 (;'Ilw:-; 20 0




ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

111

Na. |su.!nuru. I o:giinde. Latitude. L} No. | oo | Bayer. Lomgiinde, | Latitade. Mag.
g & ¢ ol g *+ Al t

76| 8| 4 |1 = 3 28 15 4 g8 | 6| € |2 8 18 4 808, | 4
77| 9| o |1 25 48 27 30 4 90| 7| @« [2 17 o 41 18 3
m7elw| ¥ |1 20 48 33 15 3 sio| 8| B |2 15 48 4 12 3
melnl w1 e 31 15 1 gin| of 3 2218 | 4 9 4
msof12| 8 |1 17 18 20 0 3 siz 10| y |2 20 8 0w 0 1
781|153 € |1 14 B4 27 48 3 sig|n| L |2 22 ¢ 35 30 4
7z 14| £ |1 10 42 % 0 i 314121}EM42|3805.4
73|15 P |1 8 15 23 54 5 '

wilis| ot 5 2 P i Canis Major (Frikat asvoprmiirttik)
85|17 o |1 4 22 2¢ 12 5 gis| 1| a |3 10 = 39 308 | 1
76 18| T (028 48 ) 33 0 |4 sie| 2| O |3 13 3| 4 |4
77 (10| T |0 20 33 35 20 . si7| 3| p |3 13 33 86 15 5
mele0| T 1 1 48 0* 45 4 ss| 4| y |3 16 3 % 5 “
9 2| T|1 715 | 3830 |4 gio| 5| ¢ [3 15 48 39 45 4
0|22 T |1 10 & 30 27 $ a0l ol 8|3 n = ass 8 p
700 [2a| 7" |1 14 33 41 30 4 g1l 7| »* |3 8 & 419 5
o) 14 1223 | B il - stite meal olwl S
mfss| rl115 0| M40 |4 ges| o] Bls 33| a s |3
04 (20| T |1 17 18 “ 6|4 geg (10| £13 7 12 46 36 4
ws (| V(1 25 | 8042 |4 sslnn| €3 s48 | 4 0 |5
wol2s| V|12 18 ) 6145 |4 a6 12| o |3 17 27 | 46 15 !
wrfa| V[l % o6430 )4 g7 |13| o' |3 14 15| 48 |5
708 (30| v |1 18 o4 0 4 sl & |3 10 18 8 2 9
0|3t Vi1 o8 9|0 a6 3 |4 soo|15| € |3 16 88 | &1 &2 |3
soo 32| V|1 6 48 66 39 4 g0 18| ~ |3 14 33 55 15 4
sor 33| vl 4 3 58 & &3 | 17 3 4 15 53 45 3
gz (34| @ [o 19 48 | 53 458 | 1 sefis| n |3 % = s e s

Lepus (Arnava) Informalae

BO3 | 1 ¢ | 1= 11 48 3 08 | b 833 | 1 3 15 30 g2 428 | 4
sos | 2| » |2 11 30 36 0 5 834 | 2 2 20 O 60 45 4
805 | a| » |2 14 3 35 30 5 835 | 8 s 3 3 59 45 s
806 | 4 2 13 61 36 188 | & 836 | 4 3 & 15 56 51 4
g7 | 5| p |2 11 18 30 30 4 53:;5 3 6 33 55 48 5




ASTRONOMICAL OBSERVATORIES OF JAL SINGH.

112- B
No. | No. | Bayer, Lomgitmls. Lathade Mag.
I_ a r a )
9:33| 8 2 20 4% 55 218 4
830 | T 2 3 30 & 15 4
8B40 | B 2 % 13 58 130 4
841 9 2 22 3 M 30 a
542 | 10 2 18 a3 57 24 3
l IH‘J|H 2 14 33 B8 308, 4
Canis Minor ( Laghusrana)
844 1 ,B|:1 15 33 13 548 | 4
14 D05 1

845 sia 3 2%

Argo Navis (Saphina nonuka)
g | 1| e |4 3 24 42 d428. | O
47| 2| ¢ |4 7 18 43 33 3
sas| 3| Ele 221 45 128 | 4
g0 | 4| o |4 1 31 40 21 i
50 | 5| w |3 28 30 40 24 o
E.-‘i]' 6| ln 29 18 47 42 4
gz | 7| p |2 20 3 40 9 4
g53| 8| © |4 1 42 40 4
#4 | 0| o la 1 27 9 8 b
855 | 10 X |4 8 3] 40 48 4
amsl 1l v |32 3 51 54 i
s57 18| A |3 27T 0 68 30 3
g8 (13| S |4 3 15 55 30 5
saul 4| ¢4 5 3 59 0 5
860 | 15 ¢>’|4 6 33 51 b7 4
861 | 6| Y24 98 58 0 4
352|11 S |4 14 18 58 36 2
B63 | 18| w' 4 10 81 6 0 [
am|m m’!-il-l-!-ﬁ 50 ol 5
865 | 20 All 414 3| & 5
8CG | 21 A'|4 15 1 67 40 B
807 | 22 p‘li 3 24 52 30 4

Xa .\'n,. Anyer. | Tongbtuds Latitmde, lmq.
gias w-il e e O
sos |23 p* (4 20 33 | &7 O 1
gop (24| PP |4 28 3| @ O 4
870 | 25 5 2 33 | 00 15 4
871 | 26 5 24 61 24 4
g72 (27| o' |4 22 54 21* 24 4
873 |28 | o' [4 22 42 9 8 4
i74 |20 | o' |4 21 30 i 43 30 4
B75 |30 | o'|4 23 3 | 43 15 4
s3] & o 732 o8 O 2
77 | 32 5 10 5l 51 15 3
TR i Fa s Sh 62 54 4
879 (34| p |4 B 24 65 24 6
880 | 35 4 23 2 84 15 2
81 (38| 5 |5 2 10| 60 40 4
882 | 37 5 8 60 65 40 3
843 (38 @ |5 15 o* 8 &0 3
B84 |30 | _ |5 10 40 67 20 3
885 |40 | § |5 24 49 62 50 3
886 (41 | g [B 1 49 62 15 4
R8T | 42 2 26 21 67 0 4
888 | 43 3 12 3 60 22+ 3
B89 |44 | o |3 10 BS %0 1
800 | 45 3 22 4 T 458, | 3
Hydra (Suja)
go1| 1| o |4 7 38 ' 14 338 | 4
so2| 2 8 |4 0 3 | 12 %0 :
$03| 3| € |4 B3 38 | 11 158 | 4
84| 4| 7 |4 103 14 9 '3
so5| 6| ¢ |« 11 3 1 9 ‘,
s06| 6| o |4 13 48 12 9 6
go07| 7| @ |4 16 38 13 0 i
B8 | 8| T |4 22 B T 4
800 | 0 ¢ |4 23 38 14 89 P
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Mo, Nayer.  Lomgitade. Takitude. \mll
|
ol o8l x|
001 Alg 2 m g1 42 (i}
902 4 23 30 2t 40 2
003 |5 208 MW 0 4
004 (s 42 23 15 Y
005 Als 518 22 0 4
906 plsaae| =00 |3
007 I-t“' 4 0 23 36 4|
0908 E 16 45 2 0 3
900 B 5 24 25 39 4
910 5 25 18 30 21 4
011 6 4 0 21* 42 4
012 & T 18 33 48 4
013 |a 9 18 31 15 3l
014 y |6 3 3 13 45 3
915 w |1 518 13 98 | 3
Informatae
018 4 6 24 22 308 | 3.
017 5 3 18 10 12 "

Crater (Vatiya vahu guya patra)

018 als 2 8| 22 es |4
919 ¥y |5 26 3 19 4 +
020 S |52 # 17 42 4
021 { |5 2 45 18 33 &
gaz € |56 22 30 13 21 4
423 n |6 2 3 17* 48 | 4
oa4 g |5 55 3 11 %8 | 4
Corvus
025 a (6 8§ 21 22 OB | @
026 € |6 8 B 19 15 8
997 { |6 10 33 15 15 5

No, | Tayer. | Loaghinde, Lakltude. Meg
, o 4
dl ¥ 54 14 198 | 8
5, 0 30 12 0 3
5| 1 o 11 39 4
71 B 45 17 49 3
Centaurus ( Karivriiras)
1| g |47 33 22 98 | &
g A |7 45 19 6 B
3| 4 |7 24 20 488, | 4
4| k|7 0 20 0 5
5| v |8 21 25 48 3
6| 0|7 48 2 57 3
7l ¥ |7 33 27 45 5
s| 1 |7 33 23 0 4
o| o |13 42 4 0 4
w| w7 240 18 6 1
u| p |7 45 21 15 4
12| T |7 52 25 45 4
13| v |7 48 20 24 4
uw| ¢ |7 3 27 45 4
5| m|7 15 o6 42 4
6| x |7 80 25 30 | 3
1n| o|7 54 24 15 4
18| A |7 3 32 48 3
19| » |7 51 0 0% |6
20| x |7 3 30 48% | B
-] | @ |7 3 H ™ bl
2| o |7 9 37 42 5
o3| p |6 48 40 12 3
24 ¢ i o4 44 0 i ]
95| ple 3 i 0 5
| B8 12 0 6 3
7| e |e 10 40 15 5
o8 1] 40 45 | 5
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Latitode.  [Mag.

No. |5m Dayer. | Longitude. ‘ Latitude, [iu;
D6o | 2D T 10 B 43 08 3
061 | 30 .o | ‘e |

ooz |31 | v |7 3 4| 8 10 2
oe3|32| £)l7 0 9| @& @ 2
ves (33| F |7 o 9 ! 55 10 3
gas (s | £ |7 4 oo ‘ 65 20 2
066 | 15 a 8 2 9 41 10 1
pa7 | 36 Y |7 17 B0 | 45 20 2
P68 | 37 € i 5.2 | 40 108§ 4

Lupus
00 1 Li] 581 15 25 08 3
00| 2| @ |7 29 33 80 3 3
o71| 3| £ |7 25 12 2] 28% | 4
o2 4| m |7 2ev3s | =1 18 3
073 | 5| 0 |7 28 45 212 | 4
974 | 8| ™ |7 23 o 27 30 5
ois| 7| B |7 24 15 20 12 5
oia| 8| € |7 26 % 2 0 5
o7 | 9| p |7 2 1B 20 &7 5
918 |10 § |7 20 29+ 33 10 4
pre || T |7 13 4 31 208 | &
080 l!l ¢ |7 15 = 3 36 | 4
081 | 13| « |7 18 33 20 24 5
DRZ | 14 v g8 2 0 27* 18 4
083 (15| p |8 2 15 45 5
o84 16| ¥ |7 20 3 13 21 5
o85 (17| AN |8 0 @ 13 30 5
g8 | 18| € |7 20 41| 13 B 6
ps7 {1w| 8 [7 ;1 8 11 308 | &
Ara

g88 | 1| ¥ |8 21 20 22 4068 | 6
peo | 2| € (8 24 0 25 45 4

Xo. | Mo, | Bayer. | Longliude
C ls: = o

oo | 3| 8 |8 10 50 26 308 | 4
091 | 4| a |8 14 20° 30 20 H
go2| 5| B |8 18 3410 4
003 | 6| m |8 18 4b 33 20 4
g | 7| @ |3 14 3 34 08 | 4
Corona Australis (Mukuta)
pos | 1| a |9 2 15 2 08 | 4
o6 | 2| € |0 5 4 21 18 [
o7 | 3| & |9 & 24 20 30 8
pos| 4| Blo 8 0 10 5l 5
w0 | 5| |0 o 2 18 18 5
woo | 6| & |0 10 18 1T 18 5
wol | 7| ¥ [9 10 9 16 12 5
woz| 8| 8 |0 o 4 15 15 5
wos | 9| plo 8 15 12 5
1004 | 10 v 8 B 8 14 30 /]
wos (11| ¢« |8 5 a3 15 0 |8
1006 | 12 9 3 15 5 0 | &
1007 | 13 9 2 0 lﬁEﬁ&‘ﬁ
Piscis Austrinus (Muehchhi yanivi)
woss 1| B 110 24 48 21 308 | 4
1000 2| ¥ 10 28 18 23 30 4
ww| 3| 8 (o 20 3 23 48 4
wit| 4| € (10 28 54 17 45 1
w2 | 5| g 10 20 3 21 o 5
s 6| £ [uo2e 15 18 45 5
w1 7| X |10 22 55 16 15 5
015 8| 7 |1 19 30 15 30 5
we| o @ [0 15 27| 16 54 5
m7 [ 1w0| ¢ {10 14 33 15 33 4
1018 | 11 K (100 14 33 ! 23 168 a3

* Baily's No. 1008 is omitied,
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111
115
118
132
154
205
210
221
225
252
267
275
350
60
Hit |
a78

411

471

637
640
Gt}

676
723
743
o2
763
764
d =
m
503
B0
BGG

RO4
07
41
72
978

01

Loxorrunes.
Jui Bingh, Baily-+4" 8.,
ﬂ -] L] @ [} ¥
2 94 23 2 T
3 18 &7 3 v 8L
4 16 1B 4 15 48
4 47 15 4 17 15
f#f 18 58 g 1o 18
L1 J 8 | ] ] 1 L]
10 11 L] 0o 11 ]
6 29 25 6 20 24
7 8 38 7 8 42
7 10 25 7 10 36
7 B 3B T 16 3
8 @ lo 8§ 6 13
0 16 18 g 15 I8
1 8 B 2 A M
2 %6 a0 £ 6 30
2 28 Bl 2 18 51
2 25 9 216 8
g 14 12 g8 19 21
8 M 4 8§ 24 46
g 21 8 B &l 12
1 5 3 | . T 1
1 1 55 1. 0 21
1 0 21 I -
1 20 28 1 20 18
1 4 33 2 4 33
2 18 13 £ 13 13
3 7 %l §-a7 21
4 3 42 4 3 43
2 26 6 4 17T 15
2 84 4 N 2
4 21 3 4 20 30
5 20 27 I
7 12 15 712 0
7T 17 20 e i
7 28 45 7 28 48
8§ 20 19 8 20 30
g8 24 0 8 M 3
g 1 36 71 6
9 12 -21 g 12 &l
9 28 33 g 18 33
1w 1 57 W 1 27
n 3 2 11 a3 2
11 7 30 11 7 3
11 21 42 i 2 42
11 6 52 117 8 12
11 18 12 1L a8 I2
11 & 23  E I . |
11 288 20 n £ 1B
11 20 24 n 1w 24
L 13 3 o 13 3
2 11 3 9. 91 1
2 8 24 2 B 21
2 B 47 2 §- 42
2 20 39 2 18 39
8 7 32 2 7 os
1 20 3 1 20 33
1 11 48 0 11 48
2 15 48 2 15 &1
4 6 30 4 8 3
4 14 3 d 1 7
5 16 0 6 14 20
4 10 B 4 B 13
4 14 0 § 14 9
T 15 24 7 15 14
7 2 33 TR
T 20 20 7T 20 49
T 2 4 7 20 48
8 14 20 8 14 20

A 1'2 DIFFERENCES BETWEEN JAI SINGH'S AND

Bainy's versions oF ULven Beg's
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CATALOGUE.

LaTrTunes. Sran MagsrrpEs
No. | JuiSingh. | Baily. Xo. |.:. s.| B.
2 20 15 2. 15 g 4 3
51 | 80 30 8 23
57| 80 36 80 30 70 | 4-3 3
59| 80 55 80 15
19| 21 9 37 9 12| 3 1
150 | 60 13 80 45
164 | 60 42 69 52 26| 5 4
173 | 84 27 B4 24
175 | 50 2 50 12 06! 5 4
238 | 82 0O 2 0
245 | N. 8 60 | 3 4
216 | N. s
248 N. 8, gan | .. 3
78 | 26 56 26 54
288 | 31 9 30 g4 4 5
05 | 32 54 32 5
306 | 32 12 31 2 835 4 5
307 | 31 21 32 12 |
320 | 30 9 40 013, & (1
334 | 28 & 20 54
a7 | 82 @ 32 30
331 | 25 33 27 36
356 | 30 6 18 6
30| 7 81 6 36
361 | © 38 7 51
33| 5 16 5 36 ADDITIONS TO TABLES
- 2% S OF DIFFERENCES.
387 | 12 35 12 15 :
L -+ 1 15 Jai Eingh.l Baily.
44| 0 34 8 54
420 | 3 45 5 45 No,
3 1 13 1 5l Ok
64| 0 45 9 0
0| 15 45 18 15
e o 0 0 ae ol @) r
538 £
612 5 12 6 12 !
ml ﬂa. *“., I
(s 8 0 oD o0 LI{'n-m:-nu.
710 12 N 12 51
733 | 17 45 17 15 ]
M | 28 18 20 54 e s | o
| 7 =’ 27 48 555 | 15 55 | 16 15
T4 | 24 24 25 24
788 | 30 45 35 45 571 | 2 28 2 18
792 | 12 2 %
§72 | 21 24 51 24 887 | 67 o | 66 0
884 | 67 20 66 20
888 | 66 22 66 12 850 | 30 0 | ¥ &8
008 | 24 10 24 45
o1l | 21 42 31 42 P51 | 30 4 | %0 0
23| 17 48 15 18
p47 | 25 30 25 33 o71 | 21 28 | 21 18
oaz| 27 18 17 18 |
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A 2. MAHENDRA’'S STAR LIST.

Maimewpea's List. Prouemy's VALUES. Dirreg- No.
ENCES, Modern names and | in
s : , Magnitudos. Jai
Name.  (Longitude. | Latitude. |Longitude. | Latitade. ‘ALong Ayae Bingh,
8 ¥ c 1 lg = ¢ g F
1 o D 643) <21 0|1 170 427 01853 | 0 | O PogasimaAnd2] | 313
2 | Nadyantak 0D1043| —5330 | 0 010| —5320 19 90* o |0 Erideni . .| s02
3 i 02243| 9820 | 0 350 | 420620 1853 0 | B Andromedm . 24 | 357
4 = 02521 | +72 | 0 640 4720 18 41% 0 |y Aretis . . 47| 800
5 -1 02643| +5120| 0 750| +51 201853 | 0 | B Cassiopeia . 24| 187
6 5 10833 +23 0| 02040 | 428 o853 | 0 | BPosei . .2 | 200
7 T 12343| 4% 0| 1 450| 43 0)1853| 0 | @Perssi . . I'0| 106
8 | Brabma .| 2 13| —510| 11240 —510)858| 0 | @Taui . . 1| 301
9| At foot of | 2 843| —3130| 11980 | —31 80 1888 | 0 | B Orionis . 03| 765
10 Imﬁi.w s1253| —1730| 124 0 —17mlm 58| 0 | 9 Orionis . 17| 133
1 sﬁ.ﬁw. | 24353 —s2a0| 125 0| —2230 18563| 0 | @ Aurige . . 02| 221
19 | Aeden . .| 22083 —17 0| 2 2 0| —17 0\1853| 0 | @ Orionis . . 00 | 732
18| Agstys .| 3 8 4| —35 0| 217 0| —75 01854 0 | GAngms . .-08| 880
u = 3 633| —g010| 21740 —39 OB ER | O a Canis Majoris— 16 | 815
15 o 21233 4040| 22320 494010 4% O @& Gomihorom ., 2 | 421
16 | Vyadhaniys . | B1843| —1610 | 22010| —1610 18 33% 0 | @ CanisMinoris 05 | 845
17 | Maghi | 42123 4010| ¢ 230| 40101338 | 0 | @ Leonls . . 1-3| 468
18 o 51323 | 41150 42480 +1 501853 | 0 | Bleonis . . 22| 485
10 3 59733 | —1450| 51380 | —1450 14 3% 0 | yCovi . . 28| 928
20 | Chiteh . .| 01533 —2 0| 52040| —2 018588 | 0 | & Viginis T
o) |geiti . .| 61553| 4319 | 527 0| 42 86| 0 [ aBooth . , 02| 110
o2 | vicakha .| 7 383| +4430| 01440 | 44430 1853 | 0 | @ Corone Boreslis 23| 111
23 | Jyeshtha .| 8 133 —4 0 71240 —4 01888 | 0 | @ Seorpii . . 12| 550
24| At tho edgoof, 81343 | +36 0| 72400 486 0188 | 0 | @ Ophinei . 21| o2
25 mnﬁ?.mf‘h .| 820 3| 310 & 110 —I316 lsﬁ:ti (" 5’| y Telescopii . Neb. | B64
20 £ 82534 4250 8 640| 4200 1854% 0 | pu Sagitarii . 38| &7
o7 | Abhiie. .| 9 613| 462 0| 81720 | +62 0188 | 0 | alym . . 014 8
28 e 2243 42010 0 350 +2010 863 | O a Aguile . 00| 288
ot L W23 —23 0[10 7 0| —=23 a:msa 0 | @ P Aust. . 18/ 667
30 ik 1095 3 460 0|10 010 460 nlmm 0 | aCygni . , 18| 188
a N M2 8| 31 0|11 210 +31 01888 | 0 | BPegast . . 28| M6
12 = m2a1s| —oe0|n 440 -—nmimm o | yoii o8yl 2me
! Seo the intorvsting note in Peters and Knobol's Plol. Cat, p. 110, Th:mmfw
& The readings vary,  ? Bome authoritivs give —20" 20, but Baily gives —23° 0. mrmmp_u&
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A 3. THE STRYA SIDDHANTA STAR LIST.
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Hindn
Numnes,

Probahle
idimtifieation
of  stars

SORYA SIDDHANTA.

Bralmahri-

Agni or Huta.
bk j.

Prajipati  or
Brahma,
Mrigavyadha
or Lubdhnka.

Agnstyn

,8 Arintis . .
A6 Ar'etis - .
7 Taori . .
@ Taori - g
& Aurigm
B Tauri .

A Orionis .

a Ocionis .

O Aurige . .
a Canis Majoris
a Navis .

ﬁ Gominorum. .
& Caneri . 5
€ Hydr:e

@ Loonis » .
8 Leomis . .
B Loonis . .
8 Virginis .
8 corvi . .
O Virginis .

{ ¥ Pogasi . .

L Pissium 2

Flamsteed's
walues redused | o
REenvcEn to A, 560, | h;h"}?“:: tnl
Polar | Polur i AN
Lang. Lt is an indicator.
Long. Lat, Long. Lat. I
g ol tox.| 1150 911N | 13956| 828 N. | 1. Abvini.
o0 o 125 | 24356 |11 ON.| 2654|1117 N. | Z Bharanol
37 30 FN.| 3 B| 444N | 30588 | 4 1N |3 Krituki,
49 30 0B 48 0 4#95._ 40 45 | & 30 5. | 4. Rohini,
. 6020 |28 53 N. | 6150 |21 52N
= 54 5| T4 N | 62352 522N
g3 ol we | 61 3| D498 | 63 40|18 25 8 | 5. Mrigasiras,
7 20 OR | 6650| 8538 | 6843 |16 4 8 |6 Andid
. 6711 | 38 40 N. | 69 54 | 30 40 N,
.. | W23 |308s | 84 7 MRS
80 0|80 08 B 4 | 70 B0 B,
03 0 6N | 2255| 6 ON.| 8314 6308 7. Punarvasu,
W6 0| o0 0|18 0| 0 0 W08 42| 0 4 XN.| 8 Pushya
108 0 78 |lod6D| 6568 |[11220 |11 B R 0. Ailesha
120 0| o0 o120 0| 0 O 120 40 | 0 27 N, | 10. Magha.
44 0] 12 5. |13058 | 11 10 K. | 141 15| 14 19 X, | 11. P. Philguni.
156 0] 3N (15000 |12 SN | 151 &7 |12 1T N, |12 TN Philguni,
o i 176 23 | 8 1o N, | 171 38 | 8 38 X,
170 o 118 [ 1742210 68 | 17327 |12 10 8. | 13. Hasta,
e . 17848 | 245 N, [ 178 12| 1 456 XN,
180 0 a g | 180 48 158 |18140]| 2 28 | 14. Chitri
196 p| 3TN | 183 2 ‘Iﬂ 850 N. | 184 12 | 30 57T.N. | 15. Svill
213 0| I} 8 213 31 1258 | 211 0| 148 8. | 18 Visikhi.
o 0 88 |22 44| 362K (2820 | 1678 7. Anurfdhi
20 D 48 |20 % 608 |22044 | 43158 18, Jyeshtha
241 0 P8 |22 | B4R S | 24493 |13 448 | 10 Ml
954 0| G} S | 25430 | 5288 (25432 62358 | 20. P Ashidhi
260 0 Eﬂ.rmﬂ 408 |02 3348 | 2L UL Ashiulhi
266 40 | 60 N. | 264 10 | 50 58 N. | 265 15 | 61 46 N. | 22. Abhijit.
280 O | 30 X.|282 20 | 20 54 N. | 231 41 | 29 |9 X. | 23 Spevana
900 0] 36 N 206 5| 3533 N. | 200 10 [ 31 57 N. | 24 Sravishtha,
320 0| 3§48 (31950 | 0288 52133 0238 |25 Batabhish)
308 0| M N 2325 | 2230N |33327 |10 25 N | 268, P. Bhidrs-
powcliic
BT 0| 26X T16 |24 1 N. |30 B]2541 N, | 27. U. Bhidra-
pand &
350 0 00 3050 0 O wsons| o 0 28. Bevar
I
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Tag ZARQALI INSTRUMENT.

ArFROXTHATE POSITION O THE

PositioN ACCORDING TO FLAMSTEED.

INSTRUMENT.
Names of Stars.
R A, | Declin. | Long. Lat. B A Dieclin, Long. Lat
& B8 g a # B i 88y a
[

Dhanab al-Qitus (3 Coti) . o) —=20 ey —22| 70| —l041) 112813 0 24
Sadr al-Qitus f= Cot)) . 38| —l16 0203 —20| 360} —I1313| 020 0| —26 0
Fam alQius (a Coti, gy 42 1 6| —13| 4132 +250| 1 050 —i2 37

M endzr). ‘
Rijl aljuzi  al-Yasei (8 | —of 212 _—ay s —s8388| 21230 —31 10,

Orioida, Rigel). ‘
Farad ol-Shaja’ (2 Hydrm). l:ﬂil —71| 429)) 223 138 5| —720| 42258| —=2225
Ras al-Asad (p Leonis) . 142 428 4 1564 +12 143 45 27 27| 417 6| 412 9
Qi’da Batih (a Cratesis) . 00| —16) 518| —g23| 16112 | —1680 | 51027 | —22 42
Zahe ul-Asad (2 Loonis) . 162 | +22] 5 b 14| 18423 2212 5 867 | +14 9
Simik Ramih (o Bootis | 210| 422 620 +32| 200224 42049 61954 | +30 57

Aréturua).

|

Nasr-Waqh (« Lyre, Vega)|  2773] +38f 010 62 0| 21636 43832 01057 | 461 45}
Dhanat,  al-dajijah  (a 308 +d4 11 1) <460y 7404 44412 | 11 1 1Y) +59 57

Cygni).
Dhansb al-dadi (g Capei- | 8213f —17{ 1018| —2| 52220| —1720/101913| —232

corii),
Fom al-Farss (s Pegasi] . ax 48 1027 420 322 14 4828 (102734 | +22 7
Mankib, al Faras (8 Pegasi ) 342 | +27| 1124)) 4310| 8211) 42024 1125 2| 431 8

1 Flamsteod had been st work at Greenwich for four years when the Zargili instrument was made,

The instrument s dated AD. 1080 and Flamsteed's catalogue is for 1680,



APPENDIX B.
Astrological Tables.



12{1 Aninususival UBSERVATORIES OF «4a: cunNGL

B.—ASTROLOGY.

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

and relate to :—

{1) The ascendant or rising sign.

(2) Houses (Domus Ceali).

(3) Trigon or Triplicities and their Regents,
(4) Terms or Limits.

{(6) Decans and Faces.

(6) Pianetary Domieiles.

(7) Beptenaries, Nonenaries, Duodenaries.

The Ascendant or * horoscope ' is the point of the celiptic rising to the horizon at the given
moment. lts determination is the first and most important astrological problem. By means of
the Jai Prakis (page 37) or the Kapila the ascendant could be determined by inspection. On the
Jai Prakié 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 Kapéla
shows the rising sign itsell.

On the astrolabe the position of the sun on the ecliptic (its longitude) and its position for the day
(its altitude) being known, the only operation required is to turn the ‘ankabiit (aranea), so that the part
of the eeliptic in which the sun is, lies on the proper altitude cirele (almucantarat), and then the rising
sign or the point of the ecliptic on the horizan 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, ete., could be caloulated, if the position of the sun were known, for any of the
given latitndes.

The ecliptic was divided into 12 equal divisions or signs of the zodiac which, owing to the obli-
guity, took different times to rise and set. This problem of ascensions (“Ava$opai) became of great
importance because it affected the position of the four * centres.” (1) The *horoscope ' or * ascendant.’
(2) Superior culmination. (3) The descendant, (4) Inferior culmination. These, in consequence
of the yariable time of the risings and settings of the signs, are not at intervals of right angles as the
early * Egyptian’ astrologers pssumed.

This problem of the ‘anaphorai, is most interesting historieally. Hypsicles and Hipparchus
(second century B.C.) studied it and Ptolemy gave the correct solution. Paulus of Alexandria (third
century of our era) animadverted on the erroneous methods® emploved and exhibited the "anaphorai

according to Ptolemy.

I Wi are not hore conesrond with the fact that the fandamental assumptions in connexion with asteology are
falsn, Prolemy nssnmed lnflusnces smanating from eelestinl bodies which tende! to make the nature of the subject
aficcted similar to the ngemt.  The Araba comridered the heavenly bodies rather ag indicators than agents,  Neithor
of thise sssumptions i sarrnnted by any combination of observation and reasoning ; both were the result of falss
jiloas that have been long since discarded except by the un-learned,

t F.g. by Manilive. See Delambre, Vol. 1, p. 253,
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The following incorrect table! f-om Petosiris for the first and second climates may be compared
with that given on page 23 :—

Rismec, BETrING.

st Climate. Endﬂlmw.. 1et Climate, | 2ad Climate,

Fr h. m = * hom . L]
Aries . i - . - 2140 = 12640 20=120 38 20 40 | Pisoed
Taurus . i - . 85 0 =140 0| 24=1238 35 0 36 | Aquarius,
Gemini . . . . 28 30 = 1 53 20| 28= 1352 a1 40 32 | Capricornus.
Cancoer . . i . 3140 =% 640 | 32=2 B 28 20 28 | Bagittarius,
Leo 33 0 =220 0| M=224 3B 0 24 | Beorpio,
Virgo 3320 = 23320 40= 240 21 40 20 | Libra

Toran . 180 0 =12 0 E[TBU:IB 0 80 0 ]m:

The table for the second climate is reproduced in the Brikaj jataka® of Variha Mihira (c. A.D.
550) and is therefore of gonsiderable historical interest, Variha Mihira lived at Ujjain, which the
Hindus placed at the middle of the second climate? The Sarya Siddhdnta (iii, 42 f.) gives the correct
rule for determining the times of rising ([daydsavas) of the signs, but gives 24° as the obliquity.

Houses.—The astrological houses (Domus ceeli) 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 in universal use.* In 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-Battini, Regiomontanus, Jean-Antoine Magini (1556-1617) and
others. According to Delambre (p. G01) the Arabs divide the south-east quadrant of the equator
(S.E.in plate ¥) 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 represanted by equal spaces on the ciceumference of the circle,
poirs were associated by parallel lines (Antiscia of Firmicus, etc.), by diameters, by squares, by hex-
agons, and by triangles, inseribed in the cirele.

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-Leclereq suggests as the motif the part
that the trind played in oriental religions.

1 From Bouché-Leclereq's Aastrologie Grecque, p. 200.

* The rule reads : * The numbers five, six, soven, eight, nine and ten each multiplied by four are respectively
the messurements of the first six signs from Mosha (Aries) ; and these reversed bocomo the lagne mdnas of the last
six signs.” (i, 11.)

3 The Hindus placed Ujjain on the tropie of Cancer, i.e., Intitods 25° 517 15 acoording to Ptolemy,

& Maniliua (first century B.C.) had employed o scheme of sight houses.

% But see figure 17 which does not support this practios.

# The sex of the =signs is determined by the Pythagorean view of nombers, which shows the odd numbers as
masculine and the even as feminine. The signs are slternately masculine and feminine starting with Aries which
is masouline L'Adstrologie Greoque, p. 154



122 AETRONOMICAL OBSERVATORIES OF JAI SINGH.

The trigons or triplicities are sets of three signs that are 120 degrees apart. The trigons in order
are—

{m) | (k) ()
(i) Ames . B . |"Leo 5 i . | Baorrramivs . . | Masouline, Royal Trigun.
{ii) Tarmus . . « | Virgo . 3 + | CAPRICORSTS - | Feminine,
{iii) Gearoit . o | LimgA . . . | Aqramrs . | Masculine, Human Trigon.
(iv) Camwcen & . | Boor¥Fro a « | Pisoes . i . | Fonnnine,

The Lords or Regents of the trigons are given on several astrolubes (p. 23). The origin of
the arrangement is ohscure 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, ete., ete.

The regents” are—

(=) {®) {c)

li} Saturn. . - . - - . « | Bun . . - . . Jﬁ]’litﬂ'h

(i} Venus . . . . i . + | Moon ., . . . . ll{u.m

tl.'u} Hﬂﬂ!w - . - . - « | Saturn- . - - - . Jlil-'Pi'tl"'l.'.
[i"} Hm . - - - - ] " Mo = . W - . Yenus.,

The tables on the sstrolabes correspond to these principles but add other information. The
table of trigons on * Jaipur A’ is given on p. 23 ; the corresponding tables on * Herdt €’ is seen in
fizure 12. In both of these tables the trigons are classified in order as (i) Fiery, (ii) Earthy, (i)
Ary and (iv) Watery.®

Terms or Limits (5pia).—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 {or 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 Paulos Alexandrinus.?
1t did not satisfy Ptolemy who t:ied to introduce a rational order but failed for the Egyptian system
i+ the only one generally recognised.

1t 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, ete;
Pemophitus said the numbers represented the periods of revolution of the planets ; some say the num
ber allotted to each planet represents the number of years of life that it ean impart to the individual
born under its influence, ete.

t According to Dorothes of Sidon Plolemy gives Mars for Sntom in i, (a).
%A ting to Albernni (i, 220) the Hindus do not refer the aspectus h*l'w#i to the sloments,
* The Bﬂlﬂ}‘}&m (i, 7} seems to pim at & l.}ltﬂ!l.ltllf nrrangement but the text is not at all clear.

¢ Bouché-Leclereq, p. Z06L




ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 123

The question of Fpx made discord with the astrologers. * Apollinaris,” writes Demophilus,
* disagrees with Ptolemy about the distribution of the fpiz and they both w'th Thrasyllus, Peto-
giris, and other ancient authorities.”"? The complete table of terms is given below (p. 124).

Decans and Faces.—The decans (J:xavei) are parts of the zodisc 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 ’ (vpdreva).

The order of the decans, after Firm'ens and Paulus Alexandrinus, ete., and on the astrolabes

iz as follows :—

|

Bigns. | Decans.

|
Amtes - . Mars . San ¥ « | Venus,
Tavnus . H Meroury » Moom . | Saturmn,
GEMINT . Jupiter Mars 5 Hun
CaNcER . + | Venns Meroury . Moon.
Leo : I Saturn . Jupiter « | Mars,
Virao . ' 6 | Hun . Venug . Meroury,
Lisga . . | Moon Saturm . | Jupiter,
SCcoRFI0 Mar= Sun . « | Vonus,
SAGITTARITS .« . Mercury Moon . . | Satorm.
CAPRICORNUS . . Jupiter Mam . « | Bun,
Aguamrs Venus Mercury . Moo,
Pisces . . . Satumn Jupiter . « | Mars,

1t 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
geems to have come from the East (Babylon 7). 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:—

Housos. |

Flansta, ! Houses,
Aguanirs . « 1 Saturn Carmomsos,
Pisces 2 Jupiter Baurrranivs,
ARpIEs . + | 3 Mars . . Econrio.
TAURUS . - « 4 Venua . . Linea.
Geixg * * + | 6 Mercury . . Vmao.
Lo . a . 6 Moon—Sun 8° Caxcmn.

! Touché-Leclerog, pe 22
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On the astrolabes (B. and E.) the arrangement is as follows :—

AQUARIS . . . 1 Baturm 8 Meroury . | 4 Venua
PisceEs . - + . . 2 Jupiter 6 Moon . 3 Mara
Ams . . . . 3 Mars . 6§ Bun 2 Jupiter.
TavRUS . . 4 Venus . 6 Meroury « | 1 Baturn.
Grarst . 5 Meroury 4 Voous . . | 1 Satum.
CaxcEr - . i Moon 3 Mars . « | 2 Jupiter.
Lzo . o . . . 6 Sun 2 Jupiter 3 Mars. |
Voo . . . . 5§ Mervury 1 Batum 4 Venue,
Lrmma 4 Venus 1 Saturn 5 Mercury.
fcorrm . . . 3 Mars . 2 Jupiter & Moon.
SAQITTARITS . . - . . 2 Jupiter % Mors 8’ Bun.
Cargiconsus . . . . 1 Baturn 4 Venus . 5 Venus.

The Brihaj Jataka (i, 6) says: “ Mars, Venus, Mercury, the Moon, the Sun, Mercury, Venus,
Mars, Jupiter, Saturn, Baturn, Jupiter, are successively the rulers of the twelve houses, Mess, Vrisha,

Mithuna, ete., as well as of the Navinifas and Dvidagimhéas of the houses."
Septenaries,—These occur only on the Zarqali instrument and are as follows :—

AQUARITS o i Saturn . | 8 Juplter . | 3 Mam 4 Bun 5 Vomue .|4ln'm7 T Moom  , | Carmconsus
e ¢ Juplter . | 8 Mam & Bun 5 Vemm . | 6 Mereury | 7 Moon 1 Batern . | BANITTANIUR.
AmIES . - 3 Mars i Bum o | & Venns . | & Meroury | 7 Moon | 1 Batsirn . ! 2 Juplter . | Boomvin.,
TAvELS 6 Yenma . | @ Merewry | 7 Moom | 1 Hatorn tJ:rm:.! | RRtLL™
CEwTET . # Meceury | 7 Mioom . | 1 Saturn . | 2 Jupiter . | 0 Mam . I & Vonma . | Ymoo,
Saan 3 7 Moon . |1 Saturn . | % Jupiter. |3 Mam . |4 Sem :I‘Frni . | 8 Mereury

4 Sun B Venmy . | 8 Mercury | 7 Moon T Hatarn . :leluf.|3lm « | LuD.

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 :—

TRIGONA. 1 2 » s . ! o | ’
| |
- 120, | 3 Mam 4 Venms . | 5 Mercury | 6 Moo . | & Sun 5 Merewey |4 Vomm . | 8 Mam 2 Juplter.
BARITTARIUE.
2 Taravs ¥is | 1 Saturn . 1 Saturn . | 2 Jupher . | 3 Man 4 Voo . | & Morenwy | 8 Moon « | # Sun b Mrremry.
no,  CAF-
OOREST=.
- Lavms,| & Ve , | 3 Mary g Jupiter . | 1 Sstarn . | 1 Gatarn . | € Jupiter | 3 Mam 4 Venos . | 5 Merewry,
T ARITS. .
l-t-':."" o Moon . | @ Sun & Morcary | 4 Veuns . | 3 Mam £ Jupiter . | 1 Saturn lhl.m;. 2 Jupiter,
i, PIScES. |
|

and this is really the arrangement given on the Zarqall instrument and it is implied in the Brikdj
jataka (i, 6) which says : * The rulers of the nine Naviimsas of Mesha, Makara, Tuli, Karkata are the
same who tule the nine houses beginning wi'h Mesha.”

~ 3 Tho clussical li'hm, Aristotle, Eratosthenes, ote.) order was, Moon, Sun (Venus, Mercury), Mars, Jupiter,

Satwrn. Tater Mercury and Venus wore interchanged (Heraclitus) and about the time of Hipparchus the order was
made Moon, Mercury, Venus, Sun, Mars, Jupiler, Salurn,
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Duodenaries.—The Zarqili instrument (E.) gives the planets also in twelves for each sign
(figure 19). The arrangement is exhibited below : the order is the domieiliary order both horizon

tally and vertically.
1 s a 4 5 L] 7 B n 10 ‘ 11 i=
AGUaIEs Gubmrn . | Jupiter . | Mors Vonus Mercary | Moon Bun Merewry | Vonus Mure . | Juplter . | Raturm,
P B Jupiler , | Mars . | Voot Meteury | Moom . | Bin Moceury | Vemom | Mure Juplter . | 8aturn . | Satwrn
ARER . . » | Mam Yepis . | Mercary | Moon . | Bon Mercnry | Vemm Mnre Juplier . | Satarn | Satmrn , | Jupltor.
TLTREE Vo Meremry | Moon Hm Metcary | Vemus Mars Jupiter . | Batorn-, | Saturn , | Jupiter . | Slae
st : Merory | Moon . | SBan . | Moreury Vs Mars Jupiter , | Baturn Satarn . | Juplter Yars i
{ARDER H My Bon . | Mereary | Venos Misrs Juphier . | Baturn . | Baturn o | Joplter . | Mars Yents Merrury.
LEn . 3 . | 8o Meroury | Venoa Mars . | Jupiter , | Batumn . | Satorn . | Jopier . | Mars Venis Merewry | Moo,
Vi . [ o | Mezonry | Venm Mars Juplter . | Batwrn . | Raturs , | Jupiter . | Mors Vomos . | Mepeury | Sloos Stk
Lomith . Venis . | Mam Jupltor , | Satorn . | Satwrn . | Juopiter o § Mas Vewun , | Merewry | Moos . | San MU T
SCARFID Mard . | Jopher . | Sstorn . | Ssturn o | Juplter. Mars Vonos . | Mermery. | Moon Bun | Meronry | Wenm.
BAGTTTARITE Jupiler . | Satwn . | Ssturn . . Jupiter . | Mors Ve Mironry | Moom . | Sun Meremrs | Vemw L | Mams
CAPMIOORSTS Saturn , | Hatum .| Jupiter . [ Mo Venmz Meretsry | Moom Bun Metvury | Venua Moss . | Jupiter,
SUMMARY OF THE ASTROLOGICAL TABLES THAT OCCUR ON THE INSTRUMENTS
EXAMINEI.
L ) TRICONE,
ke gt 'Eg' Duy Night | Mntwre of
i Hrgrnts, Regents. Trigon.
o | dun Jdupiter .
o oo Arirs Jupiter 0] Venus 8 | Merewy 8| Mam 5 | Saturn ﬁ| ] i:!dmt;t X E::!lﬂ'n . Hoyal, Fiery
| l Yenus WMownny .
1 . Taurs Femus 8 | Miroory @ | Juplter 8% Eaturm 5%, Mam .} u ir: J:.'gu! . Earihy
I Saturs ., | Meronry
2 il Gomini . | Moreury 0 | Juplter ® | Vemma 5 | Mars T | Ssturn ‘. 1 . 3{1:;;:? ?f,?ﬂl‘,_ Wutan, Atry
= Venns .| Mars —
n = Caners Marm ¥ | venus 0| Mevewy O | Jupiter 7 | Saturm 4 | ¥ E:-::: ;m : Walery
_ﬁ"ll o | Juplter
Sy . | Jupiter 6| Vens 5| Ssturn 7| Mereury 8| Mam ol IJS:mL-:: 5 ::?-.n v | moysl, Fiety
i Ve . | Moos .
5 up Virgo Mereury 7| Venme 10 | Juplter 4 | Mars 7 | Sstwrm 2| B ﬁ;::‘n . ;::l_ Enrthy
I"' Buturn . | Meremry .
[ Lit¢a . | Baturm 6 | Meroury ® | Jupiter TI'I?nn T | Mars g| W | }l:_pf:"l'l;r | ?Et.,“.*;’., - | e, At
i | :l'iI:E-_ Al '4:11_0:1':' Y| Watery
7 m Bearpin hlars 7| Yennz & | Mercury B Jopier & | Saturm & o _'_H’“_""" i e
Bin o Juplies
] I Eagitinrius, | Jupiter 1% | Venss & | Meresry § | Bubum nlllm i _l'._| -i-:::; 1|Ii:;1m : fowal, Viery
| il heon I J Venst + | Earthy
i z Copricaenma | Mercory 7 | Jupilter 7! Yepms 8 | Balwrm 4 | Mam L] M, = s b ufn___‘
Batnrm . | Meroury ,
o= Anoorins , | Meroury 7 | Venus 6 | Jupler 7 Mars B | Batern & | W ‘ ﬂm&‘-’f ?*u::;‘r:r i Tiuran, Afry
= | Yenas !.'”" " o
1 = Piaces . | Vonus 12 | Joplter & | Morewry Illllu % | Baturm 2| W m :i‘ﬁ- . atery
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C. (1) Astrolabe Gazetteer.'

Place. Longitude. | Latitnde. Inhirdaf. | Distanoe.
Mecoh & 2+ 2@ S ar oW 7; l‘t: 21'1l ﬂ 0 0 0
MaAMA 3 4 & ® Za m o owm s e 1;13 % ':'E: g 34 10 8
Ardabil . . a ‘ 3 i - . . Iiﬂl % :ﬁ :2 17 33 17
Astaribid . = G e e e W Iiﬂ‘ :‘g 3;3 5:'1 38 48 416
R B A - Bl B
Paital Magaddas® RN A s % r: :ﬂ :31: 50 45 16 300
Banfras . . - . - - * ‘ . . ll"f"i;I 2‘: E:E IIE . o
sl e S S RO 112 ‘r: :r.: ﬂ 60 36 e
Tairh, o bk Rl H: ﬂ ':2 alg 31 19 230
Diamghin SR T e e e | SRR R 20 | 38 0 382
T L -1 IR
I ) . e o w e e (3180 6 RS B9 ST W9
UG TR RS SRR [ B 8 R 30 31 | =203
Golkandah . . . . . ' F . . Il}-i 3‘3 12 jg T s
P R e Dy T L S 113 'l"] :;2 1‘1: i .
e o TS TR TTER ) A D 29 f
Hamadin o A T e e e si:: :‘: :’;3 ‘l‘ﬂ’ 2 m a20
Herdt . . g & s b . H . . I:: ﬂ: 3 ?;I: 63 17 430
Igfahiin . 2 . . . F < - i i !E 43 ::E 23:- 40 28 330
T - 3 B
Kibal .« P R T ll:: 4;3 ﬁ ;‘1 80 57 604
Stk TR s (o . e gmed] 08 SRS 0 iz i
Kaltar AN i & e R e 108 0| 35 0 | 68 #4 805
Kufah . 5 : * - . i ¥ * 70 30 b | 30 121 a0g
Lahore . . + 5 = . i : 'y i ll';!: % ‘ilr ﬁ”ﬂ 78 24 674
Mangurah e 1 o IwE e W oa . | 106 0| 27 40 | 82 B 576

1 Ges pagn 26: This is  ==] ction only, The small figurs in itlies ars approximste modern values, TFor
lists see Ptolmy, al-BattinL Ulugh Beg., the din-i-abbari, ete.

! Terusslem.

119 on * Jaipur D.'

& The values vary from 113° 0 to 113° 35' and fom 28% 15° to o®e o,

¥ Aleppo.
* Aloxandria.
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| |
Place. Longitude, | Latitude. | Inhiraf, | Distance,
- '] B Fl [ ¥

. Marighah . . . - - & " « | ‘B2 L] av o0 16 17 360
i w 1 21

Migrt PR e ow «+ o+ 83 20 | 30 20 | 58 38 3346
aj 15 i 2

Mogul . 5 - - . ‘ . 7 ] LT a0 4 12 285
e g 35 ]

Nighibiir . . . . i «| 08 a0 36 21 46 25 4490
] 'L 25 ¥

Qiln - - . . - . - 03 20 33 40 M 1 414

Qandahar . . . . . . « | 107 40 a3 0 75 0 658
e @ a M

Qarwin . . . . . . . . «| BS (1] 35 0 27T J52

Sabzawir . . . s - . -1 ' 0 a8 5 44 12 4o

d - Ll L] Ll L - w 2’“ 39 3? e » %
PO o i £ i

SBhiriz . . . . . . 88 0 36 53 &8 270
T d0 29 F

Birhind . . i = . . . . « | 111 bix | S0 an i 24
H] 23 1o Iy

Tarablis® . . R . . . « | 45 0 42 0 78 17 a74
= Iz 2 e s

Tahriz . . . . . . . . .| B2 1] a8 0 15 40 307
48 13 44 '

Tiflis - ~ . i F . 5 . «| B3 (1] 43 1] 14 41 486
dd e [} 35

Ujjain * . . . . . . . . | 1023 0 4 a0 7 o7 510
] aw EE ] ie

YB‘ZI’. . - - w ® - ® Ll 39 0 32 'I.'l 'I:'B Eﬂ' 331
ad 1 ar &8

1 Cairo.
!} Tripoli.

* Possibly wrongly copled for 112 ; Ty gives 110° 50" and 23° 307,

C. (2) Longitudes and Latitudes of Ujain, Delhi, Benares, Jaipur.

Name of Place, Date, Authority. Locality of olserva- Longitude. Latituds
tinm., Narth,
A D,
Usrars . . 550 | Pawchanddhiniika . 44° Enst of Aloxan- | 24°0' 0"
drin.?
1000 | Hindu canon accord- s .| 248 0 or
ing to Alberuni,
1010 | Alberuni : . 240"
1150 | Bhizskarn . . T s 22* 307 0"
Astrolabes . e 110° 50" Enst of For- | 23° 30° 0*
tunnte Iales?

EThe longitude of modorn Alexandria is given aa 207 51° East of Greenwich,

61° 54' Eost of the Fortunato Isles (seo p. 127),
1 For the lengitude of the Fortunste Isles soo p. 26 where it is estimated at 35° West of Greenwich,

The astrolabes genoral g ave
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C. (2) Longitude and Latitudes—contd.

Locality of observa- ;
Kame of Place, Date. Authority. tion. Longitui'e. ?ﬁmﬂ"
Urrams—eontd. C. 1734 | Jai Singh . « | Obatrvatory . il 237 10° 0%,
1792 | W. Hunter (4s. Res. | Near Rana Ehan's | 757 40" East of Green-| 23° 117 3427,
17905, p. 1411}, Cardon, wich.
W. Hunter . « | Noar Boindia's Palaee| 76° 65° 3" East of |[23° 10 56-5".
Greenwich,
1825 | Warren from Hinda e Eia 237 11° 30°,
Books,
1915 | Trigonometrical Sur- | Hill 1678 i . FFYe 237 11° 6",
vey of India.
DeEroy . 5 i Astrolabes . . 113° 15° East of For- | 287 3007,
tunate Isles.?
1720 | Jai Singh . + | Observatory . i e 28° 30° 0",
1734 | Father Bovdier . i . 75% 0" East of Paris® | 28° 57" 0",
1792 | W. Honter . . = . « | 77% 2" 27" East of | 28° 37" 0",
Greenwioh,
1825 | Warrren from Hindua B, 1° 16" 8" East of | 27 350",
Books, Ujjain.
1015 | Trigonometrical Sus- | Pirghaib 4 . TRt . | 28" 40" 3517,
vy of India. Jama Masjid . . | T7°14728" . . | 28730727,
BEXARES A 5580 | PanchasiddMntikd . T 4° Bast of Aloxan -
dria.
» Astrolabes . . 117" 20" East of For- | 267 15° 0",
tunate Isles.
1795 | B. Barrow Ada Res, S 82° 54' East of Green-| 25 18° 38°,
IV 1785, p. 326. winh.
16825 | Warren from Hindu 4° 370" East of Uj- | 257 38" (",
Books, jain.
1915 | Trigonometrical Sur- | Observatory . . | B3° 0’ 46-1" [East of | 25° 18" 24-9°
vey of India, Greenwich,
JATFUR » - - Astrolabe . P, 10%* §' Enst of Fortu-| 26* 38°,
miita Isles.
Tieflenthaler . . S T3 43' East of Paris | 26° 53°,
1734 | Father Bondier . | Observatory . - | 73° 60" Enat of Paris | 26° 56°.
1015 | Trigonometrical Sur- | Minsret. . . | T6°407 185" East |20° 55" 254",
vy of India. of Greenwich,

i For the longitudes of the Fortunate Isles see p. 25 where it is estimated at 35° West of Greenwich,
% The longitud o of Parls Observatory is 2° 20' 13-5" Eust of Greenwich,
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C. (3) Observatory Elements.

(a) Position.

- Annual
i Magnetio 3
; Longitude R Variation,
Latitude. - Ivclination
East uf Greenwigh, for 1015
h m s Enast.
Dermr . k ’ . . . « | 28°87°35" | T 1AE 5 8 &o2d 1® &5 —1

Jmﬂl . w ® . - - w Eﬁqﬁai 274" 75° 49" 18" 5 3 1:"& 15 45"
o 2 e
Usaars e W 4w | D qa';‘f 53 X 0° 45°
Brvanes 5 S ‘ ’ . .| 25° 18" 24-0°| 84" 0" 48" 532 3l ¥ ¥
5! AT 3]r: é—- ¥ -...--F:'-‘ Ij’f
(b) Time.
THFFEAESCE GETWEEX Lodil SUN TIME A%D CLooX (1 €e, STANDUED) TIME.
Longlinde Bast | betwern loeal |
Plage, i
ot et B o o ] R nb,ml Mar, 15, April 15, May 15. Jm.:bl‘ﬂ:r 6. Aug. 18| Sept. 1. Oet. 1. | Nov. 2. | Dee. 38
N
M3 | e | ME | s | wa| Ma| e M8 M8 MA| M.B|MA | MA
T '
Standsnd . . .| G2 80" O 0 0 (+F11 |+ |+B 8| o 0|— 8| o 0| +544| 423 0 0|10 LI O O
et . by iy - ;l A . -T:I » 4, FIL"TE » Lol b :"_-Jf' A L Mo "I? o2 & &
Degpl . . o WS 4o 8 |esg 1 |+06 02 40004 [+m B 417 20 [+ & -8 52 |85 31 |4E a|+uu 447401 8
Jalpur . . s | TH' 40 AW 489 49 |eposd (441 748540 (408 IR 40U 55 408 43 38 27 4310|428 40 (418 27 1922 480 42
1
k . .
Uita . . .| WY = +20 ok ‘gm0 9|+@tofi96 b lioesnlios u|+eesn |ae e smods (4262 (42006 10 M |40 M
Beares . . .| M O 4" — 3 +15I+u=1+? I]-—-I:—Inl—ln 4841 | 4880 (— 3 |- g |—g &
|

v
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C. (4) Climates and Longest days.

Larmrunes. Loxarst Days,
Clitates Hours of
RiARen. longest
ai y
day. | oA ol Battint| & Adta | Caloulsted | Caloulated from lai-
1 Inbe, from hours tudes.
Latitudes. H M
b 123 12= 30 ~ 12° 4% o 20 13 13
ﬁﬂl‘. » - ® .
" 13 18" 27° 16° 30" 16° 44" 16° 43’ 21 13 17
b 13% 20°14° | 20°28° | 20°31 e 22 13 21
&ﬂﬂnl’ - . &
" 133 £3° 51" 20 5 24" 1 24° 10/ 23 13 25
b 1331 #1°1y | e7ves | g’ . 24 13 29
Third . . . . {
m 14 a0 2° 30° 407 307 46" 30° 48" &5 13 34
b 14} 33° 18" a3° 17 337 43 . b 12 38
Fourth . . . .{
m 14} 8" 0 ag® 22’ 30° 28" 36° 28" 27 13 42
b 14§ 88° 35" 38" 54 i 1 ‘s 28 13 47
Filth i . . {
m 15 40" o8’ 41° 18° 417217 41° 21 29 13 52
] 15} 43° 41° 43" 25° 437 30° e a0 13 56
Bixth . . . *{
m 15} &8 1 45* 22¢ 46" 30" 45" pa* 40 14 51
b 153 46° 51’ 47° 127 47° 38" e 1] 1§ 10
Beventh . . s .
" 16 48° 32° 487 53° 487 50" 48" 507 60 18
!Bi 50F° 4 ' s e e ww
eto.

t () pus Astronomieum Ed. Nallino 2nd part 65—66.
The caloulated results are obtained from the formul o ;" mtie longest day where sin h=tan ¢ lan w
and where =24 20 and P=the latitude.
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D. TECHNICAL TERMS AND SYMBOLS.

D (1). Numerical Notations.

Arabic Hindu 4 | Arahio Hinsdu

Ajed. Rumerals. | Numerals Abjad. | Numerals. Numsrala.
|

1 | a | 1 60 w ] 4. io
2 - b r i 70 t Ve He
3 c i r 3 80 s A ce
4 8 d r ¥ 00 I | 5. &o
3 ] h [ ] l 100 \j q | Rl t"
é 3 w L | i 2040 3 r Fee Jee
7 3 x v ) 500 w sh Fee gse
f-\l 8 C h | A L 400 (5] t Eew “-ﬂ
9 b t 3 & GO0 & th e =

1 l'
140 LS I |= Po 00 ¢ kh Yosu gee
20 | < k re 30 700 ; dh Voo oo
30 J 1 re= " BN 'L.-"i 1] A= Cao
40 r m Es Be 000 E B L Loo
50 o n b ‘ 2 10060 é Ef‘i |*ea t".

The abjad system is indicated by eight voces memoriabiles
abjad hawwaz hutti kalaman sa'fas qavashat thakhadh dazagh,
Dut western Mussulmans arrange the last four words thus : Safad qarasat thakhadh zaghash,
The Greek system agreed with the abjad as far as 80 but the portion from 90 to 300 corresponded
with the abjad from 100 to 400. The later numbers differed considerably. In deciphering the

engraved numbers on the astrolabe there are sometimes apparent ambiguities to be cleared up, owitig,
partly, t the omission of diacritical marks.!

' Seo page 97 ; Nallino’s al-Battani, iii f, and Poters and Knobel's Plolemy's Catalogue of Stars p. 13/,
Morely made a number of mistakes particularly 1o ‘rinscribing the symbols for 4 and 7,
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D (2). Signs of the Zodiac.

" | AmaBic, BaNsEmIT,
0 ‘31 x Arien ., . . . | al-Hamal . Meaha.

32 1| @& 8% |Tewss . . . ., |dThawr Viishan.
pe 2| ]l n | Gemin o e s alTauz Mithuna,
3 | 1 '_ = Cancer - f z . | nl-Baratin . Karka.

} 4 \-.r i Leo . . « | al-Asad E Binhn,

4 b m m Virgo . . . . | al-Sumbulah . Kanyii.

P8 | L Libra . O | al-Mizin Tul,
2 7 M Scorpic . . . .|al'Agmb . Vrichika.

/ 3 1 ™ 2 Sagittsrius . . . . | ol-Qaus . Dhanns.

0 9 1 L | Copricomus . . . |aldedi. . Makara.
10 = Aqunrius . - - « | al-Dalsu . Kumbha.
11 ® Pisces . . . . |alH& . . Mina.

(3). The Planets.

Anane? Samsger.?
r

1 h Saturn. . . . .| Zubal ., Arki.
2 r Jupiter . . . .| Mushtarl . Brihuspati,
3 $ o |k 3 6 3 ol dOembn Kujo.
4 @ Bun . . . | Shama , . Biiryn.
] g Venus 2 . : + | Zuhrah . . Bukra.
6 ¥ Meroury « o+ o+ o|Uparid. . Budha.
7 ) J Moon = . g « | Qnmar . - Chandra.

1 The planetd with the exception of the sun, sre sometimes (e.g., in the table of Trigons on Jajpur A) deacted
by the fnal lotters of the Arabic names [ i, b, (sh), &, d, r; See also Sidillot Prol, Tables Asiron, d'Oulovg B g

pr rxlviil

& Thers are many varianis of these names
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D (4). Lunar Mansions.

Hindu Nukshatrus,

21
22
23,
- =
25,
26

Arable Manzils.
Sharatin (8, ¥ Arietis).
Butin (35, 30, 41 Arietis),
Thuraiys  {Pleindes, 1 Tauri, de.)
Dabarin (a, 8, y, 8, e Tauri),
Hagsh (A, ¢, Pz Orionis).
Han'sh (7, it ¥, %, £ Geminarum),
Dhird 'I',B, o Feminorum).
Nathrah  (y, & Uaneri).
Tart (€ Cameri, N Leonis).
10. Jubhah (a, 3, ¥, { Leonis),
11, Zubrah (S, € Leomia).
Barfah (8 Leomis).
13. Auwd (B, , ¥, 8, € Virginis),
14. Bimik (& Firginis),
15. Ghair (L, &, A Virginis).
16. Zubanin (a, 8 Librae).
17. Ikl (B, 8, m Scorpii).
18. Qulb (@ Seorpii)
19. Shaulah (A, v Scorpii).
20, Na'iim (y* — L Sagittarii).
Baldah (North of 7 Sagitiarii).
Sa'd al-Dhibih (a, 8 Capricorni).
Sa'd Bula® (e, p, ¥ dquarii).
Sa‘d al-Su'ud (B, { Aquarii).

e B oA @@ B

al-Fargh al-Mugdim (@, 8 Pegasi).

bLir

28. Batn al-Hut. (8 Andromede, etc.)

D (5). Obliquity of the Ecliptie,

1. Agvini (B, y Arietis) .
2. Bharani (35, 30, 41 Arietis)
3. Kryittiki (Pleigdes, 7 Tauri, de.)
4. Rohini (a, 0, 5, 8, € Tauri)
6. Mrigadirns (A, b, by Orionis)
6. Ardrd (@ Orionis) . - -
7. Punarvisa {B, a (Femiinorum)
8. Pushya (0, 3, ¥ Caneri)
0. Ailesha (€, 8, 0, 1), p Hyir)
10. Maghi (a, n, ¥, {, p, € Leonis)
11. Pirva-Phalguni (8, 0 Leonis)
12 Uttara-Phalguri (8, 93 Leonis)
13. Hasta (8, v, €, a, 8 Corei) .
14, Chitrd (@ Firginis)
16. Sviiti (@ Bootia)
16, Vidakhs (4 ¥ B, @ Libra)
17. Anuridha [3. ﬂ. 7y Scorpii)
18. Jyesjtha (@, oy T Scorpii) - -
16, Miila ﬂ:'h Uy Ky & l‘*I;I N 'E:l Py € Seorpii)
o0, Parva-Ashidhi (o, € Sagiftarii).
21. Uttara-Ashigha (8, { Sagittarii)
28, Abhijitt (a, € { Lyo) .
2%, Bravans (@ B y Aquile)
24. Bravishtha (B, @, ¥, 8 Delphini)
25, Batabishaj (A Agquarii, efc.)
26, Phrva-Bhidrapsds (a, B Pigasi) ;
27, Uttarn-Bhidrapadd (Y Pegosi, a dndromedm) .
28, Revati ({ Piscium, elc.)
B. C. 130 Hipparchus . . .
A D150 Polemy . . .
880 al-Battini . .
o65 Abunl Rabhman al-Sofi
1001 1lin Yunus . . -
1100 Sirys Siddhinta
1250 Alphonsine tables
1270 Nagir al-Din al-Tis . .
1438 TUlugh Beg . . - '
1500 ‘T'yeho Brahe & s
1600 Flumsteed .
720 Jui Bingh 5
1000

1916 s July . . . .

23° 51" 20,
23° 51" 15",
» 235" 0.
- 29733 45
. « 23° 47 53T,
. . M 0 0,
23° 32" 50",
. - 23°30° 0"
. - 23°B0° 17
o 22 AT,
- - ﬂﬂ m’ iﬂ.l-
. - 23728 0,
23° 27" 287,
23° 254 65,

- - -

(The secalar variation is between 21° 59" and 24° 36 approximately.)

Sa'd al-Akhbiynh (@, ¥, , % Agaarii).

al-Fargh al-Mukbir (y Pegasi, & Andromedue).
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D (6). Length of the year.

D H XN &
Hipparchus . . . P . i . 365 6 66 12 Tropical
Prolomy . . . < ¥ : . 965 0 46 24 #
- . . . . F . . « 366 @ 0 480 Sidersal,
Romokn Siddh&nta . . s 0 a - =+« 35 5 &6 12
Pauligs Siddbinta . ST . - « « 885 6 12 36  Sidereal
BAeyablabs . . =+ « o « « <« 365 6 12 30 o
Brahma Gupta . . * . B/ 6 12 005 -
alBatini . . . .+ s 5 6 12 — 3
Siddhinta Siromani s W v 85 6 12 90 W
Astrolabe . .+ .« . 35 & 60 124 Tropieal
Approzimately correct values—
Tropical year 365 5 48 4508
Sidereal yoar . N 5 6 0 06
D (7). Precession of the Equinoxes.
Annual precession.
A D 150 Ptolemy. . 5 . ' . . . . 38" & year or 1° in 100 yeara
Bl0ul-Battdni . . « « « s« &« D#'55" ayearorl®in 66 years,
1100 Sirye Siddhinis . - . . . . « 4" n yoar.
1150 Bhiskara . . . - ] . ' « 500" a year.
1370 Mahendrs Siird . . . . . ' . * & year.
1600 Copernicus . ' . y ‘ . . » D02 & year.
1590 TyehoBrabe . « .« + o+ o o+ o+ 817 4
1720 Jai Bingh . . SO R S . &« B1'6"or4" 8 in 207 Muslim yeara,

[The precession for celestial longitude of all stars is approximately 50° 26" a year or, more
cotrectly 50°2564"+00222" T (where T is the time in centuries reckoned from A.D. 1900). The

cumplete period of precession is approximately 25,696 years.]
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E. CHRONOLOGY.
There has been considerable difficulty in sscertaining the dates of construction of the ob-

servatories, ete. Sir Robert Barker, who was contemporary with Jai Singh, stated that the
chservatory 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.

AD.
Greenwich observatory founded . . g ‘ ' . « 1875
T T IO « 5 o w e e s w1068

Kewton's Principio published . . . . - . « 1687

Jai Bingh soccoeds to the Amber Gadi F i H i . 1899
Halley's Synopsis of Cometary Astromomy . : i . « 1706
Death of Aurangzib . . i =z T T : = 1007
Jai Singh jnvests Thun ; y e . i 2 s AN2
G. D, Cassini dies . . . - . . . . . 1712
FarukSigst + + o o« o e 4 e+ . . 113
Jai Singh displaces Badh Singh of Bindi » . . . 1718

Muhammad Shih . s e e . . e « 1719
Jai Singh appointed the Emperor’s deputy st Agrs and Milwa . 1719

Great earth-gquake at Delhi . - P . s s s « 1720
Flameteed dies . . . . . ' ' . F . 1720
Jai Singh's expedition ngainst Jits of Bharatpur . . . . 1722
Delhi observatory built . - . . : . . « G172
Historia Oelestia Britanwica published . . . 3 : . 1725
Tasne Newton died . .+ - « « & & o« . T3
Jaipur city built . T e« s+ » =+ & <0128

The Zij Muhammad Shahi finished . . . . . . 0C 1728
Aberration of light discoversd by Bradley . . . . . 1728
Observations recorded at Delhi . . o+ o+ « o« o+ 1720
Jui Singh resigns the provinee of Milwa to the Peshwi . . 1734
Juipur observatory buillt . . . . . . . . 1M
Bennres observatory built . . . . .« o« s .« 1737
R
Jai Singh died . . . . N T



APPENDIX F,
Bibliography.



142

F. BIBLIOGRAPHY.
(1) Jai Singh’s Observatories.

Sir R. Barker.—An account of the Bramins’ observatory at Benares. By Sir Robert Barker,
In a letter to Sir John Pringle, P.R.8. (Philosophical Transaction of the Royal Society
of London, Vol. nxvi, 1777, part ii, No, xxx, p. 598 )

J. I, Wiruams.—Further particulars respecting the observatory at Benares. (Philosophical
Transactions of the Royal Society of London. 1793, part i, p. 45 f))

W. Huxter—Some Account of the astronomical labours of Jayasinhs, Rajah of Ambhere op
Jayanagar. (dsiatic Researches or Transaction of the Society instituted in Bengal. Vol
v, 1799, p. 1771 and p. ﬂﬂi.}

Lettres édifiantes et curieuses, écrites des Missions étrangéres. Nouvelle edition. Mémoire des
Indes. Tome quinziéme. Toulouse, 1810

J. Top.—Annals and antiquities of Rajast’han, or the Central and Western Rajpoot States of
India. (Vol, ii, p. 3450 Annals of Amber, or Dhoondar) Londen, 1832.

Garcrs pE Tassy—Description des monuments de Delhi en 1852. D'apiés le texte Hindu-
oustani de Saivid Ahmed Kbhan. (Journal esiatigue. Cinguidme gerie, Tome xvi.
Decembre 1860, pp. 536-543.)

A. fi. GargerT Axp Cuaxorapuar Guiert—The Jaipur observatory and its Builder. Allaha-
bad, 1902. ’

feveris Norr 8. J.—Land und Volk des kiniglichen Astronomer Dschaizingh 11 Maharadscha
von Dschaipur. Berlin, 1911.

Bee also D'Axvicie FEelaircissemens géographiques, 1703, 46f. and Ant. Géog. de  T'Inde,
1775, 6 £ :. J. Bersouvini, Des Pater Joseph Tieffenthalers historisch-geographische Beschrel-
bung von Hindustan, 1785, i, 143, 224, 246 ; Rex~ews, Memoir of a map of Hindoostan 3rd
Ed. 1763, 78 ; Journ. Arch. Socy. Delhi, 1853 ; Bir J. Hooker Him. Journ. 1854, 74-77 ; Barupuva
§istei, The Minmandera Observatory (Pamphlet, 6 pp.), 1865 ; Hexorey, Hand-Book Jeypore
Courts, 1886 ; J. Burcess, Indian Antiguary, 1906, XXXV, 234-235; Lara CHiMastaL
The Delhi and Benares observatories (Pamphlet, 14 pp.), 1912 ; H. G, Tomkxs, Journ. Cal?
Astr. Soey., 1912, T1-76.

(2) Astrolabes.

J. J. Minougrox.—Description of a Persian Astrolabe, submitted to the Asiatic Society by
Major Pottinger. (Jowrnal of the Asiatic Society of Bengal, 1841, x, 761 f.)

W. H. Montey.—Description of o planispheric astrolabe constructed for SBhah Bultdn Hussain
Safawi, King of Persia, and now preserved in the British Museum. London.

H. 8avvare axnp J. pE Bey Pamnape.—Sur une Mére d'Astrolabe arabe du xiile sidcle, ete.
(Journal Asiatique, Neuvitme série, Tome i, 1893, pp. 576 and pp. 185-231.)

M. L Hueciss—The Astrolabe—A summary. (Astronomy and Astrophysics, vol. xiii,
1894, pp. 793-802)) (See also article * Astrolube ™ in the Encyclopaedia Britannica.)

Cagra de Vaux—L Astrolabe linéaire ou Baton d'et-Tousi. (Jowmal asiatigue, Nouvitme
série, Tome V, Mai-Juin, 1895, pp. 464-516.)

Nav F.—Le traité sur I'Astrolabe plan ds Sévire Sabokt. Jowr. asial. 1899, 56-101, 238-303,

H. 8. Coweer—A Fifteenth Century Planispheric Astrolabe, made at Granada. (Jowrna
of the Royal Asiatic Society of Great Britain and Ireland, 1904, pp. 53-66 and 542-3.)



ASTRONOMICAL OBSERVATORIES OF JAl BINGH. 113

8. A. Toxipes.—Deseription of an astrolabe. (The Geographical Journal, 1904, xxiv, pp. 411-
417"
C. A. Natuwo.—Asturlab (Encyclopadia of Islam, 1913, £).

See also DELAMERE, SEpiiror, etc., below ; also Focarp, Paraphrase, de I'Astrolabe 15335 ;
CLAvivs, Gnomonices, 1581, and Astrolabium, 1593, and list in Mortey's Plan. Asir.,
p. 46. For Arabic-Persian works on the astrolabe (which are exceedingly numerous), sce
Suren's, Math. w, Astr. der Araber. Persian lithographed text-books are fairly common.
See also Prarr,J. 4. 5. B., 1842, xi, 720-721; Moreax, Archaologia, 1851, xxx, 250-
264 : Leoky Monthly Notices, R. A. 8., xxxiv, 120 also Coavcer's Treatize on the Astrolabs
(A.D. 1691) and Skgar’s and Brar’s notes thereon ; L. Evaxs Arch, Jouwr., 1911, 221 £

(3) Hindu Astronomy.

{a) Vedic.
B. . Tmax.—The Orion, or Researches into the antiquity of the Vedas. Bombay, 1393,
W. D. Warrser.— On a recent attempt by Jacobi and Tilak to determine on astronomical evid.
enee the date of the earliest Vedic period as 4000 B.C. (Proceedings of the American
Oriental Society, 1894, and the Indian Antiguary, xxiv, 1895, pp. 361-369.)
G. Tamsavr.—On some recent attempts to determine the antiquity of Vedic civilization.
(Indian Antiquary, xxiv, 1895, pp. 85-100.)

Qe also A. Wanen, Die vedeschen nachrichten vom den Nazatra 1860—1862, and Uber den
Veda Kalendar, 1862, and Ind. Stud. x, 1868, 213-253; B. G. Trax, Trons. Ninth Internal.
Cong. Orientalists, 376-383 ; H. Jacos:, Feslgruss an Roth, 1893, 68-T4 ; Ind. Ant. xxiu, 1894
154f., Z. D. M. G., xux, 1895, 218-230, and 1, 1896, 69-83; G. Bomier, Ind. Ant. xxiii, 1894,
938.949 : H. Oupexsera, Z. D. M. G, xuvnm, 1804, 620-648, xux, 1895, 470-478. DiksmiT,
Ind. Ant. 1895, xxiv, 245-6 ; Freer, J.R.A.8., 1911, 514-518 and 1119; Bemmpaie Kgrra,
JRAS., 1911, 794 and 1914, 627-640 ; R. SHAMASASTRY, Ind. Ant., xli, 1912, 26, 45, 77, 117,
200 and xhi, 1913, 19, 32, 72; N. K. Durr, Dacea Review, 1915, v, 270 i, ete.

(b) Texts and Commentaries.

[W. D. Warryey asp] E. Burcess.—Translation of the Sirya Siddhinta, a Text-beok of Hindu
Astronomy, with notes snd appendix by Rev. Ebenezer Burgess, assisted by the com-
mittee of Publication. (Journal of the American Oriental Society, 1858, pp. 141-198.)

Baru DEva Sastri—Translation of the Sirya Siddhinta and of the Siddhinta Siromani by
the late Lancelot Wilkinson, revised by B. D. Shastri, Calculta, 1861.

*H. Kiry—The Aryabhativas with the Commentary, Batadipika of Paramadisvara. Leiden,
1874.

G. Tumarr axp SupHAKARA Dvivenr—The Pafichasiddhantiki. The astronomical work of
Variha Mihira. The text edited with an original commentary in Sanskrit and an English
Translation and Introduction. Benares, 1889

* BrAHMASPHUTASIDDHANTA AND DEYANAGRAHOPADESHADHYAYA BY Brammacurra.—Edited with
his own commentary by Mahimahopadhyaya Budhikara Dvivedin, Benores, 1902,

Lata CunorE Lan—The obscure text of the Jyotisha Vedanga explained. Allahabad, 1907.

+Buiskana.—The Treatise on astronomy by Bhiiskarichirya with his own exposition, the
Vasana Bhashya. Formerly edited by the late Mahamahopadhyaya Pandit Bapu Deo
Bhastri.

See also Roer, J. 4. 8. B., 1844; A. Weser, Ind. Stud., x, 1866, 213 f ; Hokrwig, J. 4.
S.B., 1803, v, 6-18; Tmeavt, J. 4. & B., 1877, xuvr, 4114387, 1880, xux, I107-127

* In Sanskrit only,




144 ASTRONOMICAL OBSERVATORIES OF JAI SINGH.

and 181-206 and 1884 L1, 259-203; J. Bumcess Ind. Ant, 1801, xx, 53 : Dixsurr Ind. Ant.
xix, 1890 ; Supwikara Dvivenl's, Jyantisham, Benares, 1908 ; xix, 45-04 ; M. P. Kageaar, J.
A. 8. Bombay, 1896; The Benares Sanskrit Series, eto.

(¢) General.

J. 8. Bamuv—Traité de 1'Astronomie Indienne et Orientale. 1787.

J. Bextiev—A Historieal 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 ii
The Modern Astronomy, ete. Londom, 1825.

J. M. F. Guenis—Astronomie Indienne d’aprés la Doctrine et les livres anciennes et modernes
des Brammes sur 1'Astronomie, I'Astrologie et la Chronolgie—Suivie de l'examen de
I'astronomie des anciens peuples de I'Orient et de I'Explication des principaux Monu-
ments astronomico-astrologiques de 'Egypte et de la Perse. Paris, 1847.

* Supmikara Dvivent—Gagaka Tarafigini, or Lives of Hindu Astronomers.

J. Buroess—Notes on Hinda astronomy and the History of our knowledge of it. J.R.AS
1893, pp. TIT L
* 8. B. Digsmir.—Bhiiratiya Jyotih-Sastra. Poona, 1896.
G. TrmavT.—Astronomie, Astrologie und Mathematik (Grundriss der indo-arischen Philologie,
ii, 9, 1897), pp. 717 L
Qee also Davis, 4s. Res., 1790, ii, 225-287 and 1792, iii, 209-227 ; Joxes, As. Res., 1790,
ii. 289-306, 1792, iii, 257-204 ; J. Pravramk, ds. Res., 179, iv, 168-164 ; J. BenrtiEY, ds. Res.,
1709, vi, 537-588 ; BucHaNaN, As. Res., 1799, vi, 163 L. ; Joxes, Works, iv, 1-47, 48-69, 71-92 ;
J. Bestiey, As. Res., 1805, viii, 193-244 ; H. T. CoLenrooxE, 4s. Res., 1807, ix, 323-376 and
1816, xi1, 200-250 [also Misc. Essays, 1872, T1, xiv, 321-373 and IT, xv, 374-416]; T. Warnex,
Kala Sankalita 1825 ; H. R. HoisiNetox, Oriental Astronomer, Jafina, 1848; W. BrExnano,
Hindu Astronomy, 1896 ; T. AvrrecHt, Cal. Bod., viii, 325 f., 1864 ; J. Eccerng, Caf. Sans.
MSS., Tndia office, part V, x. 1806, Culeutta Review, 1850, xxv, 65-85 : 1900, ex, 344-356
Fieer, J. R. A. 8., 1915, 213-230, ete., etc. A. BouTQ, Ciel et Terre, Bruxelles, 1908, pp.
105-112, 129-133, 159-163, 213-222.

(d) Chronology.

See DIESHIT, Cﬂrp Inser. Ind., 1888, iﬁ. l'ﬁl‘]Tﬁ; JADDBI, Iﬁd. Ji!l'tf., IBBG, I‘P'ii, 1!-5-131,
Ep. Ind, i, 403460 and ii, 487-498 ; Schram, Ind. Ant., 1889, xvii, 200-00 ; Dixsurr, Ind.
Ant., 1890, xix, 481.; SeweLL and Dixsuir, The Imdian Calendar, 1896 ; Kigvnons, Ind. Ant.,
1809, xviii, 193-209and 380-386 ; R. Somrawm, Kalendariographische und Chronologische Tafeln,
1908 : FreEr, Enc. Britannica, 13, 491-501 ; Puwar's, Indian Chronology, 1911 ; Bewernn,
Indian. Chronography, 1912 ; ete.

(4) Muslim Astronomy.

DeLaMBrE.—Histoire de l'astronomie du Moyen Age. Paris. 1819,

J. J. 8gpmror—Traité des instruments astronomiques des Arabes. Traduit d’Aboul-Hassan
par J. J. Sedillot, et publié avec une introduction. 2 wvols., 1834-35,

1. A. Sépmior.—Mémoire sur les instruments des Arabes. Paris, 1845,

L. P. E. A. Bépmuor—Prolégomenes des Tables astronomiques d'Oloug-Beg. Publiés avec
notes et variantes et préeédés d'une Introduction. Paris, 1847,

L. P. E. A, Stousor.—Prolégomenes des Tables astronomiques d'Oloug-Beg  Traduction et
commentaire. Paris, 1853
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C. A. Natuwo.—Al Battini sive Albatenii, Opus Astronomicum. Milan, 1899-1907.
H. Svrer—Die Mathematiker und Astronomer der Arsher und Thre Werke. Leipzig, 1900,
G. A. Nauuxo—Astronomy (Eneyclopadia of Islam, 1913, f.).

Bee also Joumpars, Mémoire sur l'observétoire de Méragah, 1810; Camra ne Vaux,
IAlmageste d'Abu’l Wefa, ete., Jour. As., 1882, xix, 408-471; L. A. HoomEmm., Z DM G.,
1893, xLvm, 213-275; and Framsteen's Hist. Cel. Brit. for Ulugh Beg's Catalogue, ete, ete.

(5) Astrology.
H. Keix —Brihat-Samhita. J. R. A, 8, 187075 and Verspereide Geschriften, i & ii. 1898
A. Bouvcut-Lecrercq —L'Astrologie grecque, Paris, 1899.
Hant Prasawwsa CrarreriEe—The Brihidjjatakam of Variha Mihira, Allahabad, 1912.
C. A. Nauuwo.—‘Astrology * (Encyclopadia of Islam).
See also A. WesEr, Ind. Stud., ii, 1853, 236-315 and iii ; H. Jacost, Indische Streifen, iii,
1879, 165-1638, eto.

(6) General.

J. Framsteep.—Historia Colestis Britannica. 1725,

DeLavmerE.—Histoire de l'astronomie ancienne. Pans, 1817.

DevavprE.—Histoire de 'astronomie du moyen age. Paris, 1819

F. Bary.—The Catalogues of Ptolemy, Ulugh Beigh, Tycho Brahé, Halley, Hevelius Memoirs

Roy. Astr, Soc. 1843, vol. xiii.

E. Wour.—Geschichte der Astronomie. Miinchen, 1877.

E. B. Kxoser—The Chronology of Star Catalogues, London, 1877.

J. L. E. Drexer.—Tycho Brahe : a picture of scientific life and work in the sixteenth century,
Edinburgh, 1890,

A. Beerv.—A short History of Astronomy. London, 1898.

A. voN Bmavswmiint.—Vorlesungen iiber Geschichte der Trigonometrie. Leipzig, 1900,

J. L. E. Drever —History of the Planetary systems from Thales to Kepler. Cambridge, 19086,

(3. Fornes.—History of Astronomy.! Londes, 1909,

(. H. E. Perers axp E. B. Ksoser.—Ptolemy’s Catalogue of Stars. A Revision of the
Almagest. Washington, 1915.

' A cheap and excellent litile bouk,
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A

« Abderramin b, 'Omar, Abd' }—Husain alSafi (d.
A. D, 1986) 5, 10, B8.

Aberkas=Hipparchus 3.

Abdul * Alf b. Muhammad b al-Hasan Nizim al-Din
al-Barjend! {c. AD. 1624 b)) 40,

Abjad notation 15, 97, 133

Aboul Hasan. See ul-Hasan b. ‘Ali b, 'Omar.
al-Marrikoshi, Abu ‘Al

Abu'l Wola. See Mubammad b. M. b. Jabjs Abu'l-
Wels'.

Agra-yantra, 47, 57,

ahargana 756.

Ain-i-akbari 11, 45, 77, 127.

Alboruni, See Muhammad b. Ahmad Abu'l Bihin.

Albategnins. See Muhammad b. Jabir b, Sinin
al-Battini.

*Ali b, Abderrahmin Abd‘l Hasan ibn Jilnis (AT,
950 d4.) 87,

“ATi b, Muhammad al-Saijid al-Sharif al-Gurginl
(AD 1340-1414) 4, T7.

Alfonsine tables 14

Alhidade 18, 26.

Almagest 2, 23, 69, Bl.

Almucantarsts 18, 19.

Akbarmama 11.

Annphorai 119,

Angular calcnlations : nut used by the Hindus 87.

Annns magnis.

« ankabiit, ‘ spider* : the ecliptic tablet of an nstrolabe
18 sog. 20, 21

Aperture dial. See ghealitBmas yeotra.

Apollinaris 122.

Ajeds. 2

Arahio nsteonomy 80-83.

Aranca. See ‘ankabit.,

Armillary sphere 70-80, 82.

Aryabhata (A.D. 476 b.) 74, 76, Bl, 142

Arya-paksha 76.

ta 76,
Arzachel, See Tbrahim b, Jabja al-Nagqas.

Ascensional differances 23.
Astorisms. See Nakehatras snd mansils.

Astrolabe : 16 aaq., 82-83, 87; cylindrical 37 ; linear
83 ; perfected bY Muslims 17, #2; used by J.i
Bingh 12, 16, 86 ; works on 3, 141 ; Zurgili 27 seq.

Astrolabes: at British Museum 24; Europen 17;
Hindu 16, 31-33 ; st Jaipur 16 seq. ; at Koplirthala
16.

Astrolabium planisphaerum 17, 82.

Astrological tables: 21, 23, 119 seq.; anaphorai
119; duodenaries 124, 125; faces 20, 122, 126;
novenaries 123, 125; planetary domiciles 122,
125 ; septenaries 123, 125 ; terms 121, 124 ; trigons
23, 120121, 14,

Astralogy 118,

Avanti=Ujjain g. ¥..

Agimunth instrumnta 19, 37-39, 43-44, 53, 57, 62-63.

Bailly J. 8. (1783-1703) 70, 143.
Baily F. 97, 116, 194.
al-Barjendi. See Abdul Ali b, Mubammad b al-

Hasan.
Barker, Sir R. account of Benares observatory 64,

139, 141.
al-Battini. See Muhammad b. Jabir b, Sindn.
Baonares obsorvatory 13, 61-66.
Bentloy J. 71, 143
Perlin observatory (1705) 14.
PBorosns : dial of 856,
Berry A, B4, 144.
Bhaskara (f. A. D. 476) 76, 78, 80, 142.
Boughé-Leclereq A. 74, 120, 121, 142.

. Father C. 5, 6, 14, 51, 188.

Bradley (A.D. 1683-1762) 132.
Brahe, See Tycho Brahe.
Brahmagupta (A.D. 508 b.) 78, 81, 142
Brahmu-paksha 76
Brahma- sphuja-siddhanta 142.
Braunmihl A v 144.
Brihajjitaka 120, 121, 125, 144.
Bargess J. 141, 143.
Burrow B. 31,



Campanus 120,

Carr-Stephen 48,

Cazsini G. 1. (AD. 1625-1712) 14, B4.

Chalkra-vantra 32, 63

Chandradhar Guleri 2, 55, 141.

Choucer's Trestise on the Astrolabe (A.D. 1381)
17, 18, 81, 142

Chaubil, Father 6.

Chingse instruments 70,

Chords : tebles of 73,

Chronology ¢ estronomical 71; Jai Singh's 13, 14,
138,

Clopsydra 77-78.

Climates 24, 131.

Colebrooke H. T. 71, 143.

Conjunction, general 74, 75.

Copornious (AL 1473-1543) 1, B3, 80,

Copley, Mrs. 34,

Cross wires wsed for telescopes 83,

Cuomm and Commandine 5.

Cycle @ five-year 71, 72; Me'onic 73; of 4320000
yuats 75.

D

Dakshigo-vritti-yantra 3, 35, 39, 45, 53, 56-57, 01.

Daniells, the: their drawings of Delhi observatory
42 47.

D' Anville 5, 6, 141.

Day, longest 10, 20, 72, 131,

Deoans 122, 125,

Declination graphs 22.

Delambre (1806) 8, 22, 80, 87, 119, 124, 144,

Dealhi observatory 3, 8, 13, 41.50,

Delti Archwological Society 48.

Demophilus 122,

De Morgan 90.

Dinls 87, Bee 8:mrit yantes and nad valvys yantros.

Digniibda yantra 3, 85, 35-30, 53, 57, 6283,

Dikshit B, I 71-143.

Dhruva-brahma-yantra 33, 34.

Domiciles, planetary 122-123 125,

Dorothea of Sidon 24, 121,

Dreyer J. L E. 33, 89, 63, 84, 144.

Imodenarics 124—125,

Earth ; dinmeter of 74.

Eggeling J. 1453

Epicycles 73, 74, 75, 70

Equant 74.

Equation of the centre T4, 75-70.
Equal hours 19, BT.

Equn] hour dial 36, 87.
Equinoctial disls 36, 57.
Equinoctial shadow 82, 59.
Fratosthenes (276-195 B.C.) 34.

INDEX.

Errors in inatrnments 13, 14; in European tables 11.

Euclid (f. 300 B.C.) 2, 5, 88,

Eudoxus (o, 400-358 B.C.) 24,

Evropesn sstronomy: 83-85; it influence on Jal
Birgh 2, 85-00.

Eur: pean instruments 83-84.

Eurvpesn works used by Jai Singh 2 seq.

Evans L, 143

Faces 20, 122 125,

Fanshawe H. (1, 48,

Faras or "harsn® 18, 31, 63, 87.

Figuerodo, Father §, 88,

Firmious (f. A, D. 354) 120, 121.

Flamsteod J. (A.D. 1646-1720) 2, 4, 83, 117, 188, 144.
Fileot J. F. T1, 77, 142, 148,

Focard J. 25, 26, 142.

Forbes (. B4, 144.

* Fortunate Islands ' 25, 28, 129,

a

Galilai (AT 1584-1842) 83 90,

Gazulua 120.

Geminus 121.

Geocentrie theory 31.

Geogrophics] elements 25-26, 20, 127-130,

Gerbert. Sylvester 11 17,

Gurrett A ff. 2, 5, 15, 33, 46, 54, 55, 60, 142,

Gnomonica 73, 78-TH, B7.

Gola-yantra 3.

Gower 17.

Graphs 21, 23,

Groaves J,

Greek astronomy 73 seq,

Groek teahnical terms 73, 74.

Greenwich observalory 14, 130,

Guerin J, M. F. 144,

al-Curgiani. See Al b Muhammad al-Baijid al-
Bharif.

H

Halley (AT, 1856-1742) 83.

Himid b, al-Khizr, AbD Mahmid, al-Khojendi
(A.D. 1000 d.) 82.

Hadley's qluﬂﬂht B3,

al-Hasan b, Al b 'Omar al-Marrikoshi, Aby ‘A%
(f. AD. 1262) 8, 28 87,

Helingal risings and settings 74.

Hendley, Cal T, H. 58, 141,

Heraclitus T4,

Hevelius (A.D. 1611-1687) 4, 14, £3.

Hindu astronomy 76-80,

Hindu astronomical instromenta 31 6oq., 77-80.

Hindu i fluence 01 Jui Singh's work 88,

Hindu startists 4, 77, 116, 117,

Hormes Trismegistos 122,



INDEX. i

Hipparchus (e. 130 B.C.) 3, 13, 88.

Hire P. de la, See La Hire,

Historia Covlestis Britannica 2,4 144,
Hoisington H. R. 143

Horoscope 119,

Hours 19, 87, 120.

Houses, astrological 19, 120

H-nﬁﬂin!l Iﬂd! 141.

Hunter W. 5, 7, 8, 10, 12, 47, 57, 67, 141
Huygens (A.D, 1629-1605) £3.

Hypeicles 119,

I

Thn Jonis. See ‘ali b Abderrabman ab@i'l Hagan
b. Jiinis.

Ihrihim b. Jabjé al-Naqqis al-Zargli (A.D. 1028-
10487) 27.

Iftikhir Khin 27.

"{lkhAnie Tables 5, 11.

Indis Office astrulabes 20, 31.

inhirdf 25.

Instruments: errors in 13, 143 European 83-84;
evolution of J.i Siogh's 40, 86-87; Finmstecd's
14: Hindu 31 =eq, 77 seqs Jai Singh's 12 #q.;
masonry 35 seq; metal 18 seq.; Muslim 12, 81-82;
size of 13, 14, 17, 82, 86.

Jacobi H. 71, 142

Jaqtmuﬁ.t'h 2 9, 89, 80

Jaggat Singh of Jsipur 2.

Jui-prakas 3, 13, 36, 37, 52, 86, 110.

Jaipur city 1, 6, 53, 139.
abservatory 13, 51-65.

Jsi Singh (A.D. 1086-1743) 1 seq., 88-80.

Jumshid b, Mes'ad Gijag al-Din al-Kashi (A
1437 b.) 5, 11, 81, 88,

Ja'giib b. Tshiq b. al-Sabbih al-Kindi, Abfl Jisag
{oiroa A D, 874 &) 12,

Ja'qiib b. Tariq (AD. 79 d.) 569.

Jata sack Delhi 47, 48, 139,

jihat 28.

Jesuit records &.

Jones, Sir 'W. 60, 70, 143.%

Jyotisha Veddnga 70, 72, 77, 142.

K

Kula Sonkalita 143,
Kapéla 5, 35, 37, 110
+ instruments at 18,
Karka-risi-valayn 45.
Kigini tables 5, 1.
al-Kfishi See Jamshid b. Mea"0d.
Eeith B. 142,
kendra 75.
Kepler J. (AD. 1571-1630) 14, 90.

Kerm H. 142

al-Kindi. See Ja'qub b Ishiq al-Kindi.
al-Khojendi.  See Hamid b. al-Khizr, ALG Mahmiid.
Knobel B B 28 116, 133, 144,

Kotah : jnstruments ot 18, 34.
Kriinti-vritti-yantya 32,

Krittikd T1.

Label or mler 26.

lagna 73.

La Hire P. do 2, 4, 14, 88.

Lals Chhote Lal 142,

Lankfl ; longitnde zero 50, 00,

Laplice (A.D, 1749.1827) 70.

Latitudvs: on sstrolabes 26, 127-128; end climetes
24, 1381; cnd longest deye 20, 1315 of obscrvi-
tories 128-120,

Leiden observatory (1632) 14.

Lo Strange G. 26.

Lettres édifiantes, oto. 5, 6, 14, 141,

Libration T4.

Limits. See Terms.

Logarithms §.

Longest days 19, 20, 72, 131,

Longitudes: on astroltbes 26, 127.128; reckoned
from Fortunate Isles 25, 127; from Lank® 59, 60 ;
from Ujjain 58 seq.

Lords of trigons, ete. See Regents.

Lonar mansions, See mangils eod nokshatras.

Magini J. A. (1556-1617) 120,
Mahendra Stri (f. A.D. 1370) 3, 14, 116.
al-Majisti. See Almagest.

Manilius 24, 110, 120.

Manmandira at Benares &1.

Min Singh ol Amber 61, 67.

Mansions of the Moon,  See Manzils and nnkshateas.
Manuel, Padre 5, 14, 89

Manzils 20, 125, 135.

Marshall, 8ir J. i, 60

Marigha observatory 8, 45, 81-82.
masafnt 26.

Mishallah — Ma-shi-allih (AD. 815 b,) 15,
Mathurid observatory 2, 13, 67-68.
Maulinfchind 11, 88.

Measures of length and time 136,

Mecoa : direction of 26.

Meru 72.

Motal instruments 12-13, 16 seq,
Micrometer ¢ invention of &3,
Midra-yuntra 35, 45.

Months : interealary 78.

Moon, distance of 74.

Morley W. H. 28, 31, 133, 141, 142,



iv INDEX.

Muhammad—

b, Ahmad Abu'l Rihin al-Birfini (A, 973-1048)
13,37, 59, 71, 73,

b. Jibir b, Sinfin al-Battini (A.D. 920 4.) 12, 18,
23, 24, 81, 120, 127, 131.

- Mahdi 88,

Mokim, astrolabs muker 24.

b. Muhammad b, Jahja Abu'l Wels (A.D. 940-008)

BZ,
Shah &, 11.
Sharif G, 88.

Mulachind, Se¢ Manlinfchand.
Mural quadrants 30, 45, 53, 54-57, 61.

N

Nakshatras 72, 73, 117,

Nallino C. A. 12, 18, 27, 81, 131, 133, 144,

Napler, Don Jusn = J. Napier 5.

Nari-valsyn-yantra 35, 30, 53, 67, 62.

Nagir al-Din al-Tasi (Muhammad b, AL b al-Hasan,
Abil Jiffar, A.D. 1201.1273) 4, 11, 86, 88.

Newton, Sir lsase (A D, 1643-1727) 1, 83, 80,

Niynt-yantra 45,

Novenaries 123, 125,

Numerical notations 133.

0

Obliguity of ecliptic 3, 74, 80, 135.

Observation ; nogleoted by later Greeks and Hindus
1%

*Omar b. Thrahim al-Khaijimi (m 1. 1049.1124) 81,

Olough Beg. See Ulugh Beg.

von Orlich 48,

efpm= Ujjain 58,

P

Pailhade M. 20 141.

Pagchasiddhdntilba 70, 73.74, 77,

Paris Observatory (1667) 14.

Purkes, Fanny 67.

Paulus Alexandrinus (f. AD. 378) 24, 110,121, 122,

Paulifa Siddhinta 73.

Peters . H. E. 118, 133, 144.

Picard J. (AD. 1620-1682) 83.

Petosiria 120, 122,

Planstary honrs 10 ; bouses 122, 125,

Planets : elements of 74; names of 134; ordor 123 ;
nut mentioned in Vedic literatore, |

Playfair J. 70

Polar latitude and longitade 8.

Precession of the equinoxes 8, 74, 138

Prinsep J. 81, 84, 130.

Ptolemy, Clandive (£ AL 140) 2, 11, 13, 24, 74,
116, 121, 122 127,

Q

Quadmnts : mural 30, 45, 63, 66-57, 61 ; of sines 22,
20.30, 34,

R

Rim yantra 13, 35, 37-38, 43-44, 53, 82,
Rasi-valays-yantrs 35, 52, 56.

Regonts 121.

Rekhaganita 5.

Refraction 4.

Regiomontanas (A.D, 1436-1476) 33, 120.
Reinhold (AD, 1511-1553) 14.

Rennell 141.

Restorations 48-50, 51-55, 53, 65.60.
Rete. See ‘ankabfit.

Rieu 10,

Romala Siddhinia 70, 73,

Rudolphine tables 14.

Bacrobosoo (eirca A, 1238) 22.

gafiha = tablet q. v

Ba‘id Ahmad Khin 45, 141,

St Petersburg observatory (1725) 14.

Samargand observatory 3, 12,

Samrit-yantra or J, 13, 35, 36.37, 41-43, 52, 56,
61.62, BA.87.

Ramrit-siddbints ¢ a translation of the Almagest 2.

Saphaen Arzachelia, See Zarqili astrolsbe.

Saurn-pakshn T8

Bauvaire M. 20, 141,

Sadillot J. J. 143

Bedillot Lo A, 25, 27, 37, 88, 143.

Sadillot L. P. B A, 11, 13, 26, 82 124, 143.

Eeptenarics 123, 125,

Bextant 39, B2.

Sewell B. 70, 143,

Bhadow scales 22, 20.

Bhashtamds yaniea 3, 12, 35, 30, 52, B2

Siddhdnta Siromani,

Signs: Arabic and Hindu names 138 rising 23, 73,
118-120.

Sines : quadrant of 21, 22, 28.30, 34 ; tables of 73.

‘ Spider . See ‘anbabil.

Btar lists: on astrolabes 21 33 ; Flamsteed's 4, 117,
118; Jai Bingh's 8 saq., 95-115; Mahendrn Suri's
4, 1168; Polemy's 4, 116; Sarya Siddhin 77, 117;
Ulugh Beg's 3, 8, 95-115; al-Zarqili's 27-28, 118,

Stafler 10

Btrobel, André 7, B8,

Endhikara Dvivedi 88, 143.

pl-8afi. See *‘Abderrabhman b, “Omsr.

Saryn ProjRapti 70, 7273,

Siryn Siddhdnta 23, 70, 73-T4, 77, 78, 120.

Buter H. 10, 11, 27, 58, 144.

Sylva, Don Pedro de 7, B8,

T
Tablets 18 seq., 31.
Tubule Astronomice of La Hire 2, 4, 14.
Tangents 36, 87.

Telescope: acrial 6; first used 83.



INDEX.

Telsscopic sights 53.

Temporal hours 19, 22 31,

Terms 121, 124

Thibaut 9, 71, 72, 142, 143.

Thorn W. 48,

Thrasyllus 122,

Tieffenthaler = 7, 141 ; on Jaipur observatory 53-54;
on Mathurd observatory 67 ; on Ujjain observatory
B4,

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, 128,

Trigons 23, 120-121, 124,

Triplicities. See Trigans.

Triquetrum [, 82.

Tycho Brahe (A.D, 1546-1601) 4, 14, 33, 83, 144.

0]

Ujjsin: 2; the Greenwich of India 53-80; map of
[at end of volume]; observatory 2, 13, 55-80.

Ulugh Beg (A.D. 1394-1449) 8, 12, 26, 82, 86, 88,
80, 127, 143.

Unnatamnsa-yantra 32,

Upsala observatory (1730) 14.

Uraniborg (Tycho Brahe's observatory 1576) 14.

Y

Viaja-peya sacrifice 2.
Variha Mihira (A.D, 587 d.) 73, 120, 142, 144,

Varinnsl = Benarea q. v.
Vasishtha Siddhanta 73.

Vaux C. do 141,

Vedio astronomy 71.

Vonter of astrolabe 71, 25
Vernal equinex ; position of 29,
Vitlamayus = Ptolem=us

w

Warren's Kala Sankalifa 143.
Weber A, 71, 142.

Whitney W. D. 71, 74, 142.
Williams J. L. 85, 141.

Wolf B 33, 144

T

Ya'Kib ibn Tarik. See Ja'qlb b. Thrik.
Y¥antra = instrument.

Yanira Rija = Astrolabe 3, 32, 33.

Yavana for Alexandria T3

Fawanas, Groeks or Westerners 3, 4, 12, 80,
Year: length of 24, 73, 76, 136,

Yunan for Rhodes 3,

Z

ol-Zargill. See Theihim b. Jahjd al-Naqqis.
Zargili astrolabe 22, 27.30, 123, 124,

Zij Muhammad Shaki 8, 8-15.

Zurich obeervatory (1759) 45.
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REFERENCES TO THE MAP OF UJJAIN.

Kuly gate
Haznra
Kagzipura
Panchaiti bagh
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Rani bhan .
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Post affice
Dano gate
Chandni gate
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Muinag Bai's palace
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Falks sakib's paiga
Kotwali
Custom howse
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Dharamaala
Bayji Buai-ki-chatri
Ramghat
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Shrine of Maolana
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Chaobus khambha or 24 pillars
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Begum®s garden
Karaknatk's temple
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Jai Slagh's Observatory
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Fazalpur
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Sardfa

Karampira
Nijdjpura
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Anandganj
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