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TRANSLATION OF THE GOLADHYAYA OF THE
SIDDHANTA-STROMANI

CHAPTER 1.

In praise of the advantages of the study of the Spheric.
Salutation to Ganesx !

1. Having saluted that God, who
when called upon brings all under-
takings to a successful issue, and also that Goddess, through
whose benign favour the tongues of poets, gifted with a flow of
words ever new and with elegance, sweetness and playfulness,
sport in their mouths as in a place of recreation, as dancing-
girls adorned with beauty disport themselves in the dance with
elegance and with every variety of step, I proceed to indite
this work on the Sphere. It has been freed from all error,
and rendered intelligible to the lowest capacity.

2. Inasmuch as no calculator can
hope to acquire in the assemblage of
tho learned a distinguished reputation as an Astronomer, with-
out a clear understanding of the principles upon which all the
calculations of the mean and other places of the planets are
founded, and to remove the doubts which may arise in his
own mind, I therefore proceed to treat of the sphere, in such
a manner a8 to make tho reasons of all my calculations
manifest. On inspecting the Globe they become clear and
manifest as if submitted to the eye, and are as completely
at command, as the wild apple (4vwli) held in the palm of
the hand.

! . B
0

Invocation.

Objeot of the work.

\
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o ) 3. As a feast with abundance of

o,‘f,‘,‘i";,‘;}fw‘;{o.‘“ 'gnoran® g1l things but without clarified butter,

and as a kingdom without a king, and

an assemblage without eloquent speakers have little to recom-

mend thom ; so the Astronomer who has no knowledge of the
spheric, commands np consideration.

4. As a foolish impudent disputant, who ignorant of gram-
mar (rudely) enters into the company of the learned and vainly
prates, is brought to ridicule, and put to shame by the frowns
and ironical remarks of even children of any smartness, so ho,
who is ignorant of the spheric, is exposed in an assemblage of
the Astronomers, by the various questions of really accom-
plished Astronomers.

Objeot of the Armillary 5. The Armillary sphere is said, by
sphere. the wiso, to bo a roprosentation of the
colestial sphere, for the purpose of ascortaining the proofs of
tho positions of the Farth, tho stars, and tho plancts : this is a
species of figure, and hence it is deemed by the wise to be an
object of mathematical calculation.

6. It is said by ancient astrono-
mers that the purpose of the science
is judicial astrology, and this indeed depends upon the influence
of the horoscope, and this on the true places of the planets :
these (true places) can be found only by a perfect knowledge
of the spheric. A knowledge of the spheric is not to be
attained without mathematical calculation. How then can a
man, ignorant of mathematics, comprehend the doctrine of

the sphere &c. ?
Who is likely to under. (- Mathomatical calculations are

take the study with effect.  of two kinds, Arithmetical and Alge-
braical : he who has mastered both forms, is qualified if he have
previously acquired (a perfect knowledge of) the Grammar (of
the Sanskrit Language,) to undertake the study of the varions
branches of Astronomy. Otherwise he may acquire the name
(but never the substantial knowledge) of an Astronomer.

In praise of mathematios.
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8. He who has acquired a perfect
knowledge of Grammar, which has been
termed VEDAVADANA i. e. the mouth of the VeEpas and domi-
cile of SAraswATI, may acquire a knowledge of every other
science—nay of the VEpAs themselves. For this reason it is
that none, but he who has acquired a thorough knowledge of
Grammar, is qualified to undertake the study of other sciences.

The opinion of others on 9. O learned man; if you intend
:'l‘;'w ;}"::;en‘{l‘}::‘:h:::'; d; to study the spheric, study the Treatise
of it. of Bufskara, it is neither too -concise
nor idly diffuse: it contains every essential principle of the
science, and i8 of easy comprehension ; it is moreover written
in an eloquent style, is made interesting with questions ; it im-
parts to all who study it that manner of correct expression in
learned assemblages, approved of by accomplished scholars.

End of Chapter 1.

In praise of Grammar.

CHAPTER II.
Questions on the General view of the Sphere.

Questions regarding the 1. This Earth being encircled by
Earth. the revolving planets, remains sta-
tionary in the heavens, within the orbits of all the revolving
fixed stars ; tell me by whom or by what is it supported, that it
falls not downwards (in space) ?

2. Tell me also, after a full examination of all the various
opinions on the subject, its figure and magnitude, how its prin-
cipal islands mountains and seas are situated in it ?

. . 3. Tell me, O my father, why the
uﬁ:mf:: m’d}',:sm place of a planet found out from well
taining plancts’ true places cqlculated AHARGANA (or enumeration
and their causes. X .

of mean terrestrial days, elapsed from
B2



108 - Translation of the [11. 3.
the commencement of the KaLea)* by applying the rule of pro-

® [A Karrea is that portion of time, which intervenos betwoen one conjunotion
of all the planets at the Horizon of LaNEL (that place at the terrestrial equator,
where the longitude is 76 B., reckoned from Greonwich) at the first point of
Aries, and a subsequent similar conjunction. A Karpa consists of 14 MaNUS
and their 16 sANDHI8 ; each MANU :{ing botwoen 2 sanpuis, RKach MaNU
contains 71 Yuaas; cach yuaa is dividod into 4 YuaANaunis viz., Knira,
Turra’, DwAprara and Kavr, the length of cach of these is as the numnbers
4,8,2and 1. The beginning and end of each Yuaa’N@HRI8 being each one 12th
part of it are respeotively called its sa¥DEYL and BaNpuya’Nsa, The number
of lidxereal years contained in each YUGA’NGHRI, &o. are shown bolow ;

ALT, coveeciionne . " e an

Dwa’eara

BTy 00vee eeneenssareronnes
KRITAy.coiiinrenevninnnnonee
YUGA, tieviirnnniennans cerrnennnseraesansessansensanssnesnvas
71 3 YUGA = MANU, ...ccecveerennecoenennnenes PTUIE: 3
T MAND,.coocine iriiniiisninineine sriee e eranesen sen e
16 MaNU 8ANDHIS each equal to a KriTaYvaANGHEI,

Of the present Karea 6 ManUs with their 7 sawpmis, 2. ..__. .nd their
three YUGA’N@HRI i. 6. KRITA, TuETA, and Dwa’PaRA, and 8179 sidereal yoars of
the fourth Yuaa’weurr of the 28th Yuaa of tho 7th MaNu, that is to say,
1,972,947,179 sidereal years have elapsed from the beginning of the present
KaLPA to the commencement of the SA’LIWA'HANA era. Now we can easily find out
the number of {un that have elapsed from the beginning of tho present KarLra
to any time we like.

By astronomical observations the number of terrestrial and synodic lunar days
in any given number of years can be ascertained and then, with the result found,
their number in a Karra or Yuaa oan be caloulated by the rule of proportion.

By this method ancient Astronomers found out the number of lunar and ter-
restrial days in a KaLP4 s given below.

1,602,999,000,000 (synodic) lanar days } ine K
and 1,677,916,460,000 terrostrial dnys n 8 Marpa.

With the foregoing results and a knowledge of the number of sidercal yoars
oontained in a KaLPA as well of those thut have passed, we caa find out tho
number of mean terrestrial daye from the boginning of a Karra to any given
day. This number is called Airanaana sud the mothod of finding it is givon in
GayrripnyAya by Bua’skara’oua’mYA,

By the daily mean motions of the planets, asoertained by astronomical observa-
tions, the numbers of their revolutions in a KaLra are known and are given in
works on Astronomy.

To find tho place of a planet by the number of its revolutions, the number of
days contained in & Kavrra and the Auaraaya to a given day, the following pro-
portion is used.

As the terrestrial days in & Karra,

¢ the number of revolutions of a planet in & Karra

: the AHARGANA :

: the number of revolutions and eigns &o. of the planet in the AmARGsNA.

By leaving out the number of revolutions, contained in the result found, the
remaining signs &o. indicate the place of the planet.

Now, the intention of tho querist is this, why should not this be the true
place of aplanet? In the GaniTiDEYAYs. BHAsKARLOHA'RYA has stated the
revolutions in a KaLPa, but he has here mentioned the revolutions in a Yu@a
on acoount of his constant study of the 8’1snya-DHivRiDDNIDA-TANTRA, & Troa-
:}ino Bn] Astronomy by LALLA who has stated in it the rovolutions in & Yvaa.—




1I. 4.] Sidhdnta-giromani. 109

portion to the revolutions in the Yuaa* &c. is not & true one ?
(i. e. why is it only a mean and not the true place) and why
the rules for finding the true places of the different planets are
not of the same kind ? What are the DesaNTARA, UDAYANTARA,
BrUIANTARA, and CHARA corrections?t What is theMaNpocHCHAT
(slow or 1st Apogee)and S'faHRocHCHA (quick or 2nd Apogee)?
‘What is the node ?

4. Whatis the KenprA|| and that which arises from it (i. e.
the sine, cosine, &c. of it) ? What is the ManpapHALA|| (the
first equation) and S’fGRRAPHALAY (the 2nd equation) which
depend on the sine of the KenpeA? Why does the place of
a planet become true, when the MANDAPHALA or S{GHRAPHALA

® [It may bo proper to give notes explaining concisely the technisal torms
ocenering in theso quostions, which have no corresponding terms in Euglish, in
order that the English Astronomor may at once apprehend these quostions with-
out waiting for the explanation of them which the Author gives in the sequel.—
+ &o find the place of a planet at the time of sun-rise at a given place, the
several important corrections, i. e. the UDaYa'NTARA, BHUJA’NTARA, DES'ANTARA,
and CraRA are to be applied to the mean place of the planet found out from the
AnARGANA by the fact of the mean place being found from the ARARGANA for the
time when a flotitious body, which is supposed to move uniformly in the Equi-
noctial, and to porform a complote revolution in tho samo time as the Sun, 08
the horizon of Lanxa’. Wo now procoed to oxplain tho corrections.

The Upava’NTakA and Biusa’'NTARA corrections are to be applied to the mean
placo of a planct found from the Amaraawa for finding tho place of the planct at
tho true time whon tho S8un comes to the horizon of Lanxa’ arising from thoso
two portions of the equation of time respectively, one due to the inclination
of the ecliptic to the equinoctial and the other to the unequal motion of the
Bun in the ecliptio.

The Dre’a’NTanA and CHARA corrections are to be applied to the mean place of
a planct applied with the UpaYA’NTARA and BRUJA'NTARA oorrections, for finding
the place of the planet at the time of sun rise at a given )lace.

The Drs’'A’NTARA correction due to the longitude of the place reckoned from
the meridian of Lanxa’ and tho CEARA correction to the ascentional differ-
ence. B. D.

b [Munc:o'onan is equivalent to the higher Apsis. The Sun’s and Moon's
Maxpooucas (higher Apsides) are the samo as their Apoi‘ees, while the other
plancts’ Maxpooncitas are equivalent to their Aphelions. B. D.]

§ [8'1'anrocnonA is that point of the orbit of each of the primary planets (i. o.
Mars, Meroury, Jupiter, Yenus and Saturn) which is furthest from the Earth.
. D.
|| (KexnDRA is of two kinds, one called MaNDA-XENDRA corresponds with the
anomaly and the other called 8'1'aniRA-KENDRA is equivalent to the commutation
added to or subtracted from 180° as the BIGRA-KENDRA is greater or less than
180° B. D.

9 [Mnt:ln-rluu is the same as the e(lmtion of the centre of a planet and
8'r GHRA-PHALA is equivalent to the annual parallax of the superior planet ; and
the olongation of the inferior planets. B. D.]p
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are (at one time) added to and (at another) subtracted from it ?
What is the twofold correction called DRixkaRMA* which
learned astronomers have applied (to the true place of a pla-
net) at the rising and setting of the planet? Answer me all
these questions plainly, if you have a thorough knowledge of
the sphere.

Questions regarding the 5. Tell me, O you acute astrono-
length of the day and night. 1o why when the Sunis on tho
northern hemisphere, is the day long and the night short, and
the day short and the night long when the Sun is on the south-
ern hemisphere ?

. Questions regarding the 6. How is it that the day and
length of the day and night night of the Gods and their enemies
of the Gods DATASPITRIS  ()\1rvas correspond in length with

the solar years? How is it that tho
night and day of the Prrpis is equal in length to a (synodic)
lonar month, and how is it that tho day and night of Braumf
is 2000 yuaast in length ?

Questions regarding the 7. Why, O Astronomer, is it that
md:‘ ‘01; risings of the the 12 signs of the Zodiac which are

all of equal length, rise in unequal
times (even at the Equator,) and why are not those periods of
rising the same in all countries ?

Questionsastotheplacesof 8. Shew me, O learned omo, tho
the Drvaxi,the Kvaxa', &. placeg of the DYusvA (the radius of
the diurnal circle), the Kusv4 (the sine of that part of the
arc of the diurnal circle intercepted between the horizon and
the six o’clock line, i. e. of the ascensional difference in terms

® [DpixxarMa is the correction requisite to be applied to the place of a pla-
net, for finding the point of the eoliptio on the horizon when the planct reaches
it. This ocorrection is to be applied to the place of a planet by means of its
two portions, one called the AYaNA-DrIKKARMA and the other the AxaHa-DRIK-
xarMA, The place of a planet with the AYANa-DRIKKARMA applied, gives the
point of the ecliptic on’the six o’clock line when the planct arrives at it : and
this correctod place of the planet, again with the AxSHA-DRIXKARMA applied,
gives the point of the ecliptio on the horizon when the planet comes to it. B. D,

t The Kgira, TrETa/, DWa’PARA and KaLI are usually called Yvuaas: but
the four together form only one Yuaa, according to the Sippma’NrTa system,
each of these four being held to be individually but a Yvaa’vauer, L. W.



1. 10.§ Sidhdnla-sironan. I

of a small circle), and show mo also the places of the declination,
Sama-sfNku* Acra (the sine of - amplitude), latitude and
co-latitude &c. in this Arwmillary sphere as these places arce in
tho heavens.

Questions rogarding cor If the middle of a lunar Eclipse
tain difforences in the times takes place at the end of the Tirni
“E':‘l'.l"'::“ of solur sudlunar (. ¢y full 1moon), why docs not the

middle of the solar Eclipse take place
in likc manner at the change? Why is the Eastern limb of
tho Moon in a lunar Eclipse first involved in obscurity,
and the western limb of the Sun first eclipsed in a solar
Eclipse ?+

Questions regarding the 9. What, O most intelligeut onc,
parullazes. is the Lampana} and what is the
Nar1? why is the Lamsana applied to tho Tirm and the
Narr applied to the latitude (of the Moon) ? and why are
these corrections settled by means (of the radius) of the
Earth ?

Questions regnrding tho 10. Al ! why, after being full, docs
phascs of tho Moon. the Moon, having lost her pure bright-
ness, lose her cireularity, as it were, by her too close associa-
tion, caused by her diurnal revolution with the night : and why
again after having arrived in the same sign as the Sun, docs
she thenceforth, by successive augmentation of her pure

® [Sama-8a’NEU is the sino of the Bun's altitude when it comes to the prime
vertieal, B. D.

+ LAn Eclipso of the Moon is coused by her entering into the Karth’s shadow
and as the place of the Earth’s shadow and that of tho Moon is tho samo at the
full moon, the conjunction of tho Earth's shadow and the Moon must
huppen at the snme timo ; and an Eclipse of tho Sun is eausod by the intorposi-
tion of the Moon between the Karth and the Sun, and the conjunction of the
S8un and Moon in like manner must happon at tho new moon, as then
the place of tho Sun and Moou is the same. As this is the case with the eclipses
of both of them (i. 0. both tho Sun and Moon) the querist asks, “ 1 the middle
of a Junar eclipsc &c.” It is scarccly necessary to add that the assumption
that the middle of a lunar eclipse takes place exactly at the full moon, is only
approximately correct. B. 1.]

1 [The Laxpanais equivalont to tho Moon’s parallax in longitude from the
8un reduced into time by means of the Moon’s sotion from the 8un: and tho
NaT1 is the samo as the Moon’s parallax in lutitude from the Sun. B, D.]
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brightnoss, as from association with the Sun, attain her circu-
lar form ?* :

End of the second Chapter.

CHAPTER III
Called Bluvana-kos'a or Cosmography.

The excellence of the 1+ TheSupreme Being Para Bram-
Bupreme Being. MA the first principle, excels eternally.
From the soul (PurusHA) and nature (PrakriTI,) when excited
by the first principle, arose the first Great Intelligence called
the MAHATTATTWA or BUDDHITATTWA : from it sprung self-con-
sciousness (AHANKARA :) from it wore produced the Kthor, Air,
Firo, Water, and Earth ; and by tho combination of theso was
madoe tho univorse BrauMANDA, in the contro of which is tho
Earth: and from BrarM{ CHATURLNANA, residing on the sur-
face of the Earth, sprung all animate and inanimate things.

2. This Globe of the Earth form-
ed of (the five elementary principles)
Earth, Air, Water, the Ether, and Fire, is perfectly round, and
encompassed by the orbits of the Moon, Mercury, Venus, the
Sun, Mars, Jupiter, and Saturn, and by the constellations. It
has no (material) supporter ; but stands firmly in the expanse
of heaven by its own inherent force. On its surface through-
out subsist (in security) all animate and inanimate objects,
Danusas and human beings, Gods and Dairyas.

Doscription of the Earth.

® This verse has a double meaning, all the native writers, however grave the
subjoeot, being much addicted to conceits. The second interpretation of this
verse is as follows :

Ah! why does the most learned of Brahmans, though distinguished by his
immaculate conduot, lose his pure honour and influence as it wore%mm his mis-
conduct caused by derangement? It is no wonder Lhat the said Brahman aflter
having met with & Brahman skilled in the Vxpbas, and by having recourse to
Lim, thonooforth booomes distinguished for his cmninont good conduct by grudual
augwentation of his illustriousnces. L. W.
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8. .It is covered on all sides with multitudes of mountains,
groves, towns and sacred edifices, as is the bulb of the Nauclea’s
globular flower with its multitude of anthers.

Refutation of the supposi- 4. If the Earth were supported by .
tion that the Earth has suo- any material substance or living crea-
cossive supporters. ture, then that would require a second
supporter, and for that second a third would be required.
Hero we have the absurdity of an interminable series. If
the last of the series be supposed to remain firm by its own
inherent power, then why may not the same power be supposed
to exist in the first, that is in the Earth ? For is not the Earth
ono of tho forms of the cight-fold divinity i. e. of S'1va.

Rofutation of tho objeo- 5. As heatis an inherent property
:f:;*;uﬂ: :: i":*l’l:m:‘:°£:‘ﬂ: of the Sun and of Fire,as cold of the

Moon, fluidity of water, and hardness
of stones, and as the Air is volatile, so the earth is naturally
immoveable. For oh! the properties existing in things are
wonderful.

6. Tho* property of attraction is inherent in tho Earth.
By this property the Earth attacts any unsupported heavy
thing towardsit: Tho thing appoars to bo falling [but it is in
a state of being drawn to the Earth]. The etherial expanse
being equally outspread all around, where can the Earth fall ?

Opinion of the Baup- 7. Observing the revolution of the
DHAS. constellations, the Bauppuas thought
that tho BEarth had no support, and as no hoavy body is scen
stationary in the air, they asserted that the eartht goes eternal-
ly downwards in space.

8. 'The Jainas and others main-

inion of the Jainas.
Opinion of the Jat tain that there are two Suns and two

® (1t is manifcst from this that neither can the Earth by any means fall
downwards, nor the men situated st the distances of a fourth part of the ciroum-
ference from us or in the opposite hemisphere. B. D.] . .

+ [He who resides on_ the Earth, is not conecious of the motion of it down-
wards in space, as a man sitting on a moving ship does not perceive its motion,
B. D.] .

[
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Moons, and also two sets of constellations, which rise in con-
stant alternation. To them I give this appropriate answer.

Refutation of the opinion 9. Observing as yon do, O Baup-
of the Baupomas, DHA, that every heavy body projected
into the air, comes back agnain to, and overtakes tho Earth,
how then can you idly maintain that the Earth is falling down
in space? [If true, the Earth being the heavier body, would,
he imagines*—perpetnally gain on the higher projectilo and
never allow its overtaking it.]

Refutation of the opinion 10. But what shall T say to thy
of the Jaras. folly, O JaiNa, who without object or
use supposest a double set of constellations, two Suns and two
Moons ? Dost thou not see that the visible circumpolar con-
stellations take a whole day to complete their revolutions ?

Rofutation of the supposi- 11. If this blessed Earth were level,
tion that the Barth is lovel.  }; g 4 plane mirror, then why is not the
sun, rovolving abovo at a distanco from tho Fawrth, visiblo to
men as well as to the Gods? (on the P’Aurdnika hypothesis,
that it is always revolving about MEru, above and horizontally
to the Earth.

12. If the Golden mountain (MEru) is the cause of night,
then why is it not visible when it intervenes botween us and
the Sun? And Mzru being admitted (by the Pauranikas) to
lie to the North, how comes it to pass thut tho Sun rises (for
half the year) to the South ?

Roason of the false u‘p_ 13.. As the one-hm?dred.th part of

rance of the plane form the circumference of a circle is (scarce-
of the Barth, ly different from) a plane, and as
the Earth is an excessively large body, and a man exceedingly
small (in comparison,) the whole visible portion of the Earth
consequently appears to & man on its surface to be perfectly
plane,

® [This was BirasRARA’S8 own notion ;—but ovon on the more correot prineiple,
thet all bodics fall with equal rapidity, the argumont holds good, B. D.]
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Proof of the cotrestutes of 14. That the correct dimensions of
alleged circumferonce of the the circumference of the Earth have
Harth. been stated may be proved by the
simple Rule of proportion in this mode : (ascertain the différ-
ence in YuJaNas between two towns in an exact north and
south line, and ascertain also the difference of the latitudes of
those towns: then say) if the difference of latitude gives this
distance in YusaNAs, what will the whole circumference of 360

degrees give ?
To confirm the same cir- 15. As it is ascertained by calcula-
oumference of the Harth. tion that the city of UsaviN{ is

situated at a distance from the equator equal to the one-sixteenth
part of tho whole circumforonco: this distance, thevefore,
multiplied by 16 will be the measure of the Earth’s cir-
cumferonce. What reason then is there in attributing (as the
Paur{y1kAS do) such an immense magnitude to the earth ?

16. TFor the position of the moon’s cusps, the conjunction
of the planets, eclipses, the time of the risings and settings
of the planets, the lengths of the shadows of the gnomon,
&c., are all consistont with this (cstimato of the extent of tho)
circumference, and not with any othor ; therefore it is declared
that the correctness of the aforesaid measurement of the earth
is proved both directly and indirectly,—(directly, by its
agreeing with the phenomena ;—indirectly, by no other estimate
agreeing with the phenomena).

17. Lank{ is situated in the middle of the Earth: Yama-
xoTI 18 situated to the ast of LAnkA, and RoOMAKAPATTANA to
the west. The city of SippHAPURA lies underneath LaNkA.
Sumenru i8 situated to the North (nndor the North Pole,) and
Vapavinara to the South of LANkA (under the south Pole) :

18. These six places are situated at a distance of one-fourth
part of the Earth’s circumference each from its adjoining one.
So those who have aknowledge of Geography maintain. At
Meeu reside the Gods and the Sippuas, whilst at VADAVANALA
are situated all the hells and the Dairvas.

¢ 2
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19. A man on whatever part of the Globe he may be,
thinks the Earth to be under his feet, and that he is standing
up right upon it: but two individuals placed at 90° from each
other, fancy each that the other is standing in a horizontal
line, as it were at right angles to himself.

20. Those who are placed at the distance of half the
Earth’s circumference from each other are mutually antipodes,
as a man on the bank of a river and his shadow reflected in
the water : But as well those who are situated at the distance
of 90° as those who are situated at that of 180° from you, main-
tain their positions without difficulty. They stand with tho
same ease as we do here in our position.

Positions of the Dwfras 21. Most learned astronomers have
and Seas, stated that JAMBGDWSPA embraces the
whole northern hemisphere lying to the north of the salt sea :
and that the other six Dwfras and the (soven) Seus viz.
those of salt, milk, &c. are all situated in the southern hemis-
phere.

22. To the south of the equator lies the salt sea, and to
the south of it the sea of milk, whence sprung the nectar,
the Moon and the Goddess Laksumf, and where the Omni-
present VAsupEva, to whose Lotus-feet BrammM{ and all the
Gods bow in reverence, holds his favorite residence. '

23. Beyond the sea of milk lie in succession the seas
of curds, clarified butter, sugar-cane-juice, and wine: and,
last of all, that of sweet Water, which surrounds VapavAnara.
The Pirita Lokas or infernal regions, form the concave
strata of the Earth.

24. In those lower regions dwell the race of serpents (who
live) in the light shed by the rays issuing from the multitude
of the brilliant jewels of their crests, together with the multi-
tude of Asuras; and there the SippBAs enjoy themselves
with the pleasing persons of beautiful females resembling the
finest gold in purity.

25. The S’AxA, S'{LMALA, K&us'as, Kr{UNCHA, GOMEDARA, and
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Pusukara Dwiras are situated [in the intervals of the above
mentioned seas] in regular alternation: each Dwipa lying,
it is said, botween two of these seas.

Positions of the Mom-  26. To the North of LANkL lies
i‘:j“'l‘;‘i'"e‘";:‘i,’;ﬁ“p:;‘: the HiM{LAYA mountain, and beyond
caused by the mountains. that the HEMAKGTA mountain and
beyond that again the NisuapHA mountain. These three
Mowntains stretch from sean to sca. In like mannor to
the north of Sippmaeura lie in succession the S'RINGAVAN
S'ukta and NftA mountains. To the valleys lying between
these mountains the wise have given the name of VArsHas.

27. This valley which we inhabit is called the BEARATA-
varsia ; to the North of it lies the KiNNArRavArsHA, and
boyond it again the Harivarsua, and know that the north
of SippHAPURA in like manner are situated the Kuru, Hiray-
MAYA and RAMYARA VARsSHAS.

28. To the north of YamaroTI lies the MALYAVAN mountain,
and to the north of RomaxapaTTANA the GANDHAMADANA
mountain. These two mountains are terminated by the Nfra
and Nisuaniia mountaing, and tho space botwoen these two
is called the ILAvRITA VaARSHA.

29. The country lying between the MALYAVAN mountain
and the sea, is called the BEADRAS'WA-VARSHA by the learned ;
and geographers have denominated the country between the
GANDHAMADANA and the sea, the KETUMALA-VARSHA.

30. The Ivavmira-varsHA, which is bounded by the
Nisnapiia, Nfra, GANDHAMADANA and MALYAVAN mountains, is
distinguished by a peculiar splendour. It is a land rendered
“ brilliant by its shining gold, and thickly covered with the
bowers of the immortal Gods.

Position of the mountain 31. In the middle of the ILAvRiTA
Mrau in Indverrs, Varsua stands the mountain MEru,
which is composed of gold and of precious stones, the abode
of the immortal Gods. Expounders of the Purfinas have
further described this Mgru to be the pericarp of the earth-
lotus whence Branua had his birth.
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32. The four mountains MANDARA, SUGANDHA, ViPuLA and
Sur{rs'wA serve as buttresses to support this Mervu, and upon
these four hills grow severally the Kapampa, JamsG, Vara
and Prprara trees which are as bannors on those four hills.

383. From the clear juice which flows from the finit of the
JaMBG springs the JAMBG-NADf; from contact with this juico
earth becomes gold: and it is from this fact that gold is
called JxMBGNADA : [this juice is of so oxquisite a flavour that]
the multitude of the immortal Gods and Sippuas, turning
with distaste from noctar, delight to quaff this dolicious
boverage.

84. And it is well known that upon those four hills [the
buttresses of MEru] are four gardens, (1st) CHAITRARATHA
of varied brilliancy [sacred to Kuskra], (2nd) Nanpana
which is the delight of the Apsaras, (3rd) the Durirt which
gives refreshment to the Gods, and (4th) the resplendent
VAIBHRAIA.

85. And in these gardens are beautified four resorvoirs,
viz. the ARUNA, the M{Nasa, the Man{HrADA and the S/WETA-
JALA, in due order: and these are the lakes in the waters
of which the celestial spirits, when fatigued with their
dalliance with the fair Goddesses, lovo to disport thomsclves.

86. Mero divided itself into three peaks, upon which are
situated the three citios sacred to Visnunu, Braum« and S1va
[denominated VarxkunTHA, BRAHMArURA, and Kaiuasa], and
beneath them are the eight cities sacred to INprA, AGN1, YaMa,
Nairrita, Varuna, VAvu, S'as’f, and I's’a, [i. e. the regents
of the eight Diks or directions,* viz.,, the east sacred to

® [As the point where the equator cuts the horizon is the east, the sun
thereforo rises due east at time of the equinoxes but on this ground, we
cannot determine the direction at M=zrU [the north pole] because there the
equator coincides with the horizon and consequently the suu moves at Meru
under the horison the whole day of the equinox. Yet the ancient astronomers
maintained that the direotion in which the YAMAKOTI lies from MEeuu is the
east, because, according to their opinion, the inhabitants of MrrU eaw the
sun rising towurds the YaMaxopI at the beginning of the KaLra. In the same
manner, the direction in whioh LANKA lie from mouut Muuu is south, that
in which RoMaKaPATTANA lies, is wost, and the divection in whioh Sippua-
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InDra, the south-east sacred to Aani, the south sacred to
Yama, the south-west sacred to NairpiTA, the west sacred to
‘VARUNA, the north-west sacred to Vayu, the north sacred to
S’ag’f and the north-east sacred to ¥s’a.]

37. The sacred Ganges, springing
from the Foot of Visunu, falls upon
mount Meru, and thence separating itself into four streams
descends through the heavens down upon the four VisHgam-
BHAS or buttress hills, and thus falis into the four reservoirs
[above described].

38. [Of the four streams above mentioned], the first
called Sfra, went to BHADRAS'WA-VARSHA, the second, called
ALARKANANDA, to DBuAratAa-varsiia, the third, called CHARSHU,
to Kerum£LA-varsua, and the fourth, called Buapr to Urrara
Kurv [or North Kuru]. , :

39. And this sacred river has so rare an efficacy that if
her name be listened to, if she be sought to be seen, if seen,
touched or bLathed in, if her waters be tasted, if her name
bo uttorod, or brought to mind, and hor virbuos bo colobratod,
sho purifics in many ways thousands of sinful men [from
their sins].

40. And if a man make a pilgrimage to this sacred stream,
the whole line of his progenitors, bursting the bands [imposed
on them by Yama], bound away in liberty, and dance with
joy ; nay even, by a man’s approach to its banks they repulse
the slaves of YamA [who kept guard over them], and, escaping
from NarAkA [the infernal regions], secure an abode in the
happy regions of Heaven.

Some peculiarity.

&c. are situated in the east, south &o. from MERU respectively. B. D.

Note on verses from 21 to 43 :—BaASKARA’CHA’RYA has exercised his ingenuity
§n giving a locality on tho enrth to the poctical imnginations of Vya’sa, at the
samo timo that he hus proserved his own principles in regard to the form and
dimensions of the Earth. But he himself attached no credit to what he hne
described in these verses for he concludes his recital in his commentary with

the words,
giRTyn ax w9 yoatrag )
¢ What is statod here rosts all on tho authority of the Puniyas.”
As much as to say * crodat Judwus,” L. W,

PURA lies from MERU is north. The buttresses of MzRU, MnmnAESuamm,
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The 9 xuanpas amd 7 41- Here in this BHARATA-VARSHA
xvLicBALAs of BHa’mata- are embraced the following nine KHAN-
VARSHA. . .

pAs [portions] viz. AiNora, Kas'erv,
TaurarArNA, GaBHASTIMAT, KUMARIKA, NXGA, SauMYA, VARUNA,
and lastly GANDHARVA.

42. In the KumArixx alone is found the subdivision of
men into castes ; in the remaining kHANDAS are fonnd all the
tribes of ANTYAJAS or outcaste tribes of men. In this region
[BrARATA-VARSHA] are also seven KULACHALAS, viz. the MAHEN-
DRA, S'ukTi, MaLays, Riksnaka, PLurvirea, tho Sanmya, and
VinpaYA hills,

Arrangement of the seven 43, The country to the south of
Lozas worlds. the equator is called the BHGRLOKA,
that to the morth the BmuvaLoxa and Mgru [the third] is
called the SwarLoka, noxt is the Mawarroka in the Ioewvous
beyond this is the JanaLoka, then the Taroroka and last of
all the Sarvaioka. Thoso 10kas aro gradunlly attained by
increasing religionus merits.

44. When it is sunrise at LaNk4, it is then midday at
Yauaxor: (90° east of LANKA), sunset at SippHAPURA and
midnight at RoMAKAPATTANA.

Points of the compass 45. Assume the point of the
why MzgU is due north of lhorizon at which the snn risos as
ol places. tho cast point, and that at which ho
sets as the west point, and then determine the other two
points, i. e., the north and south through the mMaTsya* effected
by the east and west points. The line connecting the north
and south points will be a meridian line and this line in
whatover placo it is drawn will full wpon tho morth point:
hence Mxru lies due north of all places.

A curious fact is rehearsed. 46. Only Yamaxort lies due east
Goographical Anomaly. from Unavinf, at the distance of 90°

® [From the east aud west points, as centres, with a common radius describe
two arcs, intersecting each other in two points, the place contained b{ the
arvs is called Matsya “s fish” aud the intersecting points are the north and
south points. B. D.) .
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from it: but LANKA and not Ussavinf lics duc west from
YAMAKOTI.

47. Tho same is the case everywhere ; no place can lie west of
that which is to its east except on the equator, so that east
aud west are strangely related.*

48. A man situated on the equa-
tor sees both the north and south
polos touching [the north and south points of] the horizon,
and the colestial sphere resting (as it were) upon the two
poles as centres of motion and revolving vertically over his
head in the heavens, as the Persian water-wheel.

49. As a man proceeds north
from tho oquator, ho observes tho
constellations [that revolve vertically over his head when
scen from the equator] to revolve obliquely, being deflected
from his vertical point: and the north pole clevated above
his horizon. The degrees between the pole and the horizon
are the degrees of latitude [at the place]. These degrees
aro causod by tho Yosanas [between tho equator and the
plieo].

Tlow tho dogroos of lati- 50. Tho number of Yosanas [in
(“‘:;:L;';" l,’nmd;";;“;;‘:“ ::3 tho arc of any torrostrial or colostinl
vico versd. circle] multiplied by 860 and divided
by [the number in Yosanas in] the circumference of the
circle is tho numbor of degrees [of that arc] in the carth
or in tho planctary orbit in the heavens. Tho Yosanas aro found
from tho degroes by reversing the calculation.

51. The Gods who live in tho
mount Meru observe at their zenith

Right sphere.

Obliguo sphoro,

Tarallol sphoro.

[® As the sun or any heavenly body when it roachios tho Prime Vertical
of any place is called due east or west, 8o according to the Hindu Astronomical
languago all tho places on tho Karth which aro situated on the circle
corresponding to tho Prime Vortical arc due cast or west from the place and not
those which nro situnted on the parallcl of latitude of the place, thatis the
places which havo the anglo of position 90° from any place are duc cast or
west from that placo. And thus all directions on tho Karth aro shown by
means of the anglo of position in the Uindu Astronomical works. . D.]

D
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tho north pole, whilo tho Dairyas in VapavANara tho south
pole. But while the Gods behold tho constellations revolving
from left to right, to the Darryas they appear to rovolvo from
right to left. But to both Gods and Darrvas the equatorial
constellations appear to revolve on and correspond with the
-horizon.

_Dimensions of the Earth's 52. The circamference of the earth
oiroumforence. has been pronounced to be 4967
Yosanas and the diameter of the same has been declared to
be 15814 Yosanas inlength : the superficial arca of tho Tlarth,
like the net enclosing the hand ball, is 78,53,034 squarc
Yosanas, and is found by multiplying the circumference by
the diameter.* :

The error of Lalla is ox- 58. The superficial area of the
5030{1 in tr‘duﬁ tl-: ) supor- Earth, like the net enclosing tho

clalaroa of Tho o¥ hand ball, is most erroneously stated
by Larnia: tho truo area not amounting to ono handredth
part of that so idly assumed by him. His dimensions aro
contrary to what is found by actual inspection : my charge of
error therefore cannot be pronounced to be rude and uncalled
for. Bat if any doubt be entertained, I beg you, O learned
mathomaticians, to examine well and with tho utmost impar-
tiality whether the amount stated by me or that stated by
him is the correct one. [The amount stated by Lavrta in his

® (The diameter and -the circumference of the Earth here mentioned are to
each other as 1250: 8927 and the demonstration of this ratio is shown by

BafsxarACHARYA in the following manner.

Take a radius equal to any large number, such as more than 10000, and
through this determine the sine of a smaller arc than even the 100th part of
the circumference of the cirole by the aid of the canon of sines (JyorraTTI,)
and the sine thus dotermined when multiplied by that number which ropresents
the part which the aro just taken is of the circumference, becomes the longth of
ciroumference because an arc smaller than the 100th part of the circumferenco
of a cirole is [scarcely different from] a straight line. For this reason, the cir
oumference equal to the number 62832 is granted by ARYABWATTA and the others,
in the diameter equal to the number 20,000. Though the length of the circum-
ference determined by extracting the square root of the tenfold sjuare of the
diameter is rough, yet it is granted for convenience by SriDIARACHEA'RYA, BRAR-

MaaupTA and tho others, and it is not to bo supposod that they wore ignorant
of this roughness.—B. D,]
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work cntitled Dnfvpiopmipa-TaNTRA is 285,63,38,557 squaro
Yosanas, which he appears to have found by multiplying the
squaro contents of tho circlo by the circumference.]

8hows the wrongness of 54. If a piece of cloth be cut in
the Bule given by Lalla. g gircular form with a diameter oqual
to half the circumference of the sphere, then half of the sphere
will bo (entirely) covered by that circular cloth and there will
still be some cloth to spare.

55. As the area of this piece of cloth is to be found nearly
2§ times the area of a great circle of the sphere: and the
area of the piece of cloth covering the other half of the sphere
is also the same ; *

56. Thercforo the area of the whole sphere cannot be more
than 5 timos tho aroa of tho great circle of the sphere. How
thon has ho multiplied [the arca of the great circle of tho
sphere] by the circumference [to get the superficial contents
of the sphere] ?

57. As the area of a great circle [of the sphere] multiplied
by the circumference is without reason, the rule (therefore of
Lania for tho suporficinl contonts of tho sphoro) is wrong,
and tho suporficinl aren of the Earth (given by him) is conse-
quontly wrong.

58, 59. Suppose the length of the
[equatorial] circumference of the globe
equal to 4 times the number of sines [viz. 96, there being 24
sines calculated for every 3°4, which number multiplied by
4 = 96] and such oblong sections equal to the number of the
length of the said circumference and marked with the vertical
lines [running from pole to pole], as there are seen formed by
nature on the ANWLA fruit marked off by the lines running
from the top of it to its bottom.

® Lot the diameter of a sphere be 7: the circumference will bo 22 nearly.
The aroa of a circle whose diameter is 7 will be about 88} ; that of a cirelo

whose diameter is 11 (§ ocircumference) will bo about 899 this 899 is littlo less
than 24 times 88§. L. W.

D 2

Otherwise,
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60. If wo determine the superficial arca of onc of theso
sections by means of its parts, we have it in this form. Sum of
all tho sines diminished by half of the radius and divided by
the same.*

® The correctness of this form is thus briefly illustrated by BAA’SKARA’CHA'RYA
in his commentary.

Let g ah a, g be thoscction in which ad, b o, ¢ d &o.
and a,d,, b,¢,, ¢,d,, &o. are each equal to 1 cubit and
also aa, arc equal to 1 cubit : then ¥3,, ce,, dd,, &o.
are proportional to the sines m &, ¢, 0 d, &c. and are
thus found.

mb.

If kaorrad: give,aa 1 (=1) : : mb: bd, = —
Rad.

1o

IfRad :1::ne: co, = —

Rad

od
sgain Rad : 1: :od:dd,=}a—d

&e.

Now aa,, bb,, c0,, &o. being found, the contents of

oach of aa, d,b, bb, o,0, 00, d,d, &o. tho part of tho
wection is found by taking hall the sum of aa, & 8b,
b, & co,, co, & dd, &o. and multiplying it by ap *
(which is oqual to ench of bo, ed, &o.)horo abis assumed ns 1 and the whole
surfaco oach of aa,b,5, 0b,0,0 as & plane, for an arc of 8°3 is scurcely dilforont
from a plane.

Now to find the sum of aa,},}, bb,c,0 &c. we have

&

aa, + bb, y + o, ce, + da,
1 — x 14 &

ndding these and leaving out 1 multiplier, we have

aa, 4 b co, 4 dd, 4 &o.
Substituting tlx:d values of .aa,, bb:, &o. wle.ltve ot
md

no
[ ]-;- + 7 +R— + &o. 80 on for tho assumod sines
2 R iR

but } = — = — — —

R
By subatitution we get

md ne iR
etz e3¢

Rymbtnotodf&o.. —4 B

R .

It is ovident from this that the sum of all the sines diminished by the half
of the Radius and divided by the Radius is equal to the contents of tho upper
half of the section, therefore by dividing by } Rad we got the whole section
instead of ouly the upper half of it,

. sum of all the sines — } R.
i. e. contents of tho whole scotion = =4

R -
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61. As tho snperficial arcn of onoe soction thus detorminod
is cqual to tho diamotor of the globe, the product found by
multiplying tho dinmotor by tho cireninforonco has thorofore
boon assorted to be the suporficial contents of a sphere.

The grand deluges or dis- 62. The earth is said to swell to
solutious. the extent of one Yosana equally all
around [from the centro] in a day of BramM{ by reason of
tho decny of the natural productions which grow upon it: in
the Brinma deluge that increase is again lost. In the grand
deluge [in which BraMx himself as well as all nature fades
away then] the Earth itself is reduced to a state of nonentity.

63. That extinction which is daily
taking placo amongst created beings is
enlled tho DANANDINA or daily oxtinction. Tho BriiMa ox-
tinction or dclugo takes placo at the ond of Braumd’s day:
for all created beings are then absorbed in Brahmé’s body.

64. As on the extinction of BrarMA himself all things are
dissolved into nature, wise men therefore call that dissolution
tho PraxRITIRA or resolution into nature. Things thus in a
slate of oxtinction having their dostinios soverally fixed aro
ngain produced in scparate forms when nature is cxcited (by
tho Creator).

65. The devout men, who have destroyed all their virtues
and sins by a knowledge of the soul, having abstracted their
minds from worldly acts, concentrate their thoughts on the

Aro four-fold.

l{erc, by substituting the values of the 24 sincs statod in tho GanITA'DHA'YA
wo have

A = 8013 viz. the diameter of the globe where the circumference =96. L. W,

[ere, the demoustration of the rule (multiply tho superficial area of tho
sphoro by tho dinmeter and divido the product by 6) for finding out the solid
content of the sphero is shown by Bma'skara’ciia’RYA in the following manner.

8uppose in the sphere the number of pyramids, the height of which is equal
to the radins and wlose bases aro sqnares having sides equal to 1, equal to the
number of tho suporficial aven of tho sphoroe, then

‘Tho solid contents of overy pyramid = } R.

= } dinmetor

and the numbor of pyramids in the sphoro is cqual to the numbor of the
superficial conlents of tho sphero.

.. Tho solid content of the sphere = } dismeter 3¢ suporficial area.—B.D.]
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Supreme Being, and after their death, as they attain the stato
from which there is no return, the wise men therefore denomi-
nate this state the ArvanTia dissolution. Thus the dissolu-
tions are four-fold.

66. The earth and its mountains,
the Gods and DxiNAvas, men and
others and also the orbits of the conmstellations and plancts
and the Lokas which, it is said, are arranged one above the
other, are all included in what has been dcnominated the
BraruANDA (universe).

The universe.

Dimonsions of the Baam- 07+ Somo astronomers have assert-
MA'NDA, cd the circumference of the circle of
Heaven to be 18,712,069,200,000,000 YosaNas in length.
Some say that this is the length of the zone which binds the
two hemispheres of the BranMiNpa. Some PAURANIRAS say
that this is the length of the circumforenco of the LokaLoka
Parvara *

" ® Vide verses 67,68,69, BEA’SKARA'OHA RYA doos not answer the objection which

these verses supply to his theory of the Earth being the centre of the system.
The 8Sun is here made the principal object of the system—the centre of the
Branua’Npa—the centre of light whose boundary is supposed fixed : but if the
Bun moves then the Hindoo BranMA'NDA must be supposed to be constantly
changing its Boundaries. Subbuji Bipi had not failed to use this argument in
favour of the Newtonian system in his 8'1RoMaNI PraKA'S's, vide pages 65, 56.
Bua’sxara’ona’RYA however denies that he can futher the opinion that this is
the length of the ciroumference limiting the Bramua'Npa and thus saves hin-
sclf from a difficulty. L. W,

[Mr. Wilkinson has thus shown tho objootion which S8ubbijo Bipé mado to
the assumption of the Sun’s motion, but I think that the objection is not a
{:;(:iciona ono. Because had the length of the circumference of the BRATMA'NDA

n ohanged on account of the alteration of the boundary of tho Sun’s light
with him, or had any sort of motion of the stars boen assumod, as would havo
been grauted if the carth is supposed to bo fixed, then, tho inconvenicnce would
havo occurred ; but this is not tho caso. In fuct, as we cunnot Lix any boundury
of the light which issuod from tho sun, tho statod length of tho circumforenco
of tho BuauMANpa is an imaginary one. For this reason, Bufiskaniowirya
doos not admit this statod longth of the circumforonce of the BrauMa'Npa,
e stated in his JaniTa’DUYAYA in the cominentary on tho verse 68th of this
Ohapter that * those only, who have a perfect knowledge of the Bramma'Npa
as they have of an A'NVALA’ fruit held in their palm, can say that this length of
the circumference of the BrauMa’nNpa is the true one;” that is, as it is not in
man’s power to fix any limit of the BRAHMA'NDA, the said limit is unreasonable.
Therefore no objection can be possibly made to the system that the Sun movus,
by assuming such an imaginary limit of tho BrammANpa which is littlo loss
impossiblo than the existenco of the heavenly lotus.—B, D.]
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68. Those, however, who have had a most perfect mastery
of tho clear doctrine of the sphere, have declared that this is
tho length of that circumference bounding the limits, to which
the darkness dispelling rays of the Sun extend.

69. But let this be the length of the circumference of the
BrauMAnDA or not : [of that I have no sure knowledge] but it
is my opinion that each planct travorses a distance correspond- -
ing to this number of Yosanas in the course of a KavLra or
a day of BraumA and that it has been called the Knagaksuf by
tho ancicnts.

End of third Chapter called the BHUVANA-KO8'A or cosmo-

graphy.

CHAPTER IV.
CALLED MADHYA-GATI-VASANK.
On the principles of the Rules for finding the mean places of

the Planets.
Pincos of tho sovorsl 1. The sovon [grand] winds huvo
winds. thus been named : viz.—

1st. The Avaha or atmosphero.
2nd. The Pravaha beyond it.
8rd. The Udvaha.

4th. The Samvaha.

5th. The Suvaha.

6th. Tho Parivaha.

7th. The Parévaha.

2. The atmosphere extends to the height of 12 Yosanas
from the Barth : within this limit are the clouds, lightning, &c.
The Pravaha wind which is above the atmosphere moves con-
slantly to tho wostward with uniform motion.

3. As this sphore of the universe includes the fixed stars
and plancts, it theroforo boing impelled by the I’ravabn wind,
is carriod round with the stars and plancts in o constont

revolution.



128 , " Translution of the [LV. 4.

An illustration of the 4. Tho Plancts moving ocastward
motion of tho planeta. in the Ioavens with a slow motion,
appear as if fixed on account of the rapid motion of the sphere
of the Hecavensto the west, as insocts moving roversely on a
whirling potter’s wheel appear to be stationary [by roason
of their comparatively slow motion].

Sidoreal and torrestrisl  O. Ifa star and the Sun rise simulta-
days and their lengthia. ncously [on any day], the star will
rise again (on the following morning) in 60 sidereal aRATIKLSs :
tho Sun, however, will risc later by the number of Asus (sixths
of a sidereal minute), found by dividing the product of the
Sun’s daily motion [in minutes] and the asus which the sign,
in which the Sun is, takes in rising, by 1800 [the nuwmber of
minutes which each sign of the ecliptic contains in itself].

6. Tho timo thus found addoed to tho 60 sidoronl anarkis
forms a true terrestrial day or natural day. The longth of
this day is variablo, a8 it doponds on tho Sun’s daily motion
and on tho time [which different signs of the ccliptic take]
in rising, [in different latitudes: both of which are variable
elements] ¥

® [TTad the Sun moving with uniform motion on the oquinootial, the
cach minute of which rises in cach asu, the number of aBUS cqual to
the number of tho minutes of the Sun's duily motion, being added to
the 6O sidereal @maTixas, would have invariably imade the oxnct longth of the
truo terrestrinl day as Larna and othors say. But this is not tho cuso, boecause |
tho Sun moves wit{n unequal motion on the ecliptic, tho equal portious of which
do not rise in equal times on account of its being obligne to the equinoctional,
Therefore, to find the exact length of the true terrestrial day, it is neccssary to
determine the time which the minutes of the SBun’s duily mnotion take in rising
and then add this time to 60 sidereal Guariga’s. For this reason, tho torres-
trial day dotermined by LaLra and others is not a truo but it is a mean.

The difforence betweon tho obliguo ascension at the boginning of uny given
day, and that at the ond of it or ul tho buginning of the next duy, is the time
which the minutes of tho Sun’s motion ut the duy above alluded to tuke in
rising, but as this cannot be easily dotormined, tho auciont Astronomnors having
determined the periods which the signs of the ecliptic take in rising at a given
place, find the time which any portion of a given sign of the ecliptic takes in
rising, by thie following proportion.

If 80° or 1800’ of a sign : take number of tho asus (which any given sign
of the ecliptio tukos) in rising at a given place : : what time will any portion of
the sign above alluded to take in rizini; P

Tho calculation which is shown in tho th vorse deponds on this proportion.—

B.D]
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Rovolutions of the Sun in ~ 7. A sidercal day consists invari-
Lo of s 2117 Of 0 siderl omayicas:  moan
8AVANA day of the Sun or terrestrial
day consists of that time with an addition of the number of
Asus equal to the number of the Sun’s daily mean motion
[in minates]. Thus the number of terrestrial days in a year
is less by one than the number of revolutions made by the
fixed stars.

8. 'The length ofthe (solar) year is
865 days, 15 aHATIRAS, 80 pPALAs, 22}
vIPALAS reckoned in BaGur sAvANA or terrestrial days: The
vyth of this is called a saura (solar) month, viz. 30 days, 26
QUATIRAS, 17 patas, 81 virALas, 52} praviearas. Thirty
8£vANA or terrestrial days make a 8{VANA month.*

Length of lunar month 9. The time in which the Moon
or lunation. [after being in conjunction with the
Sun] completing a revolution with the difference between the
daily motion and that of the Sun, again overtakes the Sun,
(which moves at a slower rate) is called a Lunar month. It is
29 dnys, 31 Guatikas, 50 rALAS in longth.+

Tho roason of addilive 10. An Apumnifsa or additivo month
months callod ApmiMa’sas.  which is lunar, occurs in tho duration
of 32} saura (solar) months found by dividing the lunar month
by the difference between this and the saurA month. From

Longth of solar year.

® [Here a solar year consists of 865 days, 16 GHATIEAs, 80 PaALAS, 23}
VIPALAS, i. 0. 366 d. G A. 12m. 9 ». and in 8GrYA-SIDDHA’NTA the lonlgth of the
year is 365 d. 16 g. 81 p. 81. 4 v. i. e, 865 d. 6 A. 12 m. 86. 66 +.—B. D.]

+ That lunar month which ends, when the S8un is in Mxsma stellar Aries is
called cgAiTRA and that which terminates when the Sun is in vRISHABOA stellar
Taurus, is called Vars'axma and 8o on. Thus, the lunar months correspondin
to the 12 stellar signs Mzsma (Aries) VRismaBmA (Taurus) Mirnona (Geminig
Kanxa (Oancer), Sixma (Leo), Kanva’ (Virgo), Tura’ (Libra), VRis'cuixa
(8corpio), Dranvu (Sagittarius), Mamara (Capricornus), Kumbua (Aquarius)
and Muna (Piscos), aro Cuarria, VAIs’A’RRWA, JYRSATICA, A’SHA'DUA 8’RA’VANS,
Bua’prarapa, A's'wiNa, Ka'mrira, Ma’raas’fusua, Pavsma, Ma’aua, and
Pruarauxa., If two lunar months terminate when the Sun is onls in one stellar
sign, the socond of theso is onlled Anmima’sa an additivo month, Tho 80th
port of a lunar month is called Tithi (a lunar day).—B.D.] .
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this, the number of the additive months in a KALPA may also
be found by proportion.*

11. As a mean lunar month is shérter in length than o
mean SAURA month, the lunar months are therefore moro in
number than the sAurA in a RALPA. The difference betwoeen tho
number of lunar and saura months in a kAvLra is callod by
astronomers the number of ApHiMASas in that period.

The reason of subtractive 12, An Avama or subtractive day
day called Avaxa. which is 8&vANA occurs in G4y Trrmis
(lunar days) found by dividing 30 by tho difforence betwoen
the lunar and s{vaNa month. From this, the number of Avauas
in a YUGA may be found by proportion.t

18.3 1If the ApHiMAsas are found from sAURA days or months,
then the result found is in the lunar months, [as for instance
in finding the AmarYANA. If in the sAuRA days of & KALPA : aro

® [After the commencement of a YUGA, a lunar month terminates at tho
ond of AMAVA’SYA’ (now moon) and & BAURA mouth at tho mean vRIswaBIfa-
BANKRA’NTI (i. o. whon tho mean Sun enters tho socond stellar sign) which tukos
place with 54 g. 27 p. 81 v. 62} p. after the new moon. Aftorwards asecond lunar
month ends at the 2nd new moon after which the MITHUNA-BANKRA’NTI takes
place with twico the Ghatis. &o. above mentioned. Thus the following San-
XRA‘NTIS KARKA &o. take placo with thrice four times &o. those Guaris, &c. In
this manner, when the SANKRA’NTI thus going forward, again takes place at new
moon, the number of tho passed lunar months exceeds that of the sauRA by ono,
This one month is called an additive month : and the sAURA months which an
nd(l!itin month requires for ils happening can be found by tho proportion as
follows.

As B4 ghatis, 37 p. &o. the differenco betwecn a lunar and a saura

1 Ono saurs month

3 1 29, 81, 60 the number terrestrial day &o. in a lunar month

: 82, 16, 81, &o. the number of saura months, days, &o.—B. D.]

+ [At tho beginning of a xaLPA or a YUGA, the terrestrial and lunar
days simultaneously, but the lunar day being less than the terrestrial dny,
terminated before the end of the terrestrial day, i. e, befere the next sun-rise.
The interval between the end of the lunar day and the next sunrise, is called
AvaMa-8’sHA the remainder of the subtractive day. This remainder increases
every day, thorofors, when it is GO Guarixis (24 liours), this constitutos a
AvaMa day or subtractive day. The lunar days in which a subtractive day
occurs, are found by the following proportion.

10d.28 g. 10 p. the difference between the lengths of terrestrial and of a
lunar month,

: 1 lunar month or 80 tithis

1 : & whole terrestrial day : 64-ytithis nearly.—B. D.]

1 The objects of these two verses seems not to be more than to assert that
the fourth term of a proportion is of the same denomination as the 2nd.—L. W.
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so many ApmiM&sAs :: thon in given numbor of solar days;
how many Apumfsas?] If the ApuiM£sas are found from
lunar days or months, then the result isin saura months, and
the remainder is of the like denomination.

14. [In liko manner] tho Avamas or subtractive duys if
found from lunar days, are in s{vaNA time: if found from
84{vANA time they are lunar and the remainder is so likewise.

15. Why, O Astronomor, in find-
ing the AnaraanNA do you add sAura
months to tho lunar months Cumarrea &c. [which may havo
elapsed from tho commencement of the current year] : and
tell me also why the [fractional] remainders of ApHiMAsAS and
Avama days aro rojocted : for you know that to give a truo
result in using the rule of proportion, remainders should be
taken into account ?

Reason of omitting to in- 16.*% As the lunar month euds at
fl“g:(g::g ﬁzﬂﬂ!ﬁl‘; ‘l'::m the change of the Moon and the

SUARA month terminates when the Sun
cnters a stellar sign, the accumulating portion of an ApHiMAsA
always lics aftor oach now Moon and before the Sun cntors tho

sign.

A guestion.

. Fl'he meaning of theso 4 verses will be well understood by a knowledge of the
rule for finding the ABARGANA, we therefore show the rule here.

In order to find the Auaraana (elapsed torrestrisl days from the commence-
mont of the KaLra to the required time) astronomers multiply the number of
8AURA years expired from the beginning of the Karra by 12, and thus they got
tho numbor of 8aurA months till tho last Mesia SANKRANTI (that is, tho timo
when the 8un cnteras the 1st sign of tho Zodino called Arios.) Lo theso mouths
they add thon tho passod lunar months CitarTra &o., considoring thom us sauma.
‘I'hese 84URA months become, up to the time when the Sun enters the sign of tho
Zodiac corresponding to the required lunar month. They multiply then the num-
ber of these months Ly 80 and add to this product tho number of the passed
71718 (Junar days) of the required month oonsidoring thom as sauvna days. The
number of 8AURA days thus t}mmd bocomes greater than that of those till the
end of the required TITHI by the ADHIMABA 8’8THA. To ako theso 8AURA days
hunar, they dotermino tho clapsod additivo wonths by tho proportion in the
following manncr

As the numbor of 8AURA days in & KaLra

: the number of additive months in that period
¢+ tho numbor of sAURA days just found

+ the number of additive months vlupsed

k2
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17. Now tho number of Trrmis (lunardays) olapsed sinco
the change of the Moon and supposed as if 8AURA, is added to
the number of saura days [found in finding the AHARGANA] :
but as this number exceeds the proper amount by the quantity
of the ApmmuasA-s'EsHA therefore the ApHIMAS-sEsiA is omit-
ted [to be added].

18. [In the same manner] there is always a portion of a
Avama-g'esna between the time of sun-rise and the end of the
[preceding] miTHI. By omitting to subtract it, the AHARGANA
is found at the time of sun-rise: if it were not omitted, tho
AnArgANA would represent the .time of the end of the TiTmI
[which is not required but that of the sun-rise].

Reason of the correction 19, 20, 21 and 22, As the true,
called the Upavinrama terrestrial day is of variable length, the
AR AnaraaNA has been found in mean
torrostrial days: tho placos of the plancts found by this
AuaraaNa when roctified by tho amount of the correction
cullod tho UpavAnrara whothor additivo or sublenclive will bo
found to be at the time of sun-rise at Lank£.* The ancient

If these additive months with their remainder be added to the savma days
above found, the sum will be the number of lunar daysto the end of the BauRA
days, but we require it to the end of the required TITHI. And as the remainder
of the additive months lies between the ::3 of the TITHI aud that of its corre-
sponding saURA days, they therefore add tho whole number of Apur-aisas just
found to that of the BaURA days omitting the remainder to find the lunar days
to the end of the required TITHI. Moreover, to make these lunar days terrestrial,
they determine Avaa subtractive days by the proportion such as follows. .

As the number of lunar days in a Karra
1+ the number of subtractive days in that period
1 : the number of lunar days just found
3 the number of Avama elapsed with their remainder.

If these AvaMaS be subtracted with their remainder from the lunar days, the
difference will be the number of the AvaMa days elapsed to the end of the requir-
ed 1rTHI ; but it is required at the time of sun-rise. And as the remainder of the
subtractive days lies between the end of the T1TuI and the sun-rise, they thereforo
subtraot the Avamas above found from the number of lunar daye omitting their
vomainder i. 6. AVAMA-8’28HA. Thus the AMARGANA itself becomes at the sun-
rise.—B. D.]

® [If the Sun been moving on the eqninoctial with an equal motion, tho
terrestrial day would have been of an invariable length and consequently the
Sun would have reached the horizon at Lanki at the end of the Amaraana
which is an enumeration of the days of invariable length that is of the mean
terrestrial days. But the Sun moves on the ecliptic whose cquul parts do not
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Astronomers have not thus rectified the places of the planets
by this correction, as it is of a variable and small amount.

The differcnce betwecn the number of Asus of the right
ascension of the mean Sun [found at the end of the Anaraana]
and the number of Asus equal to the number of minutes of
the mean longitude of the Sun [found at the same time] is
the difference between the true and mean AHARGANAS.* Mul-
tiply this differonce by the daily motion of the planet and
divide the product by the number of Asus in a nycthemeron.t
The result [thus found] in minutes is to be subtracted from
the places of the planets, if the Asus [of the right ascension
of the mean Sun] fall short of the KAL8 or minutes [of the -
monn longitude of the Sun], otherwise the result is to be
added to tho places of tho planets. Instead of the right as-
cension, if oblique bscension be taken [in this calculation)
this UpAYANTARA correction which is to be applied to the
places of the planets, includes also the cHARA correction or
the correction for the ascensional difference.

Resson of the correction 28. The places of the planets
callod tho Dis'A’NTARA:  which aro found boing roctified by
this UpAYANTARA corroction abt the time of sun-rise at Lanka
may bo found, boing applicd with tho DesxNrARA corrcction,
at the time of sun-rise at a given place. This DEsaNTARA
correction is two-fold, one is east and west and the other

rise in equal periods. For this reason, the Sun does not come to the horizon at
Laxwxa’ at the end of the Amar@ana. Therefore the places of the planets
dotormined by the mean ABARGANA, will not bo at the sun-rise at Lanxa’. Henoe
a correction is necessary to be applied to the places of the planets. This
correction called UpAYANTARA has been first invented by Bafsmaracuiuya who
consequently abuses them who say that the places of the planets determined by
the mean ADARGANA become at the time of the sun-rise at Lanx4.—B. D.]

® The difference betwoen tho mean and truo AMARGANAS is that part of
tho equation of time which is due to the obliquity by the eoliptic.—L. W,

+ [This calculation is nothing clsc than tho following simplo proportion
If the number of Asus in a nyothcmgron
: daily wotion of the plaunet
:: the dilferonce botween the true and moan AHAUGANAS
give.—B. 1).]
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is north and south. This north and south correction is called
CHARA,

24. The line which passes from Lank{, Uiavinf, Kuru-
ksHETRA and other places to MEru (or the North Pole of the
Earth) has been denominated the MApHYAREKHA mid-line of
the Earth, by the Astronomers. The sun rises at any place
east of this line before it rises to thatline : and after it hasrisen
on the line at places to its west. On this account, an amount
of the correction which is produced from the difference be-
tween the time of sun-rise at tho mid-lino and that at a given
place, is subtractive or additivo to tho placos of tho plancts,
as the given place be east or west of the mid-line [in ordoer
to find the places of the planets at the time of sun-rise at the
given place].

25. As the [small] circle which is described around Meru
or North Pole of tho llarth, at the distance in Yosanas reckon-
ed from MEkru to given place and produced from co-latitudo
of the place [as mentioned in the vorso 50th, Chapter 111.]
is called rectified circumference of the Earth (parallel of latitude)
[at that place] therefore [to find this rectified circamference],
the circumference of the Earth is multiplied by the sine of co-
latitude [of the given place] and divided by the radius.

End of 4th Chapter called MADHYA-GATI VASANA,

® This amount of correction is determined in the following manner. .

The ¥YoJaNas between the midline and the given place, in the parallel of
Jatitude at that place, which is denominated SrasuTa-PARIDHI ara called,
Dxo’s’NTARA YOJaNAS of that place. Then by the proportion.

As the number of YoJANAS in tho SPasuTa-PaRIDUL: G0 QUATIKAS : : DEsa'N-
TARA YOJAKNAS : the difference between the time of sun-rise at midline and that
at & given place, This diffvrence called DEs’a’NTARA GUATIKA’S is tho longitude
in time east or west from Lanka’. Again

As 60 auamixa’s: daily motion of the planet : : DXSANTA’RA GHATIEA'S:
the amount of the correction required.

Or this amount can be found by using the proportion only once such as follows

As the number of yosanas in the Bpasuta-panipui: daily motion of the
planet: : Dgs’ANTARA + YoJANAS : the same amouut of the corrvction ubove
found.— B, D.]




V. 2.] Sidhdnta-stromani. 135

CHAPTER V.

On the principles on which the Rules for finding the true
places of the Planets are grounded.

1. The planes of a Sphere are
intersectod by sines of pouwA and
KoT1,* a8 o picco of cloth by upright and transverse threads.
Beforo describing tho spheric, I shall first explain the canon
of sines.

. 2. Take any radius, and suppose it the hypothenuse (of
o right-auglod trinnglo). Tho sino of pmusa is tho baso, and
the sino of kor1 is tho squaro root of the difference of the
squares of tho radius and tho base. The sines of degrees of
sousA and Eor1 subtracted separately from the radins will
be the versed sines of kof1 and BHUJA (respectively).

On tho canon of sines,

[* Tho nruJa of any given arc is that arc, less than 90°, the sine of which
is equal to tho sinc of that given are, (tho consideration of tho positiveucss and
negation of tho sino is hero negloctod).  For this reason, tho mitusa of that
aro which terminates in tho odd quadrants i. e. tho 1st and 8rd is that part
of tho given arc which falls in tho quadrant whero it torminates, and tho
Biuaa of the nro which ends in tho oven quadrants, i. 0. in tho 2nd and 4th,
is (il,:;:]\t aro which is wanted to complete the quadrant where the givon aro is
ended.

‘The x0TI of any aro is the complement of the BRUJA of that arc.

pL_—2 Po

Let the 4 quadrants of a circle
A B CD be successively A B, B
C, C D and D A, then the nruvsas
of thoavea AP, ABVP,ACD,,
ADP wilbo AP, CP,0CP,,
A P, and the complements of
theso puuvsas aro thoares B P,
B Iy, Py, DI, respeetively. —
B.D.] B o
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3. The versed sine is like tho arrow intersecting tho bow
and the string, or the arc and the sine.*

The square root of half the square of the radins is tho sine
of an arc of 45°. The co-sine of an arc of 45° is of the samo
length as the sine of that arc.

® These methods are grounded upon the following principles, written by
BOA’SKARA’CHARYA, in the commentary VASANA'-BHA’BHYA.,

(1) Let thearo A B=90° and A 0=
L]
< AD (=1} A B) =uin. 45°; and let

O Aor OB = the radinus (R) thon A 1i*
=0A"'4O0B?=20A*=2R!?

S A B=«/2R'

andAD=}AB=4}
2

orsin, 45° = J %’ .

o 8

(2) Tt is ovidont and stated also in tho Lia’varr, that tho sido of a vogular
hexagon is equal to the radius of ite circumscribing circle (i. o. ch. 60° = R),
Ilence, sin. 80° = § R.

(3) Let A B be the half of a given arc A P, whose sine P M and versed sine
A M ure given. Then

AP=APM:4AM
and} AP=AN=sin.AB

osinAB=3 A//PM L aAM
(4) The proof of the last method by Algebra
cos = R — versed sino

c.o0'=R'—2R.v+4 0o .
subtracting both sides fromR?, c x >

Ri—cos’ =23 R.v —o*
orsin*=2R.v—0*

adding ¢* to both sides

sin? 4 "’=2R. o
and  (ein' o) =4R.o

oxtruoling tho squaro root,

}\/nin.’+o'= J{B.o

but by the preceding method

h

¥ /sin? 4 #* = the sine of half the given arc;

<\ bin.  aro = J AR .s—B.D.]
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4. Half the radius is the sino of an arc of 80°: The
co-sine of an arc of 80° is the sine of an arc of 60°.

Half the root of tho sum of the squares of the sine and
versed sine of an arc, is the sine of half that arc.

5. Or, the sine of half that arc is the square-root of half
the product of the radius and the versed sine.

The sines and co-sines of the halves of the arcs before found
may thus be found to any extent.

6. Thus a Mathematician may find (in & quadrant of a
circle) 3, 6, 12, 24 &c., sines to any required extent.*

Or, in & circle described with a given radius and divided
1into 360° the required sines may be found by measuring their
lengths in digits.

Renson of correction which 7.+ As the centre of the circle of

i ired to find ti . . .
}:oﬁq';;::dm:m:"g,u: o'> the constellation of the Zodiac coin-

planet. cides with the centre of the Earth :

¢ [When, 24 sines are to bo dotermined in a quadrant of a circle, the 8 sines,
i. e. 12th, 8th and 16th, can be easily found by the method here given for finding
the sines of 469, 300, and the complement of 309, i. e. 60°, en by means
of Ltheso threo sinos, tho rost ean bo found by the method for finding tho sine
of hall an are, as follows. I'rom tho 8th eine, tlio 4th and the co-sino of tho 4th
i. e., the 20Lh sinc, can bo detorminod. Again, from the 4th, tho 2nd and 22nd,
and from tho 2nd, tho 1st und 23rd, ean be found. In liko manner, the 10th
14th, 6th, 10th, 7th, 17th, 11th, and 18th, can also bo found from the 8th sine.
From tho 12th aguin, the Gth, 18th, 8rd, 21at, 9th and 16th can be determined,
and the radius is the 24th sine. Thus all the 24 eines are found. Several
other methods for finding the sines will be given in the sequel.—B. D.]

+ Bna’skARA’CHA'RYA maintains that the Earth .is in the centre of the
Universe, and the 8un, Moon and the five minor planets, Mars, Mercury, &c.
revolve round the Earth in circular orbits, the centres of which do not coincide
with that of the Earth, with uniform motion. The circle in which a planet
revolves is culled PRATIVRITTA, or excentrio circle, and a circle of the same size
which is supposed to have the same centre with that of the Earth, is called
KARSHA'VRITTA or concentrio circle. In the circle, the planet appears to revolve
with unequal motion, though it revolves in the excentric with equal motion.
The place where the planet revolving in the excentric appears in the concentrie
is its truo place and to find this, astronomers apply a correction called MaNDa-
PHALA (st equation of the centre) to tho mean place of the planet. A mean
planet thus corrected is called MANDA-8PASHTA, the circle in which it revolves
MANDA-PRATIVRITTA (18t excentric) and its farthest point from the centre of the
concentric, MANDOCHCH (1st higher Apsis). As the mean places of the Sun and
Moon when corrccted by 1st equation become true at the centre of the Earth,
this correction alone is suflicient for them. But the five minor planots, Mars,
Mercury, &c. when corrected by the 1st equation are not true at the centre of
the Earth.but at another place. For this reason, astronomers having assumed

)
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and the centre of the circle in which the planet revolves does
not coincide with the centre of the Earth: the spectator,
therefore, on the Earth does not find the planet in its mean
place in the Zodiac. Hence Astronomers apply the correction
called BHUJA PHALA to the mean place of the planet [to get
the true place]. '

Mode of illustration of 8. On the northern side of a wall
the above fact. running due cast and west, let the
teacher draw a dingram illustrative of the fact for tho satis-
faction of his pupils.

A verso to encourage those 9. DBut this science is of divine
vho may be disposed to de- i revealing facts mot cognizable

pond in quence of the
dificulties of the scienoce. by the senses. Springing from the

the concentrio cirole as second excentrio of these five planets, take another
circle of the same size and of the same centre with the Earth as concentric, and
in order to find the place where the planet revolring in the 2nd excentrio
appears, in this concentrio, they apply a correction called 8’farna-riiara, or 2nd
equation of the contre, to the mean place corrected by tho 1st equution. The
MANDA-8PASUTA planct, whon correctod by tho 2ud equntion is enllud 8'rasira,
or true plunct, the 3ndexcentrio, 8'fGHRA-PRATIVRITTA, and its furthest point from
the centre of the Earth,s’ranRooucR the 2nd higher Apsis.

If & men wishes to draw a diagram of the arrang t of the planets accord-
ing to what we have briofly ltutog here, he should first describe the excentrio
ocircle, and through this excentrio the conceutric, and then he may deteriine
the place of the MANDA-8PASHTA planet in the concentrio thus described. Again,
baving sssumed the concentric as 2nd excentric and desoribed the concentrio
through this 2nd excentric, he may find the place of the true planet. This is
the proper way of drawing the diagram, but astronomers commonly, having
first described the concentrio, and, through it, the oxcentrio, find the corrected
mean place of the planet in the concentric. After this, having described the
2nd exoentrio through the same conocatrio, they find the truo placo in the
concentric, through the corrected mean place in the same. These two modes,
of constructing the diagram diffur from each other only in the respect, that in
the former, the conocentric is drawn through the excentrio circle, and in the latter,
the excentrio is drawn through the concentric, but this can easily bo understood
that both of these modes are equivalout and produce the same result.

In order to find the 1st and 2nd equations through a difforent theory, astro-
nomers assume that the oontre of a small circle called NfcrHoOmOHA-VRITTA OF
epicyole, rovolves in the concentrio circlo with tho mean motion of the plauot
and the planet revolves in tho epicycle with a revorso motion equal to the neun
motion. Buoa'sEara’cua’BYA, himself will show in the sequel that the motion of
the planet is the same in both these theories of excentrics and epicycles.

It is to bo observed here that, in the oase of the planets Murs, Jupiter and
Saturn, the motion in the exoentric is in fact their proper revolution, in their
orbits, and the revolution of their 8'1aHROCHCHA, OF uicrn gee, corresponds to
a revolution of the Bun. But in the case of the planets Mercury and Venus,
the revolution in the excentrio is performed in the sume timo with thoe Sun, and
the revolutions of their a’léHROCHOHAS are in fact their proper rovolutions in
their orbits.—B. D.]
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supreme BranMA himself it was brought down to tho Earth
by Vasisutaa and other holy Sages in regular succession;
though it was deemed of too secret a character to be divulged
to men or to the vulgar. Hence, this is not to be communi-
cated to those who revile its revelations, nor to ungrateful,
evil-disposed and bad men: nor to men who take up their
residence with its professors for but a short time. Those
profcssors of this science who transgress these limitations
imposed by holy Sages, will incur a loss of religious merit, and
shorten their days on Earth.

Constraction of & dia- 10. In the first place then, de-
gram to illustrate the ex- scribe a circle with the compass opened
contrie theory. to the length of the radius (3438).
This is called the RAKSHAVRITTA, or concentric circle; at the
centre of the circle draw a small sphere of the Earth with a
radius equal to y'sth* of the mean daily motion of the planet.

11. In this concentric circle, having marked it with 360°,
find tho place of the higher apsis and that of the planet,
counting from the 1st point of stellar Aries; then draw a
(porpendicular) diamoter passing through the centre of the
Earth and the higher apsis (which is called vcHCHA-REKHS,
tho line of tho apsides) and draw another transverse diameter
[perpendicular to the first] also passing through the centre.

12.  On this line which passes to the highest apsis from the
centre of the Earth, take a point at a distance from the Earth’s
centre equal to the excentricity or the sine of the greatest
equation of the centre, and with that point as centre and the
radius [equal to the radius of the concentric], describe the
PRATIVRITTA or excentric circle; the UCHCHA-RERKHA answers
the like purpose also in this circle, but make the transverse
diameter different in it.

® All the Tindu Astronomers seem to coincide in thinking that the horizontal
prralinx PARAMA-LAMBANA of oll the planets amounts to a quantity equal to
1'5th of their daily motion.—L. W.

r2
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13 and 14.% Where the ucHcHA-REKHA perpendicular dia-
meter (when produced) cuts the excentric circle, that is the

¢ Fig. 1.

3
[ In fig. 1st let € be the centre of the conoentrio circle A B O D, 7 the place
of the stellar Aries, A that of tho higher apsis, and M that of tho mocan planet
init: thon X A will bo tho vonena-uxxua (the lino of the apsides). Agnin
let T O bo tho oxocontricity and M ¥ I, G tho oxcontrioc which hus O for its
centre ; thon H, T P, will bo the places of the higlier apsis, the stcllar Aries
and the planct respectively in it. Hence H P will be the xxNpRa ; P K the
sine of the xzNDRA; P I the co-sine of the XENDRA.
The XENDRA which is more than 9 signs and less than 8 is ocalled MRIGADI
i. e. that which terminates in the six signs beginning with Capricornue) and
that which is above 8 and less than 9 is called XARKYADI (i. 6. that which ends
in the six signs beginning with Cancer).
Thus (Fig. 1) that which terminatos in @ H F is MRrIGADI XENDRA, and
that which ends in F L & is Karxya'prL—B. D.]
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placo of tho highor apsis in it also. From this mark the first
stellar Aries, at the distance in degree of the higher apsis
in antecedentia: the place of the planet must be then fixed
counting the degree from the mark of the 1st Aries in the
usual order. '

The distance between the higher apsis and the planet is call
ed the kENDRA.* The right line let fall from the planet on the
ucHCHA-REKIK i8 the sine of uusA of the xenpra. The right
line falling from the planet on the transverse diameter is the
cosine of the KENDRA, it is upright and the sine of BHUJA is &
transverse line.

'rhomrin?iploﬁ on wl.ilch 15. As the distance between the
tl ing ¢l : . .
,-:ount of equation of eontre  diameters of the two circles is equal

is to the excentricity and the co-sine
of the KENDRA is above and below the excentricity when the -
KENDRA i8 MRIGADI and KARKYADI (respectively).t

® The word KENDRA or centre is evidently derived from the Greek word
xevrpor and means the truo centre of the planet.—L. W,

4 [In (Fig. 1) I’ K is the srituta xott and P F tho xanya (tho hypothonuso)
which cuts tho concentric ot I,  Hence the point T will be the apparent place
of the planet and T' M the equation of the ocntre.

This equation can be detorminod as follows.

Draw M » perpendicular to E T, it will be the sine of the equation and the
triangle P M » will be similar to the triangle P B K.

S PE:EK=PM:Man;

PM.EK
1 Mx= == sino of the equation ;
PR
EO.EK
=, fr PM=IK=KEO
PE

Now, let ¥ = XE¥DRA, a = the distance botween the centres of the two
circles exoentrio and conoentric, # = sine of tho equation, and A = hypothenuse :
then the BPRUTA KOTI = cos. ¥ == a, according as the KuNDRA is MRIGADI or

xARRYADI, and b = ¢/sind k & (cos. & X a)t

hence by substitution
a.sin. k a.sin. k
%=

A =V sin.? £ 4 (cos. ¥ & a)?
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16 and 17. Therefore the sum or difference of the co-sine
and excentricity (respectively) is here the spruTA KOTI (i. e.
the upright side of a right-angled triangle from the place of
the planet in the excentric to the transverse diameter in the
concentric,) the sine of the BAuiA [of the KENDRA] is the
BHUJA (the base) and the square-root of the sum of the squares
of the sriruTA kofT and BRUJA is”called KARNA, hypothenuse.
This hypothenuse is the distance between the Earth’s centre
and the planet’s place in the excentric circle.

The planet will bo observed in that point of the concentric
cut by the hypothenuse.

The equation of the centre is the distance between the
mean and apparent places of the planet: when the mean
place is more advanced than the apparent place then the
equation thus found is subtractive; when it is behind the true
place, tho equation is additive.*

Tho roason for assuming 18. Tho moan planot inoves in its
the MaND-araBUTA Plonebss )\ iy, pparivRITTA (first excentric) ;

a mean in finding the 2nd
equation. the MANDA-8PASHTA planet (i. e. whose

mean place is rectified by the first equation) moves in its
8 IGHRA-PRATIVRITTA (second excentric). The MANDA-spAsHTA

It also follows from this that, when ocos. k is equal to @ in the xarxYaDI
KENDRA, then 3 will be equal to sin. k, otherwise 4 will always bo greator than
sin. £ and consequently » will be less than a. Hence, when 4 is equal to sin &,
& will then be greatest and equal to g, i. e. the equation of the centrs will be
greateat when the hypothenuse is equal to the sine of the xxNDRA, or when the
planet reaches the point in the excentric cut by the transverse line in the
concentric. Therefore, the centre of the oxcentric is marked at the distance

ual to the excentricity from the contre of the concentrio (as stated in the
v 12th.)—B. D.]

® [Thus, tho mean planet, corrcoled by tho 1st equation, hecomes
MANDA-8PASHTA and this process is called the MaNDA procecss. After this,
the MaNDa-sPASHTA when rectified by the sr'anma Pmara, or 2nd equation, is
the sPasHTA planet, and this 2nd process is termed the 8’1GERA process. Both
of these processes, MANDA-SPASHTA and 8PASHTA ave reckoned in the VIMaN-
paLA or the orbit of the planet as hinted at by BrASKARAOHARYA in the
commentary called VAsaNa-BHASHYA in the sequel. These places are assumed
for the ecliptic also without npplﬁiug sny correction to them, because the
correction required is very small.—B. D.]
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is therofore hore assmned as the mean planot in the second
process (i. e. in finding the second equation).*

Tho rcason for the inven- 19. The le in the concentric
tion of the highor apsia. in which the revolving planet in its
own excentric is seen by observers is its true place. To find
the distance between the true and mean places of the planet,
the higher apsis has bcen inserted by former Astronomers.

20. That point of tho oxcentric which is most distant from
the Earth has Dbeen denominated the higher apsis (or
uctcHA) : that point is not fixed but moves; a motion of the
higher apsis has therefore been established by those con-
versant with the science.

21. The lower apsis is at o distance of six signs from the
higher apsis: when the planet is in either its higher or
lower apsis, then its true place coincides with its mean
place, because the line of the hypothenuse falls on the mean
place of the planet in the concentric.

22. As the planet when in the higher apsis is at its
greatest distance from the Earth, and when in the lower

Tho cnuso of varintion of MPHIB b ils loust distanco, thoroluro its
apparent sizc of planct’s dise.  Jiye appears gmall and largo accord-
ingly. In liko mannor, its diso appoars small and largo accord-
ingly as the planet is near to and remote from the Sun.

23. To prevent the student from becoming confused,
I have separately explained the proof of finding the equation
by the PraTivrirrA Buane: of the diagram of the excentric.
I shall now procced to oxplain the same proof in a different
manner by the diagram of a NfcrocncHA-VRITTA (epicycle).

® [For this reason, having assumed the MANDA-8PASATA planet for the
mean, which MANDA-sPASHTA can be determined in the concentric by describing
the excentric circle &c. through the mean plnnet and MaNpocncma, make the
place of the stellur Arics from the MANDA-8PASUTA Ph“ in the reverse order of
the signs and then dcterinine the place of the s’ranrocHouA in the order of
the rigns. Through the places of the stellar Aries and s'1@nr0ooECHA describe
tho 2nd excontric circlo &e. in the way mentioned bofore, and then find the
place of the truc planet in the tric.—B. 1).]




144 ) Translation of the [V. 24.

Construction of Dia 24. Taking the mean place of the
gram

to illustrate the theory of planet in the concentric as the centre,
epicycle, with a radius equal to the excentricity
of the planet, draw a circle. This is called Nfcmocmcua
VRITTA or epicycle. Then draw a line from the centre of tho
Larth passing through the mean place of the planct [to the
circumference of the epicycle].

25. That place in the epicycle most distant from the
centre of the Earth, cut by the line [joining the centre of the
Earth and mean place of the planet] is supposed to be the
place of the higher apsis: and the point in the epycicle
nearest to the Earth’s centre, the lower apsis. In the
epicycle draw a transverse line passing through the centre of
it [and at right-angles to the above-mentioned line which is
called here ucHCHA-REKH(].

26. As the mean planet revolves with its KENDRA-GATI
(the motion from its higher apsis) in the 1st and 2nd epicy-
cle marked with the 12 signs and 360 dogrcos towards tho
reverse signs, and according to the order of the signs respec-
tively from its higher apsis.

27. Mark off therefore the places of the first and second
KENDRAS or distances from their respective higher apsides in
the manner directed in the last verse: the planet must be
fixed at those points. [Here also] The (perpendicular) line
from the planet to the ucncBA-RexuK is the sine of the BuuJA
of the XENDRA: and from the planet on the transverse line
is the cosine [of the KENDRA].¥ (iSes note next page.)

To find the hypothenuse 28 and 29. The BHUJA PHALA and
and the equation of centre.  yory pyrara of tho KENDRA which are
found [in the GaNIT{DHYAYA] are sine and cosine in the epicycle.
As the KoTr PHALA is above the radius (of the concentric) in
MRIGADI KENDRA and within the radius in KARKYADI-KENDRA, the
sum and difference, therefore, of the KoT1 PHALA and the radius
is here the spHUTA-KOTI (upright line), the BHUJA PHALA is
the BHusA (the basc) and the karNA hypothenuse (to complete
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the right-angled triangle) is the line intercepted between the
centre of the Earth and the planet. The equation of the
centre is here the arc [of the concentric] intercepted between

® Note on verses from 24 to 27.

[In fig. 2, let A B C D be the concentric, T the place of the stellar Aries, E the
centre of the Earth, M the mean place of the planet in the doncentric, A f I g,
the Epicycle, & the place of the higher apsis in it, B & the voHCHA-REXHA’
i the place of the lower apsis, P that of the planet, A P the xgnprA, P k the
sine of the XENDRA and P ¢ tho cosine of it.

The sine and co-sine of the XRNDRA in the eszcentric, reduced to their
dimensions in the opicyclo in parts of the radius of the concentric, are named
BHUJA-PHALA aud ROTI-PHALA respectively in the GayiTApryYAva. That is

As the radius or 360° of the concentrio

+ the sino and cosine of the XBNDRA in the excentric
+ 1 excentricity or the periphery of the epicyclo

¢ BHUJA-PUALA and KOTI-PHALA respectively.

Therefore the BHUJA-PuALA and KOTI-PHALA must be equal to the sine and
cosine of the KX¥DEA in the epicycle.—B. D

aq
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the mean place of the planet and the point cut by the hypo-
thenuse. The equation thus found is to be added or subtracted
a8 was before explained.*

80. The planet appears to move forward from MANDOCHCHA,

Construction of the mizeq ©F 18t higher apsis, in the excentric
dingrams of the excentrio circle with its KENDRA-GATI (the mo-
and epioycle. tion from its MANDOCHCHA) and in the
* order of the signs and to the East: From its sIGRROCHCHA,
2nd higher apsis, it moves in antecedentia or reversely, as
it is thrown backwards. -

81. 'When the epicycle however is used, the reverse of this
takes place, the planet moving in antecedentia from its 1st
higher apsis and in the order of the signs from its 2nd higher
apsis. Now as the actual motion in both cases is the same,
while the appearances are thus diametrically opposed, it must
be admitted therefore that these expedients are the mere
inventions of wise astronomors to ascoertain the amount of
equation.

® In (Fig 2) E k is the seruTa-xOTI, P E the hypothenuse, T the apparent
place of the plunet in the oonceutric und T M the equation of the centre. This
equation can also be found by the theory of the epicycle in the following
manner.

Draw T » perpendicular to E M, then T » will be the sine of the equation;
Jet it be denoted by z, the KENDRA in the excentrio by ¥, the excentricity by a,
and the hypothenuse by & : then

R : sin ¥ =a : P & the BHUJA-PHALA
asin k
]

B
Now, the triangles l]%'ll"” and E P % are similar to each other
o H

o the BHUJA-PEALA =

Pk=ET:T»
or A :Pk=R :0
Pk xR
o = 3

A
that is, the BEUJA-PHALA multiplied by the radius and divided by the hypothe-
nuse is equal to the sine of the equation.

asin b
ButP k=

.* by substitution
asink B asink
X —=

= » the sine of tho oquation as

R A A
i‘cmndB boll;)? by the theory of the excentric in the note on the verses 16, 16 and
17.—B. D.
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82. 1If the diagrams (of the excentric and epicycle) be
drawn unitedly, and the place of the planet be marked off in
the manner before explained, then the planet will necessarily
be in the point of the intersection of the excentric by the
epicycle.

33. [In illustration of these opposite motions, examine an
oil-man’s screw-press.] As in the oil-man’s press, the wooden
press (moving in tho direction in which the ballock fastened
to it goes) moves (also itself) in the opposite direction to that
in which the bullock goes, thus the motion of the planet,
though it moves in the excentric circle, appears in antece-
dentia in the epicycle.

34. As the centre of the 1st epicycle is in the concentric,

Explains why the 8 minor let the planet therefore move in the
Planets ';‘f.‘:l":qu‘:;:,'m te  concentric with its mean motion: In
their true places. the concentric [at that point cut by
the first hypothenuse] is the centre of the s1'eERA NicHOCHCHA,
VRITTA or of the 2nd epicycle: In the second or s'iGmRa
epicycle is found the true place of the planet.

35. The first process, or process of finding the 1st equa-
tion, is used in the first place, in order to ascertain the position
of the centre of the sfoHrRA NfcHOCHCHA VRITTA or of the 2nd
epicycle, and the 2nd process, or the process of the 2nd
equation, to ascertain the actual place of the planet. As these
two processes are mutually dependent, it on this account
becomes necessary to have recourse to the repetition of these
two proceases.

36 and 87. Some say that the hypothenuse is not used in

Explains resson of omis- the lst process, because the difference
sion of hypothenuso in the (in the two modes of computation)
MANDA prooess. is inconsiderable, but others maintain
that since in this process the periphery of the first epicycle
being multiplied by the hypothenuse and divided by the radius
becomes true, and that, if the hypothenuse then be used, the
result is the same as it was before, therefore the hypothenuse is

a2
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not employcd. No objection is to be made why this is not
the case in the 2nd process, because the proofs of finding the
eqaation are different here.*
88. As no observeron the surface of the Earth sees the
Beason of Naraxamaa,  Planet moving in the excentric, de-
flected from his zenith, in that place
of the concentric, where an observer situated at the centre of
the Earth observes it in the eastern or western hemisphere,
and at noon both observers see it in the same place, therefore
the correction called Narakaema is declared (by astronomers).
The proof of this is the same as in finding the parallax.t

® [The BHUJA-PHALA, determined by means of the sine of the first XENDRA of
the planet (i. e. by wultiplying it by the periphery of the 1st epicycle and
dividing it by 860¢) has been taken for the sine or the 1st equation o}) the centre :
and what we have shown in the note on the V. 28 and 29, that the wmuJa-
PitaLa, whon ultiplied by the rudius and divided by the hypothonuse, becomos
the sine of the equation may be understood ouly for finding the 2ud equation of
the fivo minor planets and not for detormining the 1st oquation.

Souio say that the omission of the hypothienuso in the 1st process has no
other ground but the vory inoonsiderable difforsnce of the resuit. But prRamMA-
GQUPTA maintains that tho periphery of the 1st epicycle, varies according to the
hypothenuse ; that is, their ratio is always the same, and the periphery of the
1st epicycle, mentioned in the @aNITADHYAYA, is found at the instant when the
hypothenuse is equal to the radius. For this , it is y at first to
find the true periphery through the hypothenuse and then determine the 1st
equation. But, he declares that by so doing; also the sine of the equation
becomes equal to the BuUUJA-PHALA a8 follows. ’

As R : 1st peripliery = the hypothenuse : the true periphery

P X3

"% the true periphery =

, ond consequently the BNUJA-PIALA in

PYXhAh sink
the true epioyole = —— X —;
R 860° ‘
bo sine of th PXk sink Rdbd 4
. the sine of the 1st equation == ——— % —— % — and abridging =
eq " m.x 3 ging

P.sin k&

which is equsl to the BrUJA-PHALA. Hence the hypothenuse is not

used in the 1t process. .
BRAHMAGUPTA'S opinion is much approved of by Bua’sxara’caa’rya.—B. D.]
+ But this is not the oase, because the XaTaxarM which Bia‘sxara’cHa’rya has
stated in the GaNirAvuyAxYa has no oonnootion with the fact stuted in this

8’LokA und therefors many say that this 8'Loxa does not belong to the
text.—B. D
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39. The mean motion of & planct is also its truo motion

Esplains whero the mean when the planet reaches that point in
and truo motious of all the the excentric cut by tho transverse
planets colucide. diameter which passes through the
centre of the concentric: and it is when the planet is at that
point that the amount of equation is at its maximum. [LaLra
has erroneously asserted that the mean and true motions
coincide at the point where the concentric is cut by its ex-
centric.]*

40. Having made the excentric and other circles of thin

Manner of observing the Ppieces of bamboo in the manner ex-
retrogression &c. of Planets.  115ined before, and having changed
tho marks of tho places of the planet and its s'funrocicna 2nd
highor apsis with thoir daily motions, an astronomer may
quickly show the retrogressions, &c.t

® The ancient astonomers Latra, S'riratt &e. say that the true motion of a
planet equals to its mean motion when it reaches the point of intersection of the
concontric and excentric. But Bua’skara’cnaryA denying this, says, that when
the planet reaches the point when the transverse axis of the concentrio cuts
the oxceutric and when the amount of equation is n maxinum, the trus motion
of o planct becomes equal to its monn motion,  For, supposo, p,, pe, P, &e.,
are tho mcan pl of a planct found on ivo days at sun-riso when the
planet procecded from its higher or lower apais and e,, g, ¢,, &o. are the amounts
oll' oquation, then p \t e, p,, & e, p, £ e,, &c. will be the truo places of the
planct,
< pa—p, =k (eg—e), pa—pg £ (03— rg), po—p, T (e,—¢,), &o. will be the
true motions of the planet on successive days. Now, as the difference between
the true and mean motions is called the GaTIPHALA, by cancelling therefore,
Pa—P, Pgy—Pg, &c. tho parts of the trne motions which are equal to the mean
motion, the remaining parts e,—e,, e,—e, &c. will evidently be the GaTIPHALAS
that is the differences between two successive nmounts of equation ave the
aaTIPHALAS. Thus, it is plain that the @aTreuaca entirely deponds upon the
amount of equntion, but as the amount of equation increases, so the GATIPHALA
is decreased und therefore when it is & maximum, the gaTipnara will indifintely
be decrensed i. e. will be equal to nothing. Now as the amount of equation
becomes a maximum in that placo where the transverse dinmcter of the con-
contric circle cuts the excontric, (see the note on verses 15, 16 and 17) the
@ATIPHALA, therefore becomes eqnal to nothing at the same place, that is, in
that very place, the true mnotion and mean otions of a planet are equal to cach
othor. llaving thus shown a proof of his own nsscrtion, BitAskarA’ona’uva
savs that what the ancient astronomers stated, that the truo aud mean motious
of a planet are eqnal to each other when the plunet comes in the interseotion
peint of the concentric and excentric circles, is entirely ungrounded. —B. D.]

t+ According to the method abore mentioned, if the place of the higher apsis
and that of the planet be changed, and the planet’s place be marked, the motion
of the planet will be in a path liko the dotted line as shown in the dingram.

8ee Diagram facing this page.
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41. The word KENDRA (or xerpor) means the centre of a
The reason of the inyen- Ci¥Cle: it is on that account applied
tion of the appellation of to the distance between the planet and
KENDRA. .
higher apsis, for the centre of the
NICHOCHCHA-VRITTA or epicycle, is always at the distance of
the planet from the place of the higher apsis.

42. The circumference in YoJANAS of the planet’s orbit

Senura-xaxsma or oor- buing multiplicd by the sianra-kArNA
rected orbit. (or 2nd hypothenuse), and divided by
tho radius (3438) is seuura-xaxsuk (corrocted orbit). Tho
planet is (that moment) being carried [round the carth] by
the PRAVAHA wind, and moves at a distance equal to half the
diameter of the spHUTA-KAKSHA from the earth’s centre.

43. When the sun’s MANDA-PHALA i. e. the equation of the

Reason of Busa'Ntaua centro is subtractive, the apparent or
correstion. real time of sun-rise takes place before
the timo of mean sun-rise: when tho cquation of tho ceutro
is additive, the real is after the mean sun-rise, on that account
the amount of that correction arising from the sun’s MANDA-
PHALA converted into Asus* of time has been properly declared
to be subtractive or additive.

44. Those who have wits as sharp as the sharp point of the
inmost blade of the DoRBHA or DARBHA grass, find the subject
above oxplained by dingrans, a matter of no difficulty whatovor :
but men of weak and blunt understanding find this subject
as heavy and immovable as the high mountaint that has been
shorn of its wings by the thunderbolt of Indra.

Fnd of Chapter V. on the principles on which tho rules for
finding the true places of tho planets aro grounded.

It is to be observed here that when the planet comes to the places a, a &c.
in the dotted line, it is then at its higher apsis, when it comes to the places o,
cund o, it is at its lower, and when it comes to b, b &o. it appoars, stationary :
and when it is moving in the upper arc b a b, its motion being direot appears
quicker, and when in the lower aro b ¢ J, its retrograde motion is seen.— B, '3-]

® [‘These 48U8 are equivalent to that part of the equation of timo, which is
due to the unequal motion of the sun on the ecliptic.—B. 1.

+ Mountains are said by Hindu theologians to have originally had winga.

O——
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CHAPTER VI.

Called GOLABANDHA, on the construction of an
Armillary Sphere.

1. Let a mathematician, who is as skilful in mechanics as
in his knowledge of the sphere, construct an armillary sphere
with circles made of polished pieces of straight bamboo ; and
marked with the number of dogrees in the circle.

2. In the first place, let him mark a straight and cylindri-
cal DHRUVA-YASHTI, or polar axis, of any excellent wood he
pleascs : then let him place loosely in the middle of it a small
sphero to represont the carth [so that the axis may move
freely through it]. Let him then firmly secure the spheres
beyond it of the Moon, Mercury, Venus, the Sun, Mars,
Jupiter, Saturn and the fixed stars: Beyond them let him
place two spheres called xHAGoLA and DRIGGOLA unconnected
with each other, and fastened to the hollow cylinders [in
which tho axis is to bo insortod].*

[Description in detail of the fact above alluded to.]

3. TFix vortically the four circles and another circlo called

The prime vertical, the horizon transversely in the mlddle. of
meridian and the xoyaveir- them, so that one of those vertical
TS circles called SAMAMANDALA, prime
vertical, may pass through the east and west points of the
horizon, the other called YAMYOTTARA-VRiTTA, meridian the

® The sphere of the fixed stars which is mentioned here is called the BEAGOLA
starry sphore. This BHAGOLA is assumed for all the planets, instead of fixing
a separate sphere for cach planet. This sphere consists of the circles ecliptic,
equinootial, diurnal circles, &c. which are moveable. For this reason, this
sphero is to be firmly fixed to the polar axis, so that it may move freely by
moving the axis. Beyond this sphere, the xmaGorLa cclestiul sphore which
consists of the prime vertical, meridian, horizon, &c. which remain fixed in a
given latitude is to be attached to the hollow cylinders. Having thus separately
fixed these two splieres, astronomers attach, beyond these, a third sphere in
which the ciroles forming both the spheres XxumagorLa and BEa@oLa are mixed
together. For this reason the latter is called pri@Gora the double sphere.
And as the spherical fingers are well seen by mixing together the two spheres

kKnacora and BHA@OLA, the third sphere which i1s the mixture of the two
spheres, is separately attached.—B. D. :
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north and south points, and the remaining two called xoxa-
vgreras the N. K. and S. W. and N. W. and S. E. points.

4. Then fix a circle passing through the points of tho

The unManpata or six horizon intersected by the prime verti-
o'clock line. cal, and passing also through the
south and north poles at & distance below and above the
horizon equal to the latitude of the place. This is called the
UNMANDALA, or six o’clock line, and is necessary to illustrate the
increase and decrease in the length of the days and nights.*

5. The equinoctinl (called NApi-vaLaya), marked with
60 ghatis, should be placed so as
to pass through the east and west
points of the horizon, and also to pass over the meridian at &
distance south from the zenith equal to the latitude, and at a
distance north of tho nadir also oqual to the latitudo of tho
placo [for which the sphero is constructed].

6. Lot tho azimuth or vortical circlo ho noxt atlachod
within the other circles, fixed by a
pair of nails at the zenith and nadir,
80 as to revolve freely on them: [It should be smaller than
the other circles so as to revolve within thom]. It should be
capable of being placed so as to cover the plunct, whorover it
may happen to bo. '

7. Ouly one azimuth circle may be used for all the plancts ;
or else eight azimuth circles may be made, viz. one for each
of the 7 planets and the 8th for the nonagesimal point. The

azimuth circle for the nonagesimal point is called the vaik-
SHEPA-VRITTA.

The equinoctial.

Asgimuth or vertical circle,

® The circle of declination or the hour circle passing throngh the east and
west points of the horizon is called UNMANDALA in Sanskrit; but I am not
acquainted with any corresponding term in Euglish. In the treatise on
astronomy in the Encyolopaedia Metropolitana the prime vertical is named the
six o’clock line. T'his tern (six o’clock line) should‘,) I think, be applied to the
UNMANDALA, because it is always six o’clock when the sun arrives at this oircle,
tho UNMANpaLA. Tho prime’ vertical or tho 8AMA-MaNDALA of tho Suuskrit
caunot, with propriety, be culled tho six o’clock lino: becauss it is ouly twico a

.’ﬁ“;) timt it is six o'clock when the sun is at this circlo, tho prime vertical.—
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8. Lt two hollow cylindors projoct boyond tho two poles
north and south of the xmaaora ce-
lestial sphere, aud on these cylinders
let the skilful astronomer place the ppieaors double sphere
as follows.

9. When the system of the KHAGOLA, celestial sphere, is
mixed with the ecliptic, and all the other circles forming the
siAgolA (which will bo presontly shown) it is thon .called
DRIGGOLA, double sphere. As in this the figures formed by
the circles of the two spheres kHAGOLA and BHAGOLA are seen,
it is therefore called pgigaoLA double sphere.*

THE BHAGOLA.

10.  Let two circles be firmly fixed on the axis of the poles
answering to the meridian and horizon (of the KmAGoLA);
they are called the aApmARA-VRITTAS, or circles of support:
Let the equinoctial circle also be fixed on them marked with
60 ghatis like the prime vertical (of the kHAGOLA).

11. Make the ecliptic (of the same size) and mark it with
12 signs; in this tho Sun movoes: and
also in it rovolves tho Marth’s shadow
ab o distanco of 6 sigus from tho Sun. 'Tho KraNTI-PATA OF
vernal equinox, movoes in it contrary to the order of the sigus :
The spasATA-PATAS [of the other planets] have a like motion :
the places of these should be marked in it.+

Tho Driaaora.

Tho Beliptic.

* Sco the noto on 2 Verse.

+ [Ihe Bun revolves in tho ocliptic, but the planets, Moon, Mars, &o. do not
revolve in that civele, and tho planes of their orbits are inclinod to that of tho
ecliptic. Of the two points where the planctary orbit cuts the plane of the
-ecliptic, that in which the planct in its revolution rises to the north of the
ocliptic is called its PA’TA or ascending node (it is usunll{ called the mean
ra‘ra) and that which is at the distance of six signs from the former is called
its sasgaDBuA PA'TA or descending node. The Pa‘Ta of tho Moon lies in its
concentric, becuuse the plane of its orbit passes through the ocentre of the
concentric, i. o, through tho centre of the Earth; but the ra’Tas of the other
plancts aro in their socond exeontric, becauso tho planes of their orbits pass
through the centros of their 2nd exosntrics, which centres lio in the planc of the
celiptic. When the planet is at any othor place than its nodes, the distauce
botween it and tho plano of the ocliptic is called its north or south latitude as
tho planct is north or south of the ecliptic. When the planct is at the distance
of 3 signs forward or backward from its ra‘Ta, it is then at the grealest distance
north or south from the ecliptic : This distance is its greatost latitude. Thus,

H
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12. Let the ecliptic be fixed on the equinoctial in the
point of vernal equinox KRANTI-PATA and in a point (autmnnal
equinox) 6 signs from that ¢ it should bo so placed that the
point of it, distant 3 signs eastward from the vernal equinox,
shall be 24° north of the equinoctial, and the 3 signs westwamrd
shall be at the same distance south from thoe cquinoctial.

18. Divide a circle called KSHEPA-VRITTA representing the
orbit of a planct into 12 signs and
mark in it tho places of the srasira-
rfras, roctified nodes, as has been beforo preseribed [for tho
ecliptic]. Then this circle should bo so placed in connection
with the ecliptic as it has been placed in connection with the
equinoctial.

14. The ecliptic and the ksHEPA-VRITTA should be so
placed that tho latter may intorsoct the formor at the [roctificd]
ascending and descending nodes, and pass through points
distant 3 signs from tho asconding nodo cast snd west ub o
distance from the ecliptic north .and south equal to the
rectified greatest latitude of the planet [for the time].

15. The greatest (mean) latitudes of the plancts being
multiplied by the radius and divided by the siGHRA-EKARNA

Plonei.'l orbit.

the latitude of the planct begins from its PA’TA and becomes extremo at the
distunce of 8 signs from it, thercfore, in order to find the Iatitude, it is necessarvy
(0 know the distance botween tho planct and its ¥a’ra. This distanco is ¢qual
to the sum of the pluces of the planet und its ra‘ra, becnuse all ra’ras movo
in antecedentia from the stellar aries. This sum is called the VIXsuEPA-KENDRA
or the argument of latitude of the planet. As the Pa’Ta of the Moon lies in her
concentric, and in this circle is her true place, the sum of these two is her
VIKSHEPA-KENDRA, but the Pa‘ra of any other planet, Mars, &c. lics in its 2ud
excentrio and its MaNDA-8PASHTA place (which is equivalent to its heliocontric
place) is in that circle, therefore its vIksiRPa-KENDRA is found by adding tho
placo of its PA’Ta to its MANDA-BPASHTA pluco. Tho seasura-ra'ra of tho
planct is that which being added to the trus place of tho planot, cquals its
VIKSUELA-KENDRA for this renwon, it is [vund by reversely applying the 2ud
equation to its mean PA’Ta, As
«*. BPASHTA PA'TA + true place of the planet,

== VIESHEPA-KENDRA,

== place of the ManDa 8PASHTA planet 4- mean PA'TA,

= p, of the m. 2. p. = 2nd equation 4 m. P I 2ud equation,

= truo place of the planet + moan Pa’ra = 2nd equation,

o%. BPABHTA PA"TA == mcan PAra F 2ud equation.
‘I'he place of this sPasnTa PA'TA is to be reversely marked in the ecliptic from

the stellar aries.— B. D ]
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socond hypothenuse becomos srasnta, rectified. The ksitera-
VRITTA, or circles representing the orbits of the six planets,
should be made separately. 'I'he Moon and the rest revolve in
their own orbits.*

® [As the Pa’Ta of the Boon and her true place lie in her concentric, the sum
of these two, which is called hor VIKkeHEPA-KENDRA or the argument of latitude,
must be messured in the same circle, and hor latitude, therelore found through
her VI1KSHEPA-KENDRA, will be as seen from the ceutre of her concentric i. e.
from tho centro of tho Earth. But the PA’Ta of any other planet and its MaNDA-
srasuTa place (which is its heliocontric place) lie in its 2nd excentric, therefore
its Intitude, determined by mcans of its vixsmEPA-KXNDRA, which is equal to
the sum of its MANDA-8PASHTA place and Pa’TA and measured in the same circle,
will be such as seen from the centre of its 2nd excentric and is called its mecan
latitude (which is equivalent to the heliocentric latitude of the planet).

As in Fig. 1,let N E be the °
quartor of tho ochptic, N O
that of tho 2wl cxeontric, N
the node md ' tho planct.
Suppose O K and I’ p (parts of
great circles) Lo bo drawn from
O and P porpendiculsrly to
the plano of tho celiptic: then
O E will be the greatest lati-
tude and P p the latitude of the planet at P, by which a spectator at the centre
of the 2nd excentric and not at the contre of the Earth, will sce the planet distant
from tho celiptic. ‘Lhis lutitudo, therefore, is called o mean latitudo which can
be found as follows,

$inNO:sinOE::sinNP:sinPp,
. ot R.sinlp=1sinOK.siuNp,

consequently, in ordor to determine I p, it is nocessury to know proviously O E,
tho grentost Intitudo and N P, tho distanco of the plnco of the planet from tho
node, which distance is ovidontly oqual to tho Viksnxra-xENpgA that is, to
the sum of tho MANDA-sPasiTA place of the planet and the mean place of the
node. Now the latitude of the planet as seen from the centre of the Earth is
called its true latitude. This true latitude can be found in the following
manner, :

Let E be the cenfre of the earth, O that of the 7
2nd excentrie, P the MANDA spasnTA place of the /’
planct in it : then 1 1 will be the 2ud hypothenuso
which is suppored (o eut the coneentric at A :
then A will bo the true place of the planet in the
concoutrio, Againlot P ¢ be a circle with the —2
contro O, whoeo planc is perpendicular to the eclip-
tic plano and A b another circle with the centro
X whose placo is also perpendicular to the samo
plane, then P ¢ will be the mean latitude of the
planet and A 6 will bo the true. Let Ppand A a
lines be porpendicularly drawn to tho plane of the
celiptie, these lines will also bo at rig‘nt angles to
tholine K p : then P p will be the sine of the
mean latitude P ¢ and A a that of the true lati-
tudo A . Now by the similar triangles & P p 0
and EA o,

EP:Pp::EA:Aa;
EA.Pp
o A G = ——— s

EP

N P
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16. The declination is an arc of a great meridian circle:
cutting the equinoctial at right angles,
and continued till it touch the ecliptic.

R ¥ sine of the mean latitude
or the sine of the truo latitude = —_—

A
8inOE .sinNP
R

R sinOE .sinNP
the sine of the true latitude = T x R

sinOB .esinNP

Declination and latitude.

but, the slne of tho mean latitude =

. by substitution

A
As the latitude of the planel is of a smaller amount, the arc of a latitudo it,
therefore taken in the S1DDHANTAS imtoead of the sine of the latitude,
E.sin NP

Hence, the true latitude =

A

that is, the sine of the argument of latitudo multiplied b{ the greatost

lolt.itude and divided by the 2nd hypotlionuse is equal to the true lutitude of the
net.

Now in the Bmagors, a circle shounld be o fixed to the ooliptio, that the
formor nny intorsect the Intter st tho srasura-rATA mud tho point six signs
from it, and whose cxtreme north and south distunce from the ecliptic mnay
be such that the distance between the cirole and the ccliptio at the place of the
true planet may be equal to the true latitude of the planet. This circle is called
the VIMANDALA or VIKSHEPA-VRITTA and its extreme north and south distance
from the ecliptic is called the true or rectified extreme latitude of the planet
which can be found as follows.

Let N be the srasHTA-
PaTA, N P the vixsHEPA-XEN-
DR4, P p the true latitude, .
E O the true extreme latitude; N P
then
sin N o: sin B O ::sin
NP;asinPp

sin NO.tinfy

sinNP
R.Pyp

sinN P

SinEO =

orEO =

}

: L.sinNP
but if L be taken for the mean extreme latitude the P p = ——- —

R L.sin NP R.L

b 4 —

sinNP A A

This is the mean extreme latitude stated in the GaNiTapuy{va multiplied

by the radins and divided by tho 2nd hypothenuso equals the true or rectifiod
extremeo latitude.— B, D.] .

oW EO0O=
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celestial latitude is in like manner an arc of a great circle
(which passes through the ecliptic poles) intercepted between
the ccliptic and tho KsSiEPA-VRITTA. )

The corrected declination [of any of the small planets and
Moon] is the distance of the planet from the equinoctial in a
circle of declination.

17. The point of intersection of the equinoctial and ecliptic
circles is the EKRANTI-PATA or inter-
socting point for declination. The
retrograde* rovolutions of that point in a Karea amount
to 830,000 according to the author of the SGRYA-sIDDHANTA.

18. Tho motion of the solstitial points spoken of by Mun-
JXuA and othors.is the same with this motion of the equinox :
according to theso authors its revolutions are 199,669 in a
Karra.

19. The place of the KRANTI-PATA, or the amount of the
precession of the equinox determined through the revolutions
of the KRANTI-PATA must be added to the place of a planet;
and tho declination thon ascertainod. Tho ascensional differ-
enco and periods of rising of the signs depend on the
declination : hence the precession must be added to ascertain
the ascensional difference and horoscope.

20. Thus the points of intersection of the ecliptic and the
orbits of the Moon and other planets are the ksHEPA-PATAS, or
intersecting points for the ksmEPA celestial latitude. The
revolutions of tho xsiErA-rATAS are also contrary to the order
of the signs, hence to find their latitudes, the places of the
ksHEPA-PATA8 must be added to the places of the planets
(before found).

21. As the MANDA-8PASHTA planet (or the mean planet cor-
rected by the 1st cquation) and its ascending node revolve
in tho 8’1GIRA-PRATIVRITTA or 2nd excentric, hence the amount
of the latitude is to be ascertained from (the place of) the
MANDA-8PASHTA planet added to the node found by calculation.

* The motion of the KRANTI-PATA is in & contrary direction to that of the
order of the signs.—L. W.

Precession of the equinox.
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22. Or the amount of the latitude may be found from the
spAsHTA planet added to the node which the s'iarrA-PHALIA 2nd
equation is added to or subtracted from accordingly as it was
subtractive or additive.*

As the Moon’s node revolves in the concentric circlo, the
amount of the latitude, therefore, is to be found from the
true place of the Moon added to the mean node.

28. The exact revolutions of the nodes of Mercury and
Venus will be found by adding the revolutions of their s'famra-
KENDRAS to the revolutions of their nodes which have boen
stated [in the Ganrr{pny£va): if it be asked why these smaller
amounts have been stated, I answer, it is for greater facility of
calculation. Hence their nodes which are found from their
stated revolutions are to be added to the places of their
8’fairA-xENDRAS [to got tho oxact placos of tho nodes].+

24. To find the xkeNDRA [of any of tho planets] the placo
of the planct is subtracted from the s’faurocucna : thon tako

® [Soe the nodes on V. 11, and V. 18, 14, 15. —B. D.]

1 [In all the original astronomical works, the sum of the Pa’ra and s’fanRocH-
cBA of Mercury and Veunus, is assumed for their VIXBHEPA-KENDRA, and
through this, their latitude is determined. But the latitude thus found would
be at the place of their s’faaro0HCHA and not at their own pluco, bocause their
places are different from those of their s'famroononas. To remove this

iloulty, Bra’sxga’OBA'RYA writes. “The exnot revolutions &o.” But the
difficulty arizes in the supposition that, the earth is stationury in tho centre of
the universe and all the planets revolve round her, because we are then bound
to t that the mean p! of Meroury and Venus are equal to that of the Sun,
and henoe their places will be differont from those of their s'faEROCICHAS.
But no inconvenience ocours in the supposition that, the Sun is in the centre
of the universe and all the planets together with the earth revolve round him.
For, in this case the places of the s’faHRooHOHAS of Mercury and Venus are
their own heliocentric places, and consequently the sum of the places of their
8’faurocEORAS and Pa‘Ta8 will be equal to the sum of their own places and
thoso of their Pa’Tas, that is to their VIKsmEraxxnpua. Kor this rcason,
their lutitude found through this, will bo at their own places. Now, it is a
ourious fact that, the revolutions of the pitas of Meroury and Venus, stated
in the original works, are such as ought to be mentioned when it is supposed
that the Sun is in the middle of the universe and the planets revolve round
him, and not when the Earth is supposed to be stationary in the centre of the
universe. From this fact, we can infer that the original Authors of the As-
tronomical works knew that all the planets wgl:ﬁ:or with tho Earth revolve
round tho Sun, and conscquontly thoy stated tho smullor amounts of the
revolutions of the Pa’ras of the Meroury and Venus. 'Wheu this is the casc,
why ia it supposed that all the planets revolve round the Earth, because the
%pl;r:i,u oan more easily bo understood by thia supposition than by the other.—
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the KENDRA with the rATA added [to get the exact amount of
the pATA or node] and let the place of the planet be added
theroto, [we thus get the VIKSHEPA-KENDRA or the argument
of the latitude of Mercury or Venus]. Therefore from the
¢'fenrocHCHAS of these two planets with the raTAs added,
their latitudes are directed by the ancient astronomers to be
found.*

25 and 26. 'The r&TAs or nodes of these two plancts added
to the siaHRocHCHBRAS from which the true places of the
planets have been subtracted, become spasuTA or rectified.
It is the s'pasHTA-PATA Which is found in the BHAGOLA (above
described).

In the sphere of a planet, take the ecliptic above described
a3 the concentric circle, to this circle the second excentric
circle should be attached, as was explained before, and a circle
representing the orbit of a planet (and which consequently
would represent the real second excentric) should be also
attached to the latter circle with the amount of latitude
detailed for it. In this latter circle mark off the mean places
of tho nodes of tho (suporior) planots, and also mark in it the
mean placo of tho nodes of Mercury and Vonus addod to their
rospective 8'fGlRA-KENDRAS.+

27. Next the AHORATRA-VRITTAS or dmrnal circles, must be

Diurnsl  circles called made on both sides of the equinoctial
ATOR'ATEA-VRITTAS. [and parallel to it] ot every or any
degree of declination that may be required :—and they must
all be marked with 60 aHatis: The radius of the diurnal
circle [on which the Sun may move on any day] is called
pYUJIYL.

® [Let, A = s'farroonoHA or the place of 2d higher apsis.

k = the s’fa1ra-XENDRA,
p= the pluce of the planet.
1 = PA'TA or the place of the ascending node.
and N, = the exnct rPA’TA.
thenk =h—pi;adb=k +u=h—p+»
* VIKSUEPA EBNDRA or argument of luutude ot Mercury or Venus =

N4 p=hb—p+n+4p=5-+ »s—B D]
t (Soe the note on verscs 13, 14 and 15 :— B, 2]
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28. From the vernal equinox mark the 12 signs in direct
order, and then let diurnal circles be attached at the extremity
of each sign.

29. On either side of the equinoctial, threo diurnal circles
should be attached in tho order of tho signs: these again will
answer for the three following signs.

The BHAGOLA has thus been described. This is to be known
also as the KHECHARA-GOLA, the sphere of a planct.

30. Or in the plane of the ecliptic bind the orbits of Saturn
and of the other plancts with cross diametors to snpport them,
but these must be bound below (within) the ecliptic in succes-
sive circles one within the other, like the circles woven one
within the other by the spider.

81. Having thus secured the BHAGOLA on the axis or
yAsnTI, after placing it within the hollow cylinders on which
the xkmAGoLA i8 to be fastened, make the BmAGoLA revolve :—
it will do so freely without referenco to the kiragora as its mo-
tion is on the solid axis. The xHAGoLA and DRIGGOLA remain
stationary whilst the BEHAGOLA revolves.

End of Chapter VI. on the construction of an armillary
sphere.

CHAPTER VII.

Oalled Tripras'NA-VESANK on the Principles of the Rules for

resolving the quostions on time, spuce, awnd direclions.

The ascensional difference 1. The time called cHARA-KMUNDA
and its place. or ascensional difference is found by
that arc of a diurnal circlo intercepted between the horizon
and the six o’clock line. The sine of that arc is called the
kuJYX in the diurnal circle: but, when reduced to relative
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value in a great circle, it is called cunArAsYL or sine of as-
censional dilference.*

2. Tho horizon, as seen at the equator, or in a right
sphere, is denominated in other places [to the north, or south
of the equator] the uNMANDALA six o’clock line: but as the
Sun appears at any place to rise on its own horizon, the
difference between the times of the Sun’s rising [at a given
placo and tho oquatorial rogion undor the same meridian] is
tho ascensional difforence.

3. When the sun is in the nor-

Dctermination of  the . . . .
question when the omARA thern hemisphere, it rises at any
cortoction is sdditive and  place (north of the equator) before

it does to that on the equator: but
it sets aftor it sets to that on the equator. Therefore the
correction depending on the ascensional difference is to be
subtracted at sunrise of a given place from the place of the
planet [at sunrise at the equator] and to be added at sunset
to the place of the planet [as found for the sunset at the
equator].

4. When the Sun is in tho southern hemisphere the roverse
of this takos placo, as the part of the uNMANDALA in that
hemisphere lies bolow the horizon. The halves of the sphere
north and south of the equinoctial are called the northern and
southern hemispheres.

Chuse of incroaso and decreaso 5. [Anditisin consequence of
in length of days and nights. . t}i9 nsconsional difference that] tho
days are longer and the nights shorter (than they are on the

® [The times found by tho arcs intercepted between the horizon and the
six o’clock line, of tho three diurnal circles attached at tho end of the first 3
signs i. e. Aries, Taurus and Gemini are called the OMARA-XA’LAS or the asoensional
differences of these signs, and the diffcrences of these OHARA-XA'LAS are called the
ONALA-KIANDAS of thoso throo signs.

As, whoro the panABILA is G digits or the latitudo is noarly 221 north, tho ns-
consional difforonoces of the 8 first signs are 297, 641 and G42 asus, and the dif-
feronces of those i. . 297, 244 and 101 are tho OnARA-KHANDAS of thoso signs.

‘Iheeo aro again tho omara-KuaNDAS of the following three signs invorsely i. o.
101, 244 and 297 asus.

Thus the crnaga-xzaNpas of the first six signs answer for the following six
signs.—B. D.]

1
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equator) when the Sun is in the northern hemisplere : and
that the days are shorter and the nights longer when the Sun
is in the southern hemisphere. Tor, the length of the night
is represented by that arc of the diurnal circle below the
horizon, and the length of the day by that arc above tho
horizon.

6. But at the equator the days and nights are always of the
same length, as there is no uNMANpALA there except the
horizon [on the distance between which, the variation in the
length of days and nights depends].

A circumstance of peculiar  curiosity, however, occurs in
those places having a latitude greater than 66° N. viz. than the
complement of the Sun’s greatest declination.

Determination of plaoe and 7. 'Whenever the northern declina-
:":;‘ﬁt_ of perpotual day and  tion of the Sun oxceeds the complo-
mont of the latitude, thon thero will bo
porpotual day for such time as that oxcoss continued ; and whon
the southern declination of the Sun shall exceed the comple-
ment of the'latitude, then there will be perpetual night during
the continuance of that excess. On MERU, therefore, day and
night are each of half a year’s length.

8. To the Celestial Beings [on
MERU at the north pole] the equinoc-
tial is horizon : so also is to the parrvas [at the south pole].
For, the northern and southern poles are situated respectively
in their zeniths,

9. The Celestial Beings on MERU behold the Sun whilst he
is in the northern hemisphere, always revolving above the
horizon from left to right: but parryas the inhabitants of the
gouthern polar regions behold him whilst Le is in the southern
hemisphere revolving above their horizon from the right to
the left.

Place of MRV,

10, Thus it is day whilst the Sun

Dellmtion of the artificinl , | . . ..
g and ,.. htand the day 18 visible, and night whilst he is in-
"'3M° the FiTRIS. visible. As the dotermination of
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night and day is made in regard to men residing on the sur-
face of the Earth, so also is that of the piTRIs or deceased
ancestors who dwell on the upper part of the Moon.

) 11. Asfor the doctrine of astro-
stothe “by the :ft:“)'ﬁ,;;:: logers, that it was day with the Gods
professors or sA'NHITIKAS.  at MERU whilst the Sun was in the vur-

TARKYANA (or moving from the winter
to tho smnmer solsticc) and night whilst tho Sun was in the
DARSHINAYANA (or moving from the summer to the winter sol-
stice), it can only be said in defence of such an assertion, that it
is day when the Sun is turned towards the day, and it is night
when turned towards the night. Their doctrine has reference
merely to judicial astrology and the fruits it foretells.

12. By the degrees by which the Sun proceeds in his nor-
thern course to the end of Gemini, he moves back from that
sign: entering also the same diurnal circles in his descent as he
did in his ascent. Is it not therefore that the Sun is visible in
his descent to the Gods in the place where he was first seen by
them in his ascent ?

13. The pirRIS reside on the upper

,J:;'f"" of tho day of the 11t of tho Moon and fancy tho foun.

tain of nectar to be beneath themselves.

They behold the Sun on the day of our AMAvAs¥£ or new Moon
in their zenith. That therefore is the time of their midday.

14. They (i. e. the pITRIS) cannot see the Sun when he is
opposite the lower part of the Moon: it is therefore, midnight
with the piTeIS on the day of the pGeymML or full Moon. The
Sun rises to them in the middle of the KRISENA PAKSHA or dark
half of the Moon, and sets in the middle of the s'UKLA PAKsHA
or light half of the Moon. This is clearly established from
tho context.

15. As BramML being at an im.

o,g":‘;‘ﬂ:“‘“"" of adey 1 onse distance from the Earth, always

sees the Sun till tle time of the pra-

1AVA or gencral delnge, and sleeps for the same time, therefore
12
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the day and night of Bramua are together of 2000 wmanxyuvaas
in length.

16. As the portion of the ecliptic
-ig.hi: :ii.'?;g taken by exch  which is more obliquo than the other,
rizon. rises and sets in a shorter time and
that which is more upright takes a longer time in rising and
setting, hence the times of rising of the several signs are
various [even at the equatorial regions].

17. The (six) signs from Capricorn to Gemini or ascending
signs which are inclined towards the south with their respec-
tive declinations whilst they rise oven at the oquator are still
more inclined towards the south in the northern latitudes (on
" account of the obliquity of the starry sphere towards the south) ;
hence they arise in still shorter times than they do at the
equator.

18. At the equator, the [six] signs from Cancor or de-
scending signs incline whilst they riso to the northerly diroc-
tion, but they will have upright direction in consequence of the
northern latitude, hence they rise in longer times [than they
do at the equator.] The difference between the period of the
rising of a sign in a given latitude, and at the equator under
the same meridian, is equivalent to the cmARAKIANDA of that
sign.

19. Each quarter of the ecliptic risos in 15 amapis or
6 hours to those on the equator: and the 6 signs of the
northern as well the 6 of the southern hemisphere appear to
rise each in 12 hours or 30 amATI8 in every or any latitude.

20. The three signs from the commencement of Aries to
tho end of Gemini, i. o. the first quarter of the ecliptic, pass
the UNMANDALA in 15 aHATIS; but the horizon [of a place in
north latitude] is below the uNMANDALA, they therefore pre-
viously pass it in time less than 15 aHATIS by the CHARAKHANDAS.

21. The three signs from the end of Virgo to the end of
Sagittarius, i. e. the 3rd quarter of the ecliptic, pass the uNMAN-
PALA in 15 @HATIS; but they pass the horizon of a place
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afterwards which is above the uNMANpALA [in north latitude]
in 15 apaTis added to the CHARAKHANDAS.

22. The three signs from the end of Gemini to the end of
Virgo, i. e. the 2nd quarter of the ecliptic or those from the
end of Sagittarius to the end of Pisces i. e. the 4th quarter of the
ecliptic, pass the horizon in the time equal to the remainder
of 30 enaTis diminished by the time which the first or third
quarter takes to pass tho horizon respectively. For this reason,
the times which the signs contained in the 1st and 4th quar-
tors of the ecliptic, or ascending signs, and those contained
in the 2nd and 3rd quarters, or descending signs take to pass
the horizon at a given place are found by subtracting the
CIARAKIANDAS of tho signs from and adding them to the timos
which those signs lake in rising on the equator respectively.*

23. Having placed the 1st Aries in the horizon and set the
sphere in motion, the tutor should show the above facts to the

# The times taken by the several signs of the eoliptic in rising at the equator

and in northern latitudes will be scen from the following memo. according to
the SIDDHANTA.

o o .l-\ -0 .E .
e [g%E 542
2 [Fa3s|E53
'E's.; chetE:! 'Eé"
“5 b g 8'5—‘- ey Sty
1] ‘§' H g':':'g ;S'g S
B [ -1
LEI L
ABUS, | ASUS. ABUS,
Aviet | 1070 | — 207 | 1378 gs ;{;‘n?“{:;‘:. tho Tnst
UrUS, seerierersensnnne. - .6, .
bt rise in north latitude
Gemini, uvveveeriereena.| 1937 | — 101 | 1886 than at the equator.
Cancer, 1987 + 101 2038
yeenee 1798 + 244 | 2087 These 6 signs take a
Virgo, w| 1670 | 4 297 | 1967 longer time to rise in
Libra, ...... 1670 + 297 | 1967 north latitude than at
8corpio, ... weieveennn| 1793 | - 244 | 2037 the equator.
Sagittarius,...............| 1987 | <4101 | 2088
Oapricorn, ...... w.......| 1987 [ —101 | 1836
Aquarius, ......coce....] 1793 | — 244 | 1549
Pisces,....cceovueneenee 1670 | — 297 | 1878
L. W,
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pupils, that they may nnderstand as well what has been ex-
plained as any other facts which have not been now mentioned.

24. In whatever time any sign rises above the horizon
[in any latitude] the sign which is the 7th from it, will take
exactly the same time in setting : as one half of the ecliptic
is always above the horizon {in every latitude].

25. When the complement of latitude is less than 24° (i. e.
than the extreme amount of the Sun’s declination taken to be
24° by Hindu astronomers) then neither the rising pericds of
the signs, nor the ascensional differences and other particulars
will correspond with what has been here explained. The facts
of those countries (having latitudes greater than 66°) which
are different from what has been explained on account of their
totally different circumstances, are not here mentioned, as
those countries are not inhabited by men.

26. That point of the ecliptic which is (at any time) on

Etymology of the word tho custorn horizon is called tho rAana
L4 or horoscope. This is expressed in
signs, degrees, &o. reckoned from the first point of stellar
Aries. That point which is on the western horizon is called
the Asta-LAGNA or setting horoscope. The point of the
ecliptic on the meridian is called the MApEYA-LAGNA or middle
horoscope (culminating point of the ecliptic).*

® [When the place of the horoscope is to be determined at a given time it is
necessary at first to ascertain the height and longitude of the nonagesimal point
from the right ascension of mid-heaven, and then by adding 8 signs to the
longitude of the nonagesimal point, the place of the horoscope is found: but as
this way for finding the pluce of the horoscope is very tedious, it has been
determined otherwise in the SrooHA'NTAS.

As, from the periods of risings of the 12 signs of the ecliptic whioh are
determined in the Siddhantas, it is very easy to find the time of rising of any
portion of the ecliptic and vice versa, we can find a portion of the ooliptic
ocorresponding to the given time from sun-rise through the longitude of the
Sun then determijned and the given time. The portion of the ecliptic which
oan be thus found is evidently that portion of the ecliptic intercepted between
the place of the Sun and the horizon. Therefore by adding this portion to the

lace of the Sun, the place of the horoscope is found. Upon this principle, the
ollowing common rule which is given in the 81DDEANTAS for finding the place
of the horoscope is grounded.

Find first the true place of the 8un, and add to it the amount of the procession

of the equinox for the longitude of the Sun. Then, from the longitude of the
Sun, the sign of the ecliptic in which the Sun lics and the degrees of that sign
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27. If when you want to find the LaGNa, the given eHATIS
e remson foe inding tho are BSVA.NA-GHATIS, then. they will be:-
i S o s oatontantes phoe i . o mhee o
to fod agrn, instantaneous place i. e. the place of
the Sun for the hour given. The times

which he has passed, and those which he has to pass, are known. Thus the
degrees which the 8un has pnssed, and those which he has to pass, are called the
DRUKTANS'AS and BHOGYANS’AS respeotively. Now the tine which the Sun
requires to pass the nmoayAns'as is called the BHOGYA time, and is found by
the followli;tg proportion.

800

: the period of rising of the sign in which the Sun is
: : BEOGXANE'AS
+ BHOGYA time.

In the same manner, the BHUKTA time can also be found through the
BNUKTANSAS.

Now from tho timo at the ond of which the horoscope is to be found, and
which is callod the 18iiTA or given timne, subtract the BROGYA time just found,
and from the remaindor subtract the periods of risings of the next sucoessive
signs to that in which the SBun is as loug as you can. on at last you will find
the sign, the rising period of which being greater than the remainder you will
not be able to subtract, and which is consequently called the as’vppua sign,
or the sign incapable of being subtracted, and its rising period, as‘uppmA
rising. From this it is evident that the as’UppHA sign is of course on the
horizon at the given time. The degrees of the A8'UDDHA sign which are above
:’hlel horizon and therefore called the BRUXTA or passed degrees, are found as
ollows,

€ tho rising period of tho As’uppua sign
: 800

+ : the romainder of the given time
: the passed degrees of the A8’vDpma sizn.

Add to these passed d thus found, the preceding signs reckoned frorm
the 1st point of Ariee, and from the S8um, subtract the amount of the procession
of the equinox. The remainder thus found will be the place of the horoscope
from the stellar Aries.

If the time at the end of which the horoscope is to be found, be given before
sun-rise, then find the BHUXTA, Or passed time of the sign in which the Bun
is, in the way above shown, and subtract it and the rising periods of the pro-
coding signe from the given time,  After this find the degroes of the as'vppua
sign corresponding to the remaiudor of the given time which will evidently be the
BHOGYA degrees of the horoscope by proportion as shown above, and subtract
the eum of the BrOGYA degrees of the horoscope, the signs the rising periods of
whioh are subtracted and tio BRUKTA degrees of the sign in which the Bun is
from the Sun’s place and the remasinder thus found will be the plsce of the
horoscope. .

Thus we get two processes ; one when the given time at the end of which the
horoecope is to be found, is after sun-rise, nnd the other when that time is given
before sun-rise, and which are consequently oalled xmaMa, or direct, and
VYUTKRAMA or undirect prooesses rospectively.

1t is plain from this that if the place of the S8un and that of the horoscope be
known, the given time from sun-rise at the end of whioh the horoscope is found
can be known by muking the sum of the BEOGYA time of the sign in which the
8un is and the BEUKTA time of the horoscope and by adding to this sum the
rising periods of intermediate signs.—B. D.]
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of rising of the signs which aro sidereal must be subtracted
from these omaTis (of the question) reduced to a like deno-
mination. When tho hours of tho question are already sidercal,
there is no necessity for finding the sun’s real place for that
time.*

* EI(‘ it be asked whether the time at the end of which the horoscope is to be
found is terrestrial or sidereal time; if it be terrestrial, how it is that you
subtract from that the rising periods which are of different denomination on
account of their being sidereal, and why the sun’s instantaneous place i. e. the
place determined for the hour given is used to ascertain the BHOGYA time, the
given time is reckoned from sun-rise and the BHOGYa dogroes of tho sign in
which the sun is, riso gradually abovo the horizon after sun-risc. Ilenco the
BuoaYA degrees of tho sign of the Sun's longitude, dotermined at tho timo of
sun-rise, should be taken to find the place of the Iloroscopo, otherwiso tho place
of the Horoscope will be greater than the real one. Ae for example, take the
time from sun-rise, at the end of which the Horoscope is to be found, equal to
GO sidereal aHATIS and 44 4sUs when the Bun is in the vernal equinox at a place
whore the Paranua is 6 digits or the lutitude is 22°} nearly, and asocrtain the
place of the Ioroscope through the instantancous place of tho sun. Thoen, the
}pluoe of the IIoroscope thus found will be greater thun the placo of the Sun

ound at the time of next sun-rise, but this ought to bo oqual to it, and you will
not be able to mako this equal to thoe place of tho Sun doterminod at the timo of
noxt sun-rise, unloss you determino this through the place of tho sun asocrtained
at sun-rieo, and not through the Sun’s instantanvous placo. Ilonco it nppenrs
wrong to ascertain the pluce of the Horoscope through tho Sun’s instantaneous
place. But the answer to this is as follows,

The arATI8 contained in the arc of the diurnal circle intercepted between that
point of it where the Sun is, at a given time and the Horizon are the sAvaxa or
terrestrial @EATI8, but the GHATIS contained in the aro of the diurnal circle in-
tercepted between that point of it where the Sun was at the time of sun-rise and
the Horizon are the sidereal, @#aT18. Thus it is plain from this that if the
Bun's place determined at the time of sun-rise be given, the time between their
place and the Horison reckoned in the diurnal circle will evidently be tho side-
real time and consequently the place of the Horoscope determined through this
will be right. But if the instantaneous place of the Sun be given, the timo given
must be the sivaNa time, bocause let the instantaneous place of the Bun be-
assumed for the Sun’s place determined at the time of sun-rise, then the time
between this assumed instantaneous place of the Sun and the Horizon, which is
sAvana, will evidently bo the widereal time. Iience the fuct as stated in the
verse 27th is right. .

Thereforo if tho Sun's instantaneous place and the place of the Horoscope be
given, the time found through these will be tho svana time, but if the placo of
the 1lorosoopo aud that of tho Bun dotornined ot the timo of sun-riso bo givon,
the time ascertained through theso will bo the sidereal time. And if you wish to
find the 8ivaNa time through the place of the Horoscope and that of the SBun
determined at the time of the sun.rise assumed the siderval time just found as a
rough gAvaxa time and determined through this the iustantaneous place of the
Sun by the following proportion.

If 60 anatis

: Sun’s daily motion

: 1 thoso rough sAvaNa amaTis

: tho Suu's motion reluting to this time; and add thon this rosult to
the place of the Sun found at the time of sun-rise. The sum thus found will be
tho instantaneous placo of the Sun nearly. Find tho timo again thirough this
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28. In thosc countries having a north latitude of 69° 20’ the

L . signs sagittarius and capricornus are

Detormination of Intitudes .. . ..

in which difforent signs are OVer visiblo: and the signs gemini

slways above aud below the gng cancer remain always above the
horizon.

29. In those places having a northern latitude of 78° 15, the
four signs scorpio, sagittarius, capricornus, and aquarius aro
nover soen, and the four signs taurus, gemini, cancer, and loo,
always appear revolving above the horizon.

80. On that far-famed hill of gold MEru which has a lati-
tude of '90° N. the six signs of the southern hemisphere never
appear above the horizon and the six northern signs are
always above the horizon. -

31. Laura has declared that when the Asus of cHARA-
KHANDA [in any latitude] are equal to
the time which any sign takes to rise
on the equator, then that sign will always remain visible above
the horizon : but this assortion is without reason. Were it so,
then in places having o latitnde of 66°, the whole twelve signs
of the ecliptic would always be visible, and would all appear
at onco on all occasions, as the timos of their rising on tho
cquator are equal to the Asus of their cHARA-KHANDAS: but
this is not the fact.

32. Laria has also stated in his work on the sphere that

where the north latitude is G6° 30°,

L ‘AL:“""'" gross crror of oo oittarius and capricornus aro not

. visible, and also that in north latitude

75°, scorpio and aquarius are never there visible : but this also

is an idle assertion. How, my learned friend, has he managed
to make so gross and palpable an error of three degrees ?*

An errorof Lavrra exposed.

instantaneous place of the 8un, and through this time ascertain the instantancous
place of the Sun. Thus you will get at last the exact sivana time from sun-rise
to the hour given by the repetition of this process. As the Sun is taken here
for an exmuple, you can find the 8Avawa time of any planet or any planetary
time from tho planet’s rising to the hour given by the repetition of the aforesaid
process.—B. D.

® [BiAsSKARAOHARYA means here that Larua mentioning the degrees of lati-
tudcs, has committed a grand mistake in omitting 3 degrees, bocause he has

K
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33. The altitude of the polar star and its zenith distance
as found by observation, give respectively the latitude and
the rLAMBANSKA or complemont of the latitude. Or tho zenith
distance and altitude of the Sun at mid-day when on the equi-
noctial give the latitude and its complement.

84. The unNATA the time found in that arc of the diurnal
circle which is intercepted between the eastern or western
horizon and the planet above it, is sdvaNa. This is used in
finding the shadow of the planet. The sine of the UNNATA
which is oblique, like the Aksna-kARNA, by roason of tho lati-
tude, is called cHHEDAKA and not 8'ANKU because it is upright.*

85. In order to find the shadow of the Moon, the upITA
(the time elapsed from the rising of a planet) which has been
found by some astronomers by means of repeated calculation
is erroneous, for the upita, (found by repeated calculation) is
not s&vANA. The labour of the astronomer that does not
thoroughly understand mathematics as well the doctrine of the

stated in his work that sagittarius and capricornus are always visible in a place
bearing a latitude 66° 80/, and scorpio and aquarius at 75° N., whereas this is
not the case, those signs are always visible in the places bearing the latitudes
69° 30" and 78° 18’ respectively as shown in the verses 28 and 29.—B. D.]

® [When the Sun is above the Horizon, the shadow caused by a gnomon 13
digits, high, is called the Sun’s shadow according to the sTDDUANTA languugee,
snd having at first determined the sine of the Sun's ultitude and that of it
eomplement through his UpiTa time, astronomors ascertained this by the follow-
ing proportion.

As the sine of the Bun's altitude

:+ the sine of its complement

:: gnomon of 12 digits

+ the shadow caused by the gnomon.

Thus they determine the shadow of all planets, Moon, &o., and that of the fixed
stars. Though the li{ht of the five small planets, Mars, &c., and the fixed stars
is mnot so brilliant, like that of the Sun and Moon, as to make their shadow
visiblo, yet it is nooessary to dotermine the shadow of suy heavenly body in order
to know the direction in which the body may be. Because, if the length and
dirvection of the shadow of the body be known, the direction in which it is can
be asoertained by spresding a thread from the end of its shadow through that of
the gnomon. For, if you will fix a pipe in the direction of the thread thus
spread, you will see through that pipe the body whose shadow is used here.

The time given for determination of any planet’s shadow must be the aivama
time, because it ie necessary to determine the degrees of allitude of a planet
to know its shadow, and the degroes can be determined through the time
contained in that aro of the diurnal circle intercepted between the planet and

horizon. But the time containoed in this arc cannot be other than the sAvana
time.—B. D.]
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sphore, in writing o book of instruction on tho scicnco is uttor-
ly futilo and uscloss.*

36. Tho dcegrees of altitude are found in the DRINMANpALA
or vertical circle, being the degrees of
m?;":“;j’,‘:'f“ of 8AMXU  o)avation in it above the horizon ; th.e
degrees of zenith distance are (as their
name imports) the degrees in the same circle by which the
object is distant from the zenith or mid-heaven of the observer :
the s’ANEU is the sine of the degrees of altitude: and the
pR1aJY{ is the sine of the zenith distance.
87. When the Sun in his ascent arrives at the prime verti-
cal, the 8'ankvu found at the moment is
ytOF SAMAGANKD, XONI the SAMA-8'ANKU : the s'ANKUS found at
the moments of his passing the xoya-
veittA and the meridian are respectively termed tho xowa-
&'ANKU and MADOYA-8/ANKU.
88. One-half of the vertical circle in which a planet is
. observed should be visible, but only
ofmotig‘\: .?35'5?:'1‘1." ono-half less the portion opposite the
tutle. radius of the Earth is visible to observ-
ors on the surface of the Earth. Thereforo ¢y part of tho daily
motion of the planet observed is to be subtracted from the sine
of altitude or from the 8'ANkU to find the shadow : [inasmuch
as that amount is concealed by, or opposite to, the Earth].
39. The aar£ (the sine of amplitude) is the sine of the arc

) ) of the horizon intercepted between the
m}‘l‘,‘;:‘;‘:;&_’"‘:,‘r’tt‘:“ snd prime vertical and the planet’s diurnal
circle in tho east or west i. e. between

® [In order to determine the Moon's shadow at a given time at full moon,
some astronomers find her UDITA time i, o. the time elapsed from her rising to tho
hour given by the ropeated calculation, through her instantaneous place and the
placo of tho horuscopo dotorminod nt the givon hour. But thoy groatly orr in
this, becauso tho timo thus found will not be tho s’avana tine and oconsequently
they cannot use this in finding the Moou's shadow. Their way for finding the
. UDITA time by the ropostod caloulation would bo right, then only if the given
placo of the Moon would bo such us fonnd at tho time of her rising and not her
instantaneous place. Because her upiTa lime found through her instantancous
I)lneo becomes s8’avana at onco withont having a recourse to tho repested calcu-
ation, as it is shown in the note on the verso 27 of this Chapter.—B D.]

K 2
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the east or west point of the horizon, and the point of the
horizon at which the planet rises or sets. The line connceting
the points of the extremities of the east and west Aor{ is
‘called the UDAYASTA-SUTRA, the line of rising and setting.

40. The s'aNkv-TALA or base of the &'ANku stretches dur-
ing tho day to the south of the uDYAsra-surra; because tho
diurnal circle have during the day a sonthern inclination (in nor-
thern latitude) above the horizon. But, below the horizon
at night, the base lies to the north of the upav4sTa-suTrA as
then the diurnal circles incline to the north. Tho s'aNku-
TALA’S place has thus been rightly defined.

41. The s'ANKU-TALA lies to the south of the extreme point
of AGRA when that Aag£ is north and when the AckK is south,
the s'aNku-taLA lies still to the south of it. The difference
and sum of the sine of amplitude and 8'ANKu-TATA has boen
denominated the B£1ru or BHUJA ; it is the sine of the degrees
lying between the prime vertical and tho plangt on tho plano of
the horizon.

42. [Taking this B{HU as one side of a right-angled
triangle.] The sine of the zenith distance being the hypothe-
nuse then the third side or the xotI being the square root of
the difference of their squares will be found : it is an east and
west portion of the diameter of the prime vertical.*

I now propose to explain the triangles which aro created by
reason of the Sun’s varying declination : and shall then proceed
to explain briefly also the latitudinal triangles or those created
by different latitudes. [The former are called KRANTI-KSHETRAS
and the latter AKSHA-KSHETRAS.]

* Vide accompanying dia-

?bemg place of the 8un : d its
place of rising in the horizon :

d A the vmnl‘m-cﬁm 4
the AGRA’: a bthe s’nxv-mm t A

&
then a g is the Ba’HU and the ‘
triangle ¢ s g is the one here ¢
represented to.—L. W, . +
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43. In the 1st trianglo of declination.
1st. The sine of declination = BHUJA or base,
tho radius of diurnal circlo cor-}

= Kom -
responding with the declination oTt o por

. pendicular,
above given
and radius of large circle = hypothenuse.
2nd. Or in a right sphere.
Tho sine of 1, 2 or 3 signs = hypothenuso :
The declination of 1, 2 or 8 signs insix| _ ..o
o’clock line

responding with the declination
above given
"I'hose sines being converted into terms of a large circle :
and their arcs taken, they will then express the times in Asus
which each sign of the ecliptic takes in rising at the equator
i. e. the right ascensions of those signs or the LANKODAYAS,
that is the 2nd will be found when the 1st is subtracted from
two found conjointly, and the 3rd will be found when the
sum of the 1st and 2nd is subtracted from threc found con-
jointly.
45. In the right-angled triangle formed by the s’ANku

Triangles arise from lati- Or gnomon when the Sun is on the
tude. ’

44. Sines of arcs of diurnal circles cor-
} = KOTIS.

equinoctial.*

1st. The s’ankvu of 12 digits = the xofI.

Tho rarapiif or tho shadow of 8'ANKU
or gnomon } = tho pnuA
and the AKSHA-KARNA h;ct)ltll(:enz:?‘ or
or 2nd. The sine of latitude = BHUJA.

The sine of co-latitude - = KOTI
and radius = hypothenuse

This triangle is found in the planc of the meridian.

[* Tho right anglo trinngles stated in tho five verses from 45 to 49, aro clearly
scen by fastoning somo diumetrinl threads within tho armillary spherv.  As
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46. Or the sine of declination reckoned
on the UNMANDALA from theeast and westline

Kusy4, the sine of ascensional difference
in the diurnal circle of the given day

} = KOTI.

} = BIUJA.

Z
=15

N
Let 3 G N H be the meridian of the given place, G A H the diamoter of the
horizon, Z the Zenith, P and Q the north and south poles, E A I the diameter
of the equinoctial, P A Q that of the six o’clock livo, O £ D that of one of the
diurnal circles, saud E B, £ A the perpendioulars to @G II. ‘Then it is cloar from
this that
Z E or H P = the latitude,
A B = the sino of it,
E B = the co-sine of it,
A f == tho declination of a planet revolving in the diurnal
circlo whose dinmotor is O D),
end .. A g = tho a@ua or tho sino of awplitude,
J g = tho KuJYa',
A ¢ = the 8ana-84'NKU or the sine of the planet’s altitude
when it reaches the prime vertical.
e g = the TADDURITI,
e f = the TADDHRITI—XUJIYA’,
J b = the uNMaNDaLa 8ANKU or the sine of the planct’s
altitude whon it renchos tho six o'clock line,
A b = tho agra’Di-x1anpa or the 1st portion of the sine
of amplitude,
aud &g == tho agra’ana-guanpa or the 2nd portion of thosine
of amplitude ;
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The sine of amplitude in the horizon = hypothenuse
This is & well known triangle.
47. Or the saMA 8’ANKU in the primo vor-}

tical being = Kom -
The sine of amplitude == BHUJA
The TApDHRITI in the diurnal circle = hypothenuse
Or
Taking the sine of declination = BHUJA
and the sAMA-8'ANKD = hypothenuse
TADDHRITI Mminus KUIYK = KOTI.
48. The UNMANDALA 8'ANKU being == BHUJA
The sine of declination will then be = hypothenuse

And AcrADI KHANDA or 18t portion of the} = xoyt
sine of amplitude will be

Therefore, with the exception of the first and last the other six triangles
stated in the verses are these in succession. AE B, A gf,Aeg, Aef,Afh
and g f A and the first triangle you will get by dividing the three sides of the

EB

triangle A E B by —— and for the last see the note on the verse 49.
12

It is clear from tho abovo desoribed diagram that all of theso trinngles ave
similar Lo each other and conscquently they can bo known by means of propor-
tion if any of thom bo known,

Tho sibnidnrig, laving thus producod sevornl trinnglos similar to thoso
original by fastening the threads within the armillary sphere, find answers of
the several questions of the spherical trigonometry. Some problems of the -
spherical trigonometry can be solved with greater facility by this Sippmanra
way than the trigonometrical way. As

Problem. The senith distances of a star whon it has reached the prime
vertical and the meridian at a day in any place are known, find the latitude in
the plnce.

'%‘ho way for finding the answor of this problem according to the sippuaNTA is
as followe. :

Draw C ¢ L A Z, (See the proceeding diagram) then C ¢ e will be & lati-
tudinal triangle.

Now, let a = C ¢, the sine of zenith distance,
b = A ¢, the co-sine of Z ¢,
0 = A e, the 8AMA-8'ANKU,

and @ == the latitude.

Then C e = 4/ a* 4 (b—¢)?,

and Oe¢:0c:: AE : AB,

or A\/a‘+(b—c)’: sorod :sin o
& X Rad
Sosiny =

V" + (b—c)'—B. D.]
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Or
Making the UNMANDALA SANKU = KOTI
the AGr{GRA-ERANDA or 2nd portion of the

= BITUJYA
sine of amplitude is } .

thoe Kusya then becomes = hypothenuso
49.% The 8'aNkU being = KOT1
and the s'ANRU-TALA = BAUJA
Then the cuHEDAKA or HRITI = hypothenuse

Those who have a clear knowledge of the spherics having
thus immediately formed thousands of triangles should explain
the doctrine of the sphere to their pupils.

End of Chapter VII. on the principles of the rules for
resolving the questions on time, space and directions.

Caarrer VIIL
Called GrRAHANA V£sANL.
In explanation of the cause of eclipses of the Sun and Moon.

1. 'The Moon, moving like a cloud in a lowor sphoro,
The cause of the diree. OVertakes the Sun [by reason of its
tions of the beginning and quicker motion and obscures its shin-
end of tho slar eclipse. 1 & disk by its own dark body :] hence
it arises that the western side of the Sun’s disk is first obscured,
and that tho eastern side is the last part relieved fromn the
Moon’s dark body : and to some places the Sun is eclipsed and
to others is not eclipsed (although he is above the horizon)
on account of their different orbits.
# This triangle diffors from the 1st of the 47th verse only in this respcot that
tho buse of the triangle in the 47th vorse is oqual to tho sine of Ure whole ampli-
tude while the base gmnd when the 8un is not in the prime vertical, will always

be moro or less than the sine of amplitude and is thorofore gouerally called
SANKUTALA—L. W.
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2. At the change of the Moon it often so hLdppens that an
The causo of tho parallnx observer placed at the centre of the
i:u:::igitudo and that in Farth, would find the Sun when far
) from the zenith, obscured by the
intervening body of the Moon, whilst gnother observer on
the surface of the Earth will not at the same time find him
to be 8o obscured, as the Moon will appear to him [on the
higher elevation] to be depressed from the line of vision
extending from his eye to the Sun. Hence arises the necessity
for the correction of parallax in celestial longitude and parallax
in latitude in solar eclipses in consequence of the difference of
the distances of the Sun and Moon.

3. When tho Sun and Moon are in opposition, the Eartl’s

Tho roason of tho corree. Sn0doW envelopos tho Moon in dark-
tion of purallax not belng ness. As the Moon is actually enve-
neceasory in lumr eclipsos. loped in darkness, its eclipse is equally
seen by every one on the Earth’s surface [above whose horizon
it may be at the time] : and as the Earth’s shadow and the
Moon which enters it, are at the same distance from the Earth,
there is therofore no call for the correction of the parallax in a
lunar oclipse.

4. Asthe Moon moving eastward enters the dark sha-
 The canse .of the direo- dow of the Earth : therefore its eastern
tions of the beginning and gide is first of all involved in obscurity,
end of tho lunar eclipse. and its western is the last portion of
its disc which emorges from darkness as it advances in its
course.

5. As the Sun is a body of vast size, and the Barth insigni-
ficantly small in comparison : the shadow made by the Sun
from the Earth is therefore of a conical form terminating in a
sharp point. It oxtends to o distance considerably beyond
that of the Moon’s orbit.

6. Tho length of the Earth’s shadow, and its breadth at the
part traversed by the Moon, may be easily found by propor-
tion.

L
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- In the lunar eclipse tho Earth’s shadow is northwards or
. southwards of the Moon when its latitudé is south or north.
Hence the latitude of the Moon is here to be supposed inverso
(i. e. it is to be marked reversly in the projection to find tho
centre of the Earth’s shadow from the Moon.)

7. As the horns of the Moon, when it is half obscured form

The determination of the YEY obtuso t.mgle.s: and the duration
coverer in the eclipse of the of a lunar eclipse is also very great,
Sun sud Moon. hence the coverer of the Moon is
much larger than it.

8. The horns of the Sun on the contrary when half of its
disc is obscured form very acute angles : and the duration of a
solar eclipse is short : hence it may be safely inferrod that tho
dimensions of the body causing the obscuration in a solar
oclipse are smaller than and different from tho body causing
an oclipse of the Moon . *

9. Those learned astronomers, who, being too oxclusivoly
devoted to the doctrine of the sphere, believe and maintain
that R{rU cannot be the cause of the obscuration of the Sun
and Moon, founding their assertions on the above mentioned
contrarieties, and differences in the parts of the body first
obscured, in the place, time, causes of obscuration &c. must
be admitted to assert what is at variance with the Sanmir4,
the VEDAS and Pur{nas. '

10. All discrepancy, however, between the assertions above
referred to and the sacred soriptures may be reconciled by
understanding that it is the dark Raunu which entering tho
Earth’s shadow obscuros the Moon, and which agnin ontoring
the Moon (in a solar eclipse) obscures the San by tho powor
conferred upon it by the favour of Branua.

® [Had the Sun’s coverer been the same with that of the Moon, his horns,
when he is half eclipsed, would have formed, liko those of the Moon obtuse
angles. For the apparent diameters of the Sun and Moon are nearly equal to
each other. Or the Moon when it is half eclipsod would have represented its
horns, like those of the San, forming acute angles, if its coverer had been the
same with that of the Sun. But as this is not the case, the coverer of the Moon
is, of oourse, different and much larger than that of the Sun.—B, D.]
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11. As tho spectator is clovated above tho contro of tho

What is tho cnuse of paral- carth by half its diameter, he there-
lax, and why it is calenlated  fore sces tho Moon doprossed from its
from tho radius of the Harth. place [as found by a calculation made
for the centre of the Earth]. Hence the parallax in longitude
is calculated from the radius of the Egrth, as is also the parallax
in latitude.

12. Draw upon a smooth wall, tho sphoro of the carth

Construction of diagram reducod.bo any convenient scale, and
to illlluamte the cause of the orbits of the Moon and Sun at
paraTlak proportionate distances: next draw a
transverse diameter and also a perpendicular diameter to both
orbits.* :

13, 14 and 15. Those points of the orbits cut by thi
dismeter are on the (rational) horizon. And the point above

Fi" 1‘

® InFig. 1, let E bo the r

oentro of the earth; A a
spectator on her surface; C
D, F G the vertical circles .
passing through the Moon M,
and tho 8un 8; D, G tho
points of tho horizon cut by
tho vortical circles C D, ¥
G; and O, tho zonith in tho ¢
Moon’s sphero, and ¥ in that
of the San. Now,let EM 8
be a line drawn from the
centre of the Earth to the Sun
in which the Moon liesalways
at the time of conjunction,and A
A 8 the vision line drawn
from tho spectator A to tho *
Slm.n'.l‘ho distance at which ‘ !
the Moon appears depressed
from the v}:ion lin:P}n the
vertical circlo is her parallax
from the Sun. 4

‘When the Sun reaches the zenith T, it is evident that the Moon also will then
be.at O and the vision line, and the line drawn from the centre of the Earth will
be coincident. Hence thero is no parallax in the zenith,

Thus the parallax of tho Moon from the Sun in the vortical circle is hero
shiown by means of a diagram which becomes equal to the difference between the

arallazes of the SBun and Moon separatoly found in the vertical circle as stated by

IA’SKARA’CITA’RYA in the chaptor on eclipses in the commentary va’saxa’Bua’-
sHYA and the theories and methods aro also givon by him on the parallazes of
tho S8un and Moon. This parallax in the vortical circle which arises from the

:-init‘ll:idiahneo of the planet js callod the common parallax or tho parallax iy
titudo, :
L2
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cut by the perpendicular diameter will represent the observer’s
gonith : Then placing the Sun and Moon with their respective
zenith distances [as found by a proportional scale of sines and
arcs,] let the learned astronomer show the manner in which

Fig. 2.
As in Fig. 2, lot A be a sppcta- 2, &
tor on the eartl’s surface; Z the
genith ; and Z 8 the vertical cirole
passing through the planet 8: Let a
cirole Z’ m ¢ be desoribod with centre
A and radius E 8 which cuts the lines
A Z and A 8 produced in the points 2’ Z
sudr: Let a line # m bo drawn pa-
rallel to K Z, then the aro &’ m will 0
be equal to the aro Z 8. Now the
planet 8 secn from E has a zenith dis-
tance Z 8 and from A, a zenith distanoe
Z! v greater than Z8 or Z' m by the
aro = r, hence the apparent place r of
tho planet is depressed by m rin the
Tore the common pamlips ofthe planety
ore ocommon parallyx of the t,
wli)ioh can be found :l. fo}lo\u, AP A
raw m % ionlar to A r and
row42m=ESorAr;
. 8=EBAorm8;
P = m ¢ the paral-

X §
g=ZBorZ'mthe B
*  true genith distance of the planet ;
and 0 d -l-p=Z’r- the -psmnt zenith distance of the planet,
m # = ein p and r 0 = ¢in (d + p).
Now by similar triangles A r o, 8 m ».
’ Ar:iro=8m:mn,
orBisin(d4p)=5:sinp;
A X sin (2 4 p)
R .
Henpe, it is pyident from this that when the sin (d 4+ p) =Rord$p =
$10°, then the parallax will be greatest and if it be denoted by P,
sin P X sin (d 4 p)

O—

o%e .in’ =

sin P=Aand s, sinp =

R
Now, the parsllag is generally so amall that no sousiblo orror is jntroduced b
mking'liny=y.ndlinr=l'3 5 Vntroducod by
P X sin (d +p)
o ’= 3

Agnin, for the reason jnst mentioned sin d is assumed for sin (d 4 p) in the
NPPRANTAS, P.sind
. sin

P =

B
that is, the common parallax of a planet is found by multiplying the tost
:drinlln lg %uo] sine of the senith distauce and dividing tbg ’:)rgduot s’l:';.tlw
us,~B. D.



VIII. 20.] Siddhdinta-s'iromons. 181

the parallax arises. [IPor this purposo] lot him draw one lino
passing the centre of the earth to the Sun’s disc: and another
which is called the priksGTea or lino of vision, lot him draw
from the observer on the Earth’s surface to the Sun’s disc. The
minutes contained in the arc, intercepted between these two
lines give the Moon’s parallax from the Sun.

16. (At the new Moon) the Sun and Moon will always
appear by & lino drawn from the centre of the earth to bo
in exactly the same place and to have the same longitude:
but when the Moon is observed from the surface of the Earth
in the pBIKSUTRA or line of vision, it appears to be depressed,
ond hence the name LAMBANA, or depression, for parallax,

17, (When the new Moon happens in the zenith) then the
lino drawn from the Earth’s centre will coincide with that
drawn from its surface, hence a planet has no parallax when
in the genith.

Now on a wall running due north and south draw a diagram
a8 above prescribed ; [i. e. draw the Earth, and also the orbits
of the Sun and Moon at proportionate distances from the Earth,
and also the diameter transverse and perpendicular, &c.]

18. The orbits now drawn, must be considered as DRIRSHE-
PA-VRITTAS or the azimuth circles for the nonagesimal. The
sine of the zenith distance of the nonagesimal or of the latitude
of the zenith is the prixsHEEPA of both the Sun and Moon.

19. Mark the nonagesimal points on the DRIKSHEPA-VRITTAS
at the distance from the zenith equal to the latitude of the
points. From these two points (supposing them as the Sun
and Moon) find as before the minutes of parallax in altitude.
These minutes are here NATI-RALLS, i. e. the minutes of the
parallax in latitude of the Moon from the Sun.

20. The differonco north and south between the two orbits
i, e. tho measuro of their mutual inclination, is the same in
ovory part of tho orbit as it is in the nonagesimal point, henco
this difference called NATI is ascertained through the pRixsux-
rA or the sine of the zenith distance of the nonagesimal.*

[* When tho planet is depressod in tho vertical circle, its north and south
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21. The amount by which the Moon is depressed below the
Sun deflected from the zenith [at the conjunction] wherever it
bo, is the east and west difference between the Sun and Moon
in a vertical circle.*

distance from its orbit caused by this depression is called NATI or the parallux
iu latitude. Fig. 3.
As, in Fig. 8, let Z be the zenith ; N the nona- .
gesimal ; Z%! P its vertical circle; N s r the
ecliptic ; P its pole; Z s ¢ the vertical circlo
passing through the true place 8 and tho depress-
ed or apparent place £ of theSun; P ¢ r o q
sccondary to the ecliptio pmin% through tho
apparent pluce ¢ of the Sun ; then & r is tho
SPABHTA LAMDANA ov the parallax in longitudo
and ¢ r tho NatT or tho parallax in latitude which
can be found in the foliowing manner according
to the srDDHANTAS. D
Let Z N be the zenith distance of the nona-
gesimal and Z 8 that of the Sun ; then by the
triangles ZN 8, s
sinZB8:8inZN=sinst:sine?
sinet XeinZN
Soeinet=

sinZ8
Now, ¢ ¢ is taken for sin & ¢, and ¢ ¢ for sin r ¢,
on account of their being very small
st X sinZN

WnZ8
but according to the srDDEANTAS
.8inZ8

8t = ——

SLré=

(seo the preceding note).. (1)
P.sinZN

KX X ]

e 000000 9000000000 000000 (2)

R - .
that is, the a1 is found by multiplying the sine of the latitude of the nona-
gesimal by the greatest parallax and dividing the product by the radius.

It is clear from this that the north and south distance frem tho Sun depressed

in the vertioal circle to the ecliptic whorever he may be in it, bocomes equal to
the common parallax at the nonagesimal, and henco the NATI is Lo be dotermined
from the zouith distance of the nonagesimal.
- For this reason, by subtracting the NaTr of the Sun from that of the Moon,
which are oopmw:{ found in tho way above mentionod, tho purallux in latitudo
of the Moon from the Suu is found : und this bucomos equal to the difforence
between the mean parallaxes of the Sun and Moon st the nonagesimal, ‘Lhe
same fact is shown by Brisxamfomirva through the diagrams stated in the
verses 12th &o.

At the time of the eclipse as the latitude of the Moon revolving in its orbits is
very small, the Moon, therefore, is not far from the ecliptio ; and hence the
porallax in longitudo and that in latitude of the Moon is hero determined from hov
eorr;,lopoi;dlin)g]pl-oo in tho ocliptio, on account of the diffcronce being vory
emall.—B. D. .

. ® [According to the toohnicality of the Siddhantas, tho distanco taken in any
cirolo from any point in it, is called the cast and west distauco of the point, und
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22. For this reason, the differenco is two-fold, being partly
east and west, and partly north and south. And the ecliptic
is here onst and wost, and the circle socondary to it is north
and south. (It follows from this, that the east and west
difference lies in the ecliptic, and the north and south differ-
ence in the secondary to it.)

23. Tho difforenco enst and west has been denominated
LAMBANA or parallax in longitude, whilst that running north
and south is parallax in latitude.

24. The parallax in minutes as observed in a vertical circle,
forms the hypothenuse of a right angle triangle, of which the
NATI-KALL or the minutes of the parallax in latitude form one of
the sides adjoining the right angle then the third side found by
taking the square-root of the difference of the squares of the
two preceding sides will be SPHUTA-LAMBANA-LIPTA or the
minutes of the parallax in longitude.*

25. The amounts in minutes of parallax in a vertical circle
may be found by multiplying the sine of the Sun’s zenith
distanco of tho minntos of tho oxtromo or horizontal parallax
and dividing tho product by tho radius. Thus tho wamt will
bo found from tho vriksmera or tho sino of the nonagesimal
zenith distance.t '

26. The extreme or horizontal parallax of the Moon from
the Sun amounts to y§ part of the difference of the Sun’s and
Moon’s daily motion. For g% part of the YosaNas, the distance
of which any planet traverses per diem (according to the sip-
pHANTAS) i8 equal to the Earth’s radius. .

27. The minutes of the parallax in longitude of the Moon
from the Sun divided by the difference in degrees of the daily

tho distanco taken in tho scoondary to that circlo from the samo point, is callod
the north and south distance of that point.--B, D.]

* [Soe Fig. 8, in which by assuming the triungle r s £ as a plane right-angled
triangle, r £ = buse, # £ = hypothenuse and s # = perpendioular, tng therofore
sr=,/st'—ri'.—B,D.]

+ [This is clear from the equations (1) and (2) shown in the procoding large
note.—B. D.)
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motions of the Sun and Moon will be converted into GHATIS
[i. e. the time between the true and apparent conjunction].*

If the Moon be to the east [of the nonagesimal], it is thrown
forward from the Sun, if to the west it ia thrown backward (by
the parallax).

28. And if the Moon be advanced from the Sun, then it
maust be inferred that the conjunction has already taken place
by reason of the Moon’s quicker motion’; if depresscd behind
the Sun, then it may be inferred that the conjunction is to
come by the same reason. '

Hence the parallax in time, if the Moon be to the east [of
the nonagesimal] is to be subtracted from the end of the Trrat
or the hour of ecliptic conjunction, and to be added when the
Moon is to the west [of the nonagesimal].

29. The latitudo of the Moon is north and south distanco
between the Sun and Moon, and the NaTI also is north and
south. Henco the sxra or latitude applied with the Narr or
the parallax in latitude, becomes the apparent latitude (of the
Moon from the Sun).

VALANA or variation (of the ecliptic).

[The deviation of the ecliptic from the eastern point (in
reference to the observer’s place) of a planet’s disc, sitnated
in the ecliptic is called the VarANA or variation (of the ecliptic).
It is ovident from this, that the vaviation is oquivalent to the
arc which is the measure of the angle formed by the ecliptic
and the secondary to the circle of position at the planet’s
place in the ecliptic. It is equal to that arc also, which is the

® Tt is olear from tho following proportion,

If difference in minutos of duily motions of Sun and Moon.

+ 60 amaTIS — what will

: 1 given LAMBANA—KA’LAS or minutes of the parallax give ;
60 X given minutes of the parallax

or
diff. in minutes of S8un's and Moon’s motions
given minutes of tho parallax
= — = uccoleration or dolay of con-
diff. in degreos of Sun’s and Moou’s motious
junction arising from parallax.—L. W.
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measure of tho angle at the place of the planet in the ecliptic
formed by the circle of position and the circle of latitude. It
is very difficult to find it at once. Tor this reason, it is
divided into two parts called the AKsHA-vaLAwA (latitudinal
variation) and tho AvyaNa-varana (solstitial variation). The
AKSHA-VALANA is the arc which is the measure of the angle
formed by the circlo of position, and the circle of declination at
the placo of tho planct in the ocliptic, and the AYANA-vALANA
is the arc which is the measure of the angle formed by the
circle of declination and the circle of latitude. This angle is
equivalent to the angle of position. From thesum or differ-
onco of these two arcs, the arc which is the measure of the
unglo formed by the circle of position and the circle of latitude
is ascertained, and hence it is sometimes called the 8'rAsHTA-
VALANA or rectified variation.

Now, according to the phraseology of the SippmAnras, the
point at a distance of 90° forward from any place in any
circle is the east point of that place, and the point at an equal
distance backwards from it is the wost point. And, the right
haud poiut, 90° distant from that place, in the secondary to
the former circlo, is tho south point, and the left hand point,
is the north point. According to this Janguage, the doviation
of the east point of the place of the planet in the ecliptid, from
the enst point in the secondary to the circle of position at the
planet’s place, is the vaLaNa. But the secondary to the circle
of position will interscct the prime vertical at a distance of
90° forward from the place of the planet, and hence the
deviation of the east point in the ecliptic from the éast.point
in the prime vertical is the VALANA or variation, and this results
equally in all directions. When the east point in the ecliptic
is to the north of the east point in the prime vertical, the
variation is north, if it be to the south, the variation is south.

The use of the vALANA is this that, in drawing the projec-’
tions of the eclipses, after the disc of the body which is to be
eclipsed is drawn, and the north and south and the east and

M
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west lines are also marked in it, which lines will, of course,
represent the circle of position and its secondary, the direction
of the line representing the ecliptic in the disc of the body can
easily be found through the varana. This direction being
known, the exact directions of the boginning, middle and the
end of the eclipse can be determined. But as the Moon
revolves in its orbit, the direction of its orbit, therefore, is to
be found. But the method for finding this is very difficult,
and consequently instead of doing this, Astronomers deter-
mined the direction of the ecliptic, by means of the Moon’s
corresponding place in it and then ascertain the direction of
the Moon’s orbit.

The vaLaNA will exactly be understood by seeing the follow-

ing diagram

(5

Let E P C be the ecliptic, P the place of the planet in it,
A b B the equinoctial, V the vernal equinox, D % F the prime
vertical, & the point of intersection of the prime vertical and
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tho cquinoctial, henco & the cast or west point of tho horizon
and D & equivalent to the NATA which is found in the V. 86.
Again,lob e Pe,a P b and d P f be the circles of latitude,
declination and position respectively passing through the place
of the planet in the ecliptic.
Then,

the arc f b which is the measure of £ b P f = the {xsna-

VALANA :

the arc b ¢ .cevevnnninnniiniecennens veree Z. ¢ P b = the £vANA-
VALANA :

and thearcfe .cocceeeniinnnnnnnie eser Z. ¢ P f="the spasnTA-
VALANA.

Or according to the phfaseology of the SippHANTAS
E the east point of P in the ecliptic ;

A ... correniene eveseeense the equinoctial ;
R the prime vertical ;
hence,

the distance from D to A or arc D A or f b == the £ksua-
VALANA :

.......... we.. Ato Eorarc A E or b ¢ = the AYANA-VALANA ;
oand ......... Dto E or arc D E or f 2 = tho sPASITA-VALANA
or rectified variation. '

These arcs can be found as follows
Let, I = longitude of the planet,
e = obliquity of the ecliptic,
d = declination of the planet,
L = latitude of the place,
7 == NATA,
= AYANA-VALANA,
9 = AKSHA-VALANA,
aud 7 = rectified VALANA.
Then, in the spherical triangle A V E,
smnEAV:sinAVE=sinEYV:sinAE,
or cos d : sine ==cos ! : 8in 2,
M2



188 Tyanslation of the [VITL. 50.

sine.cosl.
.. sin @ or sine of the AYANA-VALANA =

(4)

cos d
See V. 32, 38, 34.
This vALANA is called north or south as the point T be novth
or south to the point A.

And, in the triangle A L D.

smDAA:sinALD=snDL:sinDA;
here, sin DAk =sin E AV = cos d,

sin A D =sin L,
and sin D i, = sin #,
<. cos d:sin L =sinn : sin v,

sin L. sin n

.~ 8in y or sine of the AKSHA-VALANA =

B)

cos d

Sco V. 87.

The Axsna-vaLANA is called north or south as the point A
be north or south to the point D.

And the rectified varana D E= D A 4+ A E, when the
point A lies between the points D and Ii, but if the point A
be beyond them, the rectified varLaNa will be equal to the
difference between the AksHA and AvaNA-varaNA. This also
is called north or south as the point E be north or south to
the point D.

Tho ancient nastronomors Larna, S'rfeart &e. used tho
co-versed sin ! instead of cos ! and the radius for the cos d
in (A) and the versed sin % in the place of sin # and radius
for the cos d in (B) and hence, the varanas, found by them
aro wrong. DBudskaracnarya therefore, in ordor to convinco
the people of the said mistake mado by Liarnia, S'wirars, &e.
in finding the vaLaNas refuted them in several ways in the
subsequent parts of this chapter.—B. D.]

80. In either the 1st Libra or the 1st Aries in the equi-
noctial point of intersection of the
equinoctial and ecliptic, the north and
south lines of the two circles i. e. their secondaries are different

AYAWA-VALANA,
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and aro at a distanco* of tho extremo declination (of tho Snn
1. e. 24°) from each other.

31. Henco, tho Avana-varana will then be equal to the
sine of 24° :—The north and south lines of these two circles
however are coincident at the solstitial points.

32, 33 and 34. And the north and south lines being there
coincident, it follows as a matter of course that the east of
thoso two circles will bo tho same. Illonco at tho solstitinl
points there is no ({YANA) VALANA.

When the planet is in any point of the ecliptic between the
equinoctial and solstitial points, AYANA-vALANA is then found
by proportion, or by multiplying the co-sine of the longitude
of tho planct by tho sino of 24°, and dividing the product by
tho pvusvk or the co-sino of the declination of tho planet.
This AYANA-VALANA i8 called north or south as the planet bo
in the ascending or descending signs respectively.

Thus in ljke manner at the point of intersection of the primo
vertical and equinoctial, the six o’clock
lino is the north and south lino of the
equinoctial, whilst the horizon (of the given place) is the north
and south line of the prime vertical. The distance of .these
north and south lines is equal to the latitude (of the place).

35. Hence at (the east or west point of) the horizon, the
KKSHA-VALANA is equal to the sine of the latitude. At midday
the north and south line of the equinoctial and prime vertical
is tho same. Hence at midday there is no AKSIHA-VALANA.

36. [For any intervening spot, the {KSHA-VALANA 18 to be
fonnd from tho sine of the NATAt by proportion.

First, the dogrces of NATA are (nearly) to be found by
multiplying the time from noon by 90 and dividing the
product by tho half longth of day.

ARSITIA-VALANA.

* [By tho distance of any two great circles is hero meant an aro intorcoptod
betweon them, of a great circle through the poles of which they pass.—B. D.]

+ [Here the waTa is the aro of tho prime vertical intercepted between the
zenitgln and the secondary circle to it passing through the place of the planet..—
B. D. .
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87. Then tho sine of the NATA degroos multiplicd by tho
sine of latitude, and divided by the co-sine of the declination
of.the planet will be the AxsHA-varana. If the NATA be to
the east, the AksHA-vALANA is called north. If west, then it
is called south (in the north terrestrial latitude).

The sum and difference of the AYANA and AXSHA-VALANAS
must be taken for the SPASHTA-VALANA,
viz. their sum when the Avana and
ARSHA-VALANAS are both of the same denomination, and their
difference when of different denominations i. . one north and
the other south.

38. 'When the planet is at either the points of the inter-
section of the ecliptic and prime vertical, the sPASATA-vALANA
found by adding or subtracting the AYANA and AKSHA-VALANAS
(as they happen to bo of the same or different donominations)
is for that time at its maximum.

39. But at a point of the ecliptic distant from tho point of
intersection three signs either forward or backward, there is
Nno SPABHTA-VALANA : for, at those points the north and the south
lines of the two circles are coincident.

40. However, were you to attempt to shew by the use of
the versed sine, that there was then no SPASHTA-VALANA at
those points, you could not succeed. The calculation must beo
worked by the right sine. I repeat this to impress the rule
more strongly on your mind.

41. As all the circles of declination meet at the poles; it

Another way of refutation 18 therofore evident that the north

PPASHTA-VALANA,

of using the versed sine.  gnd gouth line perpendicular to tho
east and west line in the plane of tho cquinoctial, will full in
the poles.

42, But all the circles of celestial latitude meet in the
pole of the ecliptic-called the KADAMBA, 24° distant from the
equinoctial pole. And it is this ecliptic pole which causes and
makes manifest the VALANA.

43. 1In the ecliptic poles always lies the north and south
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lino which is porpendicular to the cast and wost line in tho
plane of the ecliptic.

To illustrate this, a circlo should bo attached to tho sphoro,
taking the equinoctial pole for a centre, and 24° for radius.
This circle is called the XADAMBA-BHRAMA-VRITTA or the circle
in which the xApAMBA revolves (round the pole).

The sincs in this circle correspond with tho sincs of tho
declination.

All the secondary circlewto the prime vertical meet in the
point of intersection of the meridian and horizon, and this
point of intersection is called sAMA i. e. north or south point
of horizon. :

Now from the planet draw circles on the sphere so as to
meeb in the saMA, in the equinoctial pole and also in the
ecliptic pole. . ‘

The three different kinds of vALANA will now clearly appear
between these circles : viz. the {xsHA vArLaNA is the distance
between the two circles just described passing through the
sAMA and oquinoctinl pole.

2. 'Tho AYANA-vALANA is tho distance between the circlos
possing through tho ocliptic and oquinoctial polos.

8. 'The srasuTA-VALANA is the distance between the circlos
passing through the saMa and KADAMBA.

These three VALANAS are at the distance of a quadrant from
the planet and are the same in all directions.

48 and 49. Or (to illustrate the subject further) making

Second mode of illustrat- the planet as the pole of a sphero,
ing the SPasRTA-TAIANA.  Jraw a circle at 90° from it: then in
that circle you will observe the XksHA VALANA—which, in it,
is the distance of the point intersected by the equinoctial from
the point cut by tho prime vertical.

The distance of the point cut by tho equinoctial from that
cut by the ecliptic is tho AvaANA—and the distauce between the
points cut by the ecliptic and prime vertical the srasufa-
VALANA,
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50. In this case the plane of the ecliptic is always east and
west—cclestial latitude forming its north and south line. Those
thereforo who (like &'rfrarr or Larra) would add the &'Ara
colestial latitude to find the vaLaNna, labour under a grievous
delusion.

51. The 1st of Capricorn and the ccliptic pole reach the
meridian at the same time (in any latitude): so also with
regard to the 1st Cancer. Hence at the solstitiul points thero
i8 NO AYANA-VALANA. .

52. As the 1st Capricorn revolves in tho sphere, so tho
ecliptic pole revolves in its own small circle (called the ka-
DAMBA-BHRAMA-VRITTA round the pole).

53 and 54. When the 1st of Aquarius or the 1st of Pisces
comes to the meridian, the distance in the form of a sine in
tho KADAMBA-BURAMA-VRITTA, botween thoe ecliptic pole and
the meridian is the AyaNA-vaLANA. This vALANA corresponds
with tho kraNTUYL or the sino of declination found from tho
degrees corresponding to the time elapscd from the 1lst Capri-
cornus leaving the meridian.

55. As the versed sine is like tho sagitta and the sine is
the half chord (therefore the versed sine of the distance of
the ecliptic pole from the meridian will not expross tho proper
quantity of vALANA as has been asserted by LaLia &c.: but
the right sino of that distanco does so procisely). Tho Avana-
vALANA will be found from the declination of the longntude of
the Sun added with three signs or 90°,

56. ' Those people who have directed that tho versed sine
of the declination of that point three signs in advance of the
Sun should bo used, have thereby vitintod the whole culeula-
tion. AKSHA-VALANA may be in like manner ascertained and
illustrated : but it is found by the right sine, (and not by the
versed sine).

57. He who prescribes rules at variance with former texts
and does not shew the error of their authors is much to be
blamed. Hence I am acquitted of blame having thus cleamly
cxposed the errors of my predecessors.
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58. Tho inapplicability of the versed sine may be further

Another way of refutation, illustrated as follows. Make the eclip-
of using tho vorsed sine. tic pole the centre and draw the circle
called the JiNA-vRITTA With a radius equal to 24°.

59. Then make a moveable secondary circle to the echptlc
to revolve on the two ecliptic poles. This circle will pass over
the cquinoctial poles, when it comes to the end of the sign of
Gemini. )
~ 60. By whatever number of degrees this secondary circle
is advanced beyond the end of Gemini, by precisely the same
number of degrees, it is advanced beyond the equinoctial pole,
in this small JINA-vRITTA. The sine of those degrees will be
thore found to correspond oxactly with and increase as does
the sino of the doclination.

61. And this sino i8 the AYANA-vALANA : This vALANA is the
VALANA ab the end of the pynsjvA. For the distance between
the equinoctial pole and planet is always equal to the arc of
which the pYNsyA is the sine i. e. the cosine of the declination.

62. But as tho valuo of tho result found is roquired in
terms of the radius, it is consequently to be converted into
those terms.

As the JiNA-vRITTA was drawn from the echptlc pole as
centre, with a radius equal to the greatest declination, so now,
making the saMA centre draw a circle round it with a radius
equal to the degrees of the place’s latitude. (This circle is
called AKSHA-VRITTA.)

63 and 64. To the two sAMAS or north tmd south points of
the horizon as poles, attach a moveable secondary circle to the
prime vertical. Now, if this moveable circle be brought over
the planet, then its distance counted in the AKSHA-VRITTA or
small circlo from tho equinoctial polo will bo oxactly equal to
that of the planet from tho zenith in the prime vertical. Tho
sino of the planet’s zenith distanco in the prime vertical, will,
when reduced to the valuo of the radius of AksHA-vRITTA
represent the AK8HA-VALANA.

' N
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65. As in tho AYANA-VALANA 50 also in this ARSHA-VALANA,
the result at the end of the pyNJY{ is found ; this therefore must
be converted into terms of the radius. From this illustration
it is evident that it may be accurately ascertained from the
zenith distance in the prime vertical.

66. I will show now how the AXsHA-VALANA may be also
ascertained from the time from the planets being on the
meridian in its diurnal circle. [The rule is as follows.] Add
or subtract the s'ANKUTALA [of & given time] to and from tho
sine of amplitude according as thoy
are of the same or of different deno-
minations (for the B{HU or BHUJA).

67. The sine of the latitude of the given place multiplied
by the sine of the 4sus of the time from the planet’s being on
the meridian, and divided by the squarc-root of tho differenco
between the squares of the nnuia (above found) and of the
radius, will be exactly the £kSUA-VALANA¥

Seo verso 41, Chap. VIIL.

® This rule and the means by which it has been established by BrAsxarfou4-
»YA require elucidation.

BrAsxARA'cHA'BYA first directs that the BAMIU or BEUJA bo found for the
time of the middle of the eclipse and that a circle parallel to the prime vertical,
be drawn having for its centre a point on the axis of the prime vertical distant
from the centre of the prime vertical, by the amount of the Ba’mu. From this

s centre and the K07 equal to =,/ rad"—Ba'iT" as radius draw a circle paral-

Jel to the prime vertical. This circlo called an UPavRITTA will cut the dinrnal
cirole for the time on 2 poiuts equally distant fromn the moridinu, Conncot thoso
points by s chord. ‘The balf of this chord is the NATAGHATI'ITA a8 well in tho
diurnal circle as in the UPAVRITTA, but as these 2 circles ditfor in the maguitude,
these sines will be the sines of different number of degrees in each circle. Now
the NaTAGHATI'I¥L is known, but it is in terms of alarge circlo. Reduce them to
their value in the diurnal circle.

1. If Tei¥A : NATAJYK : DYNJYA' : sine of diurnal circle.

This sine in diurnal cirole is also sine in UPAVRITTA.

9. If UPA-VRITFA-TRIIYA : this sino s : TRIJYA cqual to AKSIATYA.

3. DynJ¥a’ : this result : : TRIJYA : sino of ARSHA-VALANA

now canosl
and there will remain the rule above stated

NATATYA X AXSHATYA! .
== sine of ARSHA.VALANA.

vnmﬁunmt
Here our author makes use of the diurnal circlo and UPAVRITTA in torm of
the equator and prime vertical, whose portious dotormino tho varana. Tho
smaller circles being parallel to the larger, tho object sought is cqually attained.
—L. W. )
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68. Or tho AXsHA-VALANA may be thus roughly found.

Multiply the time from the planet’s being on the meridian
and divide the product by the half length of day, the result
are the NaTA degrees. The sine of these NATA degrees
multiplied by the sine of the latitude and divided by the
DYNJYK or the cosine of the declination, will give the rough
ARBIA-VALANA.

69. Placo tho disc of tho Sun ab tho poinb ab which the
diurnal circle intersccts tho ecliptic.
The arc of the disc intercepted be-
tween these two circles represents the AYANA-VALANA in terms
of radius of the disc.

70. This vaLaNA is equal to the difference between the
sine of declination of the centre of the Sun and of the point
of intersection of the disc and ecliptic ; and it is thus found ;
multiply the radius of disc by the pHOGYA-KHANDA of the
BrUJIA of the Sun’s longitude and divide by 225.

71. Then multiply this result by sine of 24° and divide by
tho radius : tho quotiont is the difforenco of the two sine of
declination. 'This again multiplied by the radius and divided
by tho radius of Sun’s disc will givo tho valuo in torms of tho
radius (of a great circle).

72. Now in these proportions the radius of the Sun’s disc
and also radius are in one case multipliers (being in third

. places), and in the other divisors (being the first terms of the
proportion) thereforo cancel both. There will then remain
rule, multiply the Sun’s BHOGYA KHANDA by sine of 24° and

divide by 225.

73. And this quantity is equal to the declination of a point
of ecliptic 90 in advance of Sun’s place. Thus you observe
that the varava is found by the sino of declination as abovo
alleged, (and not by the versed sine). Abandon therefore,
O foolish men, your crroneous rules on this subject.

74. The disc appears declined from the zenith like an
umbrella ; but the declination is direct to the equinoctial pole :

N 2

Furthor illustration.
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the proportion of the pYNiY£ or complement of declination is
therefore required to reduce the varana found to its proper
value in terms of the radius.

End of Chapter VIII. In explanation of the cause of
eclipses of tho Sun and Moon.

CHAPTER IX.

Called DRIKKARAMA-VASANK on the principles of the Rules for
Jinding the times of the rising and sciting
of the heavenly bodies.

1. A planet is not found on the horizon at the time at

Object of the correction Which its corresponding point in the
:{'ich s tb:,i.i;";:‘ﬁn:“ ecliptic (or that point of the ecliptic
]l;g“:e h‘&"ﬁ':d‘?n';“a‘:;o‘in: having.the same longitl'ldfa) reaches
of tho eoliptio on thehorizon the horizon, innsmuch as it is clovatod
when the planct reachies it. o}, ,ve or depressed below the horizon,
by the operation of its latitude. A correction called pRik-
KARAMA to find the exact time of rising and setting of a planet,
i therefore necessary. .

2. When the planet’s corresponding point in the ocliptic
reaches the horizon, the latitude then does not coincide with
the horizon, but with the circle of latitudo. The clovation of
the latitude above and depression of it below the horizon, is of
two sorts, [one of which is caused by the obliquity of the
ecliptic and the other by the latitude of the place.] Hence
the DRIKKARAMA is two-fold, i. e. tho AYANA and the ARsHAJA or
AxsHA. The detail and modo of performing these two sorts
of the correction are now clearly unfolded.

8. When the two vaLaNas are north and the planet’s
corresponding point in the ecliptic is
in the eastern horizon, the planet is
thereby depressed below the horizon by south latitude, and
elevated when the planet’s latitude is north.

DRIKKARMA,



I1X. 9.] Siddhdnta-a"iromonz. 197

4. Whon the two kinds of vALANA are south, then the
reverse of this takes place ; the reverse of this also takes placo
when the planet’s corresponding point is in the western hori-
zon.

[And the difference in the times of rising of the planet and
its corresponding point is called the resultant time of the
PRIKKARMA and is found by the following proportions. ]

If radius: AYANA-VALANA :: what will celestial latitudo
give?

5. And
if cosine of the latitude of the given} : KKSHA-VALANA
placo
: : what will srAsiTA s'ara givo ?

Multiply the two rosults thus found by theso two propor-
tions, by the radius and divide the products by the pyus¥£ or
cosine of declination.

6and 7. Take the arcs of these two results (which are
sines) and by the Asus found from the sum of or the difference
between these two arcs, the planet is depressed below or
elevated above the horizon. The LAGNA or horoscope found
by tho dircct process (as shown in the noto on the vorso
26, Chapter VII.) when the planet is depressed and by the
indirect process (as shown in the same note) when it is
elevated, by means of the asus above found, is its upAva
TAGNA rising horoscope or the point of the ecliptic which
comes to tho castorn horizon at the same time with tho
planet.

When the planet’s corresponding point is in the western
horizon, the LAGNA horoscope found then by the rule converse
of that above given, by means of the place of the planet added
with G signs, is its AsTA LAGNA setting horoscope or tho point
of the ecliptic which is on the eastern horizon when the planet
comes to the western horizon.

8and 9. For the fixed stars whose latitudes are very
considerable the resulted time of the pRIKKAERMA is found in a
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different way. Find tho ascensional difference from the mean
declination of the star, i. e. from the declination of its corre-
sponding point in the ecliptic, and also from that applied with
the latitude, i. e. from the true declination. The asus found
from the sum of or the difference between the ascensional
differences just found, as the mean and true declinations aro of
the different or of the same denominations respectively, are the
Asus of depression or elevation depending on the AxksHA
DRIKKARMA. (Find also the time depending on the AYANA-
DRIKKARMA) : and from the sum of or tho difference between
them, as they may be of the same or diffcrent denominations,
the UDAYA LAGNA or ASTA LAGNA may be ascertained as above
found (in the 6th and 7th verses).*

* Lot AD B Oho the meridian; OK D tho horizon, A tho zenith ; E the
cast point of the horizon; I 1 G the equinoctinl ; K the north polo; L tho
south ; P tho planct ; p ita corvesponding point in the ecliptio; IL P p J the
socondary to tho ocliptic passing through tho planct I, and henee p I’ tho
Iatitude. Lot 7 P g the diurnal civcle pussing through tho planet I’ and henco
# R the rectifled latitude.

Now, when the corresponding place of the planet is in the horizon, it is then
evident from the accompanying figure, that the planet is clevated above or
depreasod below the horizon by its lutitudo p P and as it is vory diflicult to find
the elevation or depression at once, it is therefore ascertained by mecans of its
two parts, the one of which is from the horizon to the circle of declination, i. e.
Q to R. This partial olevation or depression takes place by the planet’s rectified
latitude p R. And the other part of the elevation or dupression is from the
circle of declination to the circle of latitude ; i. e. from R to P and this occurs
by the planet’s mean latitude p P. From the sum or difference of these two

ts, the exact elevation of the planet above the horizon or the dopression
E:lrow it, can be determined. When the terrestrial latitude, of the given place
is north and the planet's corresponding place in the ecliptic is in the eastern
horizon, the A’ksHA-VaLANA is then north and the circle of declination is
olevated above the horizon to the north. For this reason, when the a’xsna-
VALANA is north, tho planet will be elovatod abovo the castern horizon if its
latitude be north, and if it be south, the planct will bo depressed below the
horizon. But the reverse of this takos placo when tho a‘KsITA-VALANA is south
which ocours on account of the south latitudo of the given place, i. 0. whon tho
A’RSLIA-VALANA is south, the circlo of declination is dopressed below the horizon
to the north and hence the planet is depressod bolow it, if ita latitudo bo north,
and if it be south, the planet is elevated above the horizon.

Again, when the planet’s longitade terminates in the six ascending signs, it is
evident that the AYaNA-VALANA becomes then north, and the north pole of the
ecliptic is elovated above the oircle of declination passing through the planet.
Hence, when the A°YANA-VALANA is north, the planet is elevated above or
deprossed below the circle of declination by its mean latitude, as it is north or
south. But the reverse of this takes place, whon the A’YANA-VALANA is south,
i. e. the planet is depressod bolow or erevntod above the circlo of declination,
as its latitude is north or south. Becauso when the A'YANA-vALANA is south
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AL

tl‘;e north pole of the ecliptic lies below the circle of declination and the south
abovo it.

Agnin, when tho planct is in the western horizon, the circlo of declination -
prasing through tho placo of the planct in the coliptic lies to the north abovo
tho horizon, but the AKsA-vaLANA, becomes south and hience the reverse takes
place of what is said about the elevation or depression when the planet is in the
eastern horizon, But as to the AyANa-vazana, it becomes north when the
longitude of the planet terminates in the ascending six signs and the north pole
of the ecliptio lies below the circle of declination. Hence the depression of the

lanet takes place when its latitude is north and the elevation when the latitude
18 south. But when the longitude of the planet terminates in the discending
six signs, the AYAWA-VALANA becomes then south and the north pole of the
ecliptic lies sbove the circle of declination. For this reason, the elevation of the
planet takes place when its latitude is north, and the depression when it is
south. Thus in the western horizon the elevations and depreesions of the planet
are opposite to those when the planet is in the eastern horixon.

Now, the time elapsed from the planet’s rising when it is elevated above the
horizon and the time which the planet will take to rise when it is depressed
below the horizon, are found in the following manner.
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10. The [Aspasata] S'arA or true latitude [of the planet]
To find tho value of co. Multiplied by the Dyusy& or cosine

lestial latitude in terms of s of declination of the point of the eclip-
circle of declination, to ren- | . .
der it fit to be added to or tic, three signs in advance of tho

sabtracted from declination. 11, o7 corrosponding point and di-

Bee tho figure above desoribed in which the angle @ K R or the equinootial
arc Q' p’ denotes the time of elevation of the planet from Q to R, and the time
of elevation of the planet from Rto P is denoted either by the angle P K R
or by the equinoctial arc P’ p’, Out of these two times Q’ p’ and P’ p’, we show
at first how to find P’ p’,

In tho triangle P p R, P p — the latitudo of the planct, ZP p B = tho.
A’YANA-VALANA and << P R p = —J, and

S R:inPpR=sinPp:sinRP;

or if radius

+ sin of A’YANA-VALANA

== the sine of latitude

: sin R P, .
Again, by the similar triangles K P R and K P’ p’
sin K P:sin R P = sin K P’ ; sin P’ p*,
here, sin K P = oosine of declination and K ¥ = R,
RXsinRP

.*, sin P’ ?' =
cos of declination
Now, the time p’ Q' is found as follows.

In the triangle p R Q, p R = the sPasHTA-8’ABA Which can be found by the
rule ﬁiven in the V. 10 of this chapter, £ B p Q = AKBHA-VALANA and
< B Q p = co-latitude of place nearly

and .. sinp QR:sin BpQ::sinpR;:sinBR Q
or, if cosine of latitude,

: sine of AKSHA-VALANA,

== BPASITA-8'ARA

:linRhQ; e E QR K Q p
again, by tho triang ' 9’y

psinl%Q:linQB=nin KQ:sinp’Q';
here, sin K Q = cosine of declination and sine K Q' = R,
R sinQR

cos of declination.

If both of these times thus found, be of the elevation or both of the depros-
sion, the planet will bo elevated above or depressed below the horizon in the
time equal to their sum, and if one of these be that which the planet takes for
its elevution and the other for its depression, the planet will bo elevated ubove
or depressed below the horizon in, the time equal to their diffcrence as the
remainder is of the time of elevation or of that of the depression. The sum or
_ difference of the two times just found is called the resulted time of the prIx-

KARMA in the B’IDDHANTAS.

That point of the ecliptio which is on tho castern horizon whon the planct
reaches 1t, is called the UDAYA T.aGNA rising horoscope of the planet. As it is
necessary to know this UDAYA 1a@Na for finding the time of the planot’s
rising, we are now going to show how to find the rising horoscope. If the
planet is dopressed by the resulted time above mentioned, it is evident that
whon the planot will como to the castern horizon, its corresponding placo in the

o sin Q=
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vided by the radius becomes [nearly] the srasmta or rectified
latitude, [i. e. the arc of the circle of declination intercepted
between the planet’s corresponding point in the ecliptic and
the diurnal circle passing through the planet]. This rectified
latitude is used when it is to be applied to the mean declination
and also in the fKSHA DRIKKARMA.* .
11. Tho colostial latitude is not reduced by BramMagurr.

ecliptic will be elevated above it by the resulted time. For this reason, having
assumed the corresponding place of the planet for the S8un, find the horoscope
by the direct prooess through the resulted time and this will be the rising
horoscope. But if the planet be elevated above the horizon by the resulted time,
its corresponding place will then be depressed below it by the same time when
the planet will come to it. Therefore, the horoscope found by the indirect
process through tho rosulted time ; will bo the rising horoscope of the planet.

That point of the ecliplic which is on the eastern horizon when tﬁo planet
ocomes to the western horizon, is calied the A8TA LaGNA or setting horoscope of
the planet. As it is requisite to know the setting horoscope for finding the
time of setting of the planet, we therefore now show the way for finding the
setting horoscope. If the planet be depressed below the western horizon by the
resulted time, it is plane that when the planet will reaches it, its corresponding
place will be elevated above it l'g the resulted time and conseguently the
corresponding place of the planet added with six signs will be depressed below
the eastern liorizon by the same time. Therefore, assume the corresponding
place of the planet added with six signs for the S8un and find the horoscope by
tho indiroct procees, through tho resultod time and this will bo tho asTa raagra
sotling horosoope. But if tho planct bo depressed bolow the wostorn horizon, its
corresponding place added with six signs will then be elevated abovo the castorn
horizon by the resulted time and hence tho horosoope found by the direct procees
will thon be tho asTA LAGNA sctting horoscope.

Now tho time p’ Q' which is determined above through the trianglo p R Q, is
not the exact one, because, in that triangle the angle p Q R is aunme-f equal to
the co-latitude of the given place, but it cannot be exactly equal to that, and
consequently the time p’ Q’ thus determined ocannot be the exact time. But no
considerable error is caused in the time p’ Q’ thus found, if the latitude be of s
planet, as it is always small. As to the star whose latitude is considerable, the
timre l’li' Q' thus found cannot bo the exact time. The exact time can bo found
as follows.

Beo the preceding figurc and in that take R for a star and p the intersocting
point of the ecliptic, and the circle of declination passing through the star R then
p ¢’ is called the mean declination of the star, R p, the rectified latitude and R p’
the rectified declination.

Now, find the ascensional difference E p’ through the mesn declination p p’
and the ascensional difference E Q' through the rectified declination R p’ or
Q Q’. Find the difference between these two ascensional differences and this
differenco will bo oqual top’ Q’i.e. E Q'—E p’ = p’ Q’. But it occurs then
when p and R are in the samo side of the equinoctial ¥ G and when p is in one
side and R in the other of the equinoctinal, it is evident that p’ Q' in this case
will be equal to the sum of the two asccnsional differonces.—B. D.]

7 ® This rule is admittcd by BufsxarfoMARYA to be incorrect; but the

error being small, is neglected. Instead of using the DYUJ¥4, the Yasuyr should
have been adopted.

o
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her X i
Omission of th last fmd ot e e'arly astronomers to its vnlu.o
mentioned correction or re- 1N declination: and the reason of this

duction of Celestial latitude el . :
t0 its value in declination, OTRISSiON, seems ‘to have been its

:{hm?n"lﬂﬂﬂﬂ‘t and  gmallness of amount. And also it is

the wuncorroctod latitnde which is
used in finding the half duration of the eclipses and in their
projections &c.

12.  As the constellations are fixed, thoir lutitudes as given
in the books of these early astronomers are the srasmayp-
8/ARAS, i. 0. tho reduced values of tho latitudes so as to vendor
them fit to be added to or subtracted from the declination ;
and the DHRUVAS or longitude of these constellations are given,
after being corrected by the AYANA DRIKKARMA 80 as to suit
those corrected latitudes that is, the star will appear to rise at
the equator at the same time with longitude found by the

correction.

Let a d be equinootial and P the oquinootiul pole,
@ b = Eoliptio,
b & = Celestial lutitude,
b o= Celestial latitude reduced to its value in
declination is oI,

& o = BHUJA being aro of diurnal circle 0 2 ¢

¢ ¢ = k b portion of diurnal cirole of the plunet’s p.
longitude at b. .

The triangle s o b or s k b is assumed to be a D16-
VALANAJA TRYABRA.

The sngle 8 b ¢ == AYANa-vaLANA or the angle of
the iuclinution of 23 which
goes to ecliptio pole with b ¢

“ which goes to equinoctial
pole. &
Henoe this trisngle s b o is called p1@-vALANAIL :

TRYSRA, the angle & b ¢ varying with the AvaNa-varawa. Ifd were at the 1st

Osnoer, then the north line a b ¢ which goes to the polo would go also to the

ecliptio pole,

ence the ASPASHTA 8a’2A, and spasuTa 8'Ama of a star of 90° of lutitude
being both represented by b ¢ would be the same. o the longitude of s star

being 270°, its AsPasuTA and SPASHTA 8R4 would be tho same.—L. W.

(The rule stated i this verse is founded upon the following princi le.
Assuming the triengle s 5 ¢ as a plane right-angled triangle an the angle

# 3 o, as the deolination of the point of the ecliptic three signs in advance of the

planet’s corresponding place, use this declinativn is nearly equul to the

AxyaNA-vALaNa, we have,

sinsob:cossbe=>bs:dec;
or R : YasHTI or nearly the cosine of the declination of the planet’s place 9°0 +
= Celestial lutitude : rectifiod latitude.—B. D.]

PR
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13. 'Those astronomers, who have mentioned that celestial
, latitude is an arc of a circle of de-
BrA’SKARA'CHARYA  ex- .. .
poses the incorrect theory clination, are Btupld. Were the ce-
f,;cf;:::'i'n"; his predecoseors, ) egtial latibude mothing more than an
tice which is irreconcilable arc of a circle of declination, then why
with their own theory.
should they or others have ever had
recourse to the AYANA DRIKEARMA at all? (The planets or
stars would appear on tho six o’clock line at the timo that the
corresponding degree of the ecliptic appeared there.)

14. How moreover have these same astronomers in deline-
ating an eclipse marked off the Moon’s latitude in the middle
of the eclipse on SPASHTA-VALANA-8GTRA or on the line denoting
tho secondary circlo to the ecliptic? and how also have they
drawn perpendicularly on the VALANA-8GTRA or the line repre-
senting the ecliptic, the latitudes of the Moon at the com-
mencement and termination of the eclipse.

15. How moreover, have they made the latitude xory,i. e.
perpendicular to the ecliptic and thus found the half duration
of the cclipse? If the latitude were of this nature, it would
never be ascertained by the proportion (which is used in
finding it).

16. A certain astronomeor has (first) erroneously stated the

Censure of the astrono- DRIKKARMA and VALANA by the versed

e e oo the patx.  Sine. This course has been followed

XARMA and VALAFA. by others who followed him like blind
men following cach othor in succossion: [without scoing
their way].

17. BranMacurta’s rule, however, is wholly unexceptionable,
but it has been misinterpreted by his
followers. My observations cannot be
said to bo presumptuous, but if they are alleged to be 80,
T have only to request able mathematicians to woigh thom
with candour.

18. The DRIKKARMA and VALANA found by the former astro-

o2 :

Praise of BEAERMAGUPTA.
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nomers through the versed sine are erroneous : And T shall now
give an instance in proof of their error.

19 and 20. In any place having latitude less than 24° N,

An instance in proof of Multiply the sine of the latitude of the
the error., place by the radius and divide the
product by the sine of 24° or the sine of the obliquity of the
ecliptic and take the arc in degrees of the result found. And
find the point of the ecliptic, the degrees just found in
advance of the 1st Aries. Now, if from this point the planet’s
corresponding point on the ecliptic throe signs backwards or
forwards, be on the western or eastern horizon respectivoly,
then the ecliptic will coincide with the vertical circle, and the
horizon will consequently be secondary to the ecliptic. Hence
the planet will not quit the horizon, though it be at a distance,
of extremo latitudo from its corresponding point in the ocliptio
[which is on the horizon], as the celestial latitude is perpen-
dicular to the ecliptic.*

21. TIn this case the resulted times of the DRIKKARMA being
of exactly the same amount but one being plus and the other
minus, neutralize each other [and hence there is no correc-
tion]. Now this result would not be obtained by using the
versed sine—hence let the right sine (as prescribed) be always
used for the DRIKKARMA.

® [Tt is evident that the longitude of this point is equal to the aro through
which it is found, and as the point of the ecliptic 8 signs backwards or forwards
from this point is assumed on the horizon, this point therefore will at that time
be the nonagesimal, and as the longitude of that point or nonagesimal is less
than 90e the declination of this point will be north. This declination equals to
the latitude in question. For .
R X sin latitudo

** The sine of the latitude of the point = (by the as-
: sin 24°
sumption)
sin 24° X sin longitude of the point
.~ oin latitude = , but this = sin de-
Radius
clination.

. «% The declination of that point or no imal equal to the latitude of the
place. And hence, if the latitude be north the nonagesimal will be in the
sonith, For this reason the ecliptic will coincide with the vertical circle,—B. D,]
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22. Again here, in like manner, it is from the two vALANAS
having different denominations, but equal values, that they
mutually destroy each other. By using the versed sine, they
would not have equal amounts, hence the vAraNas must be
found by the right sine.

[In illustration of the fact that the vALANA does not corre-
spond with the versed sine, but the right sine BaXskARACHARYA
gives as an examplo.]

23. 'When the Sun comes to the zenith [of the place where
the latitude is less than 24°], and consequently the ecliptic
coincides with the vertical circle, the spASHTA VALANA then
evidently appears to be equal to the sine of the amplitude of
the ecliptic point 90° in advance of the Sun’s place in the
horizon. If you, my friend, expert in spherics, can make the
SPABHTA VALANA equal to the sine of amplitude by means of the
versed sine, then I will hold the vaLaNA found in the Dmfvgip-
DHIDA TANTRA by Liarta and in the other works to be correct.

[To this BufskaracHARYA adds a further most important
and curious illustration :]

24. In the place where the latitude is 66° N. when the
Sun at the time of his rising is in lst Aries, 1st Taurus, 1st
Pisces, or in 1st Aquarius, he will then be eclipsed in his
southern limb, because the ecliptic then coincides with the
horizon. Therefore, tell me how the spAsETA varaNa will be
equal to tho radius by means of the versed sine !

[In the sanmo mannor the DRIKKARMA calculation as it
depends on the vALANA, must be made by the right sine and
not by the versed sine and for the same reasons.]

26. Even clever men are frequently led astray by conceit

Cause of error in Laxza in their own quick intelligence, by
sud others, stated. their too hasty zeal and anxiety for
distinction, by their confidence in others and by their own
negligence or inadvertence, when it is thus with the wise,
what need I say of fool ? others, however, have said :—

26. Those given to the service of courtezans and bad poets,
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are both distinguished by their disregard of the criticisms and
reflections of the world, by their breach of the rules of time
and metres, and their destruction of their snbstance and of
their subject, being beguiled by the vain delight they feel
towards the object of their taste.

End of Chapter IX. called DRrIKKARMA-VASANA.

CHAPTER X.

Called S'RINGONNATI-VASANS in explanation of the cause of the
Phases of the Moon.

1. This ball of nectar the Moon being in contact with rays

of the Sun, is always illaminated by her shinings on that side
turned towards the Sun. The side opposite to the Sun dark
as the raven black locks of a young damsel, is obscured by
being in its own shadow, just as that half of a water-pot which
is turned from the Sun, is obscured by its own shadow.
. 2. At the conjunction, the Moon is between us and the
" Sun: and its lower half which is then visible to the inhabit-
ants of the earth, being turned from the Sun is obscured in
darkness.

That half again of the Moon when it has moved to tho
distance of six signs from the Sun, appears to us at tho period
of full Moon brilliant with light.

8. Draw a line from the earth to the Sun’s orbit at a
distance of 90° from the Moon, and find also a point in the
Sun’s orbit (in the direction where the Moon is) at a dis-
tance equal to that of the Moon from the earth. When the
Sun reaches the point just found, he comes in the line per-
pendicular at the Moon to that drawn from the earth to tho
- Moon. Then the Sun illumines half of the visible side of the
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Moon. Thatis when the Moon is 85°. . 45" from the Sun
east or west, it will appear half full to us.*

4. Tho illmminated portion of the Moon gradually increases
as it recedes from the Sun : and the dark portion increases as
it approaches the Sun. As this sea-born globe of water (the
Moon) is a sphere, its horns assume & pointed or cusped
appearanco (varying in acutoncss according to its distanco
from the Sun).

5. (To illustrate the subject, a diagram should be drawn

Disgram for illustrating 88 follows). Let the distance north and
tho subjoct. ~ south between the Sun and Moon re-
present the BHUJA, the upright distance between them the
goTI and the line joining their centres the hypothenuse. The
Sun is in the origin of the BHUIA which stretches in the direc-
tion where the Moon is, the line perpendicular at the end of
the BHUJA i8 KOTI at the extremity of which is the Moon and
the line stretching (from the Moon) in the direction of the Sun
is the hypothenuse. The Sun gives light (to the Moon) through
tho direction of the hypothenuso.

, ® This is thus illustrated. Let a repre-
sent the Earth, b ¢ d the orbit of the 8un,
e f=do. of the Moon. . Then it is ob-
vious that half of the side of the Moon
visible to us will be illuminatod whon
the Bun is at c and not at d, when the
8un is at d it will illumine more than
half of the Moon's disc; b ¢ is less than a
quadrant by the arce d, the sine of which
P ¢ aeoreginterms of the radius of the
4 N Sun’s orbit, equals to the Moon's dis-
tance from the earth. L. W,
he arc b ¢ can be found as follows :—
n the trinnglo @ e ¢ right angled at a,
ae — 61666 YOIANAS, ac == GBY3TT

a® 4 5 —a Y0JaANAS avcording to the SIDDHA'NTAS.
ae 51666
Then, cos e @ ¢ = —— = ——— ==, 0748 = cos 85° .. 43’
. ac 689377

.~ arc b ¢ = 85.. 45’ ncarly.— B. D.]
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[For instance

| 3

Let S be the Sun and m the Moon, then @ S = Buuia,
a m = KofI,m S = hypothenuse. Then f g a line drawn at
right angles to extremity of hypotennse will roprosont lino of
direction of the enlightened horns and the angle % m d opposite
to BrUJA will be equal to <~ g m ¢ = the amount of angle by
which the northern cusp is elevated and southern depressed,—
were the Moon at %, there would be no elevation of either cusp
ecither way. For the hypothenuse will also bisect the white part
of the Moon. If the Sun is north of the Moon, the north ensp
of tho Moon is elevated : if south tho southorn cusp. L. W.]

[Mr. Wilkinson has extracted the following two verses from
the GANITADHYAYA.

I. When the latitude is 66° N. and the Sun is rising in 1st
Aries, then the ecliptic will coincide with the horizon ; now
suppose the Moon to be in 1st Capricorn, then it will appear
to be bisected by the meridian and the eastern half will be
enlightened. :

But according to BRaAHMAGUPTA this would not occur, for he
has declared that the oyt will be equal to radius in this case
whereas it is obviously “nil,” and it is the siusa which is
equal to radius when there is no north and south difference
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between the Sun and Moon then the xopr would be equal to
the hypothenuse or radius and the BEUJA would be ““nil.”

II* And the Moon’s horns are of equal altitude when there
is no BHUJA, whilst they become perpendicular when there is
no ko7l. 'That the Kotr and BHUJA shall at one and the same
time be equal to radius is an obvious incompatibility. But
what business have I with dwelling on the exposure of these
errors? Braumagurra has here shown wisdom indeed, and
I offer him my reverent submission !]

6. I have thus only briefly treated of the principles of the
subjects mentioned in the Chapters on MAapHYAGATI &c. fearing
to longthen my work; but the talonted astronomer should
undorstand tho principlos of all the subjects in completion,
becauso this is the result to be obtained by a complete know-
ledge of the spheric.

End of Chapter X. called S'RINGONNATI-VASANK.

CHAPTER XI.
Oalled YANTRADHYAYA, on the use of astronomical instruments.

1. As minute portions of time elapsed from sun-rise cannot
be ascertained without instruments, I
shall thorefore briofly detail a fow
instruments which are of established use for this purpose.

2. The Armillary sphere, NAp{-vAaLAYA (the equinoctial),
the vasuTI or staff, the gnomon, the GuATI or clepsydra, the
circle, the semi-circle, the quadrant, and the PHALAKA : but of
all instrumeonts, it is “ iNagNuUITY” which is tho best.

Objoot of tho Chapter.

® BrisxanfomARrYa is hiere vory severo on BRanua@uera who of all his pre-
deccssors is ovidently his favorite, but truth seemed to require this condernn-
ation. 1fo at tho same horo docs justico to Arya-BHATTA and the suthor of the
S80rYa-sipDuA’NTA, Thoy both justly concur in saying there is no xot in this
case.—L. W.

P
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8 and 4. (This instrument is to be made as bofore de-
scribed, placing the Buaagora starry
sphere, which consists of the ecliptic,
diurnal circles, the Moon’s path, and the ecircles of declination
&c. within the krAGOLA celestial sphoro, which consists of the
horizon, meridian, prime vertical, six o’clock line, and other
circles which remain fixed in a given latitude). Bring the
place of the Sun on the ecliptic to the eastern horizon: and
mark the point of the equinoctial (in the BrAGoLA) intersected
by the horizon, viz. east point. Having made the horizon as
level as water, turn the BHAGOLA westward till the Sun throws
its shadow on the centre of the Earth. The distance between
the mark made on the equinoctial and the now eastern point
of the horizon will represent the time from sun-rise.

5 and 6. Tho raaNa or horoscopo will thon bo found in
that point of the ecliptic which is cut by the horizon.

Tuko & wooden circlo and divido its ontor rim into 60 aua-
7iR(8 : Then place the twelve signs
of the ecliptic on both sides, but
instead of making ‘each sign of equal extent, they must be
made each with such variable ares as shall correspond with
their periods of rising in tho placo of obsorvation (the twelve
periods are to be thus marked on ocither side, which aro to bo
again each subdivided into two mor&s (or hours), three prksi-
EAYAS, into NAVANS'AS or ninths of 3°. .20’ each, twelfths
of2°. . 10’ and into TRINS'ANS'As or thirtieths. These are
called the sHADVARGA or six classes). These signs, however,
maust be inscribed in the inverse order of the signs, that is
18t Aries, then Taurus to the west or right of Aries and so on.
Then place this circle on the polar axis of the xHaaorA at the
centre of the Earth (the polar axis should be elevated to the
height of the pole).

Now find the Sun’s longitude in signs, degrees, &c. for the
sun-risoe of the given day (by calculation) aud find the same
dogree in the circle. Mark thero the Sun’s place, turn the

Use of Armillary Sphere.

The NA’DI-VALAYA.
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circlo round tho axis, so that the shadow of the axis will fall on
tho mark of the Sun’s place at sun-rise and then fix the circle.
Now as tho Sun rises, the shadow of tho axis will advanco from
the mark made for the point of sun-rise to the nadir and will
indicate the hour from sun-rise, and also the raeNA (horos-
cope) : the number of hours will be seen between the point
of sun-rise and the shadow : and the LAaNA will be found on the
shadow itself. [Whilo tho Sun goos from enst to west tho

% Q.% “Ina
‘}3:‘ %,

shadow travels from west to east and henco the signs with
their periods of rising must be reversed in order—the arc
from W to Laona represents the hour arc: and the Lagwa is
at the word LaanA in the accompanying figure.—L. W.]

7. O, if this circle marked as above, be placed on any axis
elcvated to the altitude of the pole, then the distance from the
shadow of the axis to the lowest part of the circle will repre~
sent the time to or from midday.

8. A amaTi made of copper like the lower half of a water-
pot, should have a large hole bored in
its bottom. See how often it is filled
and falls to the bottom of the pail of water on which it is
placed. Divide 60 cuapis of day and night by the quotient

p2

The GiuaTI or clepsydra.
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and it will give the measuro of the clepsydra. (If it is filled
60 times, then the gEATI will be of one GHATIRX ; if 24 times
it will be of one hour or 2} GHATIKAS.)

9. For a gnomon take a cylindrical piece of ivory, and lot
it bo turned on a lathe, taking caro
that the circumferonce be equal above
and below. From its shadow may be ascertained the points
of the compass, the place of observer, including latitude &c.
and times (as has been elsewhore explained).

10. The circle should be marked with 360° on its outor
circumferonce, and should be sus-
pended by a string or chain moveable
on the circumference. The horizon or Earth is supposed to
be at the distance of three signs or 90° from the point at which
it is suspended : the point opposite to that point being tho
zenith.

11. Through its centre put a thin axis: and placing the
circle in a vertical plane, so as to catch the shadow of the Sun:
the degrees passed over by the axis from the place deno-
minated the Earth, will be altitude :

12. And the arc to the point denominated the zenith, will
be that of the zenith distance.

Some former astronomers have given the following rule for
making a rough caleulation of the time, viz. multiply tho half
length of day by the obtained altitude and divide the product
) by the meridian altitnde, the quotient will be the time sought.

13. First let the circle be so held or fixed that any two

To find the longitudes of Of the following fixed stars appear to
plauets by the cireo. touch tho circumforonce, viz. Ma-
anX (« Leonis, Regulus), Pusuya (8 Cancri), REvarf ({ Piscium)
and S'Arar{eaxf (or A Aquarii). [These stars are on the
ecliptic and having no latitude, are to be preferred.] Or, that
any star (out of the CuiTe« or a Virginis Spica &c.) having
very inconsiderable latitude, and the planet whose longitude is
required and which is at a considerable distance from the star,
appear to touch the circumference.

Gnomon,

The OAKRA or circle.
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14 and 15. Then look from the bottom of tho circle along
its plane, so that the planet appear opposite the axis ; and still
holding it on the plane of the ecliptic, observe also any of tho
above mentioned stars. The observed distance between the
planet and the star, if added to the star’s longitude, when the
star is west, and subtracted when east of the planet, will give
the planet’s longitude.

The half of a circle is called & ciara
or semicircle. Thoe half of a semi-
circle is called Tur{YA or a quadrant.

16. As others have not ascertained happily the apparent
time by observations of altitudes in
o vortical circle, I have therefore
laboured myself in devising an instrument called PHALARA
YANTRA, the uses of which I now proceed to explain perspi-
cuously. It contains in itself the essence of all our calculations
which are founded on the true principles of the Doctrine of
the Sphero.

17. T BnAsxara now proceed to describe this excellent
instrument, which is calculated to
romovo always the darkness of igmo-
ranco, which is morcover the dolight of clever astronomors
and is founded on the shadow of its axis : it is also eminently
serviceable in ascertaining the time, and in illustrating truths
of astronomy, and therefore valued by the professors of that
scicnco. It is distinguished by having a circlo in its centre.
I procecd to describo this instrument after invoking that
bright God of day, the Sun, which is distingunished by the
epithets I have above given to the instrument viz. he is
eternal and removes obscurity and cold : he makes the lotus
to flower and is ever shining : he easily points out the time
of the day and season and year, and makes the planets and
stars to shine. He is worthy of worship from the virtuous and
resides in the centre of his orb.*

Somi-cirolo and quadrant.

PHALAKA-YANTEA.

Addrcsses to the Sun.

* This vorse is another instance of the double entendre, in which even the
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18.. Let a clever astronomer make a PHALAKA or board of a
plane rectangular and quadrilateral form, the height being 90
digits, and the breadth 180 digits. Let him halve its breadth
and at the point thus found, attach a moveable chain by which
to hold it : from that point of suspension let him draw a per-
pendicular which is called the LamBA-REKIIA.

19. Let him divide this perpendicular into 90 equal parts
which will be also digits, and through them draw lines parallel
to the top and bottom to the edges : these aro called sines.

20. At that point of the perpendicular intersected by tho
30th sine at the 30th digit, a small hole is to be bored, and
in it is to be placed a pin of any length which is to be con-
sidered as the axis.

21. From this hole as centre draw a circle (with a radius
of 80 digits: the circle will then cut the 60th sine), 60 digits
forming the diameter. Now mark the circumforenco of this
circlo with 60 amatis and 860 dogrcos, onch degreo being
subdivided into 10 rauas.

22. Let a thin PaTTIKL or index arm with a hole at one
end be made of the length of 60 digits and let it be so marked.
[The breadth of the end where the hole is bored should be of
one digit whilst the breadth of the whole raTTIRL be of half
digit. Let the ratri{ be so suspended by tho pin above
mentioned, that one side may coincide with
the rampa-rEkHA. The accompanying figure [—a-
will represent the form of the paprIK.

The rough ascensional difference in pPaLAs determined by the
KHANDAKAS or parts, being divided by 19, will here become the
sine of the ascemsional difference (ndapted to this instru-
ment.¥*)

best authors occasionally indulge. All the epithets given to the instrument
apply in the original also to the Sun. This kind of duublo meaning of
does not admit of translation.—L. W.

® The sines of ascensional difforence for each sign of tho ecliptic were found
by the following proportions.




XI. 26.] Siddhdnta-siromoni. 215

23. 'The numbers 4, 11, 17, 18, 13, 5 multiplicd soverally
by the AksuA-gARNA and divided by 12, will be the KHANDAKAS
or portions at the given place ; each of these being for each
15 degrees (of BrUJA of the Sun’s longitude) respectively.

24. Now find the Sun’s true longitude by applying the
precession of the equinoxes to the Sun’s place, and adding
togother as many portions as correspond to tho vmusa of the
Sun’s longitudo abovo found, divido by 60 and add tho quo-
tiont to AksHA-kARNA. Now multiply the result by 10 and
divide by 4 (or multiply by 2}). The quotient is here called
the vasaTI in digits and the number of digits thus found is to
be marked off on the arm of the PATTIKL counting from its
hole penectrated by the axis.

25. Now hold the instrument so that the rays of the Sun
shall illuminate both of its sides (to secure its being in a
vertical circle) : the place ig the circumference marked out by
tho shadow of the axis is assumed to be the Sun’s place.

26. Now place the index arm on the axis and putting it
ovor tho Sun’s placo, from the point at tho ond of the vasmri
sct off carefully above or below (parallel to the LaMBA-REKHA)
on the instrument, the sine of the ascensional difference above
found, setting it off above if the Sun be in the northern

’ sign or 3 or 8 signs, give,
or as 131 PaxaBEd’ § | pusva’of1, S or 8 A

2. If oosino of declination : this result : : what will radius ; sine of ascon-

sional difforonco in XALAS. .

‘I'he aro of this will give asconsional difference. This is the plain rule: but
Bna’sxaras’ona’zya had recourse to another short rule by which the ascensional
differences for 1, 2 and 8 sigus, for the place in which the ParABIA’ was 1 digit,
were 10, 8, 8} Paras. These three multiplied by rParLaBHA’ would give the
asoensional differences with tolerable accuracy for a place of any latitude not
having a greater PALADIA’ than 8 digits. Now take these three PALATMAXAS
10, 8, 3} and multiplied by six, then the Paxas of time will be reduced to asus.
‘These are found with a radius of 3438 : to reduce them to the value of a radius of

80 digits say,
60 X 80
As 8438 : 10 K 6 =60’ : : 80 digits :

1. If cosine of latitade : sine of ht.}’ s what will sine of declination of 1

= quantity of omara for 1

sign in this instrument, but instead of multiplying the 10 by 6 X 30 or 180 and
dividing by 3488, the author taking 180 = y part of 8438, divides at once
by 19.—L. W.
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hemisphero, and below if it be in the southern hemisphere.
The distance from the point where the sine which meeting the
end of the sine of the ascensional differonce thus sot off, cuts
the circle, to the lowest part of tho circle will roprosent tho
anamis to or after midday.*

§=
~—

® In the nwompm{linﬁi disgram of the PHALAKA YANTRA, o is the centre of
the circle s b 0 and the line 0 » passing through o is called MADRYAJYA' oF
middle sine. If the shadow of the pin touches the circumference in 8 whon the
instrument is held in the vortical circle passing through the Sun, 8 b will then
be the zenith distance of the SBun. From this the time to or after midday can be
found in the following manner.
Lot a = altitude of the Sun,
d = doclination,
A = ascensional difference,
1 == north latitude of the place,
p = degrees in time to or after midday.
Then, we have the equation which is common in the astronomical works,
R.sina FR.sinl.sind

cos p = H
cos l.cos d
R1sina tanl.tand
= 3
cosl.ocos d R

here, when the latitude is north, the second term becomes minus or plus as the
declination l: nortl':’or south respectively.
tan { . tan

But —— == sin A or sine of ascensional differonce.

R'.sina
S 8PS ——— Foin. A,
cosl.cosd
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27. Set off the time from midday on the instrument
To find the placo of the counting from the LAMBA-REKHK ; from
shadow of axis from time. ¢} end of the sine of this time, seb
off the sine of ascensional difference in & line parallel to the

Now, cos I R R= l: : A i o. ARSHAXARNA (See Chapter VII. v. 45.)

OF e == e
cos ! 12 e

h R.sina
S COSPI= —, Fsin A

12 cosd

sina A Rt
‘-T—einA.whony:-—.—-—d-.wbioh is called
3

=y.

YASHTI and can be found as follows.
R R A 12R

— o e |, e Or—

—_——— . .

12 cond 18 12 coed

R A 12 versed
=——.— 12 4
12 12 cosd /.

‘When the BuUJA of the Bun's longitude is 16, 80, 45, 60, 75, 90, the value of
12 versed d
is 4, 15, 32, 60, 68, 68 sixtieths respectively. The differences of

cos d )
theso values are 4, 11, 17, 18, 13, 6 which are written in the text. Multiply
these difforonces by & or tho ARSwAKARNA, divido tho products by 12 and the
quotionts thns found aro called the xaNpas for the given place. By sssuming
tho Bitusa of the Sun’s longitude as an argument, find the result through the
KILANDAS and tako # for this rosult,

60 12 60
d h = At T
ond hence, y = — _—
’ 2 60 /.
Baut in this instrament R = 80

10 r
o oy T A4 ;.T-)whioh exactly coincide with the rule given in the

text for determining the yasurr.
The value of the ¥asutI will certainly be more than 80, because the value of
the AKBMAKARYNA or & is more than 12,
Now, (see the diagram) suppose m is the end of the yasmyt in the PATTIRA or
indox o 1 which touchos tho cirele in 8, then, in the trisuglo o m »
Riom=einmon 1 mn;

or B: y=sing tmn;
y KRsing
S M= H
R

and hence, cos p =t n 4 sin A,
Q
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1LAMBA-REKHA, but below and above according as it was to bo
set off above or below in finding the time from the shadow,
(this operation being the reverse of the former). The sine
met by the sine of ascensional difference, thus set off, is the
new sine across which the papTiXX or index is now to bo
placed till the YASHTI-CcHINHA or point of vasmfr falls on it.
This position will assuredly exhibit tho place of the shadow
of the axis. '

28, 29 and 80. Having drawn a circle (as the horizon) with
a radius oqual to radius of a great
circle, mark cast and wost points (and
the line joining these points is called the PRACAYAPARA or east
and west line) and mark off (from them) the amplitude at the
east and west. Draw a circle from the same centre with a
radius equal to cosine of doclination i. e. with a radius of
diurnal circle, and mark this circle with G0 anatis. Now tako
tho vasmTi, oqual to the radius (of tho groat circlo) and hold it
with, its point to the Sun, so that no shadow be reflected from
it ; the other point should rest in the centre. Now measure
the distance from the end of the amplitude to the point of the
vAsETI when thus held opposite to the Sun. This distance
applied as a chord within the interior circle will cut off, if it bo
before midday, an arc of the number of anatikds from sun-
rise, and if after midday an arc of tho timo to sun-sot.*

The YasuTI or Stafl,

that is, the sine of the ascensional difference is subtracted from or added to m »
tho distance between the end of the Yasuy1 and the middle sine, as the S8un bo
in the north or the south to the equinoctial.

Again, by taking m r equal to sin A we have,

csp=muFsinA=maFEmr,
=snroritl,
=008 04,
o~ p=ot¢—B.D.]

* (It is plain from this, that the distance from the point of the staff to the
end of the amplitude is the chord of the arc of the diurnal circle assing through
the 8un, intercepted between the horizon and the Sun. For this reason, the
aro subtended by the distance in quostion in this interior circlo deseribod with
» radius of the diurnal circle which is equal to the cosino of tho deolinution,
will denote the time after sun-rise or to sun-sot.—B. D.]
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31. Tho porpendicular lot fall from the point of the vasmT!

To find tho Pazanza with 18 the 8’ANKU or sine of altitude: the
the xasurr. place betwoen the s'ANkU and centre is
equivalent to DRIGYX or sine of zenith distance. The sine of
amplitude is the line between the point of horizon at which
the Sun rises or sets, on which the point of the yasmpr will
rost ab sun-rise and sun-set, and the east and west lino the
PRACHYAPARK. -

32 and 83. The distance between the s’aNku and the
UDAYASTA-SUTRA, multiplied by 12 and divided by the &'anku,
will be the PALABHA. ’ '

Take two altitudes of the Sun with the vasHTI: observe
the s'ANkus of the two times and the BHUJAS.

Add the two BHUIAS, if one be north and the other south,
or subtract if they be both of the same denomination : multi-
ply the above quantity (whether sum or difference) by 12 and
divide by the difference of the two s'ankus, the result will be
the raLaBai.* The difference between the east and west line
and tho root of 8'Avkv is called BHUJA.

® [Lot O bo tho cast or west point of tho horizon O a, Z the zenith, a # S the

o

diurnal circlo on which 8 and # aro the Sun’s two places at different times and
8 1 and 2 u the 8'ANKUS or the sines of altitudes of the Sun, then O m, 0 » will be
thc DuuJas, = m or & p the difference betweon the BuuJsas aud 8 p the difference
betwocn the s’ANKUS.

Q2
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If the s’aNxu be observed three different times by the
To find ParaBEA’, declin-  YASHTI, then the time, declination &c.
ation, time, &o. from three may be found (by simply observing

observations by the Yasurfr,
of three 8’ANKUS, the Sun).

84. Tirst of all find three s'ankus: draw a line from tho
top of the first to the top of thelast ; from the top of the second
#'ANKU, draw a line to the eastern point and a line to the western
point of the horizon, so as to touch the first line drawn.

85. A line drawn so as to connect these two points in the
horizontal circumforenco will be tho upavasra sirea. Tho
distance between it and the centro will give the sine of ampli-
tude. The line drawn through the centre parallel to the upy-
K8TA-80TRA at the distance of the sine of amplitude is the east
snd west line.*

36. Find the raraBuf as before (and also the AksmA-
kARNA)., Now the sine of amplitude multiplied by 12 apd
divided by Axsna-xakNA will be the sino of doclination. ‘I'his
again multiplied by the radius and divided by the sine of 24°
or the sine of the Sun’s greatest declination, will give thesine
of the prUJA of the Sun’s longitude.

87 and 38. Which converted into degrees is Sun’s longi-
tude, if the observation shall havo beon mado in the 1st
quarter of the year. If in the second quarter, the longitudo
will be found by subtracting tho degroos found from 6 signs: if

Now as the triangles # g » and 8 g =m are the latitudinal triangles, the
trjangle 8 # p is also the latitudinal
o Sp:ep=12 : PALaBHA'
12¢p
o Paranea’ =

P
1t is when 8, # two places of the Sun are hoth north or botl) south to.the
prime vortical, but whop one place is north and other is south, the sum of the
BHUJAS is taken.— B, D,
® [As it is plain that the tops of the three s'aNxUS are in the plane of the
diurnal cirole, the line therefore drawn from the top of the first 8’ANXU to that
of the last, will also be in the same plane and henoe the two lines touching this
line, drawn from the top of the middle 8'ANKU one to eastern and the other to
wostern point of the horiron, lie in this plane. Therefore, the line joining theee
two points of the horizon is the intersecting line of the plane of the diurnsl
groll; ]and that of she horison, and ponseguently it is the UDAYA’STA B6TRA.—
' .
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in the 3rd quarter, 6 signs must be added : if in the fourth
quarter of the year, then the degrees found must be subtracted
from 12 signs for the longitude.

The quarters of the year will be known from the seasons,
the peculiarities of each of which I shall subsequently de-
scribe.

It is declared (by some former astronomers) that the shadow
of the gnomon rcvolves on the circlo passing through tho
ends of the three shadows made by the same guomon (placed
in tho contro of the horizon), but this is wrong, and conse-
quently the east and west and north and south lines, the
Intitudes &c. found by the aid of the circle just mentioned are
also wrong.*

89. Whether the placo of the Sun be found from tho
shadow or from tho sino of tho amplitude, it will be found
corrected for precession. If the amount of precession be
subtracted, the Sun’s true place will be found. If the true
place of the Sun be subtracted, the amount of precession will
bo ascertained.

40. But what does a man of genius want with instruments

Tho proise of instrument about which numerous works have
called pufyanrea or genins  treated ? Let him only take a staff in
lnstrument. his hand, and look at any object along
it, casting his eye from its end to the top, there is nothing
of which he will not then tell its altitude, dimensions, &o.
if it bo visible, whethor in the heavens, on the ground or
in thp water on the earth. -

Now I proceed to explain it.

41. He who can know merely with the staff in his hand,
the height and distance of a bamboo, of which he has observed
the root and top, knows the use of that instrumont of instru-
monts—gonius—(the pufvantea) and tell me what is thero that

® Tho existence of such groes error in the principles of a calculation as are
here referred to as oxisting in the works of Bma’sxara’s predecossors would
seom to indicato that the science of astronomy was not of more recent cultiva-
tion than Mr. Bentloy and othors havo maiutained.—L. W,
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he cannot find out. [Here the ground is supposed to be
perfectly level.]

42. Direct the staff lengthways to the north polar star;
let drop-lines fall from both ends of
staff, when thus directed to the star.
Now the space between the two drops is the Buusa or base of
a right angled triangle, when the difference between the lines
thus dropped is the kotI or perpendicular.

43. 'The ko1 multiplied by 12 and divided by tho Bwusa
gives tho rarapua.*

Having in the same way observed tho root of the bamboo ;
[and in so doing found the BHUJA and KoT1], multiply the BHUIA
by the height of the man’s eye.

44 and 45. And divide the product by the xotr, the result

To find the distanco and 18, you know tho distanco to tho root
height of a bamboo. of the bamboo.

Having thus observed the top of tho bamboo (with the
staff, and ascertained the BHUJA and kofTI), multiply the dis-
tance to the root of the bamboo by the kofr, and divide the
product by the suusa, the result is the height of the bamboo
above the observer’s eye: this height added with the eye’s
height will give the height of the whole bamboo.t

For instance, suppose the staff 145 digits long, the height
of obsorvor’s oyo 68 digits; that in
making the lower observation the
BHUJA = 144 digits = 6 cubits, and kor1 = 17 digits ; that in
making the obscrvation of tho top of the bamnboo, thoe nuvia =

To find PaLaBES.

Example.

® j.e. Ifthis BHUJA : gives the KOTI
: ¢ 12 digits of gnowon : gives the PALABHA’,

=

+ Tho obsorver first direols a & Lis stafl to d, the root of the trco: Tho staflf
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116 digits and ko1 = 87 digits. Thon toll me the height of
bamboo and the distance of it. As,
68 % 144

17

576 x 87
and ————— = 432 height of tree above observer’s eyo,
116

= 576 digits or 24 cubits distance to bamboo ;

G8 add tho oyo’s hoight,

500 hoight of tree.

Let a man, standing up, first of all observe the top of an
object : then (with a staff, whether it be equal to the former
or not in length), lot him observo again the top of the samo
objoct whilst sitting.

46. Then divide tho two Kor1s by their respectivé BHUJAS :
take the difference of these quotients, and by it divide the
difference of the heights of observer’s eye—this will give the
distance to the bamboo : from this distance the height of the
bamboo may be found as before.*

i

, AN

-

d
A ¢t e .

is furnished at eithor end with drop linesah, bk : b k—a A => c =sin_of
£ bac. Then eay .

ﬁob;za;::be:}:ﬂa:_{}b. hes

o then observes tha top of object and finds g f, which is easy, as f b

been found. —L. W. P / 9/ S

® Bufsx aRa fourds this rule on the following algebraic process.



224 Translation of the [XI. 47.

47. There is a high famous bamboo, the lower part of
which being concealed by houses &c.
was invisible : the ground, however,
was perfectly level : If you, my friend, remaining on this same
spot by observing the top (first standing and then sitting), will
tell me the distance and its height, I acknowledge you shall
have the title of being the most skilful of observers and
expert in the use of the best of instruments PHIYANTRA.

The observer, first standing, observes the top of the bamboo
and finds tho pitusa, withtho first staff,
to be 4 cubits or 90 digits : he then sits
down and finds with another staff the BrusA to be 90 digits.
In both cases the xor1 was one digit. Tell me, O you expert
in observation, the distance of observer from the bamboo and
the bamboo’s height.

48. So also the altitude may be observed in the surface
of smooth wator : but in this caso tho
height of observer’s eye is to be sub-
tracted to find the true height of the object:—Or the staff
may be altogether dispensed with: In which last case two
heights of the observer’s eye (viz. when he stands and sits) will
be two xoyis: and the two distances from the observer to the

Question.

Example.

Observation in water.

Lot # = base, distance to bamboo, Then say

z 2
if98:1::2: ——: then — 4 72 = height of bamboo.
96 96

@ @
By second observation 90:1:: 2 : —— , then —— - 24 = height of bam-
90 90
boo.

@ ® @ @ Gz
Then 12 4 — = 4 ——j —— — —— =48, or — =48
96 90 9% 96 8640
~ @ == 69,120 digits
= 2880 cubits.
] ®
That is —— — —= =172 — 24
90 96
72— 24
orz= that is difference of observer’s height—difference of two xoT18

vo—vy  divided by their respective BuUJIA'S.—L. W.
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places in the wdtor whore the top of the object is reflected,
the BHUJAS.

49. Having secn only the top of a bamboo reflected in'
water, whether the bamboo be near or
at o distance, visible or invisible, if you,
remaining on this same spot, will tell me the distance and
height of bamboo, I will hold you, though appearing on Earth
as a plain mortal, to have attributes of superhuman knowledge.

An observer standing up first observes (with his staff) the
reflected top of a bamboo in water:
The xoy1 =3 digits and BHUIA = 4
digits. Then sitting down he makes a second observation and
finds the usa = 11 digits and kot = 8 digits. His eyo’s
hoight standing = 3 cubits or 72 digits, arid sitting == 1 cubit
or 24 digits. Tell me height of bamboo and its distance.*

Question.

Example.

® Let d f = f o = height of bamboo = 4

then 3 a or y = height of bamboo and man’s height together.
Let b ¢ = breadth of water = =

then by frst observation

R
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A man standing up sees the shadow of a bamboo in the
water—the point of the water at which
the shadow appears is 96 digits off:
then sitting down on the same spot he again observes the
shadow and finds the distance in the water at which it appears
to be 83 digits: tell me the height of the bamboo and his
distance from the bamboo.*

Example,

4y
4:8::z:yor8z=4yorz=—
3

by 2nd observation11: 8 : : 2 : y — 48 digils

11y — 6528
or8z=1ly—528orv = ——n
8
4y 11y — 528
thus 2 = ——and = = —
8
4y 11y — 528 83 y — 1684
ot — T e —— 0P 4 Yy = —_—
8

or 32 y — 38 y — 1584, or y = 1684
.*. 1684 — 72 = 1512 digits = 63 cubits = height of bamboo.
2ud part. To find width of water or =

4y 1584 X 4
z=-—s—=-——=212 digits = 88 oubits.—L. W.
3
® Lot o0e =986 digits
cd =233
ac="172
be=24 )
let 2= distance from observer to
bamboo.

Nowece:ac=jh:ja
22 8«
or9:72=2 ;: y=—=—

96 4
82
Thon —4— — 8 = height of bamboo

Agoinced:be::jh:50

U=
or83: 24::x 19— 48 = —
83

82

T n

82
thon -l—l- — 1 = height of bamboo
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50 and 51. Mako a wheel of light wood and in its circum-

A self-rovolving instru- ference put hollow spokes all having
ment or swaxanvana vaN- bores of the same diameter, and lct
Tl them be. placed at equal distances
from each other; and let them also be all placed at an angle
somewhat verging from the perpendicular : then half fill these
hollow spokes with mercury : the wheel thus filled will, when
placed on an axis supported by two posts, rovolve of itself.

Or scoop out a canal in the tire of the wheel and then
plastering leaves of the T{LA tree over this canal with wax,
fill one half of this canal with water and other half with mer-
cury, till the water begins to como out, and then cork up the
orifico left opon for filling the wheel. The wheel will then
revolve of itsclf, drawn round by the water.

' Make up a tube of copper or other metal, and bend it into
the form of an ANkUS'A or elephant

Description of hon., . .
cucription o1 & eyphon hook, fill it with water and stop up

both ends.

54. And then putting one end into a rosorvoir of wator,
let the other end remain suspended outside. Now uncork
both ends. Tho water of tho roservoir will bo wholly sucked
up and fall outside.

55. Now attach to the rim of the before described self-
revolving wheel a number of water-pots, and place the wheel
and these pots like the water-wheel so that the water from
tho lowor ond of tho tnbe flowing into them on ono sido shall
sot tho whool in motion, impelled by the additional weight of
the pots thus filled. The water discharged from the pots as
they reach the bottom of the revolving wheel, should be drawn

8¢ 8a 32 8w )
—_—lm——frl=———=—
11 4 4 1 44
. =44 KX 2=88
8z 3 X 88
Theny=—=-—4—=3x82=66,hoightofbomboo.
4

B2



228 Translation of the [XI. 56.

off into the reservoir before alluded to by means of a water-
course or pipe.

56. The self-revolving machine (mentioned by Larra &c.)
which has a tube with its lower end open is a vulgar machino
on account of its being dependant, because that which mani-
fests an ingenious and not a rustic contrivance is said to bo a
machine.

57. And moreover many self;revolving machines are to be
met with, but their motion is procured by a trick. They are
not connected with the subject under discussion. I have been
induced to mention the constructionof these, merely because
they have been mentioned by former astronomers.

- End of Chapter XI. called YanTRADHYAYA.

CHAPTER XII.
Description of the seasons.

1. (Phis is the season in which) the xokiLas (Indian black
birds) amidst young climbing plants,
thickly covered with gently swaying
and brilliantly verdant sprouts of tho mango (branchos) ruis-
ing their sweet but shrill voices say, ““Oh travellers! how
are you heart-whole (without your sweethearts, whilst all
nature appears revelling) in the jubilea of spring cuarTra, and
the black bees wander intoxicated by the delicions fragrance
of the blooming flowers of the sweet jasmine | ‘

2. The spring-born MALLIKA (Jasminum Zambac, swollen
by the pride she feels in her own full blown beautiful flowers)
derides (with disdain her poor) unadorned (sister) MALATj
(Jasminum grandiflornm) which appears all black soiled and
without leaf or flawer (at this scason), and appears to beckon
" her forlorn sister to leave tho grove and garden with her

Spring.
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tender budding arms, agitated by the sweet broezes from the
fragrant groves of the hill of Maraya.

3. In the summer (which follows), the lovers of pleasure

The grfsEMA or mid-sum- 8nd their sweethearts quitting their
Ingr agason. stone built houses, betake themselves
to the solitude of well wetted cottages of the xus'Ax£s’'s grass,
salute each other with showers of rose-water and amuse them-
selves. :

4. Now fatigued by their dalliance with the fair, they
proceed to the grove, where Kama-pDeva has erected the
(flowering) mango as his standard, to rest (themselves) from
tho glare of the fierce heat, and to disport themselves in the
(svell shaded) wators of its Bowris (or large wells with steps).

5. (The rainy season has arrived, when the deserted fair
one thus calls upon her absent lover :)
‘Why, my cruel dear one, why do you
not shed the light of your beaming eye upon your love-sick
admirer ? The fragrance of the blooming MAratf and the
turbid stato of ovory passing torront proclaims the soason of
tho rains and of all-powerful love to have arrived. Why,
theroforo, do yon not havo compassion on my misorablo lot 7%

6. (Alas, cries the deserted wife, alas!) the peacocks
(delighted by the thundering clouds) scream aloud, and the
breeze laden with the honied fragrance of the KADAMBA comes
softly, still my sweet one comes not. Has he lost all delight
for the sweet scented grove, has ho lost his ears, has he mno
pity—has he no heart ?

7. Such are the plaintive accusations of the wife in the
season of the rains, when the jet black clouds overspread the
sky :—angered by the prolonged absence of him who reigns
ovor ler heart, she charges him, but still smilingly and
sweetly, with being cruelly heedless of her devoted love.

Rainy season,

® This is one of those verses in which a double or triple meaning is attempted
to Il:e ;\vaomdz to cffect this, soveral letters however are to be read differeutly.
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8. The mountain burning with remorse at the guilt of

The sXRaTKA’LA or season having received the forbidden em-
of carly auturon. braces of his own pusupavarf daughter,
forest appears in early autumn through its bubbling springs
and streams sparkling at night with the rays of the Moon, to
be shedding a flood of mournful tears of penitence.

9. In the HEMANTA season, cultivators seeing the earth
smiling with the wide spread harvest,
and the grassy ficlds all bedecked with
the pearl-liko dow, and tooming with joyous hords of plump
kine, rejoice (at the grateful sight).

10. When the s'1s'1ra season sets in what unspeakable

8'18’tea or olose of win. Deauty and what sweet and endless
tor. variety of red and purple does not
the ¢ kacun£r’ grove uncoasingly prosent, whon its leaf is in
full bloom, and its bright glories are all expanded.

11.  The rays of tho Sun full midday on the onrth, henco

in this 8'18'IRA season, they avail not utterly to driveaway the
cold :

HzumaNTA orearly winter,

* * * *
12. Here, under the pretence of writing a descriptive
account of the six seasons, I have
taken the opportunity of indulging
my vein for poetry, endeavouring to writo something calculated
to please the fancy of men of literary taste.

13. Where is the man, whose heart is not captivated by
tho ever sweet notes of accomplished poots, whilst they dis-
course on evory subject with refinoment and tasto? or whoso
hoart is not enchanted by the blooming budding beautics of
the handsome willing fair one, whilst she prattles swectly on
every passing topic :—or whose substance will she not secure
by her deceptive discourse ?

14. What man has not lost his heart by listening to the
pure, correct, nightingale-like notes of tho genuine poots ? or
who, whilst he listens to the soft notes of the water-swans on

" Bweets of poetry.
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tho shores of large and overflowing lakes well filled with lotus
flowers, is not thereby excited ?

15. As holy pilgrims delight themselves, in the midst of
the streams of the sacred Ganges, in applying the mud and the
sparkling sands of its banks, and thus experience more than
heaven’s joys: so true poets lost in the flow of a fine poetic
frenzy, sport thomsolves in well rounded periods abounding in
displays of s pluyful tasto,

End of Chapter XII.

CHAPTER XIII.

Containing useful questions called PRAS’NADHYAYA.

1. Inasmuch as a mathematician generally fails to acquire

Object of tho Chaptor and  distinction in an assomblago of learned
ite praise. men, unless well practised in answor-
ing questions, I shall thercfore proposo a few for the entor-
tainment of men of ingenuity, who delight in solving all
descriptions of problems. At the bareé proposition of the
questions, he, who fancies in his idle conceit, that he has
attained the pinnacle of perfection, is often utterly discon-
corted and appalled, and finds his smiling cheoks dosorted of
thoir colour.

2. These questions have been already put and have been
duly answered and explained either by arithmetical or algebraic
processes, by the pulverizer and the affected square, i. e.
methods for the solutions of indeterminate problems of the
first and of the second degree, or by means of the armillary
sphere, or other astronomical instruments. To impress and
make them still more familiar and easy I shall have to repeat a
fow. '



233 Translation of the [XIII. 3.

3. All arithmetic is nothing but tho rulo of proportion :

Praise of ingenious per- 8nd Algebra is but another name for
sons. ingenuity of invention. To the clever
and ingenious then what is not known ! I, however, write for
men and youths of slow comprehension.

4. With the exception of the involution and evolution of
the square and cube roots, all branches of calculation may be
wholly resolved into the rule of proportion. It indeed assumes
many shapes, but it is universally provalent. All this arith-
metical calculation denominatod 1A aanira, which has been
composed in many ways by the wisest of former mathema-
ticians, is only for the enlightenment of simplo men like
myself.

5. Algebra does not consist in the letters (assumed to
represent the unknown quantities) : neither are the different
processes any part of its ossential propertios. But Algobra is
wholly and simply a talent and fucility of invention, bocauso
the faculties of inventive genius are infinite.

6. Why, O astronomer, in finding the AMARGANA, do you

add saurA months to the lunar months

CHAITRA &c. (which may have elapsed

from the commencement of the current year): and tell me

also why the (fractional) remainders of ApniMasas and Avamas

are rejected : for you know that to give a true result in using

the rule of proportion, the remainders should be taken into
account.

Question 1st.

7. If you have a perfect acquaintance with the mis'ka or
allegation calculations, then answer
this question. Let the place of the
Moon be multiplied by one, that of the Sun by 12 and that of
Mars by 6, let the sum of these three products be subtracted
from three times the Jupiter’s place, then I ask what are tho
revolutions of tho planct whose placo when added to or
subtracted from the remainder will give the place of Saturn ?

Question 2nd.
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8and 9. In ordor to work this proposition in tho first
place proceed with the whole numbers
of revolutions of tho several planets
in the xALPA, adding, subtracting and multiplying them in the
manner mentioned in the question : then subtract the result
from the revolutions of the planet given: or subtract the
revolutions of the given planet from the result; according as the
place of the unknown planet happen to be directed to be added
or subtracted in the question. This remainder will represent
the number of revolutions of the unknown planet in the xaALPA.
If the remainder is larger than the number from which it is
to be subtracted, then add the number of terrestrial days in a
KALPA, or if tho remainder excoed tho number of torrestrial
days in the xALPA, then reduce it into the remainder by dividing
it by the number of days in the KALPA.*

Ruiz.

® Bua'sKARA’OHA’ n!A himself has given the following example in his com-
montary vA’SANA-BIIA'SIIYA

Suppose Moon to have 4 revolutions in a KALPA of 60 days

< 1 T . S .
Mﬂm, T ¢ S
Jllpltcr' eoee T eisresancenserascensccsssnsene
Baturn, .o 9 eienicitcccnttoctataccenecnae

Thend X 1+4+383X1246X6="70and7 K 8 =21,
As 770 cannot be subtracted from 21 add 60 to it = 81,
Subtract 70,

remainder 11:
let p = revolutions of the unknown planet, then by the question 11 —p =19

orll —9=28=p,
butll 4+ p=9%o0rp=9—11=604 9—11=068:
It thus appoars that tho unknown planet has 2 or 58 revolutions in the
XALPA.
Now let us see if this holds true on the 28rd day of this xarpas
revolutions -ign- [}
for Moon, if60 : 4 :: 28 : . 120thisx 1x=6., 129,
Sun, 60:8 :: 28: 1 ,. 24 thisx13=9.. 18,
Mars, 60:5 :: 23:11L .. O thisygx 6=6.- 0

signs 10 .. O subtracted

Saturn, GO : 9 23: 6 .. 12
Jupiter, 60 :7 :: 28: 8 .. 6 thisX 8= 0.. 18 from
orp, 60:2 :: 28: O .. 6 thissub.from 2 .. 18 remainder

9.. 6

oorresponding with Suturn, 6 .. 12



284 Translation of the [XIIL 10.

10. The algebraical learned, who knowing the sum of the
additive months, subtractive days
elapsed and their remainders, shall
tell the number of days elapsed from the commencement of
the xALra, deserves to triumph over the student who is puffed
up with a conceit of his knowledge of the exact pulverizer
called sam’sLIsHTA united, as the lion triumphs over the poor
trembling deer he tears to pieces in play.

11. For the solution of this question, you must multiply
tho given number of additivo months,
subtractive days and their remainders,
by 863374491684 and divide by one less than the number of
lunar days in a kALPA i. e. by 1602998999999, the remainder
will be the number of lunar days elapsed from the beginning
of the xaLra. From these lunar days the terrestrial days may
be readily found.*

Question 3rd.

. Buia,

& o
orif, 60:868 :: 23:2:24 Then8 .. 24 added
to2..18

still gives Saturn's place 5 .. 12

‘When p =9 — 11, then as 11 canuot be subtracted from 9 the sum of 60
is added to the 9. The reason for adding GO is thut this number is always be
denominator of the fractional remainder in finding the place of the planets ;
for the proposition.

If days of xaLPA : revolutions :: givon days give : hore the daya of xaLra
are assumod to be 60 honco GO is added.—I.. W.

® [(When the additive months and subtractivo days and their remainders are
given to find the AHARGANA.
Let I = 1602999000000 the number of lunar days in a KALPA.
6 == 169300000 the number of additive months in a XaLra.
d = 25082550000 the number of subtractivo days in o KaLPA.
A = additive months elapsed.
A’ == their remaindor.
B = subtractive duys olapsed.
B’ = their remainder., » '
a = the given sum of the clapsed additive months, subtractive days and
their remainders. .
and 2 = lunar days elapsed ;

X
then say Asl:c::mAq--T-,

BI
Aal:d::w:B-l--;—;
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12. Given tho sum of tho clapsod additivo months, sub-
tractive days and their remainders,
oqual (according to BRAUMAGUPTA’S
system) to 648426000171 ; to find the amAreayA. He who
shall answer my question shall be dubbed a ‘ BRAHMA-sID-
DHANTA-vIT” i. e. shall be held to have a thorough knowledge
of tho BRAIIMA-SIDDIIANTA. ¥

Examplo.

A4+ B A' 4+ B
o Asl:e4d::z2:A4+ B4 = ory 4 ——

1
s et+De=ly+4+ A+ B, or(c+d):u—-ly_A'+B'

A+B
. by addition, (e-|-d)w—(l—l)y._A+B+A’+B'
=a3
by subltntuhon, 26675850000 £ — 1602998999999 y =—a :
now let, 26676850000 2" — 1602098999999 ¢ =1,
then wo shall have by the process of mdetermmuto problems
o’ = 863374491684
Agnin,letm—e + dandw=1—1,
then me—ny =a; (1)

and ma—ny=1;
ama —any =a,
and mut—mut=0:

o m@rd—nf) —n(ay —ml)=a:
which is similar t{ M 9
oo z=ad —nt
= 863374491684 a — (I — 1) ¢.
Henoe the rule in the text.—B. I.]
® Solution. Tho givon sum == (48426000171 and ¢ he Junar doys in 8 KALTA
= 1602999600000 ¢
648426000171 K 863874491684
o = 849241932336
1602998999999 and 10800 remainder :
% 10300 these aro lunar days elapsed.
To reduce them to their equivalent in terrestrial days says

161  subtractive
If luner daysin] , Number of mb-} Lunar days a- { , days and romain-
8 KALPA ' tractivedays §° ' bove found * der amounting
267426000000.
.. From 10800 Lunar days
subtract 161 Bubtractive days
remainder 10139 Terrestrial days or AARGANA.
Now to find additivo months olapsed.
If lunar days] , additivo montlu . lunar dnyl , 10 additive months and
in a8 KALPA } ' of RALPA : remn. 381000000000,
10 additive months = 800 lunar da; n.
. 10300 — 300 = 100,00 sAURA days elapsed.
Henco 27 a’m 9 months and 10 days elapsed from the oommaneemont of
EALPA—L. :
82
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- 18 and 14. Given the sum of the remainders of the revo-
lutions, of the signs, degrees, minutes
and seconds of the Moon, Sun, Mars,
Jupiter, the s’forrocucHAS of Mercury and Venus and of
Saturn according to the pH{VRIDDHIDA, including the romainder
of subtractive days in finding the AHARGANA, abraded (reduced
into remainder by division) by the number of terrestrial days
(in a Yuaa). He who, woll-skilled in the management of
SPHUTA KUTTAKA (exact pulverizer), shall tell me the places of
the planets and the Amaraaya from tho abraded sum just
mentioned, shall be held to be like the lion which longs to
make ita seat on the heads of those elephant astronomers, who
are filled with pride by their own superior skill in breaking
down and unravelling the thick mazes and ‘wildernesses which
occur in mathematical calculations.

15. If the given sum abraded hy the number of terrestrial
days in a Yuaa, on boing divided by 4,
leaves a remainder, then the question
is not to be solved. It is then called a kHILA or an * impos-
sible” question. If, on dividing by 4, no remainder remain,
then multiply the quotient by 298627203, and divide the
product by 394479375, The number remaining will give tho
AHARGANA. If the day of the week does not correspond with
that of tho quostion, then add this AmAraaNa to tho divisor
(894479375) until the desired day of the week be found.*

Question 4th.

Ruws,

@ [Acoording to the DEfVRYDDHIDA TANTRA of TALLA the terrestrial days in
8 YUGA = 167g91‘1500 and the sum of all the 36 romainders for one day =
118407188600968 : this abraded by the terrestrial days in a Yuaa = 269400968.

Let 2 = AnaRGaANA then say

As 1 259400968 : : 2 : 269400968 X =

This abraded by 1677917600 the terreetrial days in a Yuaa will be equal to
1491227600 the given abraded sum of the 86 remainders, now

let y = the quotient got in abrading 259400968 = by 1677917600, then
269400968 » — 1677917600 y = 1491227600.

It is evident from this that as the coefRcients of » and y are divisible by 4, the
given remainder 1491227500 also must be divisible by 4, otherwise the question
will be impossible as stated in the text.

Hopnoe, dividing the both sides of the above question by 4,

. 64860242 3 — 894479376 y = 872806875 : .o e .. o0 et {A)

Mdmw”—sm7ms =1,-.0....0000000000000 u)
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16. Tell mo, my friond, what is tho AHARGANA when on a
‘ Thursday, Monday or Tuesday, the
85 remainders of the revolutions,
signs, degrees, minutes and seconds of the places of the
planets, (the Sun, the Moon, Mars, Jupiter and Saturn and
the s'fourocHCHAS of Mercury and Venus) together with the
remainder of the subtractive days according to the pmfvrip-
DHIDA, givo, when abraded by tho number of terrestrial days
in a YUGA, a remainder of 1491227500.%

17. The place of the Moon is of such an amount,

Question 5th. that

il'_h_e_lgi_nutes + 10 = tho soconds
tho minutes — scconds 4 3 = degrees
the degrees

2

.~ o = 293627208 by the processes of indeterminate problems,
Now let a = 64850242, b = 894479376, and ¢ = 872806875 ;
.*, we have the equations (A) and (B) in the forms
az—dy=c:
and e —by =1,
z=c2 — bt (sco the procoding noto)
= 293627203 ¢ — 894479876 ¢ :
as stated in the text.—B. D.]

® Solution. Tho given sum of the 36 remainders in a Yuaa = 1491227600
according to the DE{VRIDDHIDA TANTEA.
< 1491227600 -~ 4 = 372806876 :
872808876 x 293627203
and .. = 277495471 and remainder 10000 i. o,
894479376 . o

Example.

= signg.

AHARGANA.
10000

= 1428 — 4 remainder, i. 0. 10000 = AmARGANA on a Tucsday, for

the YUGA commenced on Friday. .

This would be the AHARGANA on & Tuesday.

To find the AHARGANA on Monday, it would be necossary to add the reduced
torrestrial days in 8 Yu@a to this 10000, till the romainder when divided by
7 wes 8.

10000 4 894479376 X 2 788068760

7
Monday :
10000 -+ 394479376 X 3 1183448126
and = 7 = 169064017 — 6 remainder or =

7
Thursdsy.—L. W.

= 112900821 — 3 remaindor =
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And the signs, degroes, minutes and seconds together
equal to 130. On the supposition that the sum of ‘these four
quantitios is of this amount on a Monday thon tell me, if you
are expert in rules of Arithmetic and Algebra, when it will bo
of the same amount on a Friday.*

18. Reduce the signs, degrees and minutes to seconds,
adding the seconds, then reducing tho
terrestrial days and the planet’s re-
volutions in a KALPA to their lowest terms, multiply the seconds
of the planot (such as tho Moon) by tho torrostrial days
(roduced) and divido by tho number of scconds in 12 signs:
then omitting the remainder, take the quotient and add 1 to it,
the sum will be the remainder of the BHAGANAS revolutions.t

Ruwz,

® Lot 2 = minutes

20
thena+ = seoonds
2420

z— 2 + 8 = degroes.
z 420

2 — +3
8 3
2__"81“

2420
& —

3
2420 2420 ? T
and v 4 +r— + 8 4 ————e—— =130
2 2 2

. & == 68 minutes,
68 4 22
=389 ds.
2
68 — 89 4 8 = 22 degroes.

22
— == 11 signs.
2

Henoe the Moon’s place =11s. .. 220 .. 58’ .. 89",

+ The mean place of the Moon = 11s. .. 220 .. 58’ .. 89" = 1270719"
Tho number of seconds in 12 signs = 1296000.

Torrestrial days in a XALPA = 1577910450000} Theso divided by {950313

060000 become DRI-
Revolutions of Moon = 57768300000 DiA or reduced. 850082,
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19. Tho remainder before omitted subtracted from the
divisor will give the remainder of seconds: if that remainder
of tho seconds is greator than the terrestrial days in o KALrA,
then the question is an ‘ impossible - one”” (incapable of
solution and the planet’s place cannot be found at any sun-
rise) : but if less it may be solved. Then from the remainder
of the scconds tho AnArRGANA may bo found (by the KUTTAKA
pulverizor ag given in the L{LAVATi and Bfss-6ANITA) Or, .

20. That number is the number of AHARGANA by which the
reduced number of revolutions multiplied, diminished by the
_ remainder of the revolutions and divided by the reduced
number of terrestrial days in the kaLra, will bear no remainder.
The reduced number of terrestrial days in a kaira should be
added to the AHARGANA such & number of times as may make
the day of the week correspond with the day required by
the question.

Now when the mean place of the Moon was sought, the rulé was |

As the Terrestrial ] Revolutions in a Given days or .
daysinaxazra. f ' xaLra. i nnxcuiu. } + Rovolutions.

If any romainder oxistod, it, when multiplied by the numbor of soconds in
12 signs and divided by xALPaA, terrestrial days gave the Moon's mean place in
seconds. We now wish to find the nragana-s’ssHA or the remainder of revo-
lutions, from the Moon’s given placo in soconds : we must therefore reverse tho
oporation

Moon’s place in seconds X xaLra terrcstrial days
or = BHAGANA-8'BSHA.
seconds in 13 signs

The torrestrial days, however,to be used, must to be reduced to the lowesy
terms to which it, in conjunction with the XALPA-BHAGANAS or revolutions in a
KALPA can bo reduced : the lowest torms as above stated wero of tho torrestrial
days = 956313, of tho Moon’s KALPA-BIIAGANAS = 35008.

1270719 X 666318 1215206099047

o = = 087668 quolient — remainder
1 1296000
331047.
987668 quotient
1 adding one

gives 937659 for the BHAGANA-B'ESHA.

Tho reason for adding one is, that wo have got a remainder of 831047, which
wo never could have had, if the original remainder had been exactly 937658, it
roust have been 1 more. This is therefore added : but the remainder of second
may now be found—for it will be 12963000 — 831047 = 964953. ’

'fhis romainder 9649568 being greater than the terrestrial days reduced to
lowest terms, viz. 956313, the question does not admit of being solved.—L. W. .
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21. If the Moon’s BuAGANA-8'EsHA or the remaindor after
finding the complete revolutions admits of being divided by
1650000, without leaving any remainder, the question may thon
be solved : the reduced BHAGANA-8'ESHA on being multiplied by
886834 and divided by 951368, then the remainder will give tho
ABARGANA. The divisor should be added to this remainder
till the day of the week found corresponds with that of the
question.*

22. The mean place of the Moon will never be at any
sun-rise, equal to 0 signs, 5 dogroos,
36 minutes and 19 seconds.

238. When will the square of the ApAEIM8A-8'ESHA remainder
of the additive months, multiplied by
10 and the product increased by one,
be a square : or when will the square of the ApHIMABA-8'ESTA
decreased by one and the remainder divided by 10 be a square ?
Tho man who shall toll mo at what poriod of tho KaLra this

Tmpossible question.

Question 6th,

L4 E‘o find the ARARGANA from the Moon's BAGANA-8'ESHA.
t R = BHAGANA-8'ESHA,
!l‘ = 1577916450000 terrestrial days in a xALP4,
== 67768300000 the Moon's revolutions in a KALPA,
:a = AHARGANA.

B B
Then,as T: M : : o:molutionl-l-;ory-l--i-:

o Msz—Ty=2R:

In this equation as M and T are divisible by 1650000, R must be divisible by
the same number, otherwise the question will be XHILA or *impossible,”
stated in the text.

.% Dividing both sides of the equation by the number 1650000, we have
35002 2 — 956318y =R’ or M's — T y=1R’:

"Now let l{'w’ —Ty=1l:or 8500":0’ - 056318y =1 : henco we havo
and 2 =R’ :J T ¢ (soe the noto on the verse 11th)
= 886834 B' — 956313 ¢. Henoe the rule in the text.

And, as the reduced BEAGAYAS’E8HA —987659 (see the preceding note) hence
937659 X 886834 = 881647881606 :

This divided by 956318 will give as quotlent 869656 (i. e. £) leaving a re-
mainder of 267161 whioh should be the AHARGAN4, but as the BRAGANAS’RSHA
i. e, 937659 does not admit of being divided by 1650000 (tho numbers by which
tho terrestrial days woro roduood) it ought to lhave boon xiuina or insoluble
question: but BuksxarfomAnya here still stated this numbor to be the truc
AlARGANA,—B, D.]
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will tako placo—will be humbly saluted even by tho wise, who
generally speaking, gaze about in utter amazement and confu-
sion at such guestions, liko the bee that wanders in the bound-
less expanse of heaven without place of rest.

24. (In working questions of KUTTARA pulverizer, the aug-

Romark on the preceding Ment must be reduced by the same
question. number by which the Bafsva dividend
and 1mArA divisor aro roduced to thoir lowest terms, and when
the augment is not reducible by the same number as the
BuksvA and 1ARA, tho question is always insoluble.) But here,
in working questions of KurTAkaA, those acquainted with the
subject should know that the given angment is not to be
reduced, i. e. it bolongs to the reduced BHAIYA and mHARa,
otherwiso in some places the desired answer will not be
obtained, or in others the question will be impossible.*

® [The questions in the 28rd verse are the questions of the vARGA-PRAKRITI OF
tho affected square, i. e. questions of indeterminate problews of the second degree.

18t question. Lot @ == the ADuIMASA-8'E81IA :
then by guestion 10 2* 4 1 =g, .

In such questions the cocfliciont of z is ealled PRAXRITI, tho valuo of z xa-
MsuTia, that of the augment ks1sea and that of y Jxssurua,

Now assumoy =m z + 1,

then 102 + 1= (mz + 1)%,
=wl2a?+2me+1,
2m

o = .
10 — m?

Hence the rule given by sufsxar{onARYA in his Algebra Ch. VI., verse VI.,
for finding the KANISRTHA where tho K8HEPA is 1, is * Multiply any assumed
number by 2 and diride by the differenco botween the square of the numbor
and tho praxurri, tho quotiont will be tho XANISNTItA whore the Xsuxea is 1.”

2m 2x3
= =6:

10—m* 10—9

and . ’=\/T()—a:’—-ﬁ=~/3cl=19:
.. ADHIMATA-8'ESUA == 6.

From two sets, whethor identical or otherwise, of xaMIsUTINA, JYRSTITHA and
Xaugpa belonging to tho same PRAKRITI, all others can be derived such as
follows.

Lot @ = rraxnitt, md '

) .g. ) : ’b)- ; tho two sots of KANISHTUA, JYESUTUA anl KSUEPA, then
’ 2
wohavo" : axd b, =y?;
axy + by =y}
b, =y} —ax?,
bg=y3 —azr}:

T

Now nssume m = 3, thon * =
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25. Tell me, O you competent in tho spheric, considering
it frequently in your mind for awhile,
what is the latitude of the city (A)
which is situated at a distance of 90° from uvJsAYINf, and beors

Question.

and .-, b, Xb,=(y? —az}) (y§ —ax),
=ylyl—azligl —asiyl +azialy
o aslyltasiyi b b =glyl+etatal:

adding =2 az, 2, ¥, yg 1o both sides
aotyit%az,2,y, 5.+ asdyl +3,b,=ylylt® az, 2.y,9,+ 02720
or a(x, Yyt 2 9) b, =(,9.k0a2, 2)%:
thus we get a new set of KaNIETHA, JYRSHTHA and XSHEPA :
i. 0. new KANISHTHA =2, Yo+ T9 ¥, }
oW JYRSITHA =¥, y, + 6 %, Ty ;
and new KsHkPA = b, b, :
Hence the Rule called Bnavan given by BmAsxiuicmanya in his Algebra
Ch VI vorses III & IV,
Now in the preseunt question
z,=6,y,=19and }, =1,
and also @g=06,y,=19and d,=1:
. now KANTBUTTA = 0 X 721 + 228 X 19 == 4326 4 4332 = AG58 ;
now JYESITIA = 781 X 10 4 10 X 6 X 228 = 13699 4 13680 = 17379 ;
and now KSURpA =1 R 1 =1,
Thus & = 8658 &o., nocording to Ltho Bhivani ussumod.
T'ho sovoud quuation is o
-1

=y,

10
or =10y 41,
Hero then we have an equation similur to the former one, but z* is now be
in the pluce of y* and y* in the place of 2*,
oo z willbe=19,
or =721 &o.
Now given ADuIMa84-BE8HA 88 found by the first case = 6. The proportion
by which this remainder was got, was
if KALPA 8aURA duys ;: KALPA-ADUIMASAS : : 2 or clapsed 8AURA dnys
6

KaLPA 8AURA days
+*. KALPA-ADHIMASAS % 7 == KALPA 84URA days X y + 6
KALPA-ADHIMABAS X = — 6
or y= .
KALPA BAUKA days

From this we got a now question: “ What aro tho integor valuce of x and
g in ths equntion P whioh question is ono of the questions of xvyyraKa aud in
which the coeflicient of the unknown quantity in the nuwnerator is called BEATYA
or dividend, the denominator HARA or divisor and the sugment XsHEPA.

It is olear that in this equation, if the augment be not divisible by the same
number as the dividend and divisor, the values of 2 and y will not be integers,
and hence the question will be insoluble. But here in order that no question

hould be iusoluble, the author lias stated that the dividend and divisor
should alwuys be tuken, reduced to their lowest terms, otherwise the question
will be insolublo. :

As in tho preseant question, if the dividend xarLPa-aDHIMAS48 and the divisor
XALPA 8aUka duys be tuken not reduoced to their lowest terms, i. o, not divided by
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due cast from that city (viAYING) T What is the latitudo of
the place (B) distant also 90° from the city (A) and bearing
due west from it? What also is the latitude of a place (C)
also 90° from (B) and bearing N. E. from (B): and of the
place (D) which is situated at a distance of 90° from (C) and
bears S. W. from (C) ?*

the number 300000, the question will bo an impossiblo one, becauso tho augment
6 is not divisible by the samo number. For this reason the dividend and
divisor must be taken here reduced to their lowest terms.
1693300000
Hence, dividend = reduced KALPA-ADDIMASAS == ——— —— = 6311 ; and
800000

1665200000000
divisor = reducod XALPA SAURA doys = ——— - — — = 5184000 .

6311z — 6
.~ By substitution, y = —

6184000
which gives 2 = 826746 the elapsed saugra days
or 2276 years 6 months and 6 days.—B. D. jy
® Let a == the azimuth degrees,
d = the distance in dogrees between the two citios,
p = PALABHA’ at the given city,
k = ARSHA-KARNA,
and & = the latitude of the othor city.

sin d X cos @ coodxp 12
’l‘honnnz._.( )X-—-.
Rad 12 k

Now in tho 1st question, 6 = 90", d == 90°, p = § digits, the raravua’ at
vIIAYINS, and k= m—:" =13:

8438)(0 0)(6 12
slnz—( )X—s
12 13

+0)%X 1§g=0:
. T= 0 = Inutudo of (1) or of YaMAROTL

(2). In the sccond question, a = 90° d = 90°, p = 0 digits at YaAMaKoTI,

k=12:
sud 3438%x0 O0XON 12
o sina= + ——-) =,
3438 12 12

=0x0)}§=0:

. & = 0 Latitudo of city (B) or LANKA.

(8). In tho 3rd question, & == 45° d = 90° p =0 at LANRA and k =12

3488 ¥ 2431 0 %0 12
sin z _..( ) X—3
8438 12 12

= (3481 4 0) X1=12431:
T2
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26 and 27. Convert the distance of voianas (between the
two cities, one is given and the other
is that of which the latitude is to be
found,) into degrees (of a large circle), and then multiply the
sino and cosince of these degroes by the cosino of tho azimuth
of tho other city and raLaBu{ at the given city, and divide the
products by radius and 12 respectively. Take then the differ-
ence between these two quotients, if the other city be sonth
of east of the given city ; and if it be north of that, the sum of
the quotients is to be taken. DBut the reverso of this takos
place, if the distance between the cities be more than a quarter
of the earth’s circumference. The difference or sum of the
quotients multiplied by 12 and divided by axsmaxaryA will
give the sine of the latitude sought.*

RvLE,

*. z == 45° Latitudo of oity (0).

(i)) In the 4th question, a =469 d=90° p=12 at C and .. k=
12,/5

488 °¢y* /3 OX 12) 12
X

. sinz= ~ =,
3438 12 124/ 2
3438 v ) 1 8438
= f — 2 ~0 P o=
2 A2 g
». &= 30° Latitude of D.—L. W.
* [Let Z bo the Zenith of the . z

given city bearing a worth latitude,
Z AN G the Meridian, G A T
tho Morizon, P the north pole, 8
the Zenith of the other city, the
Intitude of which is to be found L— P
and Z 8 N the azimuth circle pass-
ing through 8. Then the arcZ 8
(which is equal to the distance in .
degrees between the two cities) willq
bo the Zonith distance of 8; the A
arc II G, tho are contuining the
given uzimuth dogroes, und 8 A
which is equal to the dcolination of
the point 8, the latitude of the
other city which can ba found as
follows,

Let a =1 g the given azimuth
degrees, x

3
-

d = Z 8 the distauce in degrecs butween the two citios,
P == PALABHA,
k = ARBHA-KARNA
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28. 'Tcll mo quickly, O Astronomer, what is tho latitude
of & place (A) which is distant § of the
earth’s circumforonce from the city of
pHARL and bears 90° due east from it ? What also is the latitude
of a place distant 60° from pHARL, but bearing 45° N. E. from
it? What also is the latitnde of a place distant 60° from paAR
and bears S. E. from it? What also &re the latitudes of
threo places 120° from pnirf and boaring respectively due
east, N. E., and S. E. from it ?*

Question.

and = 84 the declination of the point 8 i. e. the latitude of the other city.
Then say, As sine Zg: sine A g:: sine Z S: the BHUJA i. e. the sine of
distance from 8 to the Prime
Vortical.
or R:cosa ::sind: pousa
: cos @ sin 4
. BHUJA == ——

.

R
And by similar latitudinal trinngles, 12 : p : : cos d : 8'ANKUTALA,
p Kcosd

12
Now when the other city is north of east of the given city, it is evident that
the BHUJA will be north and consequently
tho sine of amplitide = BRUJIA 4 8'ANKUTATA :
but whon the othor city is south, tho mivsa also will be south and then, the
sine of amplitude = DHUJA N 8'ANKUTALA,
cosaXsind poosd
or the sino of amplitude = 3 .
R 12

.+ SANKUTALA =

And by latitudinal triangles
k: 13 : : sine of amplitude : sine of declination i. e. sin @

cosa Xsind p x cosd
12 ( + )
12 X sine of amplitude B 12

o bin = = ,

k

hence the rule iv the text. .

1If the distance in degrees between the two cities be more than 90°, the point
8 will then lie bolow the Horizon, and counsequently the direotion of the BuuvJA
will bo cliunged. Therofore the revorse of the sigus & will take place in that
oase.—B D.]

® Here also sin £ = (
R 12 k

(1.) TIn the first quostion, ¢ = Y0°, d = Gu®°, p =0 digits tho raLaBNA Of

puana and .. k=13,
2977 X 0 1719 X 6 12
* =)

-indxoo-ateosdxp) 12

X—3
3438 12 13

1719 %6 12 8695 9

= X — = — =663 —:

12 18 13 13

S o tinz=
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29. Tell me, my friend, quickly, without being angry with
me, if you have a thorough knowledge
of the spheric, what will be the pALABHA
of the city where the Sun being in the middle of the aArDRL
NAKSHATRA (i. e. having the longitude 2 signs 18° 20’) rises in
the north-east point.*

o @ =11°..16"..1” Latitude of city due east from pEARA.

Question.

(2). In the 2nd equation, a = 45°,d = 60%, p =5& .. k =13:
(2977 K 2431 1719 x 5) 12

x X—;
3418 12 13
19399109 1913
= =2604 —:
7449 7449
.~ 2==49° .18'.. 24" Latitude of city bearing 45° N. E. from pHABA.

S sinz=

(8). In the 3rd question, a = 45°, d = 60° p =6 and k =13.
(2977 X 2431 1719 x 5) 12

n X —
8438 12 13
9549239 7070

= ——-=1281 —,

o 8in @ =

7449 7449 ’
.~ @==21e  54’.. 84" Latitude of city bearing the S. E. from puara.

(4). To find latitude of place 120° from DHARA and due east. Here, sin
d = sin 120° = sin 6(° = 2077, cos d = cos 1200 = — sin 80° = — 1719
cosa=0,p="5and ¥13:

29770 1719 X B 13
lin==( + )x—;
8438 12 13
9

=662 —:

13
« @ or latitude = 11° .16.. 1",

The latitudes of the places 120° bearing N. E. & 8. E., will be the sanw as
the latitudes of those places distant 60° and bearing 8. E & N. E. Hence the
latitudes are 21° 54’.. 84" and 49° 18’ 24".—L. W.

® Ansr. Suu's amplitude = sine of 46° = 2431,
the sine of longitude of middle of AxDRA = sine of 2 signs 18° 20’ = sin 73°

‘ 20’ == 8292’..6* 40
and tho sine of the Bun’s greatest declination = sin 24° = 1397".

Then say: As Rad:sin 24°:: sin (78° 20’) : sine of declination, and ns
sine of amplitude : sine of declinution : : Rad : cos of latitude,

.*. sine of awplitude : siu 24 ; : sin (73° 20’) : oos of latitude,
sin 24° X sin (73¢..20Y) 1897’ Xx (3292°..6” .40")

.*. o00s of latitude =

sine of amplitude 2431/
: = 1891’ 50’ 48" = sine of 38° 23’ 87" :
whence latitudo will bo 66° 36’ 287 .-, sine of latitude = 2870 13".
‘I'hen sy : As cos of latitude : sino of lutitudo : : Gnomon : oqumoctinl shadow
1891°..61 : 2870° 187 ::
12 x (2870'..13") 13

= 18 — digits,—T.. W.

(1)

.. cquinoctial shadow =
1891’ 61/
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80. Tell mo the sevoral latitudes in which the Sun remains
above the horizon for one, two, three,

Question, four, five and six months before he

sets again.*

81. If you, O intelligent, are acquainted with the resolu-
tion of affected quadratic equations,
then find the Sun’s longitude, observ-
ing that the sum of the cosine of declination, tho sino of docli-
nation, and the sine of the Sun’s longitude: equal to 5000 is
(the radius is assumed equal to 3438.)

32. Multiply the sum of the cosine of declination, the sine
of declination, and the sine of Sun’s
longitude by 4, and divide the product
by 15, the quotient found will be what has been denominated
the Apva. Next square the sum and double the square and
divide by 8387, the quotient is to be substracted from 910678.
Take the square-root of the remainder. That root must then
be subtracted from the Apya above found: the remainder will
bo the declination, when tho radius is equal to 3438. From
the declination the Sun’s longitude may be found.t

Question,

Rux.l.

* Ansr. When the Sun has northern doclination he remains above the
hovizon for onoe month in G7° N. L.
two montha in GY°
three months 73°
four months 789
five months  84°
six months 90°
Theso are roughly wronght : for BraskarAcnArya’s rule for finding these
Tatitudes sce the TRIPRAS'NADHYAYAS of the @oLADUYAYA and also the aaNITA-
pnvava.—h. W,
t [Let a = the given sum,
p = tho sine of the Sun’s extreme declination
x = the sine of the Sun’s declination.

Then the cosine of declination will be ~/ R¥—g* and the sine of the Sun's

Rz
longitude = —— :
P
. e Ra
. by gquestion . /pr_ i + x4 — =a:
\/ b 4
or P/R-z4+ Rtpz=ap,
and pm—ap T +p)x;
,P pa=dap —2apR+p) s+ (B"+2Rp+pY)a"y

+2Rp+2p')w’—24p(3+p)c——(¢ — By
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33. Given the sum of the sines of the declination and of tho
altitude of the Sun when in the prime
vertical ; the TAppHRITI, the KUIY and
sine of amplitude equal to 9500, at a place where the paLaBE{

Question.

2ap (R +p) (a* —R?) p*
or — - - —_
R4 2Bpt2pt n'+znp+2p"
. 2ap (B +p) apr(R+p)?
completing the square, z* —
B-'+2RP+2P (R‘+‘ZRP+2?')'
a’p' (R4 p)*

= -~ 3
(R*4 2R 2p)?* R!'42R 2
R p-‘"-+2£'+ +’)ZR‘11 —-':z’p‘p+ #

g’;’pf 2 Bp +2pY)*

a® ps
—B'+zup+zp * R 4cRpt2pnt

ap (R +p) J atpt
o B = ———— :
R 42Rp+2pt R'+2Rp+zp (R +2Rpt2p)t

ap R +p) J atpt
orz= + — .
R'+2Rp+ 2y R'+2Bp+2p’ (R*4+2Rp+2pY)*

Now here B = 8438 and p = 1897,
ap(R +p) ap (R +p) a X 1897 X 4835 6734495 o

; B 1 2Rp+2p" (B+9)°+p° (4835)° 4 (1507)° 25328834

— a nearly = ADYa ;
15

a? p* 8808777688881 a* 2at
= — nearly;
@ + 2 R p +2pHt T OII540331700550 337 .
28067713928936
and = 910729, in place of this the Au-
R’+2Ry-|-2p’ 25328834 .
thor has taken the number 910678.

but of these, the positive value is excluded by the nature of tho case, because
the sine of declination is always less thau 1397,
Henco the Rule in the text.

Solution. The given sum = 5000,
6

000 X 4
o AD¥A = = 18388’ 20" and g§y a® = 148367/ 67/ 9./

«*. sino of declination = 1333’ 20" — , /910878 — 148367’ 57/ 9/~
=133%’ 20/ — 878’ ¢/ 13/
= 40" 13" 47+ : from which wo have tho longitudo of
ho Sun = 00..19°..14’ 8G” or & 10°..45/ 247 or 6 1U° 14' .36 or
11,,10°. 45/,. 24".—B. D.]
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or cquinoctial shadow is 5 digits, tell me then, my clever
friend, if quick in working questions of latitudinal triangles
and capable of abstracting your attention, what are the separate
amounts of each quantity ?

84. First assume the sine of declination to be equal to
12 times the shadow prALABHA: and
then find the amounts of the remain-

ing quantitics upon this supposition. Then those on tho sup-
position mado, multiplied severally by the given sum and divided
by their sum on tho supposition made, will respectively make
manifest the actual amounts of those quantities the sum of
which is given.*

35. 1f you have a knowledge of mathematical questions
involving the doctrine of the sphere,
tell me what will be the several amounts
of sines of amplitude, declination and the kusvA (where the
raLABHS is b digits) when their sum is 2000.+

Rurs.

Question.

® Solution. Here rataAnuk = 6 digits
. Bupposo the sine of deolination =06 %X 12 =060:
and then say. 1f rarapuf : AKSUAKARYA : ¢ sine of decln. : 8AMA 8'ANKY

13X 60
.or 5 : 13 ::00:8AMA 8'ANRU =- =166,
6
166 X 13
Goomon : AKSHAKARNA : : SAMA 8'ANKU : TADDHRITI = =169,
12
60 X 6
. 12 : raraBOA’ : : sine of decln. : XUIYA = 1 =26,
2

GO K13
and 12 : AKSIHAKARNA : : sino of decli. : sino of amplitude = -——— =65,

.% If the sum : sine of decln. supposed : : given sum : sine of doecln. roquired.
:: 9600 : 1200. o

or 476 : 60
If 475 : 166 +: 9500 : 8120 sAMA 8'ANKU required.
and so on 8380 TADDIIKITE
600 xuJva
1300 eine of amplitudo.
Ansr,

+ Solution. Horo also PALARTIA = B,
then supposo sine of declination as bofore = 60,
and .°, sine of amplitude = 66,
and KUSYA = 26,
: the sum = 160,
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36. But dropping for a moment those questions of tho
SIDDHANTAS involving a knowledgo of
the doctrine of the sphere, tell mo, my
learned friend, why in finding the point of the ecliptic rising
above the horizon at any given time, (that is tho raana or
horoscope of that time,) you first calculate tho Sun’s apparent
or true place for that time, i. e. the Sun’s instantaneous place :
and further tell me, when the Sun’s sxvaNA day, i. e. terrestrial
day, consists of 60 sidereal GHATIKAS and 10 paLAs, the LAGNA
calculated for a whole terrestrial day should bo in advanco of
the Sun’s instantaneous place, and the LaaNA calculated for the
time equal to the terrestrial day minus 10 paras should be
equal to the Sun’s instantaneous place.

87. Are the aHATIKA8 used in finding the LAGNA, GHATIKSS
of sidereal or common s{vANA time? If they are s{vanNa
GHATIKLS, then tell me why are the hours taken by tho several
signs of tho ocliptic in rising, i. 0. tho r{s’yunava which aro
sidereal, subtracted from them, being of a different denomiua-
tion? If on the other hand you say they are sidereal, then
I ask why, in calculating the raaNA for a period equal to a
whole s{vaNA day i. e. 60 sidereal cHATIKAS and 10 PaLAS, the
LAGNA does not correspond with, but is somewhat in advance
of, the Sun’s instantaneous place; and then why the Sun’s
instantaneous place is used in finding tho LAGNA or horoscopo.® -

88. Given the length of the shadow of gnomon at 10 aatfs
after sun-rise equal to 9 digits at a
place where the parLaBAL in 5 digits.
tell me what is the longitude of the Sun, if you are aw fait in
solving questions involving a knowledge of tho sphere.t

Questions,

Question,

Then say as before
as 160 : 60 :: 2000 : 800 sine of declination,
as 160 3 65 :: 2000 : 8663 sine of amplitude,
as 150 : 25 :: 2000 : 833} xusva—L. W.
0‘0 [gor answers to these questions see the noto on the 27th verse of the 7th
Do
t [For solving this question, it is nccossary to define somo lines drawn in tho
Armulnry sphore and shew some of their relations,
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39. Toll mo, O Astronomor, what is tho rALABnf at thab
place where the gnomon’s shadow fall-
ing due west is equal to the gnomon’s

Question,

H_—

Tet BOD B be meridian of the given place, C A E the diameter of the
Horizon, B the Zenith, P and Q tne north and south poles, B A D the diameter
of the Prime Vertical, F A G that of the Equinoctial, P A Q that of the six
o'clock line, H f L that of one of the diurnal circles, s the Bun's projected place
in it and /', s m, I » perpendiculars to O E. Then

B ¥ or E P = tho lutitudo of the place,

A f= tho sine of tho 8un’s declination,

A g = AaRaA or the siuo of amplitude,

Sg= xuxa'. (ltis called oHARAIYA’ or sine of the ascensional difference
when reduced to the radius of a great circle) -

Je=1xara’. (Itis called sGTBA when reduced to the radius of a great circle.)

# g =18ATA HRITI. (It is called TADDHRITI whon s is at o, HRITI when s is
at H and xusva when ¢ is at 1)

The 18nTA BRITI roduced to the radius of & great circle 18 called 18HTA ANTYA',
but s coinvides with IT, it is eallod ANTYA’ only.

It is ovident from tho liguro above described that

(1) 18nTA HRITI = KALA' + XUJYA,

(2) 18nTA ANTYA' = 8(TRA * CIARAJIYA’,

(3) urirs = pYUIYA or cosino of declination + xvIYA’,

(4) ANTYA’ = radius = cnARAIYA'.

loro tho positivo or negative sign is to be taken according as the San 1s in
the northern or southern hemisplhere.

u 2
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height when the Sun is in the middle of the sign Leo, i. e.
when his longitude is 4 signs and 15 degrees.*

" Now at a given hour of the day, the 1sHTA HRITI and others can be found
as followa.

Half the length of the day diminished by the time from noon (or the NaTA
KA’LA properly 8o cullud) is the UNNATA KaTa (or olovated time), Subtract from
or add to tho UNNaTA Ka’La the asconsional dillorence according as the Sun is
in the northern or southern hemisphere : reduce the remainder to degrees: the
sine of tho degroes is siTra. Tho 8GTRA multiplied by the cosine of declination
and divided by the radius gives the xara’. Then from the asbove formulw wo
can easily find the 18mTa HRITI and others.

Now to find the answer to the present question.

Bquare the length of the Gnomonic shadow and add it to the squaro of tho
Gnownon or 144 : and square-root of the sum is called the hypothenuso of the
ehadow. From this hypothonuso find tho MauA'8'ANKU or tho sine of the Sun's
altitude by the following proportion.

As the hypothenuse of the shadow

+ Gnomon or 12

:: Radius

: The MamA’ANKU or the sine of the Sun’s altitude.

Then by similur latitudinal triangles,

a8 the Gnomon of 12 digite

: AXSHA XARNA fouud fromn given PALADITA’

:: MAHASANKO

+  I8UTA MRITI (sco vorsos from 45 to 49 of the 7th Chapter),

Reduco tho givon UNNATA Xa’LA to dogreos nnd nssumo the sino of the dogroos
as 18HTaNTYA (for this will always be vory near to the 18upa’NTYa). ‘Lhen

cosine of declination = ISHTA HRITL
. Radius ISHTA’NTYA

From this the cosine of declination will nearly be found, and thence the
declination and ascensional difference can also be found. From the ascensional
difference, just found, find the 18nTA’NTYA’ Of two kinds, one when the Buu is
supposed to be in the northern hemisphere and the other when the Sun is
supposed to be in the southern hemisphere. Of these two I18ETANTYA’S that is
neurly true which is nearer to the rough 1emTa’NTYA’ first assumed (i. e. the sine
of the UNNATA XA’rLa). From this new 1sHTA’NTYA’ find again the declination
and repoat the process until the roughness of declination vanishes. From tho
doclinution, last found, the longitude of the Sun can bo found.—B. D.]

¢ ‘The hypothenuse of the shudow ia ficat to be found. Then say
As hypothenuse of the shadow

: énomon

:: Rad

s the MAWA’ 8’ANXU or the sine of the Sun’s altitude.

Here wo shall find sine of 45%. This is the saMa 8'aNxU,

It is 2431 sigus

8ine of deolination of the Sun when in 4 .. 160 =987 48"

<. 2431 ¥ — 987 .. 48" "= (ravDURITI — KUIYL')?

or 5909761 — 976749 .. 9 — 4934011  61.

.. TADDHRITI — KUJYA’ = 4/3034011 .. 61 =2221’.. 16"

Here wo have B8 sides of the latitudinal trinngle consisting saMa 8’ANKU,
declination and TADDRRITI — KUJYA’. Hence we may find the Jatitude,

Then by similar latitudinal triangles
As TADDMRITI — KUJYA’ 2221 . 1§’

: sine of declination 987 .. 48

: : Gnomon 12

: PaLapHa’ 6} digits.—L. W.
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40. When tho Sun cnters tho prime vertical of a person
ab viAvINf either at 5 amATIS after
sun-riso or 5 auatis boforo or after

midday, what are his declinations? If you will answer me this
I will hold you to be the sharp aNrus'a (goad) for the guidance
of the intoxicated elephants, the proud astronomers.*

Question.

¢ First of all assume II N the Tap-
A_Z prRITI ==8ino of the given elevatod
time that is ==sin 80°. From this
find the 8’anxu or the sine of altitude
by similar trianglos.
If aksna xarya or hypothenuse of
< equinooctial shadow,
: Gnomon 12
¢ : TADDHRITI
12 X TADDURITI

'3

0 : BAMA 8'ANRU =

o ON
From O N, to find O B the sine of declination say
PALABHA’ X O N ,
88 AKSHA KABNA : PALABHA’:: ON: O B= ———— < = gine of de-
13
clination.

From O B we mny now find the longitude of the Sun and O D the ascen-
sional differonco: Now deduct this ascensional difforence from the sine of
olevatod timo convorted into degroes.  Tlenco

Ob—O0Db=CO.

Now roduce O O to torms of a small cirole on the supposition that the Sun
hias the declination now found.

As Rad : C O :: cosino of declination : N B,

Now find also B A by the same proportion.

Then N B 4 B A = N II' a new value of TADDHRITI,

IfTHN:gave O B:: H N7: O B’ corrected value of O B.

Hence a corrected longitude of the Sun,

Tho operation to be repoated till rightness is found.

20d.—To fiud the dcclination from the maTa Xa’zA or time from noon =
sin 300,

Tt @ = tho aino of NATA Xa’LA ¢ R? — a? = sliTRA",

and z = tho sino of declination : R? — z? = cos? 6f declination.

The sGTrA reduced to value ol diurnal circle will give xava’

Tho proportion is. As R : sGTeA : : cos of declination : xaLA’,
but I do not know what cos of declination is but only its square.

I must therefore make this proportion in squares
(B! — a¥) (R — o)

As R?: 8GrRA® : : cos® of declination : Kara) ‘= —— PrR—

Now by similar latitudinal triangles L
As12) * s patapua’) i Raa) ? : sine® of declination

paLapua ) ' on) ' 25 X(R""'“') (R*—2=7)
. sine? ination = —-— x KaLa | ' = —- 7
sine? of declination —_ x 143 B

=23t
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41. Ina place of which tho latitnde is unknown and on
a day which is unknown, the Sun was
observed, on entering the primo vor-
tical, to give a shadow of 16 digits from a gnomon (12 digits
long) at 8 amATIRAS after sun-rise. If yon will tell mo tho
declination of the Sun, and the paLaBEL I will hold you to be
expert without an equal in the great expanse of the questions
on directions space and time.*

42. O Astronomer, tell me, if you have a thorongh know-
ledge of the latitudinal figures, tho
PALABHA and the longitude of the Sun

Question,

Quostion,

Now R? —a® — 8864883
25 (R? — a?) = 25 x 8804883 = 221622075
and 144 R? = 144 (3438)? = 1702067536

221622075 (R? — a7

1702057630

1702087636
R — o' = ————— 3* = 7§ 2" nearly
221622076

8 R?
o% 268‘:83’: 8‘:-;:1363828

andr= Jw—cs's_zs = 1167’ =sino of 19* ., 51’
Hence the Sun's place may be found.—L. W.

® To find the sino of altitude or Maua’ 8’ANKT

(16)* 4 (12)* = (20)* ... hypothenuse of the shadow = 20,
Then say
As 20 : 12:: 8438’ : 2062’ .. 48" = the Mama’ 8’aANKU.

Now supposo the sine of UNNATA KA'La or 8 GHATIKA’S to bo the TADDHRITI
= 2655.

Then by similar triangles
2658° X 13

2062’ .. 48”7 : 2668’ : : 12 : AKSHA KABVA =
20624

From this find the PaLABEA’.

To find declination says

As AXBHA KARNA : PALABHA' 1 : 2062’ .. 48” : sine of declination.

‘From this find the cosine of declination, the XUJYA, the asconsional differonce,
&o. The UNNATA XaLA diminished by the sional differonco givos the Lime
from 6 o’clock : tho sino of this timo will be tho 86rra and henco tho xara :
thence (KUIxa’ boing addod) the TaDDURITI : and thonce the AKsiA Karya and
doolination. The o&cmtion to be repoated till the crror of tho original assump-
tion vanishes.—L. W.
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at that place, where (at o certain time) the Xus¥«x is equal to
245 and the TADDHRITI is equal to 3125.%

43. Given the sum of the 8 following quantities, viz. of the
sines of declination, and of the alti-
tude of the Sun (when in the prime
vertical) and of the TappHRITI decreased by the amount of the
KUJYX equal to 6720, and given also the sum of the kusv, tho
sinos of amplitudo and doclination (at the samo time) equal
to 1960. I will hold him, who can tell me the longitude of
the Sun and also rarasuf from the given sums, to be abright
instructor of astronomers, enlightening them as the Sun makes
the buds of the lotus to expand by his genial heat.t

Question.

® Aner. Let 2 = the PALABIA

. 2940
then say. As @:18:: 246 : sine of declination = — .
@

Now flad the TADDHRITI minks KUIYA',

2940 86280
Asz: 12:: — : TADDHRITI — EUJYA = -——,

o z?
But TADDIRITI — KUJYA = 3126 — 245 = 2880,
36280 86280 49

o 2880 = and 2* = = .

z* 2880 4

oo & = § = 8} PALADUA,
To find declination say
As 3} : 12: : 245 : 840 sine of declination.
Hence the longitude of the Sun may be discovered as before.—L. W.
+ This question admits of a ready solution in consequence of its peculiarities,
The sine of declination
BAMA 8°ANRU ¢ == 6720
and TADDITRITI — KUJYA ,
aro all throo respectivoly perpondiculars in the threo latitudinal trianglos,
And the xusra
the sine of amplitude ¢ = 1960
and the TADDHRITI — KUJYA
are bases in the sume 8 triangles.
Ilence we may tako the swn of the 8 porpendiculars and also the sum of the
threo bases and use them to ind the PALADIA.
As the sum of the sum of the 3 bases  Gnomon PALABHA
8 porpondioulnn} in the same triauglos
1960 x 12

6720 + 1960 1 18 -=3}.

Now the xUJYA, sine of amplitude and sino of declination are the throo sides
of a latitudinal triangle. Those throe I may compare with the three Guomon,
PALABIUA sud AKSHA KARNA to find the value of any oue.
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44. Given the sum of tho sine of declination, sine of the
Sun’s altitude in prime vertical and
the TADDHRITI minus KOIYL equal to
1440, and given also the sum of the sine of amplitude, the
sino of tho Sun’s altitude in primo vortical aud tho TApDHRIT
equal to 1800°, I will hold him, who having observed the
given sums.*

45. Given the equinoctial shadow equal to 9. What longi-
' tude must the Sun have in that lati-
tudo to givo an ascensional differonco
of threce auatis? I will hold you to be the best of astrono-
mers if you will answer me this question.t

46. Hitherto it has been usual to find the length of the
Sun’s midday shadow, of the shadow
of the Sun when in the primo vorti-

Question.

Question,

Question,

But the AxsHA XARNA must be first found to complete the sum of thoso threo.

M
axsma xanya = 4/ (12)7 + ()* = 'T =5

Gnomon =18
PALADIA = 34§ = 28 sum of the 3 sides of a latitudinal triangle. .
AKSHA KARNA = 12}

Now if 28 : 12 : : 1960 : 840 the sine of declination,

Hence the place of the Sun as beforo.—L. W.

® This question is similar to the preceding, .

In the first sum we have the ewn of three perpendiculars in threo difforout
latitudinal Triangles. In the second we have the sum of tho throo hypothe-
nusos of those same thros Triangles. Honce wo imay say.

.- sum 8 por. sum of 8 corresponding by, Gnomon AKBUARARNA
As 1440 1800 12 18 16
. Now from axsma KaRA to find PaTABAEK

PALABHA = \/(16)'—(12)' = ,/8l=09.

Now sine of amplitude, sine of the Sun’s altitude in tho Primo Vertical, aud
the TADDURITI arc tho threo sides of & lutitudinul.—L. W.

4+ Let 2 — sine of the S8un’s doclination,
then12: 9:: «: KOIYA =4} a

Agsin o /R'—a* = cosino of declination.

Then as R+ cos of declination : : sine of asoensional differce. : xUIYA

Bine of asceusl. diffce. or ORARAIYA = sine of 3 @uATIS = ain 18° = 1062’

cosin of decln. X CHARAIYA

= xuIvd

B
&/ Ri—7* % 1062

or

=3

Ilence n‘wy bo found the sine of tho Suns docln. and thenco hLis longi-
fudo.— L. W,
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cal, and when in an ictermediatoe circle (1. e. wheu he has an
azimuth of 45°) by three different modes of calculation: now
he who will by a single calculation tell me the length of those
three shadows and of the shadows at any intermediate points
at the wish of the querist, shall be held to be a very Sun on the
Earth to expand the lotus-intellects of learned astronomers.*

® [Iferc tho problom is this :—Given tho Sun’s declination or amplitude,
t:loquuiuoctiul shadow of tho place and the Sun’s azimuth, to find the Sun’s
shadow,

For solving this problem Buisxarfonirya has stated two dilferent Rules
in the GaxiTApuyAya. Of them, we now shew hore the second.

“ Multiply the square of the Radius by the square of the equinoctial shadow,
and the square of the cosine of the azimuth by 144. The sum of the products
divided by the difference between the squares of the cosine of tho azimuth and
the sine of the amplitude, is called the PraTHAMA (first) and:the continued
product of the Radius, equinootial shadow and the sine of the amplitude
divided by the (same) difference is called the anya (second). Take the square-
root of the square of the aANYA added to the PRATHAMA : this root decreased
or increasod by tho ANYA according as the 8un is in the northern or southern
hemisphere gives the hypothenuse of the shadow (of the Sun) whon the SBun
is in any given direction of the compass.”

“But when the cosine of the azimuth is less than the sine of the amplitude,
take tho square-root of the square of the anya diminished by the PraTHAMA:
the AxYA decreased and increased (separately) by the square-root (just found)

ives tho two values of the hypothenuse (of the Sun's shudow) when the Suun
18 in the northern hemisphere.”
This rule is proved algebraically thus.
Lot a == the sine of amplitude,
A = the sine of azimuth,
e = the Equinoctial shadow,
and « = the hypotl of the shadow when the Sun is in any given direc.
tion of the oownpass,
Then say

12
sax: 12:: B the ManL 8°ANKU or the sine of the Sun’s altitude = —- -

»
T R
and ., tho sine of tho Sun's zenith distance = / Rr_(!‘%&) =— ~/,'l__'1“_“
. » .

12R eR
Now, 2812 : ¢ = —— : 8'ANKUTALA = —~,

& ]

.. BAav or the sine of an arc of a circle of position contained between the
e

Sun and tho Prime Vertical =a F —-: (see Ch. VII. V. 41) here the sign—
@

or 4 is usod according as the Sun is in tho northern or southern hemisphere.
Then say

R eR
nl—~/:’—144:a:F——:xB:A:
x =z
eR
=

RA
c— NP1 = (a F —-) R;
x
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47. He who, knowing both the azimuth and the longitude
of the Sun, observes one shadow of the
gnomon at any time, or he who know-
ing the azimuth observes two shadows and can find the PaLa-
BHA, I shall conceive him to be a very GARruUDA in destroying
conceited snakes of astronomers.

[On this Bafsxaricu{rya has given an example in the Gayi-
T{DHYAYA as follows.

“ Given the hypothenuse of the shadow (at any hour of the
day) equal to 30 digits and tho south
pnusa* equal to 3 digits: givon also

Question,

Examplo,

or A \/a*—~144=aaFeR;
At z'—144 A?=a'2s* F S Reax 4 ' R?Y;
(A'—a?) 2 = 2Reaov=¢"R® 4 144 A?;
Rea o' R? 4 144 A?
242 = 3
Ad—g¥ Al—g?
or 3' &= 8 ANYA 7 = PRATHAMA 1)
o 2% 4 8 ANYA @ 4 ANYA! = PRATHAMA + ANYA?
amnd o= ~/ PRATHAMA < ANYA? 5 ANYA.

But when A <~ aand the Sun is in the northern hemisphere, the equation
(1) will be 2*—8 ANYA ¥ = — PRATHAMA ,
and then » = axya = 4 /anva’—first:
i. e. the value of the hypothenuse of the shadow will be of two kinds here.
Hence the Rule. _
. BHAsKABACHARYA was the first Hindu who has given a general rule for
finding the Sun’s shadow whatever be the asimuth; and he was the first who
has shewn that in certain cases the solution gives two different results,—B. D.]
® (On a levelled plane draw east and west and south and north lines and on
their intersecting point, place Gnomon of 12 digits : the distance between the
end of the shadow of that Gnomon and tho cast and west lino is cullod tho
BUUJA.
. 1t is to be known here that the value of the great BuUJA (as stated in 4lst
verse of the 7th Oh.) being reduced to the hypothenuse of the shadow becomes
equal to the BEUJA (above found).
Or a8 the Radius
1 the groat DIUIA
t 1 the hypothouuse of tho shadow
1 tho roducod DuUJIA or the distunco of tho ond of the shadow from the
east and wost line.
This reduced BRUJA is called north or south according as the end of the
shadow falls north or south of the east and west line.
It is very olear from this that the reduced BHUJA will be the cosine of the
azimuth in & swall circle desoribed by the rudius equal to the shudow.
Or as the shadow
: the reduced BRUJA
1 3 radius of a great circle
+ the cosine of the azimuth.
This is the method by which all Hindus roughly detormine the ssimuth of
the S8un from the »rvJa of his gnomonic shadow.—8. D
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the hypothenuse cqual to 15 digits, and the north niusa equal
to 1 digit, to find the paLABHL. Or, given the declination
equal to 846 and only one hypothenuse and its corresponding
BHUJA at the time, to find the PALARHL.’]

48. First of all multiply one BHUJA of the shadow by the
hypothenuse of the other, and the se-
cond pHUIA by the hypothenuse of the
first: then tako the differonce of these two piusas thus multi-
plied, if they are both north or if both south, and their sam
if of different denominations, and divide the difference or the
sum by the difference of the two hypothenuses ; it will be the
PALABHK.¥

49. low should he who, like a man just drawn up from the
bottom of a well, is utterly ignorant of
the raLaBHL, the place of the Sun, the
points of the compnss, the number of the years elapsed from

RULB.

Question.

* The rule mentioned here for finding the raTABIA/ when tho two ohulowo
and their rospective BuUJAs are given, is proved thus,
Lot &, = tho first hypothonueo of the shadow,
b, = its corresponding BnUIA,
by = the second hypothenuse,
and b, == its corresponding BRUJA,
Then

12R
Ash 2 12:: R: —— =the flrst MaTA 8'anRU ;

A
12 R
and in the same mannor T = the second MAUA 8°ANRU ;
t ]
andnlsons by : b2t R: :b— == the first groat nnvaa ,
by R
and .°. T == the socond great DnUJIA ,
LR 3R
— $ —
L s
Then the PALABIA’ = —————— (s0e Ch. XI. V. 33)
12R 12R
b by
b, by T by A,
T h—h

Hence the Rulo,—L. W.
x 2
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the commencement of the yusa, the month, the TiTHI Or lanar
day and the day of week, being asked by others to tell quickly
the points of the compass, the place of the Sun, &c., give a
correct answer ? He, however, who can do so, has my humble
reverence, and what astronomers will not acknowledge him
worthy of admiration 7%

50. He, who can know merely with the staff in his hand,
the height and distance of a bamboo
of which he has observed the root and
top, knows the nso of that instruinont of instruments—(Gioning
(the pufYaNTRA): and tell me what is there that ho cannot
find out !

51. There is a high famous bamboo, the lower part of
which, being concealed by houses, &c.

Question,

Question. L.
was invisiblo: tho ground, howoever, was

perfectly level. If you, my friend, remaining on this same spot,
by observing the top, will tell me the distance and its height,
T acknowledge you shall have the title of being the most skil-
ful of observers, and expert in the use of the best of instru-
ments, DHfYANTRA.

52. Having seen only the top of a bamboo reflected in
water, whether the bamboo be near or
at a distance, visible or invisible, if
you, remaining on this samo spot, will toll mo the distanco and
height of the bamboo, I will hold you, though appearing on the
Earth as a plain mortal, to have attributes of superhuman
knowledge.t

53. Given the places of the Sun and the Moon increased
by tho amount of tho procession of tho oquinox, i.o. thoir
longitudes, equal to four and two signs (respectively) and the
place of the Moon decreased by the place of the ascending
node equal to 8 signs, tell me whether the Sun and the Moon
have the same declination (either both south or one north

Question,

* This rofers to the 84th verse of the Ch. XI.—U. W,
+ [Answers to these questious will be found in the 11th Ch, —B. D.]
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and onc south), if you have a perfect acquaintance with the
Dufveriopuipa TANTRA.

54. If the placo of tho Moon with the amount of the pro-
cession of the equinox be equal to 100 degrees, and the place
of the Sun increased by the same amount to 80 degrees, and
the place of the Moon diminished by that of the ascending
node cqual to 200 dogrees, toll me whether the Sun and the
Moon have tho samo declination, if you havo a perfect acquain-
tanco with the Dufvrippuipa TANTRA. '

55. If you understand the subject of the pAra i. e. the
equality of the declinations (of the Sun and the Moon), tell
me the reason why there is in reality an impossibility of the
pAtA when there is its possibility (in the opinion of LavLrA), and
why there is a possibility when there is an impossibility of it
(according to the same author). '

56. If the places of the Sun and the Moon with the amount
of the precession of the equinox be equal to 3 signs plus and
minus 1 degree (i. e. 2s. 29* and 3s. 1° respectively) and
the place of the Moon decreased by that of the ascending
nodo equal to 11s. 28°, tell me whether the Sun and the Moon
have the same declination, if you perfectly know the subject.

57. (In the DnfvrippHIDA TANTRA), it is stated that the rira
ts to come in some places when it has already taken place (in
reality), and also it has happened where it ¢s to come. It is
a strange thing in this work when the possibility and imnpos:
ibility of the eATA aro also reversely mentioned. Tell me,
O you best of astronowmers, all this after considering it well.*

58. I (Bmr£skara), born in the year of 1036 of the S'fLi-

Date of tho Author's birth  VAHANA era, have composed this Sip-
and his work. puANTA-8'1ROMANI, when I was 86
years old.

59. IIe who has a penetrating genius like the sharp point
, of a large DARBHA straw, is qualified
Author's spology. to compose a good work in mathe-

* [Answers to these questions will be found in the last Chapter of the GaNITa-
DAYAYA—B, D.]
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matics : excuse, therefore, my impudence, O learned astrono-
mers, (in composing this work for which I am not qualified).

60. I, having lifted my folded hands to my forehead, beg
the old and young astronomers (who live at this timel to
excuse me for having refuted the (erroneous) rules prescribod
by my predecessors; because, those who fix their belief in the
rules of the predecessors will not know what is the truth,
unless I refute the rules when I am going to state astronomical
traths.

61. The learned Mauges'wara, the head of all astronomers,
the most good humoured man, the
store of all sciences, skilful in the
discussion of acts connected with law and religion, and a Br{H-
MANA descended from S’AwprLva (a MuNI), flourished in a city,
thickly inhabited by learned and dull persons, virtuous men
of all sorts, and men competent in the three VEpas, and situated
near the mountain SAnya.

62. His son, tho poet and intolligont Bukskara, mado this
clear composition of the SippEANTA by the favour of the lotus-
like feet of his father; this Sippuinta is the guidance for
ignorant persons, propagator of delight to the learned astro-
nomers, full of easy and elegant style and good proofs, easily
comprehensible by the learned, and remover of mistaken ideas.

63. I have repeated here some questions, which I have
stated before, for persons who wish to study only this Pras'NA-
DHYAYA. .

64. The genius of the person who studies these questions
becomes unentangled, and flourishes like a creeping plant
wateroed at its root by tho considoration of tho questions and
answers, by getting huundreds of leaves of clear proofs, shoot-
ing from the Spheric as from a bulbous root.

Author’s birth-place, &o.

End of the 13th and last Chapter of the Gor{payAya of the
SIDDHANTA-8'TROMANL.



ATPPENDIX.

ON THE CONSTRUCTION OF THE CANON OF
SINES.

1. As tho Astronomer can acquire the rank of an AcHarya
in the science only by a thorough knowledge of the mode of
constructing the canon of sines, Bufskara therefore now pro-
ceeds to treat upon this (interesting and manifold) subject in
the hope of giving pleasure to accomplished astronomers.

2 ad 3. Draw a circlo with a radius cqual to auy number
of digits : mark on it the four points of the compass and 360°.
Now by dividing 90° by the number of sines (you wish to draw
in a quadrant), yon will get the arc of the first sine. This
arc, when multiplied by 2, 8 &c., will successively be the arcs
of other sines. Now set off the first arc on the circumference
on both sides of one of the points of the compass and join the
extrewmities of these arcs by a transverse straight line, the half
of which should be known the sine of the first arc: All the
other sines are thus to be known.

4. Or, now, I proceed to state those very sines by mathe-
matical precision with exactness. The square-root of the dif-
foronco botween tho squares of tho radius and the sine is cosine.

5. Deduct the sine of an arc from the radius the remainder
will be the vorsed sine of the complement of that arc, and the
cosino of an arc deducted from the radius will give tho verscd
sine of that arc. The vorsed sine has been compared to the
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arrow between the bow and the bow-string : but here it lins
received the name of versed-sine.

6. The half of the radius is the sine of 30°: the cosine of
80° will then be the sine of 60°. The squarc-root of half
square of radius will be the sino of 450.

7. Deduct the square-root of five times the fourth power
of radius from five times the square of radius and divide
the remainder by 8: the square-root of the quotient will be
the sine of 36,.

Or / wd %5 — yfrud 15 = sine 300.*
8
8. Or the radius multiplied by 5878 and divided by 10000
will give the sine of 36°, (where the radius = 3438.) 'The
cosine of this is the sino of 54°.1
9. Deduct the radius from the square-root of the product of

® [This is proved thus.
Let @ = sine 18°; and .. R — a = covors 18° or vers 72°,

: SRR T
Then N/ n_’i%ﬂ =sine §P°: (sce the 10th verse.)

or N/R' (R ) = sine 86°;

————M (see the 9th verse)

but a = 7y
..n.as°—/“{a—i(¢sn= Bi= [oR— ViR, p)

R X 5878
4+ The Rulo in 8th vorse viz., ————— scoms to bo the same as above and
10000

to be deduced from it ;
5 R*— /5 R* __ (P
{or/———s——-‘ =R. _a———
V5 = 2.287411 &
and ... 6 —  /§ = 2.762689 which divided by 8 = .8345323

o 8ine 36°=R /816823 = R % .6878 = R—)-‘-si?f.—lz. W.
10000
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the squaro of radius and fivo and divido tho remainder by 4 :
the quoticnt thus found will give the cxact sine of 18°.%

10. Ilalf the root of tho sum of the squares of the sine
and versed sine of any arc, is the sine of half that arc. Or,
the sine of half that arc is the square-root of half the product
of the radius and the versed sine.

11. Trom the sine of any arc thus found, the sine of half
the arc may bo found (and so on with tho half of this last).
In like manner from the complement of any arc may be ascer-
tained the sine of half the complement (and from that again
the sine of half of the last arc).

Thus the former Astronomers prescribed a mode for deter-
mining tho other sines (from a given one), but I proceed now
to give & mode dificrent from that stated by them.

12. Deduct and add the product of radius and sino of
puuJA from and to the square of radius and oxtract the square-
roots of tho halves of tho results (thus found), these roots will
respectively give the sines of the half of 90° decreased and
increased by the Bitusa.

In liko mauncr, the sines of half of 90° decreased and in-
creased by tho xoTr can be found from assuming the cosino
for the sino of pouJA. :

18. Take the sines of BHUJAS of two arcs and find their
difforence, then find also the difference of their cosines, square

# [This ia proved thns.

Lot O bo centro of the circle ADE
and .= 0 =236% then AB=2 sin
18°, and £ ¢ (CAB, OBA) cach of
them =2 C.

Draw AD bisecting tho = CAB,
then AB, AD, CD will bo cqual to
cach other.

Now let £ = sin 187, then by simi-
Inr triangles CB3: AR = AB: BD or
R:22=22:R—3z;

o 422 =R?*— 2 R z which gives

et el
AR n'_n. D]
2

=
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these differences, add these squares, extract their square-root
and halve it. This half will be the sine of half the difference
of the sines.* Thus sines can be determined by several ways.
. 14. The square-root of half the square of the difference of
the sine and the cosine of the nausa of an arc is cqual to the
sine of half the difference of the BHUJA and its complement.t -

I will now give some rales for constructing sines without
having recourse to the extraction of roots. :

15. Divide the square of the sine of the rusa by the half
radius. The differcnce between the quotient thus found and
the radius is equal to the sine of the differonce botween the

* This rulo is obvious,
for ac = dilfve. of sincs éd & qf g CINL
and ob = diffve, of cosincs g & a/k
andao)'+ b ) =ab )’
ab = chord of difference of arcs

ab
— == sine of half that difference.
2

L. W.

t+ Lot ¥¢ = sino of any arc and by — j
coo]gno. ‘ y and bg =iits 3 a
raw the sine ad = cosine 3g, t} i
sine will be egual to 3¢ and af =y:fb :en ab ite
<o @f? 4 fU* = abt: but as of =Ji*
o al? a af* al?
K =—and — = —.
: 2 2 4 ' iy 4 v

7% ab
oo g = —'0"'14. w.
2= ]

a/
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degrees of vnusa and its complement.* 1In this way several
sines may be found here.

[As theso several rules suffice for finding ouly the sines
of arcs differing by 8 degrees from each other and not the
sines of the intermediate arcs, the author therefore now pro-
ceeds to detail the mode of finding the intermediate sines,
that is tho sine of every degree of the quadrant. This mode,
theroforo, is called IPRATIBIIAGAIYARK-VIDNL.]

16. Deduct from the sine of BHUJA its y3'yy part and divide

Rulos for inding tho sine the ten-fold sine of xotI by 578.

g{) every degree from 1° to 17. The sum of these two results
; will give the following sine (i. 0., the
sino of nrmuJA ono dogreco moro than original sHusA and the
difference between the same results will give the preceding
sine, i. e., the sine of BHUJA one degree less than original
puusa). Here the first sine, i. e., the sine of 1°, will be 60 and
the sines of the remaining arcs may be successively found.

18. The rule, however, supposes that the radius = 3438.
Thus tho sincs of 90° of the quadrant may be found.

- Multiply the cosine by 100 and divide the product by 1529.

Rules for finding tho 24 19: And e.mbt.ract. the 73y part of
;i;:- &v:'z., of 8°3,7°}, 11°4, the sine from it. The sum of these will

? be the following sine (i. e., the sine
of arc of 33 degrees more than original arc) : and the differ-

® Let ad bo any are, and ac == ab, a
then ad = its complement,
ed = their differenco,

and bc=2 ab. o

7 be

Now / R versbe sin — or sin ad,
2 2

R % vers be «

or —— = sin? ab,

2 sin? ad

ov vers be = R
R Iy
sin? ab
then R — vers beorsined = R — T.R_._I‘. w.
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once of them will be preceding sine (i. e., the sino of arc 3°%
degrees less than original arc).

20. But the first sine (or the sine of 8,}) is hero equal to
2244 (and not to 225 as it is usually stated to be). By this
rule 24 sines may be successively found.*

21 and 22. If the sines of any two arcs of a guadrant be

Rules for finding the since multiplied by their cosines reciprocally
:‘5;":' m:'"d difforence of any  (that is the sine of the first arc by

the cosine of the 2d and tho sino of
the 2d by tho cosine of tho first arc) and tho two products
divided by radius, then tho quotients will, when added to-
gether, be the sine of the sum of the two arcs, and the differ-
ence of these quotients will be the sine of their difference.t
This excellent rule called sva-pr{vANS lias been prescribed for
ascertaining the other sines.

23. This rule is of two sorts, the first of which is called
sAMASA-pTILvANS (i. o., tho rulo for finding tho sino of sum
of two arcs) and the second ANTARA-BHAvVANL (i. e., the rule
to find the sine of difference of arcs).

[If it be desired to reduce the sines to the value of any
other radius than that above given of 3438.] Find the first
sine by the aid of the above-mentioned rule PRATIBH{GAJYAKS-
VIDHI.

24 and 25. And then reduce it to the value of any new
radius by applying the proportion. After that apply the sv4-
BHAvANS rule through the aid of the first sine and the cosine
thus found, for as many sines as are roquired. The sines will
thus be successively climinatod to the valuo of any now radius.

The rule given in my DParf or L{L{vari is not sufficiently
accurate (for nice calculations) I have not therefore repeated
here that rough rule.

# [These rules given in the verses from 16 to 20 are easily deduced from the
rules given in tho verses 21 and 22.—B. D.]

+ BuiskanfonAnrxa hus given thoso rules in his work without any domon.
stration.—1, D.]
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