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HREL years ngo I examined, on behalf of the
Archmological Department, the old astronomi-
cal observatories that were founded by Maharaja Jai
Singh of Jaipur early in the ecighteenth century. The
results of my investigations were embodied in Volume
XL of the new Imperial series of the Archmological
Burvey of India. The present small volune is based
upon that larger work, to which reference should be
made by those anxious for further details than are
now presented,

G. R. KAYE,
Simla, 1300 May 1919,
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A GUIDE

TO THE

OLD INDIAN OBSERVATORIES

CHAPTER I.

Jar Smeu or Jurun.

Maharija Sawai Jui Singh II of Jaipur was born
in AD. 1686 and succeeded to the Amber texritory
at the age of thirteen in A.D. 1699, a fow years before
the death of Aurangzeb. He had difficultics in estab-
lishing himself, but in 1708 obtained complete posses-
sion of the provinee, In 1719 he was appointed by
Mubammad Shih governor of the provinee of Agra
and soon after to Malwi. In 1734 he was again governor
of Malwi and in that year, apparently with the cogui-
zance of the Emperor, he resigned the provinee to the
Peshwii. He died in 1743, two hundred years after
Copernicus, and “ his wives, conoubines, and seience
expired with him on his funeral pyre.”?

e year in which Newton's Principis was comploted.
3 Anuals gnd Antiguities ogaﬂujml'ﬁnu. By Lieutesant-Colonel
James Tod, 1828, Vol i, p. 308,
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Jai Bingh mixed in most of the trouble and warfure
of the long period of anarchy that coincided with his
reign ; but he distingnished himsell more s a stubesman
than o soldier and has been termed the Maclinvelli
of his day. He was the founder of & new ecupitul,
named after him Jainagar or Jaipur, which in his timo
became a centre of learning ; he erected carnviusiriis
in many of the provinces ; and he huilt astronomical
observatories at five of the principul cities of Ilindu-
stan. He conceived and carvied out o scheme of
soientific research that is still & wotable exwnple;
pnd his influence is still a living one. The observi-
tories he erected are, in the words of his historian,
“ monuments that irradiate a dark period of Indian

History."?

At an early age Jai Singh showed a predilection for
astronomical work and, according to his own account,
by constant study he obtained a thorough knowledge
of its principles and roles. He found the astronomionl
tables in use defective and set himself the task of pre-
paring new ones. With this purpose in view Jai Singh
took every means to ensure success, lle atbuehed
himself to no particular school Lut studied Hindn,
Muslim snd European methods hupartially, Ile ool
lected astronomical books and had cerfuin of them truns-
lated ; he organised n regular stall of workers and sont
some of them to foreign countries to colleot information ;
he invited certain Europeans and others interesbed in
astronomy to Jaipur; he built a large observatory ub
Delhi and made careful observations there for geven

t Tod, if, p. 300,
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Years with a view to the preparation of a new star
cutalogue ; and afterwards he built other observatories
ub Jaipur, Ujjain, Benares and Mathwd, Such in
Lrief were his astronomical activities which we now
proceed to deseribe in some detail.

Sources of Jui Singh's astronomical knowledge,

Of the works of his predecessors and contemporaries
there is evidence that Jai Singh was acquainted with
the following : Ptolemy’s Abnagest ; the astronomical
taubles of Ulugh Beg ; some treatises on the Astrolabe ;
la Hire's Lalulae Astronomieac ; and Flamsteed's
Historie Coelestis  Brilannica ; also certain  western
miathematicul works such as Euclid's Flonents, a
treutise on plane and spherical trigonometry and on the
construction of logarithms, This, of course, cannot
be an exhoustive list: lLis valuable library no longer
exists entive,! and it would be fairly safe to nssume
thak Jui Singl colleoted and studied all the available
astronomical works ; indeed it is recorded specifioally
that he procured from Kurope, besides the tables of
La ire, those of carlier dates.

The book that held sway in Turope for & thousand
years after its publication, and mnong the Arabs for a
thousand years after its translation, was Ptolomy's
Syndazis, conunonly known as the dluagest. No other
text-book that has ever been written has lad such a

10t is snid that Jaggat Singl gove Jai Singh's unrivalled library
Lo & courbesan @ it was thus despoiled and its troasures distributod
wmong hor ** baso relatives,”  This would nooount for the meagrances
of the informs tion new availablo ; but the tals does not altogether
bear o impress of Lrutly;
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reputation, Jai Singh himself speaks of Ptolemy as
one of the greatest astronomers, and one of his most
important acts was to order a trawnslation from the
Arabic of Ptoleny’s great work, This was undertaleen
Dby Jai Bingl's ehief astronomer Jagnnnith whoe, in an
introduction to the translation entitled Swmrdf Sid-
dhdnta,! records sone interesting detuils,

Jai Singh, Jagannith says, was clover in exhibiting
new methods with globes and other instewoents; and
that, with the Ielp of ecrtain learned mabhemalivinns
and astronomers, he had mude obgervations of floe slnrs,
The instruments proper to un observatory ave sil Lo
be (1) Nadi Yantra (sun-dial), (2) Goln Yanben (sphere),
(8) Digaméa Yantra (azimuth instrument), (4) Dakh-
shigo Digbhitt (mural quadrant), (5) Vyithke Shash-
tiarfaka (an are of sixty degrees-plrced in the meridinn)
which, he says, “tho Yavanns call shedsufluri (6)
Samrit Yantea (un equinoctiol dial), © the hest among
the instruments,” and (7) Jaya Prakis © the erest juwel
of all instruments.’

Then we are told that Jagannith peepared this
excellent Stddliania Samraj for the delight of Jui Singh ;
and that it is a rendering into Sanskrit for the benelit
of mathematicians of a work in the Arbic lnnguage
entitled Mijasi.® He also tells ns that “ in the Yavann
country, the Yavana masters of agtronomy, Abarkhns,
eto., found the maximum declination to he 28 degrecs
61 minutes 19 seconds ; and that in Yunan, 36 degrees
north, it was found to be 23 degrees 51 winutes 15

! Anothee titlo s Siddhinta Stre Keusiubla, 8
Cal, Sans. Man. Trin, Coll, Dublin, p. 16 Avyrzour,
24.e, Prolemy's Almageal,
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peconds by the observations of Vitlamayus, Ulngh
Beg found it to he 23 degrees 30 minutes 17 sceonds at
Samarqand, 39 degrees 17 minubes north. By ohserva-
tion with this ingbrument we found it to be 23 degrecs
ab Indeaprasthe in 1651 Silivilhane."t

Ulugh Beg's astronomical tables were eompleted
in A.D. 1436 and became almost as famons as those of
Ptolemy, and they formod the basis of most subsequent
catalognes, Tlamsteed used them and so did Jai
Singh, who hrought them nmp to date®

Jui Bingh himself refers to Lo Hire’s tables and to
other Eunropean fables, and in the palace librmry at
Jaipur is atill a copy of Flamsteed’s great work.

P. dela Hire was a French scholar of repute who
lived from ADL 164040 1718, ITe wroke many mathio-
mafical works and in 1702 published his Labwlae Astro-
stomtieae of which the fivet pavt had appesred in 1687,
This work contained, besides the usual tables, o
refeaetion table (which, it is said, Jai Singl copied)
and o desoription of a machine invented by In IHire
to show the theory of eelipses.  Another of In Hire's
works waa ‘ La Gnemonigue, on Part de tracer des
cadrans on horologes soluires sur toutes sortes de
surluoes, par diffevontes pratiques, avee les démonstra-
tions glometriques  de toutes les operations.” This

I Cnduaba MS. Tho nomes ace somowhng poseling bk Alarekhas
is for Mipparehus, Vitbunayus i for Peolomous, Uy Yunan pos-
sibly 1thides is meant.  The dato 1651 Silivihona i equivalont to
Ay 1720, Indmprastha i Delhi

* Tl Hingh's vomion i& given in my larger volumo (pp. 98-1156),
Hoeo also Mre, B, B, Kuobel's reaent odition of Tlegh Beg's Cofalogue
of Stara, published by the Corenogie Institation of Washington (1917).
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was published in 1682 and would have been uscful
to Jai Bingh.

John Flamsteed lived from 1646 to 1720, Hia
Historia Coelestis Britannieq appeaved in 1712, in onao
folio volume, made up of two hooks, the frst containing
the catalogue of stars and sextant ohservations ; the
gecond, observations with Shamp’s mwal are. The
complete work, consisting of thres folio volumes, was
published in 1725, Flamsteed himself lived only long
enongh to finish thesecond ofthe threevolumes.  The
third was edited by his assistants Crossthwaite wud
Sharp. It conteins descriptions of the instrmments
uged by Tycho Brahe, Heveliug, Flamsteed himwself,
eto, ; the atar catalogues of Pholeny, Ulugh Beg, Tycho
Bralie, the Landgrave of Ilesse and Hevelius, wnd,
finally, the British catalogue of 2,935 stars.

Undoubtedly Jai Singh possessed other astrononiienl
works, for in the preface to his own eatalogue he mentions
several othor astronmomers Dy namoe. For example,
he not only mentions Nagiv-al-Din al-Tisl (bom AD.
1201) but also his commentator (Al b, M.) al-Unrgind.
Nagir-al-Din was one of the greatest Muslim astronomers,
He made observations at the Marigha observatory wul
published the famous ‘Ilkchinie Tables” o wrole
numerous works on  astronomy and mathematics,
including commentaries on the works of Archimedes,
Tuelid, Ptolemy, eto.

Coupled with Nasir-al-Din, Jai Singh mentions also
Jamshid Késhi (Jamshid b, Mas‘id b. M. Ghyith al-Din
al-Kishi), one of Ulugh Beg's assistants, who wrote
several works on astronomy and particularly on the
Khaqind tables. Jai Singh also mentions al-gifi.
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Hunter* tells vs that he met at Ujjain & grandson
of Jai Singh's principnl assistant (! Jagannith), *In
his possession,” e writes, “ I saw the translation into
Sanskrit of several Buropean works, exceuted under the
ovders of Juisinghn, purticularly Buelid’s  Floments
with o trentise on plane and sphevieal trigonometry,
and an the construetion nnd wse of logarithms whioh
was wbbaeled Lo Clow's awd Copmundine’s edikion.  In
this translution the inventor is ealled Don Juan Napier?
« « o+« Mesides these the Pandit had o table of
logarithms and of logarithmie sines and tangents to
seven places of figures, and o treatise on conic sections,”

Weo are ulso told that “ maps and globes of the
Feringhees were obtuined from Surat.’'?

Jui Singh did not rely altogether npon information
eontained in books, He sent to Kurope “several
skilful persons along with Padre Manuel *; Muhammad
Slupif® was sent to some place where * the southern

pule was overhead ”; and Muhammad Mahdi was sent
to the * Iurther islonds,"®

v Bowe aeronnl af the Astronomical Lobowrs of Jupn Sinks, Rags
of Awmbkere, e Sagenagar, By W, Huwren,  Asintie Tescovohios,
Yaol. ¥, 1700, p. 200,

2 hia sevany to bo tho soviron of Ted's stotoment that Jai Bingh
emuned * Done Juan Napier on the consbocotion and wsoe of lognrithma
tor Do Lravslnbod into Honeberil.”” (il 308.)

3 A, M Giamnerr and €. Gunenr The Juipur Observatory amd
e Srwilder, p, 20, In the Jaipir musenm thero i o torrosbrial ﬂ-ﬂbﬂ
phlributed to oJui Singh ; and for the tanslerenee of Ulagh l!g,';i-
aeeorelinates into declinntion and right aseonsion o lnrge and faidy
neonrate celiatin glolie wis used by Jai Singh's asslstants,

e B8 a trealien on the asbrolabe (British Moscum Adit,
munuseripts No. 7488) by ‘Abdu’l Rabim b, Mubammad Sharit
al-Bharif.  The date of the wennscript is A, H. 1165 (= AD. 1751).
Soo Maoray p. 2.

¥ Garrerr p 20,
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Confirmation of the expedition to Furope is found
in the records of the Jesuit missionaries in India. In
1728 or 1729, we are told? Jai Singh sent IFather
Figueredo, a Portuguese Jesuit, to Portugal, Also the
same records relate that on Janunry Gth, 1734, two
priests set out from Chandernagore to Jaipur,® at
Jai Singl's request. The account® of the astronomicul
work done by these two priests at Juipur and on theix
journey was written, according to M. I)'Anville* hy
TFather Boudier, one of the priests who made the jonmey.
Obgervations were made at most of the important
places through which they passed. The obsorvatories
at Delhi and Jaipur ave mentioned but not those at
Benares and Mathuri, at both of which places they
made astronomical observabtions; and thiaseoms to
imply that the observatorics at Benares and Mathuri
were built after thair visit, which took place in the
early part of 1734

Tieffenthaler, a French Jeauit, who landed in India
in 1743, the year in which Jai Bingh died, writes ;8
1 have made three or four jouwmeys to Agea and
Delhi in order to wvisit R, P. Andeé Strobel, whom

1 Leltren iliffunfes el owriguses, dorilew des Missinns Ehrenylres
Nouvelle ddition. Aémoires des Indes, Tome guinzidme, Ton-
louwae, 1810, pp. 209 L.

8 A joumnoy of over o thoussmd il

* Observalions géagraphiques failes on 1T par des Péres Jeaniles,
pendent lewr vagege de Chanderaogor @ Dohi et @ JuEponr, p. 200,

4 Relnircisscmens géographiques e b Curle e Plude,  Paris
1753, po 4. Fathor Boudior's wocount wus not  publishwl Lill
Iagmﬁ but M. D'Auvills oltained the mannsoript from M, Dospieé.
miénil.
® Description historigne ef gdographiyie de Uinde. T, by J,
Ternouilli, 1780, Preface p. 6. This work contains desoriptions of
pho observasories, which are quoted below,
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Jessing, Raja of Djepour, interested in astronomy, had,
with o companion, bronght from Gennany.”

The only other Boropean connected with Jai Singh,
that we have information about, is o Dim Pedro doSylva,
who, aceording to Ilumtor, was w physician and an
astronomer ad resided ab Jaipor with Joi Singh,  De
Sylva, it appears, died abont A1, 1702,

Jai Singh's astronomienl lables.

The Zij Muhwwmnad Shithi is a scb of astronomical
tables preparved under the direetion of Jai Bingh and
named after the Emperor, Muhanumad Shih,  Of this
work there iz an incomplete Devanigari manuseript
at Jaipur, and ab the British museum is & complete
Pergian mannseript.?  Also Hunter had access to a
Persinn manuseript and gave in his paper in the Asiatic
Researches (1799) the Persian version of the preface to-
gether with an English translation.  The latter is ropro-
duced helow.  The tables in both the JTaipur and British
Museum manuscripts are identical, and the catsloguo
of stars is not an oviginal one but is Ulugh Beg’s hrought
up to date.

The Jaipur manuseript beging as follows :—

“ Homage to holy Ganesh. Catalogue of 48 constel-
lations. From the time of Ulugh Beg's table, A.H. 841,
to the present date AJH. 1138, or 297 years, the mean
motion is4 degrees 8 minutes.  In the Zdf Mulammad
Shild the eatimates of declination, ete,, are talken from

' Asintio Reaoncchos V. 1700, p. 210
= (0, Ryrv Calelogue of Orjenlal MES, © Add. 14373, Toll, 222"

B
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the globe. Right ascension divided by six is apparent
time."

The preface to the Zij Mukammad Shaki is, from an
historical point of view, perhaps the most intevesting
part of that work, and is hero given in full2

“ Praise be to (Iod, such that the minutely discerning
gening of the profonndest geometers in utbering tho
smallest particle of it, may open the mouth in confes-
sion of inability ; and such adovation, that the study
and aceuracy of astronomers wlho measure the heavens,
on the first step towards expressing it may acknowledge
their astonishment and utter insulliciency, Let us
devote ourselves at the altar of the King of Kings—-
hellowed be lLis name—in the book of the register of
whose power the lofty orbs of leaven are only u fow
leaves ; and the stars and that heavenly courser the
smi, & small piece of money in the treasury of the empire
of the Most High.

“1f He hod not adorned the pages of the table of
the elimates of the carth with the lines of rivers, and tho
characters of grasses and trees, no culoulntor could have
constructed the almanae of the various kinds of seeds
and of fruit which it contains, And if He had not
enlightened the dark path of the cloments with the
torches of the fixed stars, the planets und the resplendent
sun and moon, how conld it have heen possible to arrive
at the end of our wishes, or to escape from thelabyrinth
and the precipices of ignorance ?

“ From inability to comprehend theall eneonipassing
beneficence of His power, Hipparchus is an ignorant

' Muntor, 214 Nes. V.op. 1781,
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elown, who wrings the hands of vexation; and in the
conteniplation of His Exalted Majesty, Ptolemy is a
bat, who ean never nrrive ot the san of trath : the
demonstrations of Wuclid are an imperfect skotch of
the forms of his contrivanee ; and thousands of Jamshid
Kiighi,! or Nasiv Tisf, 2 in this attempt would labour in
VI,

“But sinee the well-wisler of the worls of creation
mnd the admiring spectator of the theatre of infinite
wisdom and providence, Sawil Jai Bingh® from the
lirat dawning of reason in his mind and during its pro-
gress towards maturity, was entively devoted to the
atudy of mathematioal soience, and the bent of his
mind was constantly directed to the solution of its
mosh difficult problems; by the aid of the Supreme
Axtificer he obtained a thorough knowledge of its
yrinciple and roles.

“Te found that the caleunlation of the places of the
stars as obtained from the tables in common use, such
a8 the new tables of 8'aid Gurgini® and Khiqani, and

b Janadid b Mew'ud Ghyiith al-10n ol-Kisht was ono of Ulngh
Bog's astronumors,

* Mnglr al-Din ol- 08 was born AT, 1201 Ho worked ot the
Mariighn obsorvatory mud pablished the famons * Thiinie Tublos,
He tennslated Eualid's Blonents and Ptalomy’s dmagest, nol wroté
many worls on wstronony,

2 Jai Singh writes in tho thind porson.

1 Possibly * All b, M. al-Beijid al-Saril al-Gorgiol, who lived
from AL, 1430 to 1414 in Shiriz, nand wroto p commentary on
Nuglr al-Tasi's Tadkiva (Sea H. Bubor’s Die Wathematiker uad Astro.
woreen e A raber nnd Thee Werke, p. 172) : bat Gurgdol wos o deaig-
nation of Ulngh Bog's Famlly, and Ulngh Bog's faliles wers somebimes
termed the Gurgind onnnon [Hee LIAEA, Sédillot's Prolégomdnes
das Tablow otlronomiqies &' Olong Heg, pe xix; alse Ain-i-Albari,
ﬁji}‘.'!ﬂ}md 41 (Formoit's edition) ; A kbarndnin, (1), 204 (Bevoridge's

tion).]

B3
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the Pasalilat-Mule Chind* Akbar Shili® 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 obsers
vation,”

#Beeing that very important affairs hoth regurding
religion and the administration of empire deped upon
these ; and that in the time of the rising and sebting of
the planets, and the sensons of eclipses of the sun and
moon, many considerable disagreements of a similur
nature were found—he represented it to his Majesty
of dignity and power, the sun of the firmament of
falicity and dominion, the splendour of the forchead
of imperial magnificence, the unrivalled pearl of thoe sca
of sovereignty, the incomparably brightest star of the
heaven of empire, whose standard is the aun, whose
refinue the moon, whose lance is Mars and whose penis

. 18uter {p. 05) mentions eno nl-Khilgini, an astronpmoer el
astrologer, who died in A, 1088 and who worked ot impmving tho
agtronomiesl bablon, The Khfgani tublea were sapplementary Lo
the Ilkhiinic tablos o Noegle al-Tisl and werg propmeed aned sdited
by Jumahid al-Fashi

8 4 Mualind Chind, tho astrologor, who was possesssdl of gread
nontenesa and thorough dexterity in the seiones of the astrolelus,
in tha sorutinising of aatronomieal tables, the construction of rlon-
naoe and the into tion of the atars, wos doputod to be in abben-
danee ot tha portals of tho copols of chustity in ordor that hoe might
obeerve tha happy time and ascertain exoctly the period of bivth (of
Alibar). He reported in wriling to the exaltod eninp that nooneding
to altitudes talsen by the Grenk Astrolube and by eolenlations basod
gn tho Gurgini fables ete (Abberwime, Vol I, 00700 Ed.
Beveridge)., Ho also cast the hovescope of Jahdngie in AT, 1670
according to the Gresk camnon (. ii, 506-7. See also i, 66 and
aTd)
1 Ho is poseilly refering to La Hire's Tabulae Astronemicas
and Flamsteed's Hisloria Coelestiz Britannica.



Prari 1.

[

ASTROLABE.

e Uiflbdwen ool Vst AUV of INdin. Cadentis, 160

Pt igmiVed & jrmted a1






JAT BINGH 13

Mereury, with attendants like Venus, whese threshold
is the sky, whose signet is Jupiter, wlose sentinel is
Suturn—the Kmperor descended from o long race of
kings, an Alexander in dignity, the shadow of God,
the viotorious king Mulminmid Shal® : May ho ever
be trivmphant in hattle.®

“ e was pleased to reply, since you, who are learned
in the mysteries of science, have 4 perfeet knowledge of
this matter, having assembled the astronomers and
peometricians of the fith of Ixim, and the Brahmaus
and Pandits, anl the astronomers of Borope and having
prepared all the apparmtus of an observatory, do you so
lnhour for the aseertaining of the point in question,
that the disagreement between the calenlated times of
those phenomena, and the times which they are obsorved
to happen, may he rectified.

“ Althongh this was a mighty task, which during o
long perind of time none of the powerlul Rajas had
prosesuted ; nor among the tribes of Islim, since the
fime of the marbyr pringe, whose sins are forgiven,
Mirza Ulngh Beg, to the present, which eomprehends
o perind of more than three hundred years? had any
one of the kings possessed of power and dignity tumed
his attention to this object, Yeb to accomplish the
exalted command he had received, lie bound the givdle
of resolution about the loins of his soul and constructed

I Mulammad Shih reigned from 1710-1748,
2 This mnst have been wreitten before 1730 whon Nadir Shih

snckod Delhi.

3 Tlugh Beg was assassinatod in A2 1448 while the 277 Mubar-
mad Skihi is supposed to have beon published in 1728, approxi-
mately 207 Muslim years alter.
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here! several of the instrwments of an observatory,
such as Lad been erected i Bunwarguiul.® ngreeable
to the Mussalman books, such as Z@t al-Helgu® of brass,
i diametor three gazt of the measure now in use, wl
Zut ul-Sha'batuin,® and Zut al-Zogatain, and Suds®
Faklri and Shimalah,?

“ But finding that bruss instrinnents did nob come up
to the ideas which he Lad formed of aecurey, beowuse
of the smuallness of their sizef the want of division

LAk Deolhi.

iWo have wvery little information about the olworvalory nl
Bumurgand,  (ronves stated that tho quadmst used by Ulegh Beg
wos e high us the sonmis of St Bophin at Constantineple, or nboul
180 feot, e carlier Moslim astronomors Dol alsg dovisnd fogo
imstruments.  In AL, D95 Abul Wafi vsed aogpuodvant of sulivn
21 foet 8 inohes ; al-hojondi usel o extant with radiuas 57 fewl
Oinehes. Nagir al-Tin seb himsolf tho task of perfocting nsbmments,
sto, Heo Sidillol’s Profégomdnes dee Tubles wslranumiyues o Oulug
beg, p. exsix.

3A rng instrument, aooills, sphior acmillocis—{Nollive i,
d429).

43 guze= U oot ondinorily, but perhaps hore a guz-= Ldupgda=0 foel
approximately.

b An astrolnboe with two rings or perla, 16 is o deiguefeem
we raguloe pavalluctine,  Al-Babbing ealls 16 the * long alhibudn
(Nalimo i, 321}, In Lelden is o M5 Ne melione qun ope desir-
wendi Zeed wl-Sho'lulain, efe., by the colobrabod ndeRoudi,  Mithwng-
mnd bin ‘Isie b. AbT *AbbAd, Abu'l WHasan also wrobe on thae
gime instrument (Suter, pp. 26 sl 4%),

# This mmst bo tho sume as tho Sheabiticte Veadr, whiol,

. L;ﬁngﬂ-unf&h, “tho Yavanas cullod shuilmfberd,”  Houw
an .

T The Jai Prakia is called shdmleh by Huotor,
* Of, Albiviind Chronology of Aucient Naliois (p. 11), who writos
“ It is impossible to fix the parts of the grontest vivels by wonns of
the parts of the smallpst eirele. I rofer to tho smallness of Lhe
instmments of obscrvation in comparison with the vastoess of the
bodics whicli are to ba obsorved. Un this subjest I have culargud
in 1.*:_-1]{ book called Kitdh.al-istizhhitd bikhiilaf-al *oredd) LKA
Sédillot. |p. exxix] gives tho following interosting quotetions : * 8i
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into minutes, the shaking and wearing of their axes,
the displacement of the centres of the circles, and
bhe shifting of the planes of the instruments, he con-
cluded thut the roason why the determinations of the
wncients, suoh ns IHipparchus and Ptolemy, proved
inseeurate, must have been of this kind.

“ Therefore he sonstruoted in Dir al-Khalafnt Shih
Juhinabad,® whieh is the seat of empire and prosper-
ity, instruments of his own invention, such as Jai
Prokat and Rim Yontea andd Suwnrdl Yoantre, the semi-
dinmeter of which is of eighteen cubits and one minute
on it is & barley com and u half2—of stone and limo
of perfect stability, with attention to the rules of
geomebry and adjustnient to the mevidian and to the
lutitude of the place, and with care in the measuring
and fixing of them, so that the inncouracies from the
shaking of the circles and the wearing of their axes
wnd displucement 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 betweon the
computed and observed places of the fixed stars wnd
planets by means of observing their mean motions and
observations was removed.

“And, in order to confirm the truth of these ohserva-
tions, he constructed instruments of the same kind in

j'nvais pu, disait Ebn-Carls, [aive un ocorcle qui s'appuyst d'on
cobd sur les Pyramides ot do Pantre suz lo mont Moeattam, jo Paaraiz,
fait ; iﬂﬂ-l-' pﬁh:_ﬂl‘inhmmm o5t grand, plus les oporations sont juates,”
Lo, 1.
3o make the mussurements G, the oubit used wust bave beon

& lorgo cubit=40 afgulas,
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Sawii Jaipur, Muttre and Benares and Ujjain When
he compared these observatories, after ullowing for the
difference of longitude hetween the pluces where they
stood, the observations agroed.®

¢ Henee he determined to erect similax observatovies
in otlor large cities so that every person who is devoted
to these studics, whenever he wished to ascortain the
place of a star or the relative situation of one star Lo
another, might by these instruments obeerve the pheno-
meng.? E

“ But seeing that in many cases it is necessaxy to de-
termine past or future phenomens; and also that in
the instant of their cccurrence cloud or rain may prevent
the observation—or the power and opportunity of access
to an observatory may be wanting—he deaned it neces-
sary that a table be constructed by means of which
the daily places of the stars being caloulated every
year and disposed in a calendar may always be in
readiness,

“In the same manner as the geometers and astro-
nomers of antigunity bestowed many years on the prae-
tices of observation—thus, for the establishment of o
certain method, after having constructed these instru-
ments, the places of the stars were daily observed.

1 This implics that the Dalli Observatory was comploted before
tho othors wero started ; and that all of them wore built bofore the
wog writben. This detes the prefase after 1734 and porhnps

aftar 1747,

* We must nccoph the sbatements nbanb perfout ngroement with
eomte cpubion. We have vory fow records of Jui Bingl's notusl
oaleulntions or ohservabions : his value for presession was G1°6° o
yoar and for tho obliguily 23° 237 0.

r:In']r:lh p::-)m of building oheervatorios at other places was nover
ea o
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“ After soven years huld been spent in this employ-
ment information was received that wbout this time
observatories had been eonstructed in Burope® aud that
the Tearned of thut country were cmployed in the
prosecution of this important worle : thab the business
al the observatory was still careying on there snd Lhab
they were aonstantly labowing to debermine with aceu-
raey the subtleties of this seienece.

“ Tor this reason, having sent to bhat country several
skilful persons along with Padre Manuel,® and having
prooured the new tables which Iuul heen construeted
there thirty yeurs before and published under the
name Liv? as well us the Burope tublesanterior to those;!
on examining and comparing the ealeulations of these
tables with actual observations it appeared that
there was un error in the former in assigning the moon’s
place of half a degree.  Although the error in the ether
planets was nob so great, yob the times of solar nud

P Upnniborg (Tyehw Bralw's olservaborey) in 18706 ; Ledden 1632 5
Preis 1667 ; Clroonwich 1075 @ Deelin 1705 3 8. Potemsbong 1725 ;
Lipsain 1700, obn,

2 ln 1728 e 1720 the Revereml Father Fignerodo, s osagiess
Jdesuit, wend Lo Burope by Lhe onder of Jod Singh, Possibly this
Lho enme man.  Soo Leffves Sfifunfen of curienars, xv. 2H0,

3 La Hiro's Talinelue Astronomiene war puhlighed in 1702, Fathor
Bondier, who wonb to Delli naul Jaipnre [n 1TH, netunlly ool Lo
bhim eelition. Tlo weltes @ * Biowe seevant do I méthode do 3L do
bie Hivo, ddition o sos taliles 1702, pgo 53, ona bronvd oo le oom-
mepompent do Uéclipso & Delhi lorsggnil dbadl i Toome 11 houres 40
minubes 55 pooonidas di madin, ele”  Leftres, ole. xv, 2684,

¢ Wa know that, hesides Lo 1firo's tablos, dui Singh possesaed
those of Ulugh Ter and Flomsdesd, The Iitter's worle oontndeos
wlun the talles of Tycho Brahe, the Laudgrnve [ease, nnd Hovelins,
(hor possiblo tubles aro the Talefen Teble of LOSO ; the Alfensine
Fables, 1252 ; Woinhold's Frassion Peebles, 1561 § Woplor's fvdolphine
T'ables 1627 ; Cossini's tobles, 1008 and 1003 ; Holley's talides, 1710 ;
otbe.
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lunar eclipses ho found to come out later or earlior
than the truth Ly the fuurth part of u ghafi or fifteen
palas.t  Hence he concluded that, since in Kurope
astronomical instruments have not been constriebed
of sueh a sizo and so large diwmeters, the  motions
which have been obgerved with them muy huve dovine
ted o little from the truth.®

 Since in this place by the wid of the merring Artifi-
cer astronomical instruments have been constructed
with all the exactuess that the heard can desire naud the
motions of the stars have for a long period heen con-
stantly observed with them, agrecable to olservations
mean imotions and equations were estublished ; Tl
found the oaleulation to agree perfectly with the ohser-
vation. And although to this duy the business of the
observatory is carried on, u fable under the name of
His Majesty, the shadow of God, comprehending the
niost accurate rules, and most perfect methods of com-
putation was constroeted—so that, whan the pluses of
the stars and the appearance of the new moons and the
cclipses of the sun and moon and the canjunetion of the
heavenly bodies are computed by it, they muy nrrive
as near as possible at the truth, which, in fuet, is every
duy seen and confivined ab the observatory.

# It therefore behoveth those who weeel in this ars,
in return for so great a benefit, to offer up their praycrs
for the long continuance of the power and the pros-

160 pulase=1 ghafi==24 minutes, and 15 poulps=0 winbes.

2Tho instruueaty used by Flamstood (1G0-1710) wirn g ivon
soxbant of G fest mdins ; o throo-foot quadennt; o weml sre of 140
degross and radiys 7 feat, © divided with hitherto unapproseliml
ngeneaoy,’ nud with which all his mest valusblo work was executed
two olotks sod two telossopes.
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perity of so pood u King! the safegnard of the earth,
and  thus obbain for themselves o blessing in both
worlds. 2"

t Muhieimniwl Bhith died o AL 1748 live yenes effor the death
o i Hingl.

P hern ey o podngs wbout e peelfoes hink are nob quite
eemsinbont with eaele othor aud known faete, The teadition is that
the B85 M ehammed ST wns comploted fn AT 1728 and this s,
Lo o e benty, eonflenod by thadaipae MR, ; the preface was writion
pomn tiame wlbor all the observatories haod Deen barilg, thnt 8 oftor
L78E, amal ™ moro b 300 yours " affee (the death of) Ulogh Beg
[Ulugh Bog il in AL 86D, and HI34-00=1160 A H.=A.D.
L7011 legitimabe couclusion s that the prefaee was wiitten
somo considernblo time after tho tables hnd been gomploted.



CHAPTER I1.
TuE INsTRUMENTS,

A, Melal instrumends,

Jai Singh himself relates that he first constrneted
ertain metal instruments  agreeable to the Mussalman
books,” and at Jaipur there is even now a fine collestion
of such instruments. The metal instraments originally
at Dellii were possibly removed to Jaipur, but it is also
possible that, when Delhi was sacked by Nadic Shih in
1739, some of the portable instruments were cither
destroyed or carried off. There is, indeed, evidence
that appears to indicate that the present collection at
Jaipur does not preserve all Jai Singh’s metul instru-
ments. In 1790 R. Burrow examined an astrolabo
“in the Nagri character, brought by Dr. Mackinen
from Jaynagur ”; and recently at Delhi T was shown a
small brass sphere made in A.D. 1677 by the designer
of the Jaipur Zarqgali instrument noted below, and with
it three astrolabes. Tod tells us of a dial “ on the
terrace of the palace at Oodipoor, and various instru-
ments at Kotah and Boondi, especially anarmillary
sphere at the former, of about five fect in diamcter,
all in brass, got up under the scholars of Jey Singh.”

20
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At the Lahore exhibition of 1864 certain brass astro-
nowmical instruments from Kapiirthala and other places
were shown ; and these ineluded * two fine uatrululhm,”
one spherieal and one plane, and several dials. In the
Lahore musenm is a small astrolabe of unknown his-
tory, and in the Indian Musenm at Culentts is one
that was brought from Heiit, but long after Jui Singh's
tine,1

The more important of the mefal instruments af
Jaipur include () the astrolabe shovwn in plate I, (B) an
nstrolabe dated the 31styear of the reign of Shih Jilin
and AH. 1067 (=AD. 1657), (¢) o Zargill astrolabe
dafed the 23rd year of the reign of Aurangzeb and
AH. 1081 (=A.D. 1680), and made for Nowdb Iitikhir
Khin of Jannpur by Zia al-Din b, Mulli Qdsim, astrolabe
maker of Lahare, (d) two very large astrolabes now in
the Joipur observatory, one of which is shown in
plate TT, (¢) a graduated brass cirele, 17} feet in dia-
meler, now in the Jaipur observatory, and whicly is
partly visible in plate VIIL, (/) two equatorial sireles,
shown in plate X%, (g) the Kxintivritti Yantra shown in
plate XU,

The astrolabe.

Of these metal instruments the astrolabe appears
to Tmve played a very important part in Jai Singl's
work. The Arabs perfected it at a very early date and
it remained one of the principal astronomical instru-
ments until about the 17th century, and is still used
in the east for astrological purposes. It was usually

! Journal of the Asiatic Society of Bengul, 1841, X, p. 761,
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of brasst and varied in dinmeter from a couple of
inches to several feet., The mariner’s astrolabe (as nsed
by Columbus) was adapted from that of the astro-
nomers about A.D. 1480, but was superseded by
Hadley's Quadrant of 1731. The famous scholar
Gerbet, who afterwards beecame Pope Sylvester TI, had
such skill in making astrolabes, ete., that he was
supposed to have sold his soul to the devil. There
are many references in mediseval literature to the
nstrolabe. More than three centuries before Jai Singh,
Chavcer 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 =0
noble an instrument as is an Astrolabe been unknowe
parfitly to any mortal man in this regioun, as I
Auppose.”

The type of astrolabe principally used by Jai Singh
was the flat astrolabe, or astrolabium planisplaerum,
in Arabic called Zat al-8afd'ih (' consisting of tablets "),
an example of which isshownin PlateI. A brief desorip-
tion of an astrolabe is here given, and for further de-
tails the reader is reforred to the largor work,

The corpus astrolalii is o civcular disc with n raised
edge into which fit the several parts of the instrn-

ment :

! Gowor refors do omo of golil : * With him his natrelabo hie name,
which was of fine golid precions, with points and circles marvellous.”

The Granada watrolnhe desoribed H. 8. Coopor (JRAS 1804,
£34) hos silver knobe on cach pointar of the * ankabdt " ;n tho British
Musoum are soverl inlail with silver ; and others evidently had
some sort of jowel fixed in the kwrei. Gilt instromenta are not
Unogmimon.
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(1) The contuining disc is termed the amder (Ar
wn) and the inner part of this is the venter, which
is often inscribed with latitudes amd longitudes of
important eities.

{11) The * ankabill or wranes or vefe is an open-work
dise marked with the ecliptic, the signs of tho zodie
anil a number of stars, Tt lits in the ventor mud enn o
rovolved. The branchies on which the nwmes of the
sbars are written and the points of which indieate the
positions of the stars arve termed shaziye or © gplinters”

{¢47) Bevoral thin dises or tablets, marked with
wlumoantarats, azimuth cireles, hour eiveles, cte., for
varions latitndes, ete,, fit into the body of the astrolade.

(fv) The alhidade or sighter revolves round the
centre on the back of the astrolabe. Taoh avin has a
petforated libna or * tile,” which is sometimes hinged on
to the allidade. Burvepean astrolabes sometimes
have another marker or label without sights, for use on
the front of the instrument.

(v) The tablets and alhidade, eto., ave fixed together
hy o pin (Ar. quih) which is fastened by a wedge, termied
by the Arabs fures or *horse” This wedge is often
[ushioned into some resemblance of o horse’s head.

(vi) The whole is suspended hy a ring (Ar. falqu)
joined to the *wrwnh or handle, which in its turn is
viveted to the projecting pavt, bwrsi or throne, of the
inatrument.

(vif) The back of the astvolabe generally has au
outer seale of degrees, and certain other scales. [t is
often inseribed with tables of use to the astrologer
and geographer : the details vary greatly.
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The sighter and gradnated circle on the back of the
astrolabe form the part of the instrument used in netual
observation ; while the ‘tablets” and the * enkabit
(which rotates) and the graduated cirole on the raised
edge form a very efficient caloulating machine.

Most of the Indian astrolabes are engraved in
Persian characters, and astrolabes of any antiquity in
Hindu ocharacters ave nobt ecommon. At Jaipur
there are nt least two such instruments engraved in
Devaniigari characters, but they are comparatively
modern. As already mentioned, in 1790 R, Burrow 1
* gompared an astrolabe in the Nagri character (brought
by Dr. Mackinon from Jaynagur) with Chaucer's des-
criptions,” and goes on to relate that “Even the
centre pin, which Chaucer calls the horse,” has a
horse’s head upon it in the instrument.” Morley? des-
eribes two Hindu astrolabes ; and one of the Delhi
astrolabes referred to above is engraved in Hindu
cluracters, but it also is of very crude workmanship
as compared with the Muslim instruments, |

2. Masonry instruments,

The masonry instruments, which vary in size from
a fow feet to 90 feet in height, are Jai Singh’s chief
work. It has already been related how Jai Singh dis-
carded brass instruments, and built massive masonry
omes in their place. His reasons appeared to be, but
were not altogether, sound. The brass instrumenta
were, he said, fanlty, becanse of their mobility and

1 Asiatin Researches, 1700, Vol. fi, p. 4588,
AW. H. Morloy—Deseripifon of o planiapherie aafrolabe ... in
fhe British Museum, s
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size.r The axes became worn and the instruments
untrue ; the gradustions were too small for fine measure-
ments, ete,  His remedy was to make large, immovable
istraments : but he thus stereotyped his designs,
for tho lnrger and more immobile an instrament is the
greaber is the difficulty in making alterations snd im-
provements. Jai Singh sacrificed facility for supposed
noonracy.

Jai Bingh claims to have devised the Samvit Yantes,
the Joi Prakis, and the Ram Yantra., Thess threo
instruments are indeed peoulinr to Jai Singh's obser-
vatories, and must be to some extent abtributed to
his personal ingenuity.® He used other stoune inatru-
ments, sueh as the murml quadrant and eylindrieal
dial; but these were not mentioned specially in the
preface, becanse they were common to many observa-
tories. They ure, however, mentioned in Jagannath's
inteoduction to the Samrat Siddhinta.

The masonry instraments include (@) the huge dials
(Samrit Yantra) at Delhi and Jaipur, and smaller ones
at Ujjain and Benares, (b) hemispherical dials (Jai
Prakis) at Delhi and Jaipur, (¢) azimuth instruments
nt all the observatories, (4) Meridian ecireles (Daleshi-
novritth Yantra) at Jaipur, Ujjain and Benares, (&) cylin-
drical dials at Jaipur, Ujjain and Benares, (f) huge
fixed sextants (Shashtiméa Yantra) at Delhi and Jaipur

1 The sonteask with the procedurs in Bavopa is intoreating, Tha

Europesn seipntiab recognisod the i.narvil.ul:rilﬂ-y of orror, and took

mensnres to countoract b (e.q., with the misramotor, vernies, telo-

soopio sights, ote., ote.) Bven a moden theodolite, as o usoful

?ls:ui?ﬁnmmml instrument, i& worth more than oil Jai Singh's large
i Snghpug& B0 moq,
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(%) the “mixed instrument’ (Miéra Yantra) at Delhi,
and (i) the zodiae dials (Rié Yantra) at Jaipur.

The Samrdt Yantra is, as ita name implies,
the most important. It is an equinoctial dial, con-
gisting of a triangular gnomon with the hypotenuse
perallel to the earth’s axis, and on cither 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* sun-dials.

In plate ITI, A B 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 and MH.
If KL is the direction of the sun, then the arc K@
indicates the time before noon, and the angle HGL
the declination, or sun's angular distance from the
equator. In the actunal structure, the comsiderable
width of 44" and GF (each being over 9 feet at Jaipur)
practically duplicates the instruments, 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 Fto A. In the fignre tan HG' L= HL{GH, and GH
is the radius of the quadrant MEG.

The shape of the gnomon is generally a parallel
trapegium, as in plate III". In the same figure GF
represents the position of the quadrants as they enter
the gnomon, HG=FE is the radius, and the lines
radiating from E and @ show the construction of the
scales of tangents on the edge 4B.

These dials give appurent solar time, which varies
from day to day, owing to (1) the eccentricity of the
earth’s orbit and its consequent more rapid angular
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motion in the winter (when it is nearer the sun) and its
slower motion in summer; (2) the obliquity of the
ecliptic.? Consequently o clock going regularly 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 lengitude of 823°
degree east of Cireenwich, or 05} hours before
Greenwich time. A table that will enable the observer
to compare dial time with clock time is given in an
appendizx,

The Jai Prakas is called by Jagonnith swrve yantra
firomans ‘ the crest jowel of all instraments.’ It isa
hemisphere on the eoncave side of which are mapped
out certain co-ordinates. Cross wires are stretched
north to sonth and cast to west, and the shadow of the
interscction of the wires falling on the surface of the
hemisphere indicates the position of the sun in the
heavens @ ofher heavenly bodies ean be observed divect
by ‘placing the eye’ at the proper graduated point,
and observing the passage of the body neross the point
of interscetion of the wires. For this purpose prssages
aro cut into the hemisphere, and the instrument is
duplicated.

The construction of the instrument is seen in plates
IVand V. Theupper edge of the hemisphere represents
the horizon and is graduated in degrees. TFrom the
centre azimuth lines and altitude circles are drawn.
The pole is at a point on the meridian line at a distance
from the actual southern point? of the upper edge equal

! Thesn are the twa principal enuses, butall other eanses combinod
alter tho equation of time by o fow seconds only.
3 The graduntions aro inverbed,

o2



28 A GQUIDE TO THE OLD OBSERVATORIES

to the latitude of the place. The equator cuts the
meridian at a distance from the centre towards the
north also equal to the latitude, and other dinrnal
circles cut the meridian at distances of 231°, 20° 12/,
and 111° on either side of the equator. The cireles of
signs are such that when the sun’s shadow falls on any
one of them the corresponding sign is on the meridian.
These ecircles of signs cut cach of the seven diurnul
circles on the meridian, and cut the neighbouring
circles at the proper intervals. Through the pole
hour circles are drawn. Theoretically the instrument
is thus n very efficient dial, showing at any instant the
local time, the sun’s declination and the sign on the
meridian.!

At Jaipur a similar instrument called Kapdla (* cup ’
or *hemisphere') is so constructed as toshow * rising
gigns." 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
solstitial points), and thus is the Jai Prakaé turned
through a right angle.

The Jai Prakié is found only at Delhi and Jaipur.
The diameter of that ot Delhi is 27 feet § inches and
that at Jaipur 17 feet 10 inches,

The Rém Yantra is the third of the stone instru-
ments mentioned in the preface to the Zij Muliammad
Shaki. The Pandits say it was named after Rim Singh,
a predecessor of Jai Singh’s. According to Hunter the
instrament was algo known as Ustwwani, which was the

Ii.lé:. tg;. larger volume an explanalory dingram s given.—Plato



MASONRY INETRUMENTS 29

name given by al-Birfini to an astrolabe on a eylin-
drical (orthographic) projection he devised. The 1tim
Yantra is o oylindrical instrument open at the top and
having af its centre o pillar. The floor and the inside
of the ciroular wall are graduated for altitude wnd wzi-
muth observations. The height of the wall [rom the
graduated floor is equal to the distance from the eir-
cumference of the eontral pillar to the inside of the
wall, To fucilitnte observation the lloor is broken up
into sectors and, consequently, as in the ease of the
Jai Prakis, complementary buildings had to be con-
structed. The walls also are broken up, and one section
of the wull corresponds to one seetor. At Delli there
are 30 sectors, each of 6 degrees, in cach building, hut
at Jaipur there are 12 scotors only, wd their angle is
12 degrees in one instrument and 18 degrees in the
other, the spaces between them being respestively 18
and 12 degrees. On each side of the wall sections are
notches in which sighting bars can be placed hori-
zontally. Plate V gives a good view of the instrument
as n whole. Bxamples of the Rim Yantra exist at
Delli und Jaipur ouly : the Jaipur instrument is quite
a modern one.?

The Digamsa Yantra (* azimuth instrowent’), is
a simple and usehl instrument, and examples of it still
exist ot Jaipur, Ujjain and Benares, The mstrament
consists of a pillar smrounded by two cireular walls.
The central pillar is generally about 4 feet high, and the
inner wall the same height, while the outer wall is

11t was built in 1801, Thoro aro also at Juipur bwo small Rim
Yanteas which wore constructed as modeds
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twice that height. Oross wires are strotohed from the
cardinal points on the outer wall, and both walls are
graduated. The inner wall is a convenient height fora
man to wall on and to look over the outer wall, By
the aid of & movable string and an assistant, azimuth
(herizontal angles) observations can bo made with fuir
aceuracy. The instrument may be deseribed as u
large circular protractor.

The Narivalaya Yantra (‘ciroular dial’) is men-
tioned by Jagannith and it oceurs at Jaipur, Ujjain
and Benares. It may be desoribed as a eylindrical
dial—the uxie of the cylinder being horizontal and
pointing north and south, and the northern and gouthern
faces being parallel to the plane of the equator. At the
centre of each face, and at right angles to it, is an iron
style surrounded by circles graduated into hours and
minutes and ghafis and palas respectively. The shadow
of the style marks the time of the day, and the instru-
ment also shows, very effectively, the passage of the
sun across the equator (the equinoxes). Jagannath
remarks that this instrument is not of munch value,
because it only gives readings for northerly observa-
tions. This applies to some extent to the Benares
instrument but not to those at Ujjain and Jaipur.

The Dakshinovritti Yantra (°meridian circle’)
is like the mural quadrants found in most mediae-
val observatories. It consists, essentially, of a wall
lying in the meridian, and on the wall are two
graduated quadrants which were used for ohserving
the altitudes of heavenly bodies when passing the
meridian. The instrument corresponds to the modern
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transit cirole. Originally there was one at cach obser-
vatory, but that at Delhi has been destroyed.

The Shashtimsa Yantra oocurs at Delhi and Jaipur
only and is really another form of meridiun circle,
It is o laxge graduated are lying in the meridian and is
built in & * dark room * at the bottom of the musenry
work that supports the huge quadeants of the Samrib
Yantra. A small orifice, some 230 or 40 feot sbove,
admits the light of the sun at noon, and the image of
the sun on the graduated sre marks with fair accuracy
the sun’s altitude. It is thus the aperture dial of the
Muslims. At Jaipur there are two ‘dark rooms,’
one under each quadrant of the Bamrit, and in each
room are two arcs, the radins of each being 28 feeb
4 inches. The ‘dark room’ abt Delhi is at present
inaccessible.

Of other masonry instraments there are the Misra
Yantra (*mixed instroment’) at Delhi and the Radi
Valaya (°zodine dials’) at Jaipur. There are some
indications that these two instruments, or rather sets
of instruments, were not devised by Jai Singh. They
will be deseribed when the observatories at Delhi and
Joaipur are dealt with, The most notable featnre of
the Mifra Yantra is the set of ares for mericians at
Greenwich and Zurich on the west, and two correspond-
ing places on the cast. The Radi Valayn consists
of a set of twelve dials connected with the rising signs,
which show the sun’s latitude and longitude. "



.

CHAPTER IIL

TrE OBSERVATORIES.

1. Deliii.

Tor the Delhi observatory, known as the Juntar
Mantar, we have the following approximabely correct
elements :—

Latitude 28° 37" 35" N.

Longitude 77° 13 5* E. of Greenwich.

Height above the sea-level, 695 feet.

Magnetic declination B, 1° 45', in 1919, Anunal
variafion—3', .

Local time 21 minutes 77 seconds after standard
time,

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
is also 1 mile T4 furlongs 32° west of south from the
Jama Masjid. In the projested new eity the observa-
tory borders the road leading from the railway station
to the Beoretariat and Government House. It conse-
quently will be a notable feature in the Imperial capital
and, apart from its historical value, it is desitable that

a2
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it be made, by suitable surroundings and proper resto-
ration, as dignified as possible.

The general plan of the observatory (Plate IV)
shows the following structures : () the Samrib Yantra,
a large equinoctial dial, () the Jai Prakis, consisting
of two hemispherival struetures just to the sonth of the
Bamrit Yanira, (¢) the Rim Yanten, two large ciroular
buildings to the south of the Jui Prakiad, () the Midn
Yuntra, north-west of the Swuit Yante,

The Samrdt Yantra is the central huilding of the
obgervatory. It is the largest and most imposing,
althongh o considerable portion of it is below the surfuce
of the earth. It is, indeed, built into a quadrangular
excavation some 15 feet deep, 125 feeb from enst to west
and 120 feet from north to south. The structure is
68 feet high, of which 603 feet is above the earth's
surfnoe 3 125 feeb Trom cast to west, und 1135 [vet from
north to south. The essential parts are the inclined
edges of the huge gnomon and the quadsnts attachel
toit. The edges of the gnomon point to the celestinl
north pole, that is, they muke an ungle (287 37') with
the horizon, equal approximately to the latitude of
Delhi, and are parsllel to the carth’s axis. The
quadrants (M K G £ D, plate I1I) are at vight angles to
the gnomon and, therefore, the civeles, of which thoy
form part, ave pumllel to the plune of the eguator
These quadrants have euch o radius of 496 feet, and
are graduated on each odge in lours, degrees and
minutes, the scales on the northern edges being marked
in English and those on the southemn edges in Indian
symbols. The edges of the gnomon are marked with
gcales of tangents, as already explained.  The shadow of
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the edge of the gnomon on the quadrants gives the
local time. The sun’s declination is found by observ-
ing which part of the gnomon’s cdge custs its shadow
on the edge of the corresponding (udrunt.

In the mass of masonry work that supports the cust
quadrant is a chamber which contains the Shash{hdisa
Yanira, This is o laige graduated ure 60 degrees in
length, built in the planc of the meridian ; and through
a small orifice, the sun, a8 it passes the meridian, shines
o the are snd indicates its meridinn altibude, Trom
which its declination can be directly dedneed. The
chamber was olosed up when the obscrvatory was
restored in 1910

On the top of the gnomon is a circular pillar, which
was probably used originally for rough azimuth obser-
vations, but which is now surmounted by a small sun
dial of the European type. The Iatter was probably
constructed in 1910 : the pillar, but not the dial, appears
in the Daniells’ drawings?

The lower part of the structure is sometimes below
the water level of the locality. The height of the water
varies but occasionally it covers the lower part of the
quadrants and the steps and prevents access to the wost
quadrant altogether ; and it makes the structure use-
less 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 Sawrit Yantra was
built of stone and lime. Hunter and Thorn say that
the edges of the gnomon and quadrants were of white

1 Figures 43 and 44 of tho larger volume.
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marble, and von Orlich speaks of marble staircases.
The quadrants are now fnced with lime, but the time
graduations are well marked with a soft black stone,
neatly inlaid into the face of the quadvant., The
gracdluations on the edges of the gnomnon are seratched
into the lime plaster surface und are Lecoming obli-
terated. Seo alan puge 206.

The Jai Praka§ consisbs of two complementary
concave hemispheres, situated immediatoly south of the
Samrit Yantra, Their structure is best seon in plates
IV and V. Theorctically only a single hemisphere
is necessary, but, to facilitate observation, pathways
are cub into the surface; and the second Jai Prakis
is 80 construoted that the two instruments together
show the complete surface. Cross wires were ariginally
stretched across the hemispheres north to south and
cast to west, and the shadow 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 tropies and intermediate circles (declination
parallels), ete., so that the position of the sun can be
directly read off. Also there are * cireles of the signs of
the zodiae,” by which the partionlar sign on the meridian
is indicated by the position of the sun’s shadow.? In
the Delhi instruments the cross wires have been dis-
carded, ulthough the pins to which they should be
fastened are still there ; and iran rods (2 inch galva-
nized piping) have been fixed at the centre of cach Jui
Prakis. Sce page 27.

1 Beo page 28 nbove, and puge 37 of the larger book.
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The Rim Yantra consists of two large cireular
buildings, complementary to each other, situated south
of the Jai Prakis Each consists of a circular wall
and a pillar at the centre. The height of the walls
and pillar, from the graduated floor, is equal o the
inside radins of the building measured from the eiroum-
ference of the pillar to the wall, wiz., 24 feet 6} inches,
and the diameter of the pillar is I feet 3] inches. The
walls and floor are graduated for reading uzimunths
and altitudes. To facilitate observation the foor is
cut up into thirty sectors, with the apaees between of
the same angular dimensions as the sectors, wiz., six
degrees. The gradusted sectors wve supported on
pillers three feet high, so that the obsorver can * place
his eye ’ at any point on theseale.  The graduated walls
are, gimilarly, broken up by openings, at the sides of
each of which are notches for placing sighting burs.
At Delhi there are no such bars in evidense but at
Jaipur they are faced with brass and cavefully graduated.
At Jaipur the central pillar is replaced by an ivon rod.
At Delhi the pillar is graduated by vertical stripes,
each six degrees in width, and these are necessary, ns

.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 povtion of the wall are
made. The old descriptions and drawings show that
no important structural . alterations have been made
during the last century.

To the north-weat of the Samrit Yantra, and some
140 feet away, is the MiSra Yantra, or ¢ mixed instru-
ment,’ 80 named because it combines in one building
four separate instruments. Of these the Niyat Chakra
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socupies the middle of the building, and consists of a
gnomon with two graduated semicireles o cither side
(plate VI'). These semicireles lic in planes inclined
to the plue of the Delli meridian at angles of
approximantely 77° and  G81° cast and west.  The
semicireles may be said to correspond to meridiaus
ot places whose longitades  diffier from Delli by
these angles, mul tradition names  Greenwich  and
Zurich, “ Notkey o village in Japan where there is an
ohservatory, latitude 43° 33 N. and longitude 145° 17"
E. of Oreonwich,” mnd “ Serichew, a town in the Pie
Island in the Pacifie Ocean enst of Russin, latitnde
48° ' and longitude 163° 12" 18.”

On cither side of the Niyat Chakra, and joined to
it, i8 half of an equineetial dial, eonstructed on the
same principle ns the lavge Samrit Yantm., On the
west side of the building is o second quadrant, the face
of which is horizental instead of being pamllel to the
nxis.  TTunter walees no mention of this,

On the enst wall of the building is & gradoated somi-
cirele ealled Dakshinovritti ¥Yantra, used for obtaining
merician altitudes.  The north wall of the Miéra Yantra
in inelined to the vertical at an angle of 5 degrees and
is marked with a large graduated civele, This is ealled
the Karkardsivalaya, or © Circle of the sign of Cancer.”
As the latitude of Delhi observatory is 28° 37" 35°,
and the obliquity of the ecliptic is 23° 27" 5" nearly,
the zenith distance of the sun, when it enters Caneer,
is §° 104", approximately, and the sun then shines over
the north wall for a short period, and the shadow of
the centre pin falls on the graduated circle. This may
be the northern dial referred to by Jagannith,
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In the front of the Mifra Yantra is a platform 47 feet
by 43 feet, on which are traces of a quadrant of 20 feet
radius. This platform was probably used for making
measurements when the instruments were heing con-
structed or repaired.

To the south-west of the Miéra Yantra are two pillara
17 feet apart, and the 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 ohservatory, they probably supported one of
Jai Singh’s metal instraments, such as are now found
at Jaipur.

Hunter states that, to the west of the Mifva Yantra
and close to it there was & wall in the meridian with
double quadrants ; and Jagannith, Jai Singh’s assistant,
recorded that, in the year 1651 of the Salivihana era,
“ with this instrument, the latitade of Indraprastha
was found to be 28° 39" north, and the maximum
declination 23° 28"

History.

The observatory at Delli was the first one built by
Jai Singh, and it is here that the principal observations
were made, which were to form the basiz of his new
tables, There is some uncertainty about the date of
congtruction. Pandit Gokal Chand gives AD. 1710,
and Syed Ahmad Khin gives 1724. The latter states
that the observatory was built “in accordance with
the orders of the Emperor Muhammad Shih, in the
seventh year of his reign, corresponding to the year
1137 of the Hegira ” (=A.D. 1724-25).
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Jal Singh tells us that he himself represented the
question of preparing new tables to the Xmperor,
who encouraged him to proceed. “To sccomplish
the oxalted eommand he hnd rescived, ho (Jai Singh)
bound the girdle of resolution about the loing of his
soul, and built here (at Delhi) several of the instrumenta
of an observatory.” 'This scems to indicate that the
construction was started after Muhammad Shih nseended
the throne, In 1719 Jai Singh was appointed the
Emperor’s lieutenant at Agra. Jagannith records
obaervations made at Delhi in A.D. 1729. The facts
seem o point to 1724 as about the date of the foundation
of the Delhi Observatory.

We are told that Jai Singh first constructed at Delhi
brass instruments of the astrolabe type in accordance
with the Muslim books. These he found to be unsatis-
factory, and, therefore, he constructed * instruments
of his own invention, such as Jai Prakis ond Rim
Yantra and Samrit Yantra ............ of stone and
lime of peorfect stability, etc.” In Jai Singh’s time,
therefore, the observatory probably consisted of the
Bamit Yontra, the Jai Prakid, the Rim Yantra, a
mural guadrant, and some metal instruments.  Of the
present  buildings, possibly, the Mifm Yantra was
added by Madhu Singh, “who inherited no small
portion of his father’s love of science.”?

Early descriptions.
There are fairly numerous references to the Delhi
observatory in the accounts of travellers of the eighteenth

! Todd i, 372,



40 A GUIDE TO THE OLD OBSERVATORIES

and early part of the nineteenth century, and some of
these are worth recording. Father Claude Boudier
and another priost passed through Delhi in 1734 on their
journey to Jaipur and tool observations of latitude and
longitude at the observatory at Delli. Unfortinately
they have left on record no description of the instru-
ments.*

In 1795 Franklin, in his desoription of the city of
Delhi,! wrote of the observatory : *“ It was built in the
third year of the reign of Muhammad Bhili, by the
Rajah Jeysing, who was assisted by many persons,
celebrated for their seience of astronomy, from Persia,
India and Turope ; but died before the work was com-
pleted, and it has since heen phmdered and almost
destroyed by the Jeits, under Julwalier Singh.”

In 1799 W. Hunter published® a fairly complete
account of the Delhi observatory. 'The list of buildings
and the deseriptions he gives show that, to the west of
the Misra Yantra and close to it was a wall in the plane
of the mevidian, om whiclh was deseribed 8 double
quadrsnt having for centres the two upper comers of
the walls.” Also, in describing the Mifra Yantra, he
makes no mention of the thinl quadrant 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, wern of white marble, a few
small portions of which only remain.”

* Beo pago &

1 An-Aeconnt of the present Sfule of Delli. By Licut. Franklin.
Asiatio Researches, vol. iv. 1705, ‘!h 43l.  BMubammad Shih's veign
commenoad in 1718, and Jai Singh died in 1743,

2 Asiatic Researches, v, 1798, 177/,
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In 1803 Major William Thom visited Delhi, and
Inter wrote a description! of the observatory. His
description, however, is simply a snmmary of Hunter's
and he gives no additional information whatever,
althomgh he is sometimes quoted as an anthority.

Hoon afterwards, the Daniells gave two illustrations®
of the chief features of the obscrvatory. These are
reproduced in the larger volume (figures 43 and 44)
and they show that during the last hundred years very
little alterntion has really taken place.

In 1843 von Orlich wisited Delhi and made the
following notes about the observatory : *“ It lies in the
midst of many ruing ; but it was never completed and
lins been, unhappily, so wantonly dilapidated by the
Juts that the shatfered ruinsalone are to be seen.  How-
ever, enough remaing to show the plan of this fine
building ; the colossal sun-dials and guadrants, which
reat upon large arches, ave formed of red sandstone
and bricks, and the ascent to them is by handsome
winding marble stair cases.”?

Next .comes Syed Ahmad Khin's deseription,?
which was translated by Garein deTassy.®  This acoount
is not very reliable, but the original work contains
aome rough but valnable drawings of the instruments.
We read : * Now this obscrvatory has fallen into

' Memuoir of the War in Dadin condveled by General Lord Lake
in I818, o 171

® Orinmlal Seenery, 18515, poct v, plates XIX and XX, The
?gﬂmi drawings for theso plates muat have been made abont A1),

3 Trgvels dn Iudio, Londun, 1845, p 49,

1 Athitr ol-sanddid 1852, Roprinted 1870,

8 Journal Asintigee, ¥V, xv, 1860, 530/
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ruin ; ell 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 fwo cases, ! interesting photographs ;
and in the Delhi Muscum is an intevesting painting,
of unknown date, which shows the observatory in o
very dilapidated condition.

Restorations.

In 1852 the Raja of Jaipur, at the request of the
Archmological Bociety of Delhi, partially restored the
Samrat Yantra. In 1910 His Highness the present
Maharaja sanctioned the complete restoration of the
observatory. This entailed the rcbuilding of some of
the instruments and the regraduation of all the seales.
Most of the graduations were, unfortunately, done in
lime plaster and arc already becoming obliterated.
The European dial on the top of the great gnomon
appears to have been added on this ccension.

2. Jaipur.
The clements for Jaipur Observatory ave approxi-
mately as follows :—
Latitode . . , . . 20°55°274"%
Longitude . . . . . 757 40" 1R-7,
Hiaight abowe sea-lovel X . 1,082 feot,
Mugnetic declination . . . B 1% 35 in 1010,
Local time' . . . « I8 20 minutes 43
noconls  aftor
standard time,

! Carr Stephen—The Archaological and Monumanial Remains
of Delki, 1870 ; and H, C. Fanshawe, Delli, Past and Present, 1002,
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The observatory is within the palace precinets,
about 200 yards east of the minaret. Itisinan excellent
state of preservation and is one of the ‘sights' of the
city. Not only does the observatory contain masonry
instruments such na those at Dellid, bub also a number of
metal instrumonts of very oosiderable interest : and
in the Musewn, ontside the ity walls, are other astro-
nomical instruments that, no doubt, formed part of
Jui Singh’s astrononideal cquipment.  The plan of the
observatory (plate VII) shows the genersl arrangement
of the instruments, the principal being the Bamrat
Yantra, the Jai Prakas, the Ra&i valays, the large
astrolabes, etc.

Samrit Yantra,—The lamge Samrdt Yantra is
gitnated at the sonth-east corner of the observatory
enclosure. It is the largest of all of Jai Singh's instru-
ments, being nearly 90 feet high and 147 foot long,
the radins of each quadrant being 49 feet 10 inches.
Tt ia graduated to read to seconds, but thisis imposaible
in practice, owing to the ill-defined shadow (due to the
size of the penumbra). The tangent seales on the edge
of the gnomon cannot now be used, owing to theinstru-
ment overlooking the palace zenana enclosure. The
readings of the quadrants appenr to be slightly incon-
gistent, 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 om a larger scale. Like the Delhi
instrument, the foundations are below the ground

D2
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lavel, but the floor is pukka, and proper arrangements

are made for drainage,
Shashtimsa Yantra,—The Shashthividn Yonten, or

sextant instrument, is a huge convex are of G0 degrom,
and of 28 feet 4 inches radivs, lying in the mevidinn.
There are two pairs of such arcs built into the musoury
that supports the east and west onds of the Swweit
quadrants. Small heles in the roof of cach structure
allows the sunlight to fall on the are at noon. The
instrument is capable of giving very accurate rosults,
but the resdings are said to be in evror to aboub 4
minutes, See also page 31.

Rifivalaya Yantra.—The Radivalays, or ©ecliptio
ingtrument,’ consists of a collection of dials on a plat-
form to the west of the Samrit Yantra, There ave
twelve such dials, one for each sign of the zodinc. Each
ingtrument is exactly of the same type as the Samrit
Yantra, but the quadrants lie, not in the plane of the
equator, but in the plane of the ecliptic when the paxti-
cular aign 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 indicntes the
sun’s latitude and (with appropriate graduations)
longitude. The radins 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 early lists do not
mention the Rasivalaya.

Jai Prakds.—The Jai Prakid is constructed in the
same manner as the Delhi instrument. The principle
of the instrament has already been explained (page 27).
It was completely restored in 1801, in white marble,
and the various circles were then marked in different
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colours. It is 17 feet 10 inches in diameter. The
instrument shows time and declination, and the signs
on the meridian,

Kaphla.—The Kapila is another hemispherical
instrument, and is peculiar to Jaipur. There are two
exsples—one being o hemisphere with its upper edge
vepregenting, as in the Jai Prakad, the plane of the
horizon, while in the other it represents the solatitial
colure, The latter indicates ‘rising signs’ instead of
meridian sigus, Each Kapila has a diameter of 11} feet
and is u complete hemisphere, that is, no pathways
are cut, as il the Jai Prikas. The graduated rims are
i marble, but the remainder of the surfaces are in lime
plaster.

Rim Yantra.—There are four insbruments in white
marble, but all of them are quite modemn (% 1891),
although made aceording to Jagannith's instructions.
In principle they are exactly the same as the instruments
at Delhi, but are much smaller, the larger pair being
23 feet 11 inches in dinmeter. The sectors are twelve
in number, occupying 12° each in one instrument,
and 18° in the other, IFor an explanation of the con-
struction sce page 28.

Digams$a Yantra.—The Digamés Yantra or azi-
muth ingtrument has already been described (page 29).
There is no such instroment at Delhi, but there are
examples at Ujjain and Benarves,

Nari Valaya Yantra.—The instrument at Jaipur
is a magonry cylinder some 10 feet in diameter.! The

1 In the general plan { Vil) the supporting masonry work
i% wob shown, but sce plate ﬁgﬂ
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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 eyuator. The disls are
graduated into ghufis and pales, and also hours and
minntes, According to (larvett, the southern lwe was
added by Jai Singh's graaulson, Mohirije uctip
Singh. There are similar  instruments, but much
smaller, at Ujjain and Benaves,

Dakshinovritti Yantra.—The econstruction of the
Duleshino Vyitti Yantra, or mural guadeant, is seen
in plates VII and IX. It is of the same principle
as the similar instraments at Ujjain and Benaves (that
at Delhi has disappeared). On the east fnce are two
quadrants of 20 feet radius, and on the west face is o
semicircle of 19 feet 10 inches radins. It was used for
taking mericdian altitudes,

The following fixed metal instroments also form
pact of the observatory :—

() Two large single disc astrolabesT feot in dinmeter
—one made of some sixty sheets of iron rivetted
together, and the other (plate IT) of brass, patched up
with lead. Trom the iron instrument the graduntions
have disappesred. The brass instrument iz designed
for latitude 27°N. It has an ecliptic eirele, and a tube
gighter of modern workmanship, These two instrn-
ments may possibly be of the original metal instruments
referred to by Jai Singh. Tf so they were probably
brought from Delhi,

(b) The Unnatdmsn Yaatra is possibly another of
Jai Singh’s original instruments. It is & graduated
brass cirele, 17§ feet in diameter, suspended so as to
revolve around o vertical axis, Jai Singh speaks of an
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instrament * Zat al-halga (consisting of a ring) of brass
in diameter three gaz of the measure now in use™ ; but
the Zdl al-Lnlgu is oxdinurily an wrmillary sphere.

(e) The Chakra Yanira is an cquatorial. There are
two at Jaipue of 6 feet in diameter, Tach is fixed so
as to revolve abount an axis parallel to the earth’s axis,
At the southern end of the axis of the instrument
is a4 separate gruduated circle, fixed on the supporting
pillar. The axis carvies a pointer, which indicates the
hour angle on the fixed circle ; and the main movable
circle carries an index and sighter.

(d) The Krantivpitti Yantra (Torquetum), found at
Jaipur only, is quite o modern instrument, but is said
to have been made according to Jagannith’s instrac-
tions ; and there still is at Jaipur the old masonry
work for o much larger instrument of the same type.
The Krinti Vritti Yautra is used for direet measure-
ments of celestial latitude and longitude. It consists
of two brass circles, 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 nctual observation. This is the
Torquetum of Regiomontanus (1434-1476), which waa
rejeoted by Tycho Brahe as a clumsy instrument.?

Hislory.
Jaipur eity was built about AD. 1728, and the
observatory was constructed about A.D. 1734, The
catliest detailed deseription ie that by Tieffenthaler,

1Bee B Wonr Geschichle der Aslronomie, p. 181, and J, L. B,
Dexyer Tycho Brahe, p. 817,



48 A GQUIDE TO THE OLD OBSERVATORIES

a Jesuit Missionary, who travelled in India from 1743,
the date of Jai Singh's death, to 1786 ; but the carlieat
reference to the observatory is possibly that by Father
Boudier, who, with another pricst, visited Juipur in
1834, and wade astronomical observations there
Boudier makes no reforences to the instruments, and
they were possibly only in the course of construction
at the time of hig visit. He, howoever, mnde observi-
tions for the determination of the latitude und longitude
of the observatory itself.?

Tieffanthaler's desoription® of the observabory is as
follows :—

“But a place that deserves detailed description is
that where astronomical ohservations are made : it is
suoh a work as is never geen in this part of the world,
and, by the novelty and grandeur of the instruments,
strikes one with astonishment. This large and spacious
observatory is close to the King's palace. It is situated
on & plain surrounded by walls and way constructed
cspecially for the contemplation of the stars.

* On entering, one first sees the twelve Hgures of
the Zodiac, all arranged in a large circle, and made of
purest lime. Next nre 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
equinootial dials, and some astrolabes made in lime,

1 Lefires &difinntes, ebe., pp. 200-200.

$Des Pater Joseph Ticffenthaler's Tistorisch—geographische
Bwnﬂ von Hinduslun, 1785, vol. 1, p. 244f. Fronch cdition
' .
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also & meridian line and o horizontal disl engraved on
i very large stone,

“Bub what atbracts most attention is 4 gnomon
{razis amrtaeli), vemavkable for its height of 70 Puris
foot, and for ity thickness—eonstrueted i beick and
lime, situnted in the plane of the meridian, with an
sigzle equal to the height of the pole.  On the summit
of this gnomon is a belvelere, which overlooks all
the town and is so ligh thut it makes one giddy,  The
shadow of this giguntic gnomon falls on a prodigiously
lurge astronomical semicircle, of which the horns are
turned towards the sky. 16 is artistically constructed
in whitest lime or gypsum, and is graduated in degrees
wne minutes.  1n the morning the shadow falls on the
western o undrant, nnd in the evening on thut towards the
cist, and, as the gnomon lies hetween both the guad-
munts, the sun’s wliitude can be found at any woment,
A double dial, constructed also in lime, i seen near
these quadrants. 1t is enelosed in o kind of chuwber,
on either side of which it is ruised. When the sun
passes the meridian o vy of this star enters through
vach of two luoles pierced in u sheek of copper, and when
these rays fall exactly on the middle of the two quad-
radts, low in summer and higher im0 winter, the sun is
in the meridian sign, and its mevidian height is indi-
cated.

“ The instruments which follow hove similar gra-
duations : there are three very loige astrolabes cast in
copper, suspended by iron rings ; a cirele also of cast
copper, fitted with a rule (or alhidade), and clevated
at the height of the pole, suitable for determining the
declination of the sun—for, when you turn this instru-
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ment towards the sun, it will indicate the declination on
the ground.

«1 pass over in silence other less important instra-
nients, but & matter which detracts from the value of
the observatory is that, in o low situation surrounded
by walls, the obscrver cannob see the rising aud setting
of the stars; also the dial, gnomon wnd other parts
being in lime plaster prevent one from making very
exapt observations.”

Restorations.

The Jaipur observatory, being situated in the palaco
precincts, has been carefully preserved, and has heen
added to from time to time. Possibly the Rasi Valuya
was added after Jai Singh's reign, and possibly some
of the brass instrnments were brought from the Delhi
observatory, but we have no direet information on
these points. Some additions appear to have heen
made in 1891, and in 1901 His Highness the presoent
Mahirija decided to restore the observatory sompletely.
The services of Licutenant A. I (iarrett, R.I%., were
lent and the work was finished in 1902, in which year
also Licutenant Garrett, assisted by Pandit Chandradhar
Guleri, prepared and published an aceount of the obser-
vatory. This sccount, as far as the deseriptions of the
instruments are concerned, is an exeellent ane, but the
parts relating to the history of astronomy are not so
reliable. It is difficult to judge of the work of restora-
tion, as no rveliable account of the observatory before the
restoration took place is available, Colonel Hendley,
in 1886, gave a rough plan of the observatory, and
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a list of the instruments,! but not in sufficient detail
for purposes of comparison.?

d. Ufjnin.
Latilmle . . ""l" w g N
Lanueritalys . ; L TN AT R of Groenwich
Height . . ‘ l ,mm feut

Mugetic Deelinabion . 0740° 1 (1015) Varistion 337
Lol e is 206 minubes 52 apconds elter standal time.

The observatory is sitmated to the south-west of
the present city in the quarter called Jaisingpura,
on the north bank of the viver Sipra. From the Water
Worls it is half & mile west. The river bank is cor-
roding awuy, and about o quarter of a mile to the east
nf the observatory is scen the remains of a well now
standing in the river itself. The observatory is 125 feet
north from the viver, and is hardly in danger owing to
this proximity ; but the drainage about the observatory
is not under control.  Thereis a small, and, apparently,
fresh nullah quite close by, and the foundations of the
Digamda Yantra have alveady been pavtly worn away,

The observatory now consists of the remains of the
following instrnments :—the Samrdit Yantra (4 in
plate xi), the Narivalaya Yantra (B), the Digamsa
Yantra (EF), and the Dakshinovritti Yantr (CD).

These are all in a state of roin. The foundations
of the Digamén Yantra have evidently moved, and its
walls are badly cracked. The Dakshinovritti Yantra

! London Indo-Colonial Exhibition in 1886, Handbook of the

Jegypore Courls, pp. 59-02,
& The Fudian Awtiguary (XX XV, 1000, p. 34), criticises the method

of rostoration.
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is tnolined o the perpendicnlar at an angle of about
0 degrees. This is possibly due to the faulty structure,
for the foundations for this heavy mass of masonry
seem to be inadequate. The SBamrit Yantra is in u
dilapidated state, and the styles und graduation have
disappeared from the Navivalayn.

Of the Samrdt Yantra only a skeloton remwins,
In the general plan it is shown as though complete,
but plate XII shows its actual present state. It is,
practically, of the same size us the one at Benarws,
anc the smallegfone ab Jaipur, nuuely, 22 feet high,
the edge of the guomon 47} feet, and the radius of
each quadrant 9 feet 1 inoh. In 1796 or thereabouts,
when Huuter visited Ujjain, the guadrants were divided
into ghetis and subdivisions, From the edges of the
quadrants, where they intersect the walls of the gnomon,
lines at right ungles (GH, EF in plate IIT) were drawn
on the gnomon, perpendiculsr to its edge. From the
points (H, F), where these lines meet the edge of the
gnomon, scales of tangents were marked on the edges.
All these graduations have disappeared.

Dakshinovritti ¥antra (' meridian instroment ') is
shown in plate XII. The masonry work is fairly
intact, but the graduations have disappeared. The
instrament was originally something like that at
Jaipur, Tt consists of a wall lying in the meridian,
and on its east face was a double quadrant, the centres
of which were at points near the top corners of the wall
and 25 feet apart. A portion of one quadrant is still
visible, engraved in the lime plaster with which the wall
ia faced, but this is probably not the original graduation.
On the ledge below the quadrants there are traces of
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a scale of tangents.  On the west side is a flight of steps
leading to u narvow platform at the top. At the south-
wesh end of this platlorn is o small pillar, 2 feet in dia-
meter : acoording to Hunber this was “ gradnated
for ohserving the amplitude of the heavenly bodies at
thoir vising and setting.” The graduations have now
disappearad. At the middle of the platform, and on
tilie cost widde, is 0 small projection of the pampet, 2 feet
4% inehes long and deep. On this, Hunter tells us,
waa “ consbrueted o horizgontal dial.”  There is no sign
of this dial now. As already pointed out this building
is now oub of the perpendionlar and is in some danger
of collapee.

The Narivalaya or ‘ circular dial ’ is construeted on
the same principle as those at Benares and Jaipur.
It iz situnted o few feet to the south of the Bamrat
Yantra, and consists of a eylinder T} foet long and 3 feet
74 inches in dinmeter, whose axis is fixed horizontally
in the plane of the meridian, the faces of the cylinder
being cut parallel to the plane of the equator. In the
centre of ench face, and at right angles to it, was an
iron style, round which was a circle graduated into
ghafis and subdivisioms., The styles and graduations
have disappeared.

The Digamia Yantra is similar to those at Jaipur
and Benares. [t is situated quite clogse to the SBamrit
Yantra on the cast side and consists of an outer circular
wall, 36 feet 10 inches in dismeter and 8 feet 10 inches
high. Concentric with this is another wall, 24 feet
4 inchesin diameter and 4 fect 6 incheshigh. Originally
there was a pillar at the centre, but it hasbeen removed.
Cross wires were stretched north to south and east
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to west on the outer wall. At the four points of the
compass, in the outer and inner walls, were arched
openings, but ull of those in the outer wall, exeept
that to the west, have been filled up.  The onter 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
Digaméa Yantra could casily be diverted. In Himter's
time the building was ** roofed with files und eonverted
into the abode of & Hindu deity,” so that Hunter wus
mwiable to exnmine its construction. This is of interest,
as showing that, even in the eighteenth century, the
instrument was no longer used for astronomical pur-
poses.
Early descriptions.

There appears to be no record of any astronomical
mstruments ot Ujjain, earlier than those installed by
Jai SBingh. The date of the construction of his obser-
vatory is uncertain, bub it was probably bebween
AD. 1728 and A.D. 1734, The carlicst known descrip-
tion of the Ujjain observatory was by the Jesuit priest
Tieffenthaler, who travelled in India from 1743 to 1786.
His account? of the observatory is as follows :—

““Not far fromn there is o suburb built by Djésing,
King of Djépour, u ci-devant governor of this provinee.
(Malwa). An astronomical observatory is to be seen
there, with instruments, made of cement : namely two
equinoctial dials, one large and one small ; o gnomon
(axis mundi) elevated according to the leight of the

na: Hﬁ:nriaeh——gmfmpﬁiuie Besclreibung von Hinduatan, vol, i,
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pole at this place, and set in the meridian; and on
cither side of this is o quadrant of a geometrical cirele ;
also a dial made in lime, and o meridian wall in stone.”

The only other account of any valueis 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 instrnments, and he states that
Jai Singh determined the latitude of Ujjain to be
29° 100 N., and Hunter himself toolk considerable
troublo in verilying this vesult, which he considered
correct to the minntel

Ugjain, the Greenmwich of Indix.

Ujjnin (the Olywn of the Crecks), or Avanti
08 it was often called, is mentioned in early Hindn
astronomical works as situated on the prime meridian,
and tradition also makes it the centre of astronomical
learning in India. _

It is one of the most ancient astronomical centres
in the world and even to the present day is regarded by
the orthodox Hindu as the Greenwich of India. It
would, thercfore not be inappropriate if Ujjain once
more became the centre of Hindu astronomical learning.

It is doubtful whether there ever was a fixed posi-
tion 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 obscrvatory to the south of the present
city, and that the site of Jai Bingh’s observatory is the

L Asiatic Researches V, 1760, p, 104 £,
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traditional place—but this ia doubtful. If a new obser-
vatory is to be loeated at Ujjain the plan to follow is
to fix upon a suitable position and then determine its
longitude and latitude. The wap of the city and ita
envivons in the larger volume should be of help : it
gives the position of Jai Singlt's observatory as approxi-
mately 70° 40° enst of Greenwich, amd 23°% 0¥ 167

north of the equator,

4. Benares.
Latibude . : « 2018 2N
Longitude . . . BT 0N B of Urenwioh
Height nbove sea lovel. 30 freb
Magnetio declination . B, U° 457 (1919)
Liogal tima . . 2 minotes NV wesowis heforg

standord time

The observatory is situated on the voof of the old
part of the building known as the Minmandira, whicl
was built by Min Singl, o Rijah 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
(tanges, near the Mapi Kamikd ghat, and 1} miles
south-cast 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 o fair and pleasing specimen of his
(Man Singh's) age.” *

1 A Hislory of Indian and Eoslen Avchilechirs, vol, ii, 178,
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On the roof of the Minmandira, as constructed by
Min Singh, and a little over a century after it was built,
dawdi Jai Bingh of Jaipur placed the astronomical
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.

The general plan of the roof of this part of the building
(plate XIII) shows the layger Samrat Yantma (AA),
the Narivalayn Yantra, the Chakra Yantra (CC), the
Digninéa Yantea (DD), and the smaller Samrat Yantra,

On the east wall of A4 is a double quadrant or
Dakshinovritti Yantra, and to the south of A4 is another
Dakshinovritti Yantra, not shown in the plan.

The Samrit Yanira (4.4) iz of the same type
ns those at the other observatories, and is the same
size s that at Ujjain and the smaller one ot Jaipur.
Its height is 22 fect 3} inches, the edge of the gnomon
is 30 feet 8} inches long, and the radius of each quadrant
ia O fect 1} inches. The edges of the gnomon and the
quadrants are faced with sand-stone, and the gradua-
tions are carefully marked. On the quadrants every
half-hour is marked by two inlaid metal discs, the one
towards the north edge being inseribed in Indian
choracters, while the one on the south is in European
fignres. Each edge is also graduated into minutes

! Compara Camphell's deawing (Rgure 67 in the larger volume)
and Prinsop's drawing. Tho labter is given in Banares Ilivsiraled
by n serien of Drwwings, by James Prinsop. Thero is also a large

inting of the Minmandim by Danicll, entitled T%e (hat, nt
he Asiatic SBoclety of Bengal, Caloutta,

B
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and quarter minutes ; and also into degrees and tenths
of & degree. The edges of the gnomon are graduated
with the usual tangent scales. A comparison hetween
a drawing made about 140 years ago (ligure 67 in the
larger volume) and & reeent photograph shows that
very little alteration has been made.

On the east wall of the gnomon are two gradunted
quadrants, used as a Dakshinovritti Yantea or meridian
instrument. Each quadrant has a radivs of 10 fect
7 inches, The shadow of one of the ping (fixed ab the
top of each quadrant) gives the zenith distance at noon,
and zenith distances of other heavenly hodies could be
observed directly, by moving the eye along the appro-
priate quadrants. Under these quadrants is a platform
(shown in the plan) for the observer. Apparently,
in 1773, these quadrants were nob in existence, but
according to Pandit Bapu Deva Sastri they were there
in 1865,

" The other Dakshinovyitti Yantra is a self-contained
instrument, congisting 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 feet. If his deseription
be correct, the instrument must have heen entirely
rebuilt later on, possibly when the Minmandira was
added to.

The smaller Samrit Yantra calls for little remark,
T4 ia 8 feet 3 inches high, and the radins of the quadrants
ig & feet 2 inches. If the early drawing is correct,
the instrument has been moved from its original
position, '
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The Narivalaya (‘circular dial’), or Uttara-
dakshino Gola (north and south dial), is n eylindrical
dinl—the axis of the eylinder pointing north and south,
and the northern and southem faces being parallel to,
the plane of the equator, Af the centre of each face,
and at right angles to it, is o short iron style surronnded
by two circles—the onter one (on the northern face)
graduated in hours, ete., and the inmer one in ghafis,
ete. DBesides serving o8 an ordinary dial the ingbru-
ment marks the equinoxes, since the northern face can
only be used for sun observations when the sun is north
of the equator, The inseription on the instrument
reads (—" Narivalayn Dakshin and Uttra Goln. The
uge of this instrument is to find whether the heavenly
bodies are in the northern or southern hemisphere,
It gives time also.”

The Digamsa Yantra (‘azimuth instrument ),
marked DD in the plan, is the large cireular building
at the cast of the tevrace. The exterior diameter is

"81} {eet, the outer wall is 8 feet 4 inches high and the
inner wall and central pillar are ench 4 feet 2 inches
high, 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 gradunted into degrees, ete. ; and cross
wires were sbretched north to south and east to west
on the outer wall. The use of the instrument iz to
meagure azimuths or horizontal angles, but it is now
of little practical use, owing to its being surrounded on
all sides but one by buildings.

To the south-cast of the Digaméa Yantra there nsed
to be another dial, whose diameter was G fect 2 inches.
It was on a platform slightly higher than the terrace,

£



il A GUIDE TO THE OLD OBSERVATORIES

and approached by steps. At the present time there
is no space to accommodate such an instrument and
Campbell’s drawing of 1773 shows no such instrument.
However, Williams mentioned that it had been excluded
from Campbell’s drawings,® and it wus mentioned by
Hunter in 1797 and by Pandit Bapn Deva Sastri in
18685.

The Chakra Yantra is shown in the plan at CC.
Tt is an equatorial, and was common to most medincval
observatories. It consists of an irven circle (decling-
tion 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 so that
it can revolve round an axis parallel to the earth’s axis.
At the sonthern extremity of this axis, and on the pillar
which supports the instrument, is a gradunated cirele
(hour ecirele) in the plane of the equator. There ia no
pointer for this hour circle, and, according to Hunter,
there was none in 1797, Attached to the centre of the
declination circle is o sighter, consisting of a hollow
brass tube (figure 68), but this is comparatively new.
Hunter wrote: “ Observations with this instrament
cannot have admitted of much acouracy, 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 oannot look along the index itself.”

The sighting arrangement is fixed to the big circle
by a pin, and this pin is fixed by a cotter or wedge,
shaped roughly into some semblance of a horse's head.
In the section on the astrolabe it was stated that the

} Phil, Prans. Roywl Soc. 1703, i. 4§,
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Arabs called suoh a wedge faras {* horse’), and that
in medigeval Europe it was generally made into some
samblance of a horse's head. “ Thorw which Pyn,”
wrote Chaueer,® “ ther goth a litel wegge which that is
oleped the hors that streyneth alle these partics to
hepe.” There is evidence to show that the horse
shaped design of the wedge was brought to Indis by
the Muslims, and the example on the Chalkra Yantea is
interesting ns evidence of the persistence of a tradi-
tional design, and in some degree as cvidence of the
ultimate source of the design of Jai Singh’s instruments,

History. _

The Manmandira was built about the beginning of
the seventecnth ¢entury, Campbell's drawing of 1773,
the Asiatic Bociety painting (cirew 1794), Prinsep’s
drawing of 1825, and recent photographs cuable us,
to some extent, to truwoe the additions und alterations
made, The part of the fagade that is directly under
the observatory belongs to the oldest part of the build-
ing, and that part that has no baleonied windows is
comparatively new. The fine window on the extreme
uorth of the building was given by Prinsep in his illus-
trations of Benares, and has been described by Fergus-
son and Havell,

The nstronomienl ingtruments were added by Jai
Singh about A.D, 17372 The date is not certain, and
nearly every writer gives a different one, Sir Robert

* A Treatise on the Astrolube, i, 14,
! This is the date given by Williams, who, un all points that con
e vorifiod, is extremely roliable.
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Barker, who was almost a contemporary of Jai Singh,?
said that the observatory was built by Akbax ; Prinsep
wrote : “ The building was converted into an observa-
tory by Jysing, A.D. 1680 " and refers to a supposed
description of it by Tavernier ;2 another writer gives
AD. 1693 and another 1700, Father Boudier who
vigited Benares in 1734 and made astronomical obser-
vations there makes no mention of the observatory,
Jai Singh himself tells ue that, in order th econfirm the
obgervations made at Delhi, lie constrneted nstroments
of the same kind at Jaipur, Mathuri, Benares and Ujjning
ond the Delhi observatory was probably built about
1724 ; that at Jaipur was built in 1734, and Willinms®
date for the observatory at Benaves, 1737, may be
acoephed.
Early Descriptions.

In AD. 1777 Sir Robert Barker, who was for o
short time Commander-in-Chief in Bengal, published o
description of the instruments, together with a perspec-
tive drawing of the observatory as a whole, and dotailed
drawings of the Bamriit Yantra, done by Lientenant-
Colonel Campbell, Chief Engineer of the Company’s
service. This drawing shows that the main features of
the observatory are the same to-day as they were
nearly a centuryand a half ago. There are apparent
differences, but some of them may be due to the
nature of the drawing: eg., the Narivalaya and the

1 Bir Robert Barker lived from 1720-1780, and went ont to India
in 1740, rix yoears nftor Juf Singh's death,

. Tn.'.l'cmtnr digd in 1680, throo years after Jal Singh's birth.

? Bir Robert Barker loft lndia. in 1773. His noles and the
drawings were probubly mado in 1772-73.
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small Samrit appear to have been displaced slightly ;
the wall that supports the east quadrant is different
in daotail : there are no gmduatad quadrants on the
enst wall of the gnomon ; the edge of the plinth, on
which the larger Samvit stands, lhas changed its
alignment ; and, in the drawing, no plinth at all is
ghown for the other instruments, Trom the notes of
Williams and Hunter it appesrs that the dvawing
is somewhat incorrect, or, at any rate, misleading for
the south-cast corner of the terrnce, for it shows no
trace of the second Narivalaya deseribed by them.

Siv Robert Barker's account of the Benares obger-
vatory was of the natore of & commmmication to the
Royal Society, London. Further information scems
to have been asked for, and this was supplied by Mr.
J. L. Willinms of Benares in A.D. 1792, who recorded
very carcful measurements and added some interesting
details as to the history of the place. He writes:
“The arces, or space comprising the whole of the
buildings und ingtruments, is called in Hindoo,
Maun-mundel ; the cclls and all the lower part of the
arca, were built many years ago, of which there
remmains no chronologieal account, by the Rajah
Mansing, for the repose of holy men, and pilgrims, who
same to perform their ablutions in the Ganges, on
the banle of which the building stands. On the top
of this the observatory was built, by the Rajah
Jeotsing, 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 18002

1AD. 1737, 2 AD. 1743,
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Sambat. The design was drawn by Jaggernant and
excouted under the direction of Sadashu Makajin;
but the head workman was Mahon, the son of
Muhon, a pot maker of Jepoor.”

In 1799 Hunter gave a brief description of the obser-
vatory, supplementary to the previous accounts. Ho
speaks of the accuracy of Mr. Williams' measuremonts
and explains some of the terms used ; and clears up one
or two other points. In 1848 Siv Joseph Hooker made
excellent drawings of three of the instruments, and in
hig diary records? 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 deseriptions it is
here necessary to mention are those by Pandit Bapu
Deva Sastri and Lala Chiman Lal.?

Of previous restorations we know wvery little
Sherring states that the Brahmans * wore utterly
careless ' about preserving the instruments.  Aceording
to Havell, the Manmandira was restored in the middle
of the nineteenth century. In 1912 the present Mahi-
rija of Jaipur ordered the complete restoration of the
instruments. This work was very thoroughly done
under the direction o' the court astronomer, Pandit
Golcal Chand.

The observatory at Benarcs has long since ceased
to be used for practical purposes. The Brahmans
consulted by Williams in 1792 all agreed that it
“never was used for any nice observations.” Its

L Himulogan  Jowrnuls, 1864, pp. T—T77.
®Soe the bibliography on page B4,
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present situation, surrounded on most sides by
buildings, iz not ideal for astronomical purposes;
and the instruments arve, of ocourse, very crude
compared with those in modern observatories. The
value of the observatory is chiefly historical ; it is &
monument to one of the brightest intellesta of India;
and it illustrates a wvery interesting phase of the
higtory of astronmomy. It might have another value
if advantage were taken, namely an educational one;
for the demonstration of the elements of practical
astronomy a better met of instruments could hardly
be devised. But, apparently, astronomy iz no longer
studied at Benares, Ujjain and Jaipur.



CHAPTER XI.
Hisrorical PersrrECTIVE,

To enable us to place the material eollected in its
proper historical perspective it is necessary to survey
briefly the development of astronomical science, as it
affected Jai 8ingh's work.

Of Jai Singh's theories we have butlittle information :
tradition has allotted to him the whole Ptolemaie theory,
and possibly he accepted it without question, but he
must have been acquainted with the teaching of Kepler,
Galileo and Newton, for he possessed many European
works, The topics he dealt with are outlined in the
preface to the Zij Mubammad Shaki. 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 instru-
mental errors.

These points have been illustrated in the foregoing
chapters, which also have indicated, incidentally,
the sources from which Jai Singh obtained his astro-
nomiocal notions and inspiration for his methods. There
is not the slightest doubt as to the main influence that

1]
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directed his activitics—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, prinei-
pally, if not wholly, of Hindu origin, and previous
writers have helped to strengthen the notion. Sir
William Jones was one of the first to give this impres-
sion ; Hunter was also misleading in a negative way,
and more recontly Gurrett’s (otherwise most excellent)
bool is also somewhat misleading on historical mattors.
It is necessary, thercfore, not only to trace Joi Singh's
theory and practice back to their proper sources, but to
examine the possible connexions between his work
and the traditional Hindu theory and practice.

For purposes of exposition it is conveniont 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 econtact with all three, and itis a
matter of considerable interest to determine the quality
and quantity of their influence on lim. Althdugh
he actually lived in the seventeenth and eighteenth
centuries of our era, the influences that directed his
activitiea were medineval : little advance had been
made by the Hindu and Muslim schools for centuries,
and the advances in Hurope were too recent to be fully
appreciated.

Hindu Astronomy.t

There is a certain amount of very interesting mytho-
logical astronomy recorded in the Vedas, but the earlicst

1 The following notes attempt bo give, vory hriclly, enly a fair

notion of Hindu astronomy. Ne sttempl has been made ab com-

loteness.  For further information reforence should be made to my
iatory of Hindu Astronomy.
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formal Hindu astronomical works are the Jyolishe
Vedinga and the Strye Prajiiapti, the latter of which
exhibits a strange cosmography (with two suns, two
moons, ete.1), while both have the orude elements of o
scientific astronomy. These works arce of considewble
historical interest: they show little, if any, Grock
influence.

Soon after the beginning of the Christian ers the
traditional astronomical system in India was lurgely
discarded, and the system in vogue in the Greek schools
was imported and assimilated. In the Pedicha Sid-
dhaniild of Variha Mihira we have, possibly, summaries
of two western books—the Pauwlibe and Romaka Sid-
dhantas, but, quite apart from this, there is abundant
evidence to show, not only Greek influence, but, Greel
domination, The reprezentative Indian work, that
exhibits the astronomy of this period, is tho Sdrywu
Siddhinla, In its original form this work wag probubly
composed about A.D. 400, and the recension now in
use about A.D. 1000, Since then very little attept
at advance has been made. The orthodox still aceept
the Stirya Siddhanta and similar works as authoritative,

Huch are the [acts, but there has been an  extea-
ordinary amount of misconception current. According
to Hindu tradition the Siirya Siddhanin was composed
some millions of years ago.? Bailly, towards the end
of the eighteenth cenbury, considered that Indian
astronomy had been founded on aceurate observations
made thousands of years before the Christian era,

1 The astronomical notions of the early Christian writers ware

aften far mors whsurd,
3 Sarys Siddhanta, i. 23,
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Laplace, basing his arguments on figures given by
Bailly, decided that some 3,000 years B.C. the Indian
astronomers had vecorded observations of the planets
correet to one second ; Playfair! supported Builly’s
views ; Sir William Jones argued that correct obser-
vations must have been made as early as 1181 B.C.:
and so on; but, with the researches of Bentley,
Colebrooke, Weber, Whitney, Thibaut and others,
more correot views were introduced ; and it has long
been lmown that the figures used by Bailly are
comparatively modern.

Vedic astronomy is more poetical than exaet, and
it is of interest, apart from its poetic value,? chiefly
as a subject of controversy. Certain scholars, e.g.,
Tilak, Jacobi, Dilshit and others, argue, from rather
vagne astronomical premises, partly based on the texts,
an extreme antiquity for tho Vedic writings ; others
do not accept their views?

The Vedic year was 12 months of 30 days cach,
with an occasional intercalary month,  the thirteenth
month fabricated of days and nights, having thirty
members.”* There iz no indication of any definite
cycle. The year was also divided into two equal
gourses or ayanas, o northern course or Uttariyana
beginning at the winter solstice, and u southern course
or Dakshipdyane beginning at the summer solstice.

t Aftorwards hoth Laploce and Playfoir recanted. See my
Hislory of Hindw Astronomy, §3.

£inny of tho ‘nstronomical® hiymns of the Rig Veds am
exeeodingly besutiful.  Seo my Hindu Astronomical Deilies. JASE,
mlihﬂm my History of Hindu dsironomy §§ 32 and 80, whoro the
oxtremoly interesting views of Jacobi o lnk aro discussed,

& Atharou Vedu, XIII, 3%
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In the Rig Veda only two or three asterisms are
mentioned but in later Vedic texts complete. lists of
the 27 or 28 nalkshatras are given.!  These early lists are
headed by Kpittika which marked, it is believed, the
vernal equinox of the Vedie year ; and this is a founda-
tion, although not a very scoure one, for Vedie ¢hrono-
logy. If the vernal equinox was maerked by Kpittikd,
and, if by Krittiki the constellation of the Pleiades
was meant, then the period of fixing this was about
2350 B.C., when the vernal equinox was approximately
of the samne longituds as Aleyone (y Tauri), the brightest
of the Pleiades.

Other parts of the Vedic texts have also been used
for the pmrpose of establishing their great antiquity :
¢.4., Jacobi attempted to prove that the Vedic year
commenced with the summer golstice. His argumenta
arc based on the following somewhat doubtful rendering
of & verae of the * Frog Hymn':—

“ Those leaders of rites observe the institutes of the
gods, and disregard nof the season of [the twelfth
month]: as the year revolves and the rains return,
then scorched and lieated they obtain freedom,”

Dikshit,? from a passage of the Brihmaenas (9B II,
1, 2 #4), fixes the age of its composition at 3000 B.C.
The words * They (the Krittikis) do not move from
the eastern quarter while the other nakshatras do
move from the eastern quarter ™ he takes fto mean,

! Muah hns boen written about the sekshatras o divisions of the
caliptic. Thoy lave beon usoslly identified with certain eonatolla-
tions, but recent rescarchos seom to show thot thoy were rather
oonosived as divisions of the coliptie and wot connected with parti-
calor conntollations. Seo my History of Hindu Astronomy, §20,

& Indian Antiguary, 1895, XXIV, p. 245,
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definitely, that the Pleiades were always on the equator ;
and le writes *“In my opinion the statement conclu-
sively proves that the passage was composed not later
than 3000 B.C.” Many other similar interpretations
have been striven after.

In Vedio texts no definite mention is made of the
plancts, although much ingenuity has been exercisecd
in interpreting the texts otherwise. There are possible
referances to eclipses, which Ludwig, with some skill,
has atteripted to identify,

The Jyatisha Vedafige* and the Siryaprajiiapti con-
tain the earliest formal astronomical statements. The
former introduces the five-year eycle of 1830 apparent
solar days. The year was tropical in theory and con-
tained 360 apparent solar days, and was, therefore,
much too long. There were 27 nakshatras, each sup-

posed to ocoupy - = 13} degrees of the ecliptic,

and each nakshaira was considered to be divided into
124 equal divisions, or aridns.

The five-year oycle appears to have commenced
with the winter solstice, and Sravishtha is said to have
marked the beginning of this eyele, and also the begin-
ning of the sun’s progress, and also the winter solstice—
all of which are in agrecment. If Sravishtha is to be
identified with 8, a. y and 8 Delphini (as it usually
is), then it marked the winter solstice about B.C. 1100.
But o list of nakshatras given in the text begins with
Advini, which is supposed to have marked the wvernal
equinox about the beginning of the Christian era. The

1 Vedikga is the nnme of cortuin works, or classes of works,
regarded us auxilinry to the Vodn, They are generally considored
ai_of a lator date,
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Vedanga states that, during the northern progress of
the sun, the days increase in length at an even rate of
157 minutes & day, or 4 hours 48 minutes in six months
of 183 days!: the northern and southern progress are
considered equal.

The Stryaprajiiaptd is a Jain treatise on astro-
nomy that is similar in many respects to the Jyotisha
Vedinga. The Jainas held the old Indian idea of the
heavenly bodies revolving round mount Meru, and,
as & corollary to this, they conceived two suns, two
moons and two sets of constellations. The five-your
cycle began with the summer solstice, with the sun in
Pushya, and Thibant thought this was a correction,
from actual observation, of the older Vedinga. 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 & vory
considerable extent, and makes our estimations of the
periods in which these works were composed very
uneertain.

The characteristios of this period are :—

The five-year oyele, with a year of 360 days.

The division of the ecliptic into 27 or 28 nakshatras.
Equal daily change in the length of the day.
Omission of ony explicit reference to the planects.

Variha Mihira and others, about AD. GG, made
popular new ideas borrowed from the weat: they
remodelled the Hindon astronomical system on Greek

- LAn inorease of 4} hours corvesponds to a latitude aof abouk
30° 38° N., the obli !:i?' being takon og 23} degroes.  For o groater
obliquity it woyld be further north,
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lines. The Greck names of the signs of the zodinc
were adopted, and the seven-day week introdueed ;
many (ireck astrological terms and some Glrecl mathe-
matical torms were adopbed without change. Practi-
cally all the Greck astronomical theories were taught
and the Vedahgn astronomy was lnigely discarded.
Variiha Miliva’s astrological works contain numerous
(ireek technical tering and show, wunistakably, Greek
influence. His great nstromomical work, the Paficha-
siddhantild, consists of smmmaries of the Paitimaha,
Vigightha, Romaka, Panlita® and Saurp Siddhantas.
“The Siddhinta made by Paulifa is ncourate, near
to it is the Siddhanta proelaimed by Romaka, more
acourate is Siavitra and the two remaining ones are far
from the truth.” The summary of the Pait@maha
Siddhdnta exhibits the teaching of the Vedingn stage
but adds the epoch of 2 Sika (=AD. 80). The
Visishtha Siddlinta appears to represent the transition
stage. It alters the longest day rule and introduces
shadow caleulations, and the lagne or ‘rieing sign’
notion ; while the other three introduce, unequivoeally,
the Greek teaching. The main characteriatics of the
Romaka Siddhinta are— ;
{(a) A cycle of 2860=19 %150 years, perhaps based
an the Metonio eyole.

(b) A year of 365" 6" 56" 12°, which is exactly

the tropical year of Hipparchus.

(¢) The epoch of 427 Saka (=A.D. 505).

(d) Omission of mention of epicycles.
1 Albiriinf writes (i, 163) : * Paulifa-Biddhfinta, so called from

Paulifn the Greek, from the ety of Samtrn, which T suppese to Lo
Algxandrin.”

F
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The Paulita Siddhanta gives the clements of mathe-
matical astronomy and in particular introduces trigono-
metrical functions and a table of sines agrecing with
Ptolemy’s table of chords.

The Siirya Siddhante is probably the best known
astronomical work of the Hindus. The severul sections
of the accepted text! relute to—

1. The mean motions of the planets. 2. The true
places of the plansts, 3. The gnomon. 4. Helipses.
§. Planetary conjunctions. 6. Asterisms. 7. Helineal
risings and settings, 8. Imstrmments. 9. Time, Cos-
mogony, 10. Astrology.

The topics dealt with in most of the later Hindu
works are fundamentally the same as those of the
Sitrya Siddhania, and the following notes apply, fairly
generally, to all these works. The earth is considered
a8 a fixed unsupported sphere, round which the other
heavenly bodies revolve. Its dimmeter is given as
1,600 yojanas, and the distance of the moon as
61,670 yojanas, or roughly the same relative distance
as Ptolemy gives (01} radii of the earth). The
distances of the other planets are caleulated on the
assumption that they move with equal velocities.
The équation of the centre of a planet is caleulated by
assnming epicycles. A cycle of 4,320,000 years is employ-
ed. The precession of the equinoxes is explained as a
gort of libration, within limits of 27 degrees east and

! Variha Mihira's summary of this work differa in some detaila
from tho text now In use, &.g., the longth of tho sidereal yoar in the
two works is: Ol Biirys Siddhinta 3060 6* 12 36* medorn
Sfirya Biddhinte 300 0" 2= 36-50*, The toxt now acooptod possibly
dates from about A.D. 1000, whilo the carlior limit for the original
Biirya Siddbiints is about A.D, 400,
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west of o fixed position at o rate of 54 seconds a year ;
and the obliquity is generally reckoned at 24 degrees.

A great many interesting topics must be omitted
in this brief sketch of Hindn astronomical theory.
Aryabhata taught that the earth rotated upon its axis,
and n proper explanation of eclipses, but was not
approved. The works of Brhmagupta and Bhiskara
liwve considerable interest in matters of detail, but do
not differ fondamentally from the Sa@rya Siddhinie.
Indeed, sinee the time of composition of this work there
has been practically no alteration of fundamental
importance in the Hindu theory.

At the present time there are three schools of astro-
nomers : (i) The Bawra-palsha, (i) the Arvya-paksha,
(iii) the Bralma-pakslia; and these only differ? in
motters of detail. Tor example, o distinetive feature
is the length of the year® employed. These are—
(i) Sawra-palsha year 3657 68 12" 36-66". (i) Arye
paksha year 365" 6" 12" 30%, (ii{) Brafhma-paksha year
3661 6" 12 30-915".

The only instruments of practioal utility for astro-
nomical purposes deseribed in ancient Hindu works are
the sun-dial consisting of a vertieal gnomon, and the
clepsydra. An armillary sphere is also deseribed as
an instrument for purposes of demonstration. The

i Really the differentintion is a geagraphical one. The Sirpa
Biddhania ia the stendard anthority in tho proater part of India,
It tho first drye-Siddhdals is the authority in the Tamil and
Mnin}rihnm countries of Southern India, while Brahmagupts is
fellowed in Gujariit, Rajputing and North-West Indin.

* Thearationlly, nt lonst, the yenr is o sidevenl one, Lut there is
some vaguences, and theve are no records of the methods by which
the results were attained.

¥2
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only Hindu instrument of any antigquity actually
found is a clepsydra consisting of a metal bowl lloating
in o vessel filled with water, There is no truce of
any enrly Hindu observatory.

Muslim Astronomy.

The Mushim astronomers frankly acknowledged
their indebtedness to Greck writers, Indeed they were
to some extent the direct successors of the Creeks in
intellectnal matters,® and the historieal problems of
their agtronomy are much less complicated than is the
case with the Hindus. In the middle ages they were
the foremost astronomers of the world. They nccepted
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 coliptic. They dis-
cusged the possibility of the earth rotating on its own
axis, but generally rejected the theory.

They fully realised the necessity for methodical
observation, and in practical astronomy, they excelled
the Hindus and FEuropeans of their time. The first
series of regular observations, with the aid of fairy
accurate instruments, appears to have been made at
Gondeshiipiir, 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 cbserva-
tory at Baghdid, all the fundamental elements of the

1 Poesilly they owed something to Tndia alao, See my History
ef Hindu Asiranomy, §46. i J
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Almagest were verified—the obliquity of the ecliptio,
the precession of the equinoxes, the length of the solar
year, ete. A measurement of an are of the mevidian
in the region of Palmyrs wis also carricd out during
the same period, and similar observations continued
to be mado throughout the Muslim world until the
middle of the fifteenth century. The observatory at
Cairo was founded in the tenth century, and the obser-
vations there were recorded in the ° Hikimid Tables.’
In Persia an observatory wus founded, in A.D. 1074,
ut Nuisibiir, and there, in AD, 1118, al-Khizini
eomplied his * 8anjaric Tables” In 1259 a great observ-
atory was founded at Marigha in North-West Persia,
and there Nasir al-Din-Tisi (mentioned by Jai
8ingh), prepared his famous ‘ llkhinic Tables.’

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

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

The names of many Muslim astronomers of the
middle ages, such as Ibn Sind or Aviecenna, al-Birini,
Omar Khayyim and Averrods, are well mown.
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Buropean Astronomy.

In Europe, after the death of Ptolemy in the second
century of our exa, very little advance was made for o
thonsand years. The Christinn cliureh often opposed
seientific enlightenment, and sometimes porsecuted
those who songht it ; and the patristic writings contuin
the grossest of astronomical absurdifies.

But, abont the thirteenth century, sounder opinions
began to prevail, and in the early part of the sixteenth
century Copernicus wrote his De Revolulionibus Orbiwm
Coclestium. Tyclo Brahe, Kepler, and Galileo preceded
Jui Singh by about a century. Greenwich observatory
was founded some forty years before that at Delli,
Newton'’s Principia was written at the time of Jui
Hingh's birth ; Huygens died a few years later ; Flam-
steed's catalogue of stars was first printed in 1688,
Halley, in 1705, predicted the return of the ocomet
named after him ; the aberration of light was discovered
in 1727, Jai Singh succeeded to the Amber territory
in 1699, and the Delhi observatory was built aboub
1724,

The Turopean instruments, at the beginning of the
seventeenth century, were, in principle, much the same
as those used by the Grecks and Arabs. Tycho Brahe!
(1546-1601) had several sextants and quadrants, a
parallactioum and armillary circles; Hevelius (1611-
1687) had a somewhat smaller battery of similar instru-
ments ; and Flamsteed (1646-1720) used a quadrant
of 3 fect and a sextant; of 6 feet radius.

1 8oo Dary n's Tycho Brahs, xii, 315 4,
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The telescope was used for the general observation
of heavenly bodies in 1609 by Galilen, and telescopic
sights were first systematically used about A.D. 1667.
Gasooigne was probably the first (eirea A.D. 1640) to
introduce these, and he also invented a micrometer,
Heveling introduced the vernier and tangent sorew ;
Ilamsteed used cross wires in the eye pieces of his
sighters ; Galileo had used a pendulum for short time
measurements ; Huygens devised a pendulum clock
{1656), nnd Jean Picard (1620-1682) introduced regular
time observations at the new observatory at Paris.
J. D. Cassini (1625-1712), it is stated, devised schemes
(never realised) for the construotion of gigantic instru-
menta,

T'he three schools compared.

The Hindus, Arabs and Europeans all derived the
fundamentals of their astronomicul science from the
Greeks. It was the Hindus who first profited by Greek
oxperience, then the Arabs and lastly the Europeans.
The last, indeed, obtained their knowledge of Greek
astronomy primarily through the Arabs.

When we cxamine carelully the methods of the
soveral schools we find somewhat marked differences.
liven among the Greck astronomers (eg., Ptolemy
himself) there was a distinet tendency to work only
on the observations recorded by their predecessors, and,
in the later Greel schools, there was a consequent
neglect of observational astronomy. With the Hindus
this tendency was emphasised to a remarlkable extent,
and practical work was neglected almost completely.
The instrumente they describe are either for purposes
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of theoretical caloulations, or for purposes of demonstra-
tion, They built no observatories and they made no
- systematic records of obscrvations.

The Arabs and other Muslim ustronomers took an
entirely different line. They recognised the value of
practical observation ; they built observatories wnd
deviged improvenents in the instruments, and set abous
verifying and correcting Ptolemy’s elements ; but they
hardly suspected the nced for o re-examinution of the
Greel theories.

The Furopean agbronomers were, pecthaps, not quite
8o 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 Kuropean astronomers largely discarded the methods
of their predecessors. They recognised the inevitability
of observational error, and devised means to counteract
it ; they were forced to consider, as of great importance,
facility of observation, and gradually they devised
instruments of types unimaginable to their Arabic
teachers.

T'he evolution of Jai Singh's instruments,

The history of the evolution of Jai Singh's astro-
nomical instruments would, if it could be resorded
step by step, be of great inberest ; but detailed deserip-
tions of the larger Muslim instrumants 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 Ulugh
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Beg and his predecessors and successors. The flat
ustrolabe played an important part. Jai Bingh's first
atbempt at improvement was apparently the conatruc-
tion of huge astrolabes, such as that shown in plate XTI,
and the construction of large graduated cireles, He
had some excellent Arabic and Persian models but the
metal instruments he had constructed do not appear
to be of that fine workmanship that adds so much to
the value of many of the medimval astrolabes. As
far ns con be gathered Jai Singh did not use the ordinary
sextant and quadrant instruments, such as were used by
Nasir al-Din Tis, Tycho Brahe, Flamsteed, and others.

It has been related how he discarded brass instru-
ments and pinned hiz faith on large immaovable masonry
instroments ; and some of these he claims to have
devised himeelf. As has already been pointed out, the
basic idea was not peeuliar to Jai Singh. The Arab,
Persian and Tarbor astronomers had eonstruoted hoge
instruments ; and they had formulated the nobion
that the only bar to accuracy of observation was the
limit imposed by eircumstances on the size of the instru-
ments, Jai Singh was prepared to carry out the idea
on which this proposition is based, to, what he thought,
a reasonable extent.

The bases of the designs of Jai Singh’s instruments
are always obvious, but he showed very considerable
ingenuity in the actual constructions. The Jai Prakié
is practically the hemisphere of Berosus, somewhat
claborated, and the Bamrdt Yantra may also be con-
sidered as evolved from that instrument. This only
menns, however, that the dial of Berosus was of a
very general nature. It consisted of a hemispherical
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bowl, placed with its rim horizontal, and in the centre,
and in the same plane as the horizontal edge, was fixed
a bead, whose shadow on the concave surlace of the
hemisphere marked the trace of the sun's diurnal
path. The resemblance to the Jui Praldd is striking
enough, but it is doubtful whether Jai Bingh had any
knowledge of the earlier instrument: he eould only
have learnt of it from the Muslim astronomers (eg.,
al-Battani, who refers to the prineiple of the instru-
ment), The Jai Prakid, however, is something more
than the bowl of Berosus, for it is fully graduated,
and appears to have been based upon the Muslim
ingtrwnent lknown as al-Masalarak, descriptions of
which are foond in the works of the Muslim astro-
nomers.t

In the British Musenm are many dials of the seven-
teenth and early cighteenth centuries constructed
exactly on the same prineiple as the Bamrat Yantra.
The direct origin of the tangential scales on the gnomen,
for measuring the declination of the sun, is not known,
although 1bn Yiinus, and other Muslim writers on astro-
nomy, had worked out the theory.? Hindu astronomers
did not employ the tangent function, and reler to uo
other dial than the vertical gnomon, and to no other dial
measurements than the length of the shadow. They
made no direet angular measurements, and an angular

1800 L. A. 8édillot's Memoire aur les instrinnanls nslronomigies
des Arabes, p. 1615 ; nlwoa.dunﬁpﬂun:i'nl-ﬂarjcndi ; also Blngrave's
Ari of Dyalling, 1600. One scotion of Blagrave's book js—"* How
to meke o dyall on & conenve hemisphere of o globe bwo severll
waies,” snd the seeond way is that of the Jul Prakis.

2 Indead worked out the complete theory of the horizontal,
vertical, inclined, eylindrical and conical dials, ote. _
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dial would have been almost contrary to the spirit of
their teaching.!

The othor instraments that can be attvibuted to
Jai Bingh's genius are the Digwids Yantra and Ram
Yunbra, but these are siinply enlargements, in masonry-
work, of the azimuth and combined azimuth and alti-
tude instraments of the Muslims,

The predominating influence.

The actual points of econtact bebween Jai Singh’s
astronomical work and that of his predecessors and
contemporaries have been generally indicated. Jai
Singh himself was o Hindu and had Hindu assistants,
the most notable being Jagonnith, who, however,
it seems, was employed, because of his knowledge of
Arabie—a somewhat nnusual qualifieation among the
Pandits of the day.® Jai 8ingh refers to one Hinda
astronomer by name, who was, however, rennwned
beeause of his knowledge of Greek methods.  Jai Bingh
was, 1o doubt, well soquainted with the works of the
Hindo astronomers, but he does nob scem to have
made much direet use of them.

Jui Singh had certain Muhammadan assistants,
he was wcquainted with the chief astronomical works

M is o curious polnt in e history of selonce.  Tho Hindus
seemorl Lo aveid dircot angalar mensaroments, and thoir mathomati-
eal works contain ne thesrsms or rules misting to angles (see my
Tndign Mathematics, puge 20).

374 iw roleted that Jai Singh was repronchod with the slatement
that the Pandits, who prelended to great learning, wore entirely
ignomnt of Arbioscholaship, He thereapon prodoeed Jmﬂuﬁh’h.
who translated, from the Arabio, Euclid's Elenents, and Ptolomy's
Almagest. Seo SvpEiEana Dvivens Ouwalelarcigiol p. 102 £
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of the Muslims, he brought one of their star catalogues
up to date, and he copied the instruments of the obsor-
vatory ot Samargand. His masonry instruments
were designed after the notions taught by the Muslim
astronomers, and had absolutely nothing in common
with those desoribed in Hindu works, He sent cerbain
of his nssistants to Burope to get books and information
he invited European priests to visit him, aud he oblained
Buropean tables.

We may leave out for the moment the guestion of
European influence, as Jai Singl was really only on the
border line of that influence, and consider the Hindu
and Arabic schools. The characteristic diflerence
between these is connected with practical work. The
Hindus were practical astronomers only in so far as they
could calonlate, from o given starting point with given
rules, the positions of the planets, eclipses, cte., with
some acouracy. This, of course, implies n very con-
sidernble amonnt of knowledge and skill ; but the Hindus
had no instruments of precision of their own before
Jai Singh's time ; neither were they intercsted in making
practical obervationa of the heavenly bodies. Their
rules and the elements given in their approved works
sufficed them. The standpoint of the Muslims was
entirely different : they were particularly interested in
the verification and correction of previously recorded
results, They built what were then the fincat observa-
tories in the world, and they perfected the astrolabe
to an extraordinary degree.

The difference between the two schools is too well
Imown to need elaboration ; and the category into which
Jai Bingh’s work places itself is perfectly clearly indi-
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oated ; and the hiypothesis that he regeived hismain
astronomical inspiration from Hindu tradition is com-
Petely eliminated. e followed * the martyr pringe,
Mirza Ulugh Beg ™ of Samarqand. Since both the

Hindus and Muslims obtained their astronomy from the
Greeks, they huve much in common, but the work of
Jai Bingh was exaotly of that nature which differentintes
between the two schools ; and, what the Muslim astro-
nomers had, and, what Hindus lscked, attracted Jai
Singh. In his work there is no point of contact with
Hindu nstronomy 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 astro-
nomy that are remote from the teaching of the Hindu
schools.

Jai Singh’s apparent indifference to European
nohipvements is rather romarkable ; but, it must be
borne in mind that, he, very probably, only became
soquainted with their results after he lad conceived,
and partially carried oub, his scheme of astronomical
research. Hia tables, it is supposed, were eompleted
abont A.D. 1728, and the observatory at Delhi had been
built & few years previously. It was in 1728 or 1729
that Jai Singh sent Padre Manuel and others to Europe,
and in 1734 Le was visited by Father Boudier and his
companion. These dates might be considered sufficient
to acconnt for Jai Singh's neglect of the European dis-
coveries, but there is possibly another explanation.
(Galileo died a prisoner of the Inquigition in 1642, and
his books were not removed from the Imder until
AD. 1835 : More recent European discoveries might
thus have been discredited in Jai Bingh's eyes, and
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he would, at any rate, have found it difficult to
reconcile the persecution by authority, on the one side
with the elaim to brilliant scientific discoveries, on the
other.

Jai Singh began his work at & time when European
astronomers had arrived at, what may be termed, the
modemn conception of the universe. The discoveries
of Copernicus, Kepler, Galileo and Newton had been
accepted, and scientists were settling down to work
out, in detail, the results of these discoveries,
Flamsteed's great catalogne was completed just as
Jai Singh began his work. But in the special cireum-
stances of his experience, it is not surprising that Jai
Singh refused to follow the lines of research indicated
by the Buropean astronomers. Had he done so, his
power and his wealth might have enabled him to alter
the whole condition of Indian secientific seholarship,
and, instead of his lasbours ending with lis death,
when * science expired on his funeral pyre,” there
might have been established a lasting 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 ouly
a tradition, and his observatories are archwological
Temains.

That Jai Singh made no new astronomical discoveries
ig hardly a fair eriterion of the value of his work ; for,
indeed, o great deal of the most valuable astronomical
work is not concerned with new discoveries. His

1 Saau.!mlhal'[nm.w'u.{ Budydof Paradozes, in which numerous
works opposing the ' Newtoniun theory * ave referred to.
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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 achicvement. Considering the state of the
country in which Jai Singh lived, the political anarchy
of his time, the ignorance of his contemporaries, and
the difficultics in the way of transmission of know-
ledge, his scheme of astronomical work was a notable
one, and his observatories still form noble monmments
of a remarkable personulity.
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APPENDIX a1

The equation of time is given to the neareat second
for 0 hours Greenwich mean time of alternate days of
the months (1919). Tor intermediate times propor-
tionate parta will give approximately correct results.
(The instroments give at their best readings correct
only to, say, half & minute of time). The equation of
time is to be applied to mean time in accordance with
the signs as given in the table.

To obtain the difference between dial time and
standard time add the guantities in the fourth column
of table I to the equation of time. For example, to
deduce dial time from standard time on October 13th
at Delhi add to standard time—21 min. 8 sec. 413 min.
30 sec. or —7 min, 38 sec.

Tarcr II1,—Hmwow MEASURES

Dhivisions af the day.
i prativipalas = 1 vipala = (4 sooonda,
10 wipnlas = 1 praga = 40 seconds,
60 vipalns = 1 paln or vinidiki = 240 ssconda,
00 palns = 1 ghati, nidiki, dandn = 24 minntes.
00 ghatikis = 1divasa, dina, viisars = 1 solar day.
Also 2 8 = 1mulira = 48 minutes
e s and 30
mukiriag
=1 day.
Length,
B yovas = langul t= Fineh
24 nfigulns = 1hasta = 18 inches.
4 hnstoa = 1danda = foot.
2000 danda = 1kroén = 4,000 yarda
= 1 yojous = O miles,

4 kroda
3 a2
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GLOSSARY,

ﬁ.ﬂ;l?wﬂn.—[‘ﬂr. “ifdeluh * door poat '] The * sighter * of an nsbro-

.

Almageat.—[Ar. of majisti, tho groatest]. Ptolemy's worle —
the Syntacis,

Almueantorats [Ar, muqantardt]. Cireles of altitude, parti-
aulsely on the nstrolabo,

Ainsa,—Division, degroe.

ﬂﬁaula.i—ﬂ digit, A mensure of length approximately =3
inchi.

" ankabiit,—[" spider '], The open-worl rotating tablob of an
patrolndie.

Astrolabe.—[Ar. ugturldl Gl "astrolibos]. See page 22,

Azimuth—[Ae. al-semonil, pl. of semd, way '], Angle betwoeen
tho meridinn mnd vortioal eirele pasing through the body.

Chalkea,—Cirele.

Chakra yantra.—Circular dinl.

Dakshina.—Un the right or south.

Dakshinovritti yantra.—A fixed meridian eircle.

Declination.—T'ho distance from the eqoator mensured on o
grent eirelo passing through tho poles

Dignumsa Yantea.—[dif quartor, diroction ; iz division, degree
of arel.  An instrument for measuring horizontal onples or
agimutle,

Equation of time.~The correction fo be ndded to the apparent
golnr time 6o obbuin the mesn solue time.

Equatorisl.—A  revelving  astronomical  instrument whose
fixed axis is parallel to the earth’s axis.
i
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Faras.—[* Horsa '], The wedge which fastens the parts of an
astrolale together.

Ghatl—A sixtioth part of u doy, f.e., 2¢ minubes,

Gola.—Sphere.

Jantar—Yentro, q. v.

Jantar Mantra.—Noame for the Delli Obsorvatory (Moantes lus
hore no specifis meaning).

Jai prakis.—A hemispherical dial designed by Jui Singh,

Kapila,—A bowl A hemisphoerioal dinl

Erdatl vritta—The ecliptio,

Eranotiveitt yantra.—An insteument  for measuring  colestinl
Intitude and Jongitude. The Torqueinm of Regiomontanus,

Iﬁm:imﬁmn.—'ﬂm {rue soler time ot o porticular locelity, Dial

.

Misras yantra—Mixed instrument. See page 36.

Nakshatra.—A division of the ecliptie, A constellation,

Nard yantra. —Sun-dinl

Pala.—0One sxtioth of o ghefi, or 24 seconds,

Prakisa.—Manifestation, clucidation.

Rim yantra.—A cireulur instruwment for measuring altitudes and
azimuths,

Riisi—A sign of the zodiac,

Risi valays.—A sot of 12 dinls of the mmwi;lypn oy the Swmnrily
Yoantro—one, for coch sign of the

Bamrit.—{samrdj, suprems ruler].

ﬂam.mt Siddhints,~Name of o Swnslrlt tronslation of the
Almangesk,

Samril yanira.—Nome of Joi Singl's chiel instrument, an
equinootial dinl.

Shashtimsa.—Consisting of sixty degrees.

Siddbfinta,—Any canonical text-book or scientifio treatise;
ospocially on astronomy.

Solar time.—Tha mean solue cln, d;{{ in the average of oll the solar

diys of the year. The difference between appoarent solar
time, and mean solar time is trmed fhe * equation of time.”
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Stendard fime is tho local time of o standard meridion. In
Indin tho stundurd meridinn s 82° 30" cosb of Greenwich
need wbatieliee time fs 55 hours eorlior than Greonwich mean
time,

Torquotum.—An instenment for measuring colestinl Intitudes
and Jongitwlos,

Triguotrum.—An insteament congisting of two arma of  oqual

length hinged togothor, with o thicd gesdustod wem oppo-
sile to Lhe hingo

Unnatimsa yantra—{wewds, olovated], A jgradosted cirlo
with vorbienl axis, for meansudng altitodes, ofe.

Valaya.—A oircle,

Vertical cirele.~Any oivelo passing theowgh the zenith snd
cubbing the horizon nb right nngles.

Vritta.—lounu, eiveular,

Yantra.—Instroment.

Yantra rija.—Hindo nemo for e astrolabe,

Zit al-halga.—" Consisting of u ring.’

Zit al-Safi‘ih.—* Consisting of tablets.” The astrolabo.

Zit al-Shu’batain,—An imstrument consisking of Lwo ports,
The drigectrint.

Zij.—Anbronomirel table.

ZIj Mubammad Bhibi—Astronomical tables named aftor the
Kmporor Mulnmmad Shib,
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Arabic nstronomy 70 seq.
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Aryabhata (A.D, 470 b.) 75,

Aryu-paksha 76,
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Aryn-siddbinta 76,

Astrolabo : 21 ; perfooted by Muslims 21, 84 ; used by Jai
Singh 22, 81 ; Hindu 24 ; at Jaipur 21, 40, 47; ot Kaphr-
thaln 21.

Avonti=Ujjnin q. v
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Benares observatory 16, 56 scq.

Bontley J. 89,

Berlin obgervatory 17.

Borosus : dial of 81,

Boudier, Father C. &, 17, 40, 62, B3,
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The Morgnn 80,
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European astronomy 78 ; its influenee on Joi Singh 86,
Turopesn instruments 18, T8,

Europenn worls used by Jai Singh 3, 6-7.

Fanshawe H. C, 42,

TFarns or © horse ' 23, 24, 01,

Tigueredo, Mather 8, 17,

Flamatoed J. (AD. 1640-1720) 3, 0, 17, 18, 78, 86.

G

Cinlileo (A, 1504-1042) 70, 85, B0,
Geographical elements 89,
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Gower 22,
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Hudley's quadrant 28,

Huolley (AD. 1066-1742) 17, 78,

Hendley, Cal. T, H. 50, 04.
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Hindu astronomy 07 aedq.

Hindu influenes on Jai Singl’s worl: 83.
Hippnrchus (0. 130 B.0L) 4, 10, .
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Hunter W. 7, 9, 34, 40, 62, 54, 55, 00, 04, 03.
Huygens (A.D. 1620-1605) 78.
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