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PREFACE.
oS

It is perhaps expected that some reason should be given for the
publication of this work, though it may appear inadequate. Force
of circumstances, rather than deliberate choice on my part, impelled
it; and, now that it has been accomplished, I cannot but feel how
imperfect the production is. A lengthened residence in India led
me to become interested in the study of the ancient mathematical
works of the Hindus. This study was frequently interrupted by
official dutics, and much information acquired in its course has been
for a time forgotten. Recent circumstances, and chiefly the interest
displayed by my former pupils in a paper presented to the Royal
Society on the same subject, has induced me to make an effort to
regain the lost ground, and to gather together materials for a more
extended work.  Moreover, a conviction formed many years ago
that the Hindus have not received the credit due to their literature
and mathematical science from Europeans, and which has been
strengthened by a renewal of my study of those materials, has led
me also to a desire to put before the public their system of astronomy
in ns simple a manmer as possible, with the object of enabling those
interested in the matter to form their own judgment upon it, and,
possibly, to extend further investigations in the subject. I have
found far greater difficulties than I had anticipated from the fact
that, although, no doubt, many Hindu writings exist which, if
translated and consulted, would throw greater light upon the
matter, yet comparatively few have undergone European investiga-
tion. I have been greatly assisted in my endeavours by the follow-
ing books, from some of which I have made copious extracts, in

order to present the views of others than myself.



Preface.

iv.

The works of Sir W. Jones, Bailly’s “ Astronomie Indienne,” an
Playfairs’s paper on it, in the Transactions of the Royal Society of
Edinburgh,” Davis’s *Essays in Asiatic Researches,” Colebrooke’s
* Essays and Translations from the Sanscrit,” Bentley’s “Hindu
Astronomy,” references to Captain Wilford, Professor Max Muller,
Ferguson's * Architecture,” and other works; the Institutes of
Akber, and the translation of the Siddhanta Siromani of Launcelot
Wilkinson, C.S. :

[ have not entered at greater length into the mathematical know- ‘
ledee of the Hindus than will be sufficient to show its general char-
acter, and that it was adequate for their requirements in the ordinary
business of their lives, and for the purposes of their astronomy.

In the deseription of the Surva Siddhanta I have been indebted
to the translation of this work from the Sanserit, by Pundit Bapu
Deva Sasiri, of the Sanserit College of Benares.

I take this opportunity of offering my thanks to my former
pupils, who, after so many (23) years, still retain their attachment to
we in my retirement, and especially to Rajah Rajendro Narayan
Roy Chowdry of Bhowal, who have all taken the greatest interest in

the progress of this work.

W. BRENNAND.
THE Forr,

MILVERTON, SOMERSET,
25th March, 1896,
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HINDU ASTRONOMY.

- # i
PART I
-~ S -
CHAPTER 1.

PREHISTORIC ASTRONOMY OF ARYAN MIGRATORY TRIBES.

In a zone of the Asiatic Continent, between 30 degrees and 45
degrees North, and from 30 degrees to 120 degrees East, about 900
miles in breadth, and nearly 4,000 miles in length (between Asia
Minor and Africa on one side and the Pacific Ocean on the other), are
some of the most extensive countries of the earth, and most productive
and fruitful. Intermixed with them are many mountains, and
deserts, high lands, and arid plains, with inland seas, lakes, and rivers.
In some of these countries the people live in settled homes, engaged
in agricultural pursuits; in others the Nomadie tribes, dwelling in
tents, wander from place to place with their flocks, ever seeking
fresh fields of pasture. ‘

Such countries have, in Historic times, been the theatre of some of
the most tragical events recorded in history, in which great nations
have been the actors, and in which the empires of the Assyrians, the
Medes, and the Persians, have each in turn risen, flourished, and long
since been destroyed.

In times of peace the people have lived industrious lives, growing
in wealth and numbers, acquiring the habits of civilization, culti-
vating the arts and sciences, and then have been swept away by some
new wave of invading peoples, who have likewise given place to
others.

It is a very reasonable presumption that, in Prehistoric times,
similar eventful scenes have been enacted, and that, during the con-

vulsions which overwhelmed the ancient great centres of civilization,
B
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priests and rulers have gone forth from the intelligent o
hem their superior skill and learning, and have jo T :

carrving with t .
becoming their leaders, and seeking other hom

Nomadic tribes,
There is evidence of several such great migrations from the distriet

above referred to, the discussion of which it is impossible to ente: 3
upon here. It will be sufficient to notice a few only of the opinions
which writers on the subject have arrived at.

Sir W. Jones, in a series of discourses before the Asiatic Society of
Calcutta in 1792, after a general survey of Asiatic nations, arrived
at the conclusion that the Persians, the Indians, the Romans, the
Greeks, the Goths, and the old Egyptians, all originally spoke the
same language and professed the same popular faith, and this he
conceived to be capable of incontestible proof.

Since that time, the theory thus propounded has gained strength.
Many Oriental scholars have been engaged in a comparison of the
languages, religions, customs, occupations, and the Mythologies of
different nations of the earth, and their investigation has led them
to the knowledge of a great body of facts, the explanation of which
has become of great importance in the right interpretation of history.
To all who have been thus engaged in the enquiry, it has brought the
conviction that the Sanscrit, the Zend, and all European languages,
are related to each other, and that the differences observed between
them have arisen from the admixture of races, caused by great
migrations from Central Asia.

Sir W. Jones considered it probable that the settlers in China and
Japan had also a common origin with the Hindus and Persians, and
be remarks that, however they may at present be dispersed and
intermixed, they must have migrated from a central country, to find
which was the problem proposed for solution. He suggests Irania
a3 the central cauntry, but he contends for the approximate locality
rather than for its name.

Dr. O. Shrader, in his “ Prehistoric Antiquities of the Aryan

Peoples,” has deseribed the very various opinions, expressed by
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:learned men of recent times, regarding the origin and homes of the
Aryan races. Among the theories propounded, he mentions the
opinion of Rhode, who endeavoured to discover the geographical
starting point of the Zend people, in whom he comprehends Bactrians,
Medes, and Persians. He observes traces of the gradual expansion
of the Zend people, considering their starting point to be Airyana
Vaejanh, followed by Sugdha, the Greek Zoydiavi (Suguda, Modern
Samarkand). He further notes that ¢ Eeriene Veedjo is to be looked
for nowhere else than on the mountains of Asia, whence, as far as
history goes back, peoples have perpetually migrated.”

Dr. O. Shrader instances, as a proof of the close connection
between the Indians and the Iranians, that they alike call themselves
Arya, Ariya, and that, beyond doubt, India was populated by
Sanscrit people from the North-west.

“There are clear indications,” he further says, “in the history

of the Iranian peoples, that the most ancient period of Iranian

~ occupation was over before the conquest of the Medio-Persian terri-

tory, lying to the East of the great desert. From the nature of the
case, 1t is just this Eastern portion of Iran, the ancient provinces of
Sogdiana; Bactria, and the region of the Paropamisus, to which we
must look in the first instance for the home of the Indo-Iranians.”
Again, it appears to have been the opinion of Professor Max
Muller, that “No other language (than the Hindu) has carried

off so large a share of the common Aryan heirloom, whether roots,

_ grammar, words, myths, or legends; and it is natural to suppose

that, though the eldest brother, the Hindu was the last to leave the \
Central Aryan home.”

Further, as Warren Hastings has remarked, when he was
Governor-General of India, there are immemorial traditions pre-
valent among the Hindus that they originally came from a region
situated in 40 degrees of North latitude.

The course taken by the great migration into India is supposed to

be that which followed the ancient trade-route, and path of the
B 2
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nations through Cabul, to the North-west of the Indus, and{
progress is thus remarked upon by Dr. Shrader: “It. is bey
doubt that India was populated by Sanscrit people from the Nort ‘
west, a movement which is depicted in the Hymns of the Rig Vi
as being in the course of progress. The Indians of this age, whose
principal abode is to be looked for on the banks of the Sindhu
(Indus), have as yet no direct knowledge of the Ganga (Ganges),
which is only once mentioned in the Rig Veda*. Nor do their
settlements seem to have reached as far as the mouth of the Indus,
or as far as the Arabian Sea, at that time. The grand advance of
the Indian tribes, Southwards and Eastwards, is mirrored very
‘vividly in the different divisions and names of the seasons of the
year in the more recent periods of the life of the Sanscrit language.”
No, also, Bryant, in his “ Ancient Mythology ” (Vol. IV., 285),
thus describes the effects of the emigrations referred to: —
t Upon the banks of the great River Ind, the Southern

Scutha dwell; which river pays

Its watery tribute to that mighty sea,

Styled Erythrean.  Far removed its source,

Amid the stormy cliffs of Caucasus,

Descending hence through many a winding vale,

It separates vast nations. To the West

The Orite live and Aribes ; and then

The Aracotii famed for linen geer.
* The most ancient writings of the Hindus are the Vedas, which are
supposed by their followers, to be of divine origin, They are divided
into four parts, each of which is a separate work, cousisting principally
of Hymns and Prayers, and, according to Colbrooke, they exhibit no trace
of what must be considered the modern sects of Siva and Krishna., v
They are named in the following order of their supposed antiquity :
The Rich or Rig-Veda written in Sanserit Verse,
The Yajni-Veda in prose.
The Sama Veda on (ﬂmunting,
of prayers and is believed to have
t Translated from the Greok of

and the Atharva-Veda which consists
had a later origin than the other three.
the Poet Dionysius,
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Next the Satraidae ; and those who dwell
Beneath the shade of Mount Parpanisus,
Styled Arieni. No kind glebe they own,
But a waste, sandy soil replete with thorn.
Yet are they rich; yet doth the land supply

Wealth without measure.

To the East a lovely country wide extends—
India; whose borders the wide ocean bounds.
On this the sun new rising from the main
Smiles pleased, and sheds his early orient beam.
The inhabitants are swart; and in their looks
Betray the tints of the dark hyacinth,
‘With moisture still abounding; hence their heads
Are ever furnished with the sleekest hair.
Various their functions: some the rock explore,
And from the mine extract the latent gold.
Some labour at the woof with cunning skill,
And manufacture linen; others shape

‘And polish ivory with the nicest care.

Nor 1s this region by one people held ;

Various the nations, under different names,
That rove the banks of Ganges and of Ind.

Lo ! where the streams of Acasine pour,

And in their course the stubborn rocks pervade,
To join the Hydaspes! Here the Dardans dwell,
Above whose seat the River Cophes rolls.

The sons of Saba here retired of old;

And hard by them the Toxili appear,

Joined to the Scodri. Next a savage cast--

Yeclep’d Peucanian.
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To enumerate all who rove this wide domain
Surpasses human power. The Gods can tell—
The Gods alone, for nothing’s hid from Heaven.
Let it suffice if T their worth declare:

These wera the first great founders in the world—
Founders of cities and of mighty states,

‘Who show’d a path through seas, before unknown,
And when doubt reigned and dark uncertainty,
Who rendered life more certain. They first viewed
The starry lights, and formed them into schemes.
In the first ages, when the sons of men

EKnew not which way to turn them, they assigned
To each his just department; they bestowed

Of land a portion and of sea a lot,

And sent each wandering tribe far off to share

A different soil and climate. Hence arose

The great diversity, so plainly seen

"Mid nations widely severed.

But it was not only Southward to India that the Nomads of
Central Asia migrated. They spread Westward and Eastward.
Du Halde, in his account of the Jesuit Missions in China, given

in his description of the Empire, says:—“TIt is a common opinion
of those who have endeavoured to trace the origin of the Empire,
that the posterity aof the sons of Noah, spreading themselves over
the Eastern parts of Asia, arrived in China about 200 years after the
Deluge, and settled themselves in Shen-Si.” He supposes the Flood
to have happened in the year 8258 B.C., preferring the account of
the Septuagint to that of the Vulgate. He then rejects the dates of
the first Emperors of China, which are given in “ Annals of the
Chinese Monarchs,” as being uncertain, and as involved in some
degree of obscurity, and estimates that Yu the Great—the first
Emperor of the Dynasty called Hya—began to reign in the year
2207 B.C.  As an eclipse of the sun happened in the year 2155 B.C.,



D;:' Aryan Migrations. 7
!'(wh'ich has been astronomically verified, and which is also recorded
in the Chinese history, it is considered to be demonstrated that China
must have been peopled long before that time, and that the date of
the first Emperor was about the year 2327 B.C. There is a great
diversity of opinion regarding the introduction and use of the first
Chinese cycle of 60 years (which they brought with them from the
West, and which was also a common cycle in India and Chaldea),
some placing it at 2757 B.C.; and this epoch is that which is
generally accepted in China at the present day.

Now, at the epoch mentioned (2767 B.C.), when the tribes
migrating Eastward from some central country in the West, were
on their way to their new homes in China, it is an astronomical fact
that « Draconis was their polaris. It is a star of the third mag-
nitude, and would be seen by them, apparently a luminois point,
fixed at the North Pole, between 30 and 40 degrees in altitude.
They would also have seen other stars of the Constellation Draco,
describing small circles about this point, greater and greater, accord-
ing to their distances from it. Night after night, as they tended
their flocks, the same phenomena would be witnessed by them, and
must have been vividly fixed in the memory of all. Those who have
any acquaintance with Chinese history know how much the dragon
is held in veneration by them, it being the symbol of royalty,
emblazoned on their temples, their houses, and their clothing.

In the year 2800 B.C., « Draconis was only 10 minutes from
the Equinoctial Pecle, and being then in the Solstitial Colure,
it must have impressed upon observers of that period, in a higher
degree, the sacred character in which the times of the solstices and
the equinoxes were held in their former homes. The Chinese
religion then resembled that of the Indian Vedas, showing an
affinity hetween the two races. On four mountains at the extremi-
ties of the Celestial Empire, four altars were placed, on which
offerings' and oblations were laid, with prayers, and were the

homage paid to t-hyen, or the sky, which was considered an emblem
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of the Supreme Being, the Creator and Ruler of the Universe. Four
solemn sacrifices were at that time ordered to be offered on the
Tastern, the Southerr, the Western, and the Northern mountains, at
the equinoxes and solstices in regular succession.  Similarly, in
India, the Brahmins are enjoined, in the Institutes of Menu¥, to
make sacrifices in honour of the Lunar mansions, and holy rites
were observed every three months, at the equinoxes and at the
winter and summer solstices.

In this worskup of the Most High we see some resemblance also to
the prayers and sacrifices of the Nomadiec Abraham, who was him-
self a wanderer fron: the house of his fathers in Ur of Chaldea, as
described in the Hebrew Scriptures.

The emigrating tribes, who thus, undoubtedly, in Prehistoric
times, went forth Westward, Southward and Kastward from their
Central Asiatic homes, carried with them evidences of their com-
mon origin, For esample, they had the same religious belief in
one Supreme Being, the Creator and Supreme Ruler of the Uni-
verse, to whom prayers and sacrifices were offered.

They had the same days of the week, over which the sun, the moon,
and the five planets were supposed to have been appointed rulers,
in successive order, in accordance with their respective names.

They had the same divisions of the Ecliptic, into twelve parts or
signs of the Zodiae, corresponding with the twelve months of the
year, the sun moving through the successive signs, during suc-
cessive months.

There was also, among the more intellectual classes of all these
wandering Asiatic races, another division of the Ecliptic, into 28

parts, forming the extent of the same number of constellations or

* «The Institutes of Menu” is a treatise on religious and civil duties
prescribed by Menu, the son of Brahma, to the inhabitants of the earth.
It is & work in Sanscrit, and, next to the Vedas, of the greatest antiquity.
A translation into English is given in the works of Sir W. Jones, vol. VII.
Reference will be made to it further on.
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i
Asterisms, being the spaces through which, in succession, the moon

travels daily, in its monthly course round the heavens.  This
system of Lunar constellations, though common to several Eastern
couuntries, has different names in each. In the Indian astronomy the
Asterisms are called Nacshatras; in the Chinese they are designated
Sieu; in the more central parts of Asia they had the name of
Manzils, 4.e., Liunar mansions or stations. They are, however, less
known among Western nations, The Egyptians possessed them at
a comparatively late date, but made little or no use of them, and it
dees not appear that they have had any place in Grecian astronomy.
It was the diligent use which the Hindu astronomers made of these
Nacshatras, in the progress of their astronomy, that gave them
their superiority over all other ancient nations, and in so far as
they permanently introduced this Lunar system of division in their
Hecliptic into their astronomy, it would appear to be character-
istically different from our modern system.

It has, however, been a question raising much discussion amongst
the learned for many centuries, as to who were the original inventors
of the Celestial sphere, which has descended to us from the Greeks,
with their vast system of mythical fables.

The Solar Zodiac, indeed, with figures representing the 12 signs,
has been in use in all historical periods, having nearly the same
characteristics among the Greeks, the Egyptians, the Persians, the
Hindus, the Chaldeans, and the Chinese.

It is reasonable, therefore, to suppose that the idea of the Celestial
Sphere and of the Solar Zodiac was a common possession of all the
migrating tribes referred to by Professor Max Muller, at times
before they left their central homes.

The Nomadic tribes of Asia, who watched their flocks by night,
must, as they themselves wandered over vast plains in search of
fresh herbage, have had abundant opportunities of observing the
Sidereal Sphere, which was apparently in incessant motion. Night

after night, with an unobstructed view, the same stars would be
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seen to rise in the East, and to pursue an even course through t
sky, but to set a little earlier each succeeding night. IFrom child-
hood upwards, every individual of the tribes must have become
familiar with the forms in which the stars were constantly pre-
sented to their view. What, then, would be more natural than that
they should speculate regarding the nature of Celestial orbs; that
in fancy they should have pictured to themselves outlines among
them, and in imagination given them the forms of objécts with
which they were most familiar?

The ram, the bull, the goat and kids, the virgin reaper, or
gleaner of corn, the archer, who, in defence of the flock, must have
had conflicts with the Hon; the bearer of water to the cattle; the
crab and fish of the lakes and rivers, which they frequented, the
poisonous scorpion, and the balance designating the time when the
days and nights were equal; all indicate the common objects of the
wild and restless people of the plains, and emphasise the probable
fact that the sigus of the Solar Zodiac originated with the Pre-
historic Nomads of Central Asia.

Time, during the long night watches, could only be known by
the motions of the luminous crbs of the sphere, and the bright stars,
at their rising and setting, were such familiar objects, and so
generally known, that they would be referred to with the same ease
and confidence with which, in modern times, we refer to a watch or
a clock. The rising of the sun began the solar day, and a bright
star, rising at the same moment, is often referred to as marking a
particular time of the year, in connection with some other event
expected to happen at the same time. Thus the heliacal rising of
Sirius was connected with the inundation of Egypt by the rising
of the Nile, about the time when Sirius rose with the sun. The
births of children were marked by some star rising at the same
time with the sun, or connected with that point of the Lchptlc
which was in the horizon at the same moment, thus constituting

the child’s horoscope, by which, in after times, it was believed the
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ologer could foretell all the events that would happen if the
‘child’s life.
| Moreover, it may be readily supposed that the fertile imagination,
of the Eastern story-teller would find, in the starry sphere, the means
of giving a celestial locality to departed heroes and to other objects
connected with the tales and traditions of his tribe; illustrations,
which would give to ‘his listeners a greater interest in his romances
during the tedious hours of the night, whilst they were tending
their flocks. '

In this way it is not imprchable that all the 48 ancient con-
stellations received their names, and that the rising and setting of
purticular stars with the sun were noted and connected with events
in their lives, which may have been the origin of many supersti-
ticns prevalent in later times, and, in some cases, may have been,
amongst the Greeks, the origin of their poetical legends.

The approach of the rising sun would be indicated when the
night watch was nearly over, by the fading and final disappearance

_of the smaller stars, in the increasing dawn. Long shadows would
be thrown out by the tent poles towards the West, which would
shorten and change their directions, as the sun ascended higher in
the sky, and at his highest peint they would be shortest, and at the
moment directed to the North, indicating that the sun was in the
meridian, and that it was noon. Then the changes would begin in
a reverse order, the shadows lengthening, but turning still in the
same direction towards the Kast, disappearing when greatest at
sunset.

These circumstances no doubt originated, in its earliest form, the y
sun dial (a vertical style on a horizontal plane) the same form as
described in the Surya Siddhanta of the Hindus. and in the descrip-
tion given by the Jesuit missionaries, as being in use in the Chinese
observatories.

And again, to the Nomadic tribes in Prehistoric times may be

ascribed the simple discovery that when the sun in summer rose at
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a point of the horizon nearest to the North, and furthest in ampli=
tude from the Last, its place in the Ecliptic was the Northern

solstice, which then rose with the sun, and that it was then a time

P
(
L
.

of most solemn impert—a day when prayers and sacrifices should
be offered to the Almighty. This, indeed, was a religious practice
observed among all the emigrating tribes both at the solstices and
the equinoxes.

That the bull should have been held to be a most sacred animal
in Prehistoric times among the migrating tribes, and afterwards
especially revered in Egypt and India, is a circumstance that would
appear to have its explanation in the fact that, between the years
2426 B.C. and 266 B.C., the equinox was retrograding through the
Constellation Taurus.*

So, also, about the time when the various tribes were migrating
from their central abode, the bright star Cor Leonis must have
been an interesting object to the primitive astronomers of that
period, for this star was then at or near the summer solstice, and a

parallel of declination through it in the year 2305 B.C. might be

* Among ancient entablatures which are carved in rocks we have
observed figures with the head and horns of Bulls.

The Egyptians undoubtedly worshipped one of these animals at their
City of Pharbethus. ‘

‘When the Apis died it was put into a coffin and interred in the temple
of Ser-Apis.

The mino-taur, the Taurus Lunaris of Crete, was reprosented as a man
with the head of a bull.

The Bull’s head was estecmed a princely hieroglyphic, and Astarte, it
is said, placed the head of a bull upon her head as a royal emblem.

Mountains, places and, peoples are named Taurus, Taurica, Taurini,
Taurisci, Tauropolis, Tauropolium.

Tours, in Gaul, was called ravpoer;. Many other instances may be
collected from China, Japan and India.

In India the Brahmini Bull wanders freely through the towns and
villages, a mendicant receiving doles of rice from village shopkeepers. It
is often made away with by Mahomedan butchers, and such desecration
has occasioned frequent encounters between the Hindus and Mussulmen.
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properly termed then the “tropic of Leo.” It may be owing to this
fact that the Persian priests of Mithra, clothed in the skins of lions
at the Mysteries called Leonticie, were named lions.

Again, at a period of 120 years before this time, the solstice was
at the point dividing the two constellations Leo and Virgo, which
circumstance probably gave rise to the enigma of the Sphinx, the
Egyptian image, which, in the greater number of cases, had the
head and breast of a virgin and the body of a lion (implying a

doubt whether the virgin or the lion was most to be adored).*

* Sphynxes are stupendous monuments of theskill of the Egyptians.
The largest and most admired of these, like the pyramids, seems partly
the work of nature, and partly that of Art, being cut out of the solid
rock. The larger portion, however, of the entire fabric, is covered with
the sands of the desert, which time has accumulated round these master-
pieces of other days, so that the pyramids have lost much of their
elevations.

The number of Sphynxes found in Egypt, besides their shape, seems
to countenance the oldest and most commonly received opinion, that they
refer to the rise and overflow of the Nile, which lasted during the passage
of the Sun through the constellations Leo and Virgo: both these signs
are, therefore, combined in the figure which has the head of a Virgin and
the body of a Lion.

The largest Sphynx was imagined also, as Pliny affirms, though with
what reason does not appear, to have becn the sepulchre of King Amasis.
It having been considered that time must have effected revolutions, in
respect of the signs themselves, of which these structures were supposed
to be symbols, as regards the rising of the river and the order of the
months, it has been more recently concluded that the Sphynxes were
- mysterious symbols of a religious character not now to be unravelled.
According to Herodotus the periodic inundations commence about the

end of June and continue till the end of September.—ZEncyclopadia
Metropolitana, IX., 209.

The Theban Sphinx has the head and bosom of a girl, the claws of a
lion, the body of a dog, the tail of a dragon, and the wings of a bird.

Count Caylus thinks that the Sphinx was not known in Greece, but by
the story of (Edipus, and then it appears in the same manner as when
proposed in the enigma.

The Egyptian Sphinx, says Winckleman, has two sexes, the Andro-
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time between one new or full moon to the next, a little more than

291 days, but reckoned by them as 30 days, must have been the

means of marking the extent of each constellation in their Solar

Zodiae. And 12 such periods of the new moon constituted, in the
earliest times, the solar year of 360 days, when it was assumed
that the sun had ecmpleted its course through the ecliptic circle,
thus making the diurnal motion of the sun to correspond with

one degree of are.

The divisions of the Zodiacs of all the countries before men-

tioned were the same, each constellation extending over 30 degrees
of arc, the irresistible inference being that they all derived their
Zodiacal division from a.common ancestry.

In the Zodiacs of different Western countries, the same Solar
constellations were, in general, represented by the same figures of
animals and other objects, that of the Persians differing from them
only by representing the twins as two kids. Moreover, the abbre-
viations are nearly the same, though the figures differ from the
gencral type, as will be seen by reference to the two accompanying
plates. (Plates I. and 1I.) A

The figures, however, of the same Solar constellations of the

Chinese Zodiac, are, with the exception of two, entirely different,

Sphingis of Herodotus with the head of a female and male sexual parts,

s R

e L N Ty

They are found with human hands, armed with crooked nails, with

beards; the Persea plant upon tho chin, horses tails and legs; veiled,
the sistrum, &e.

Plutarch says that it was placed before the temples to show the sacred-

ness of the mysteries.
In Stosch it holds in the mouth a mouse by the tail, has a serpent,
before her & caduceus.— Fosbroke I, 153,
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y the 2nd and jthe 8th (the ox and the sheep) may be supposed
to resemble two corresponding animals in the others. Out of the
10 remaining figures only five are met with among those which
represent the 48 corstellations of the ancient celestial sphere. These
are the dragon, the serpent, the horse, the dog, and the hare.

The following table shows a comparison of the Chinese signs with

these used by other rations:—

The constellations of the Chaldean | According to Kempfer constella-
Zodiac represented by— tions in the Chinese Zodiac are
L Hindy names. represented by—
1 The Ram (Mesha)
2 ,, Bull (Vrisha) 1 The Mouse
8 ,, Twins (Mit’huna) 2, OxorCow
4 ,, Crab (Carcati) 3 ,, Tiger
5 , Lion (Sinha) 4 ,, Hare
6 ,, Virgin (Canya) 5 ,, Dragon
7 ,, Balance (Tula) 6 , Serpent
8 ,, Scorpion (Vrishehica) 7, Horse
B Archer (Dhanus) 8 ,, Bheep
10 ,, Uoat {Macara or sex 9 , Archer
monster) 10 ,, Cock
-~ 11 ,, Water-bearer(Cumbha) LLas Dog
12 ,, Fishes (Mina) 12 ,, Boar

It is, however, to he observed .that, although there are these
remarkable differences in the names and figures of the signs
employed by the Chinese, yet the number of the whole is the same
as that employed by the other nations. The differences, therefore,
it may be assumed, were those naturally arising from the locality

in which the tribes found tl.emselves.

#* At Achmin or Echmin, the ancient Chemnis or Panopolis of the
Greeks near Ptolemais Hermii, is a town in which there is a temple of
which the stones are scattered about, others transferred to a Mosque
where they are placed without regularity or taste. On one of them may

~ be traced four concentric cirelesina square, the innermostof which contains
the Sun; of the next two, one contains 12 birds, the other 12 animals
almost effaced, which appear to be the signs of the Zodiac.

The fourth has 12 human figures, which M. Savary imagines to repre-
sent the 12 Gods, the 12 months of the year and the 12 signs of the Zodiac.
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It is, at any rate, certain, notwithstanding the differences ju
alluded to, that all the migrating tribes carried with them a co
ception of the division of the sun’s path into 12 equal parts, whi
formed the extent of each of the Solar conmstellations, and so t
Solar Zodiac became one of the foundations on which all thei
astronomical systems were constructed.

But amongst the primitive astronomers, there were, apparently,
at least two distinet sects in each tribe, the one adopting the Solar
Zodiae, which had animals principally for its symbols, and another

sect which ussumed a division of the Ecliptic into 28 parts, corre-

The four seasons occupy the angles of the square, on the side of which
is discernible a globe with wings.

It seems probable that this temple was dedlcated to the Sun, and that
the whole of these hieroglyphics mark his passage into the signs of the
Zodiac and his annual revolutions, Longitude 31° 45, Latitude 26° 35.—
Encyclopedia Metropolitana.

According to Macrobius the Signs of the Zodiac originated with the
Egyptians, though the jealous Greeks laid claims to the invention.

The Ram was assimilated to Jupiter Ammon; the Bull to Apis; the
Gemini to the inseparable brothers Horus and Harpocrates, who became
Castor and Pollux; Cancer to Anubis, who was changed to Mercury by
the Greeks and the Romans; Leo to Osiris, emblem of the sun; Virgo
to Isis, converted into Ceres; Libra did not exist in the Egyptian Zodiac,
and its place was occupied by the claws of the Scorpion; Scorpio was
converted to Typhoon, and became the Greek Mars; Sagittary was made
Hercules, the Conqueror of Giants (Macrobius 1, 20); Capricorn was
Mendes, the Egyptian Pan; Aquarius, Cornopus; Pisces, Nephlis, the
Greek Venus.— Fosbroke’s Encyclopedia of Antiquities, Vol. I., p. 222.

The Ram was an animal consecrated to the Egyptian Neitha, a
goddess who presided over the Upper Hemisphere, whence Aries was
dedicated to her.

Cancer was the Crab who stung Hercules in the foot to prevent his
killing the Hydra, and transformed by Juno after he had trodden it to
death to the Zodiac.

Capricorn was either the Amelthian Goat or Pan, who metamorphosed
himself, through fear of the Giant Typhon, into a goat in the upper part,
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h)ondmg with a like number of constellations, marking the daily \\

lplogress of the moon through them, and which were designated in
the ancient astronomy as the “ Lunar Mansions.” It would appear
that the Solar Zodiac was made the prinecipal foundation of the
Western Astronomies of Egypt and Greece, and, in connection with
its symbols, their respective systems of Mythology were formed;
but in the more Eastern countries (especially in India), in the
earliest ages, although the Solar Zodiac was retained, a preference
would seem to have been given to the Lunar mansions, from which
were constructed the Lunar and Luni-Solar years. =

It is, moreover, probable that the titles given to the two ancient
races of Indian princes, both of the posterity of Menu, and called
“the Children of the Sun, and the Children of the Moon” (who
reigned respectively in the cities of Ayodha or Audh, and
Pratishthana or Vitra), had their origin in the astronomy of the
two sects which severally adopted, for the foundation of their doc-
trines, the Solar Zodiac and the Lunar Asterisms respectively.

The tribes which wandered further eastward also carried with
them to their final settlements in China the two methods of dividing
the Ecliptic above described. The former of these, with animal
symbols, in China, differed widely, as has been shown, from that

adopted by Western astronomers, and the latter (the division of

and a fish in the lower, which so surprised Jupiter that he transported
him into the sky.

Leo is the Nemean Lion.

Sagittary is according to some the Centaur Chiron, according to others
Crocus, whom the Muses requested after death to be placed among the
Signs.

Scorpio, that insect whom Jupiter thus honoured after its battle with
Orion.

. Pisces are the fish which carried on their backs Venus and Cupid,
when they fled from Typhon.

The Bull, the oldest Sign is taken from the deep Oriental Mythology.

Aquarius is Ganymede thus elevated by Jupiter.— Encyclopedia
Metropolitana.

o

X
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.

98 Lunar Asterisms, stations, or mansions) bore a close r:
to those of other Eastern nations, insomuch that Bentley,
examining the astronomy of the Chinese, says:—“I found
Chinese were not only far behind the Hindus in the knowledge
astronomy, but that they were indebted to them in modern ti
for the introduction of some improvements into that science, whi
they themselves acknowledge.”  Yet the Chinese Asterisms differed
greatly in point of space occupied by each; for, as Bentley says:-—
“With respect to the Lunar mansions of the Chinese, they differ
entirely from those of the Hindus, who invariably make theirs to
contain 13° 20" each on the Ecliptic; whereas the Chinese
have theirs of various extents from upwards of 30 degrees to a few
minutes, and markeo by a star at the beginning of each, which
makes them totally differ from the Hindus.” [See Plate IIL]

The Arabs are sunposed by him to have communicated their
Asterisms to the Chinese. On comparing these two systems he
found that “ 13 out of the whole number, which consists of 28, were
precisely the same, and in the same order, without a break between
them ; consequently there must have been a connection between
them at some time.”

The question then arose whether the Chinese borrowed fromt the
Arabians or the Arabians from the Chinese. Bentley says he men-
tiored the eircumstance to a learned Mahomedan, in the hope of
getting some information, and his reply was, “that neither the
Chinese borrowed {rom the Arabs, nor the Arabs from the Chinese;
but that they both had borrowed from one and the same source,'
which was from the jeople of a country to the North of Persia, and
to the West or North-west of China, called Turkistan. He
observed that before the time of Mahomed the Arabs had no
astronomy, that they were then devoid of every kind of science ; and
what they possessed since on the subject of astronomy was from the
Greeks.  To which I replied that I understood the mansions of the

moon were alluded to in the Koran, and as the Greeks had no Lunar
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ﬁnansions in their astronomy, they could not come from them. He
said the mansions referred to in the Koran were uncertain, that no
one knew what particular star or mansion was meant, and, there-
fore, no infarence could be drawn that any of those now in use were
alluded to. Here our conversation ended.”

As the similarity between the Arabiar and the Chinese Asterisms
apparently gave rise to the surmise that the latter were borrowed
from the former, it may be advantageous at this point to examine
the Arabian system.

An account of the Lunar mansions, called Arabian, was given by
Dr. Hyde, Librarian of the Bodleian Library, in a work entitled
“Ulug-Begh Tabule Stellarum Fixum,” translated from the Persian,
Oxon, 1665; and from this work we have the names of the 28
Lunar Constellations.

Costard (in his “Chaldaic Astronomy,” Oxon, 1748) was of
opinion that the Lunar mansions of the Arabians were derived
immediately from the Chaldeans.

The greater probability, however, as has been suggested, is that
the Lunar mansions found to be a portion of the Chinese, the
Indian, the Arabian, and the Chaldean astronomy, all had a com-
mon derivation from the emigrated peoples of Central Asia.

Ulug-Begh was a chief or monarch of the Tartars. He was
devoted to the study of astronomy, and in his capital of Samarcand
he had an nbservatory, with a quadrant 180 feet high, with which
he made good observations. His principal work was a catalogue of

the fixed stars, composed from his own observations in 1437 A.D.,
said to be so exact that they differed little from those of Tycho
Brahe. The latitude of Samarcand is put at 39° 37 25” N.

The names of the Lunar Asterisms, according to Ulug-Begh, are

given in the following order by Dr. Hyde, with his observations, and

remarks on them by Costard: —



20

Names and significations of the Manasil-Al-Kamar, or Me

o

© =

10.

1k,
12.
13.

14.
1.
16.
17.
18.
19.
20.

Hindu Astronomy.

of the Moon. 5
Al-Sheratau: They are the two bright stars in the b ;:_"
Aries. '
Al-Botein : From betu, venter ; they are small stars in th
belly of the Ram.
Al-Thuraiya: From therwa, multus, copiosus, abundans »
they are the Pleiades.
Al-Debasan: Properly the Hyades, but generally applied
to the bright star in the head of Taurus, called, in Arabie,
Ain-Al-Thaur, or the Bull’s Eye.
Al-Ilekah: The three stars in the head of Orion.
Al-tenah: Two stars between the feet of Gemini.
Al-Dira: Two bright stars in the heads of the two Gemini.
Al-Nethra: The Lion’s Mouth.
Al-Terpha: The Lion’s Eyes.
Al-Giebha: The Lion’s Forehead, or, according to Alfra-
gani, four bright stars in Leo, one of which is Cor-Leonis.
Al-Zubra: Two bright stars, following the Lion’s Heart.
Al-Serpha: The Lion’s Tail. '
Al-Auwa: The five stars under Virgo.
Sinak-Al-Azal: The spike of Virgo.
Al-Gaphr: The three stars in the feet of Virgo.
Al-Zubana: The Balance.
Au-Tclil: The Northern Crown.
Al-Kalb: The Scorpion’s Heart.
Al-Shaula: Two stars in the tail of Scorpio. :
Al-Naaim : Eight bright stars, four of which lie in the
Milky Way, and four of them out of it; those in the
Milky Way ore called Al-Warida, or Camels Going to

Water; those out of it, Al-Sadira, or Camels Returning
from Water,

yft B



- Digitized by Microsoft®

’




Hindu Astrenomy.

Plate TIT.
COMPARISON OF THE LUNAR MANSIONS.

TTARASHADHH

AL BELDA [AL DAB'® (OSNeds
£oLis [UpEUTOS Rﬂx“
TREE i

TAS




Aryan Migrations. 21

© 21. Al-Belda: “Quod urbem, oppidumve denotat,” says Dr.
g Hyde : According to some Arabian astromomers, it means
six stars in Sagittarius, where is the sun’s place the shortest
day of the whole year. According to others, it is a portion
of the heavens entirely destitute of stars, succeeding the
Al-Naaim. Why a vacant space should be called a town

or ci'y the learned commentator has not informed us. I
should rather think the name alluded to the extraordinary
number of six stars, which crowd this Lunar abode in
Sagittarius.

Al-Dabih : Four stars in Capricorn.

23.  Sad-Al-Bula: The sixth star in Ulug-Begh’s table of
Aquarius ; it is probably that marked v by Bayer.

24. Al-Sund: Two stars in Aquarius, marked o and £ by
Bayer.

25. Al-Achbiya: Four other stars in Aquarius, marked by
Bayer v» & 7 and ¢

26. Al-Phergh—Al-Mukaddem: Two bright stars, of which
the Northeru one is called the Shoulder of Pegasus. They
are marked by Bayer @ and e in his table of that con-
stellation.

27. Al-Phergh—Al-Muacher: Two bright stars at a distance
from each other, following Al-Phergh, Al-Mukaddem.
One is in the head of Andromeda, and the other is Bayer’s
7, in the extremity of the wing of Pegasus.

28. -Al-Risha: The fumes, the cord ; that is of the fishes. In
Alfragani this Lunar Mansion is denominated Batu-Al-

. Hut, venter piscis, and it is said to mean the stars of the

Northern Tish.

In Plate IIL. a eomparison is instituted between the 28 Lunar man-
sions of the three countries, China, Egypt, and Arabia, with the
28 Indian Nacshatras of 12§ degrees each, into which the Indian
Ecliptic was supposed to be equally divided.
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The different systems have been plotted from tables reduced,
c as to make the beginning of the longitudes in each, the
point, i.e., the beginning of Aswini.*

The longitades of the Arabian Manazil-Al-Kamar—are taken f;
o table by Martinius, and compared with those of a table by Bentl
which he deduced from the places of stars in Dr. Morrison’s Chine
Dictionary.  The names of these Chinese Asterisms are those given
by Du-Halde, and copied into the’astronomy of Dr. Long.

The longitudes of the Arabian ManazilieAl-Kamar—are taken
from a table calculated by Costard, who was at great labour in
reducing the latitudes and longitudes from the observations of Ulug
Beoh.  He observes that, whatever opinion may be entertained
relative to their antiquity, they must, at all events, be older than
the time of Mahomed, because the Lunar stations, as well as the
Solar, are alluded to in the Koran in the following passage:-——
“Posuit Deus Solem in splendorem, et Lunam in turnen; et dis-
posuit Eam in Statione ut seiretis numerum annorum.”

The names and longitudes of the Egyptian system are as recorded
by Bentley, wko says he took them from the Lingua Egyptiaca of
Kircher. Bentley remarks that the Egyptians make the Equinoc-
tial Colure to cut the star Spica Virginis, and, in consequence, he
considered the table to have an epoch of 284 A.D.

Another feature, in which the astronomy of Hastern nations
appears to be connected, may be recognised in the cycle of 60 years
adopted in each.

This cycle of 60 years was brought into India by some of the
immigrant tribes, and was afterwards known as the Cycle of
Vrihaspati, i.c., of Jupiter. It is a combination of two cyles, a

cyele of five years, from the Jyotish (or Astronomy) of the Vedas,

* A description of the Indian Ecliptic, subsequently adopted with
2.7 asterisms, 18 intended to be given hereafter, together with an explana-
tion of the origin here alluded to as *“ the beginning of Aswini.”
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and the sidereal period of the planet Jupiter, which was at first
reckoned to be 12 years, but was afterwards found by the Hindus
to be 11. 860962 years. According to Laplace, the mean sidereal
périod is 11.862 Julian years, or .138 of a year short of 12 years, an
error of about 8% months in 60 years, and would, therefore, require
periodic correction.

It has already been mentioned that Chinese History and the
Annals of the Chinese Emperors were written by reference to cycles
of 60 years. Such a period of time, moreover, was in common use
in Chaldea, under the name of Sosos, as mentioned by Berosus.*

It is stated by several writers, both Persian and Grecian, that,
besides the Sosos of 60 years, the Chaldeans had in use several other
cycles, one of 600 years, called the Neros, another of 3,600 years
They had also a period called the Saros, consisting of 223 complete
lunations in 19 years, after the expiry of which period, the new and
full moons fall on the same days of the year.

What has been stated in support of the proposition that the
astronomies of existing Eastern nations had a common origin may
be summarised as follows:—(1) They had a like religious belief;
(%) A like number of days of the week, with like names; (3) Similar
divisions of the Ecliptic; (4) The same signs of the Zodiac; and
(6) Similar months of the year. Also, (6) A like number of Lunar
constellations; (7) A like use of the Celestial Sphere; (8) A like
use uf the Gmnomon; (9) A like fantastical nomenclature of con-

stellations; (10) Like ideas concerning Mythology; and (11) Simi-

# We read that Berosus, a native of Babylonia, and the High Priest
of Belus, when the country was invaded by Alexander, became a great
favourite with that Monarch, and wrote out for him a history of the
Chaldeans. He mentions that there were accounts preserved at Babylon
with the greatest care, which contained a history of the heavens, and of
the sea and of the birth of mankind; that some time after the flood
Babylon was a great resort of people of various nations who inhabited
Chaldea, and lived without rule and order. Some fragments of this
work, which was in three books, have been communicated by Eusebius.
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lar cycles of 60 years; and, no doubt, other s

traced.

differences or similarities between the systems of astronomy
ing in various countries; whatever, also, may be the true facts
to the order in which each nation may have acquired its sy
there 1s, at any rate, enough in those similarities to circumstanti
establish, as a truth, the ccnjecture that the foundation of Pre
historic astronomy is to be found amongst those peoples of Central

Asia who are generally referred to as the Aryan race.

Digitized by Microsoft ®



CHAPTER II.

EARLY HINDU PERIODS.

In our endeavours to become acquainted with the earliest periods
in which Hindu astronomy was extant, we are led into the Pre-
historic age, which has, to some extent, been considered; an age
comparable to early dawn, in which everything is still in a state of
obscurity, the feeble twilight of those far-distant times enabling us
only to perceive that there are objects around us which have a real
existence, but the shadowy forins of which are extremely indistinct,
and scarcely separable from the surrounding gloom. So far as can
be traced, the basis of that science was in the religious aspirations
of Hindu votaries, in times when each heavenly body represented a
Divinity. The study of astronomy originated in the doctrine that
the Supreine Being had assigned duties to each of the heavenly
bodies, by which they became rulers of the affairs of the world, and
that a knowledge of the Divine will would be acquired by watching

and observing the order of their motions and the recurrence of times
and scasons.
. The early religion, indeed, of the Hindus, like other religions,
| had, as we know, a close intimacy with times and seasons; and
there was in connection with their rites and ceremonies, a calendar
to set forth the order in which they should be observed. 5 iThis
calendar, in the early periods referred to, had naturally an imperfect
character, which led to methods afterwards adopted for its improve-
ment, generally with a view to its adaptation to religious rather
than to secular uses.

Now, among all nations the fundamental periods of time, the day,
the month, the year, are the same, the variations occurring in thern

being principally in the arrangement of the days to form months
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and years; in the subdivisions of the day; in the times to
recloned as the commencement of the day, whether at midni
sunrise, or noon; in the subdivisions of the year into months,
ing from cach other as to the number of days of each; in
various kinds of months to form the year, and the like. Thou '.
there has apparently been the similarity to which allusion is made,
nevertheless, there appears to have been in all nations a certain
difficulty experienced as to the time when the year should be
reckoned to begin, and in the ccnsequent arrangement of the months
and seasons, so that these should recur at regular intervals. With
a view, therefore, to the establishment of some methodical data
whereby to regulate these, people of all nations have had more or
less necessity for observing with attention the motions of the
heavenly bodies. .

With the Hindus, this study became a sacred duty, at least
amongst the more educated classes, inasmuch as the celestial bodies
were viewed as Gods, and the worship of them was enjoined by the
Vedas. 'Thus, the piety of the Hindus in primitive ages led them
o watch with care all the phenomena of the heavens, and to perfect
their calendar of festivals, etc., and to this end the first Hindu
astronomers must have directed their particular attention. Their
peculiar systems of algebra and arithmetic scem to show that these
branches of science had their origin in the necessary requirements
of their astronomy; and, indeed, so far as algebra is concerned, 1t
is not improbable that this science was invented by them. At any
rate, they attained to considerable proficiency in mathematics, as
is clear from the methods employed by them to reconcile the motions
of the sun and moon, so as to construct the period called the Luni-
Solar year.

Amongst the injunctions enforced by the Institutes of Menu 18
contained a remarkable one making it imperative that the pro-
fescions and trades pursued by the people should be followed only
by those distinctively taught in them. Under the rule thus en-
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. joined, each trade or calling came to be followed’by distinet families,
the secrets and artifices of such trade or calling being preserved in
exclusive classes and sects of the population. The knowledge
acquired by the Hindu astronomers was similarly guarded, with the
greatest care, as sacred, and was supposed to be so secret that it was
pot known even to the Gods. It was not to be communicated to the
common people, and, being regarded as a revelation to inspired
saints, was only to be divulged to disciples similarly inspired.

This secretiveness has probably contributed, in some degree, to
the difficulty now experienced in tracing the early history of the
science of astronomy amongst the Hindus; for that part of it which
was most ancient would no doubt be transmitted orally, and the
science itself contained only in traditional statement.

At the end of the last century a great spirit of inquiry existed
among our own countrymen in the East, and researches regarding
Indian philosophy, literature, and science, were carried on with
enthusiastic zeal and ardour, and with proportional success.

Among the subjects which were eagerly studied were those which
related, for the most part, to the antiquity and ancient civilization
of the Hindus.

It was then a general opinion (which, indeed, has existed both in
ancient and in modern times) that the Hindu was one of the oldest of
civilized nations, and it was sought to ascertain what ground there
was for this opinion. Attempts were accordingly made to frame
an authentic system of chromology, applicable to Hindu history.
But, unhappily, the Hindus themselves have been long addicted to
fabulous accounts of their own early history.

In their eyes, the present Kali age is one of degradation and
misery, and their traditions lead them to magnify everything that
relates to the past. They especially refer to the events that are
supposed to have happened in the Golden and Silver ages, when (as
they say) they were a free people, and when men were pure and free

from disease; and to events of the Brazen age, when it is supposed



28 ‘Hindu Astronomy. -

Yudhisthira and Rama, those heroes, whose glorious but f
deeds are recorded in the great Epic Poems of India, must
lived and reigned. '

Laying aside, as incredible, the accounts of their national exi
ence for millions of years, given by the Hindus themselves, Sir W
Jones and Captain Wilford each investigated their records in ¢
Lope of finding authentic or probable dates for men who have lived,
and events which undoubtedly must have occurred in past ages.
Both, however, gave up the task as hopeless, though each furnished
a table with a few probable dates, and Sir W. Jones, in conclusion,
declares the subject to be so obscure and so much clouded by the
fictions of the Brahmins that we can hope to obtain no system of
Indian chronology, to which no objection can be made, unless the
astronomical books in Sanscrit shall clearly ascertain the places of
the colures in some precise years of the historical age, and not based
on loose traditions like that of a coarse observation by Chiron, who,
possibly, never existed. In a subsequent part of this work, an
attempt will be made to establish some of the more important dates,
so far as relates to matters connected with astronomy, by a reasoning
based on the places of the colures, as well as by other means. '

The Hindu writers are charged by their enemies with falsifying
and exaggerating dates, a charge which appears to have been also.
made against other nations of great antiquity. The Egyptiz’ms,w
the Chinese, and the Persians, have each been accused of vanity in’
ascribing great antiquity to their several nations. =~ The Chinese:
wish to pass themselves off as the oldest nation in existence. The
Lgyptians boasted to the Greeks that in their ancient writings they
had accounts of events which happened forty-eight thousand years
before, and the Babylonians also maintained that they had actual
observations of astronomical phenomena made many thousands of
years before. Calisthenes sent home to his uncle, Aristotle, Eopies;
of their observations, which were reported to have been made during
the 19 centuries before that time (eire. 350 B.C.)
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{; Now, all these were populous nations in times during which their
history 1s regarded as authentié, and long periodé must have elapsed
in Prehistoric times before these people could have multiplied in
population to the size they were when historians give first accounts
of them. The apparent exaggeration in the descriptions which
these nations give of their ancestors must be partly ascribed to
romantic tales and traditions connected with such ancestors, mixed,
in transmission, with events which actually happened.

One cause of the seceming exaggeration in chronology of remote
times may have been our misapprehension of the different meanings
ascribed to the term “ year.” To modern European nations it conveys
only one meaning. What is termed a civil year was fixed in its pre-
sent form by Pope Gregory, to remedy the inconveniences experi-
enced by the various meanings then applied to the term. But the
civil year, as we go back in history, was applied to periods of time
very different from that which it defines now, namely, the time which
the earth takes to complete its tropical revolution about the sun.
As applied in remoter times, the term year has a less and less
‘distinet meaning, until it loses its present character altogether.
Various periods of time were in use, which historians have inter-
preted to signify years, such as our own. Some ancient astronoraers
gave the name of ycar to the times of revolution of each of the
planets. Thus, Mars, Jupiter, and Saturn had each their years,
consisting of the number of days they severally required to complete
a revolution. The moon had its period of 30 days, and we read of
difierent countries, in which the people have had a method of
reckoning time, in periods of the moon, of two, three, or four
months, being a much easier method than by the Solar year when
great accuracy was not deemed necessary. This, of course, arose
from the visible changes in its disc, from the day when it was not
seen (at conjunction with the sun), to the day when it had a full

‘round dise (in opposition to the sun); but in the Solar period of a
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year the day of the beginning could not be distinguished from

days.

:J‘he occupation of the people in countries where they were
ployed cultivating the ground or tending their flocks, suggess
sherter periods than a year in reckoning the time for preparing
soil, for planting and sowing seed, for-raising and harvesting crops,
and for the time also when their domestic animals brought forth
their young; all of which bad some connection with a division of
the vear into three, and again into four, and sometimes into six
seasons,

The ancient meaning of the word ¢ year”’ would appear to be exceed-
ingly ambiguous. Costard, in his “Rise of Astronomy,” remarks
that it was employed to denote any revolution of the celestial bodies,
Solar, Lunar, or Planetary. In more recent periods it was applied
to the apparent annual revolution of the sun. But, previously, the
term has been applied to various! periods of time. Thus, Plutarch,
in the Life of Numa and Pliny, Lib. 7 Cap. 48, asserts that the
Lgyptian year was really a month, and, again, that four months was
also used as the length of a year, which may probably have had its
origin in an ancient division of the year into three seasons, a custom
common to the Egyptians, the Greeks, and the Hindus. The Hindus,
with a division of three—the dry, the rainy, and the cold—had also
a division of six seasons in the year. It is argued that, as the
Lgyptians, so the Hindus, might anciently have computed by
periods of two or of four months. Hence the exaggeration in their
chronology. ;

It iy further suggested that the Children of Israel, during their
captivity in Egypt and long afterwards, may have followed the
Fgyptians in this mode of reckoning the length of the year; and
that the supposed exaggeration of the patriarchal lives may have
been reckoned by years of this kind, which would bring them down
to the ordinary length ofithe lives of men of the present age.

S0, also, the 48,000 years during which the Egyptians said they
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?
i‘“ﬂ.d records, reckoned by years of Lunar periods, may have been

mly 4,000 of our years.

We may speak with a greater degree of certainty of events that
have happened in times when the meaning of the year approximated
even nearly to that which is given to it in these days; but it is
impossible to form a conjecture regarding the absolute period when
events are said to have occurred if we do not know the meaning to
be applied to the word ¢ year.”*

Of the great antiquity, however, not only of the Hindu nation,
but of Indian astroncmy generally, the first evidence was afforded
to Kuropean investigators by the publication of certain astronomical
tables, in the “Memoirs of the Academy of Sciences,” in 1687,
which were brought from Siam by M. Le Loubére, of the French
Embassy, and subsequently examined and explained by the cele-
brated Cassini. These were, and are, known as the “Tables of Siam,”
Two other sets of tables were afterwards received from French

missionaries then in India. These are called the ¢ Tables of Chris-

* ¢ According to Pliny the Chaldeans boasted that they had a regular
series of astronomical observations engraved upon bricks for the space
of 720 thousand years, but it was afterwards proved by Dr. Jackson, in
a long series of quotations, that this calculation by years should have
been days, and that Abydenus, who copied the public records kept at
Babylon, improperly interpreted the word Jomin—signifying days —in
the sense of years; which interpretation that term, as well as the Hebrew
word Jamin, will also bear.”’— Dr. Jackson’s Chronology, Antiq. Vol. I.,
p.-200. -

According to Diodorus Siculus, lib. I., and Varro, quoted by Lactantius
(de Origine Erroris, lib. 2—sec. 12), the Egyptians in the most early
days computed time by a lunar year of 30 days.

According to Pomponius the Egyptians boasted that during the
immense period of the existence of their empire the stars had four
times changed their course, and that the sun had set twice in the
quarter in which he now rises.

Query : Did the inventors of this fable coast round Africa, sailing
down the Red Sea and enter the mouth again and sail up the Nile ?

Pd
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nabouram and Narsapur”; but they remained unnoticed till

for the purpose of cbserving the Transit of Venus in 1769.
his stav there, he employed himself in acquiring a knowledg:
Indian astronomy, being instructed by the Brahmins of Tirva
ir. the m thod nsed by them in calculating eclipses; and they com:
nunicated to him their tables and rules, which were published
Le Gentil as the «Tables of Tirvalore,” in the Memoirs of the
Acudemy of 1772,

1t 13, however, to another I'renchman, M. Bailly, the author of
«Traite de I’Astronomie Indienne,” that we owe the full discussion
regarding the antiquity of the four tables ahove referred to, to whic
he devoted an entire volume,

Professor Playfair made an elaborate investigation of Bailly’s
werk, and presented it to the Royal Society of Edinburgh, in a long
paper, which was published in their transactions in 1790.

Tn introducing the subject, he says:—“The fact is that, no
withstanding the most profound respect for the learming ame
abilities of the author of ¢ Astronomie Indienne,” I entered on the
study of that work not without a portion of the scepticism which
whatever is new and extraordinary ought to excite, ‘and set abow
verifving the ealeulations and examining the reasons in it, with
the most serupulous attention. The result was an entire convieti
of the one, and of the solidity of the other.”

By elaborate calculations, founded upon the best modern tables
of the time (those of Lacaille and Mayer) and by going back to the
epoch of the tables of Tirvalore, which was midnight between the
17th and 18th February, 3102 B.C. (at which time the sun wa
centering the Moveable Zodiac, and was in Long. 10 signs 6 degrees),
and by computing backwards the places of each of the bodies (th e
sun snd the moon), an exact agreement was found to exist between

such places at the epoch mentioned and the places given by the
tables of Tirvalore.
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The general conclusions established from a comparison of these
Llculations were a3 follow : —-

I—That the observations on which the astronomy of India is
founded were “made more than three thousand years before the
Christian Era, and, in particular, the places of the sun and moon
were determined by actual observation.”

II.—That, “though the astronomy of the Brahmins is so
ancient in its origin, it contains many rules and tables that are
of later construction.”

IIT.—That “the basis of the four systems of astronomical
tables, which have been examined, is evidently the same.”

IV.—That ““the construction of these tables implies a great
knowledge of geometry, arithmetic, and even of the theoretical
parts of astronomy.”

The opinion of Bailly, however, that a general conjunction of the
* sun, moon, and planets at the time stated (3102 B.C.), was known
to the Hindus from actual observations was much controverted at
the end of the last century.
That there was an approach to such a conjunction was generally
admitted, yet it was cnly an approach.
Consequently, an argument against Bailly’s opinion was advanced
to the effect that the epoch of 3102 B.C. was adopted by the

Hindus at a comparatively recent date, only from calculation. For

a further discussion in respect to this controversy, the reader is
referred to Appendix I.

It may be here mentioned that, in the course of Bailly’s investiga-
tion of the tables from: Chrisnabouram, he had observed in the correc-
ticn given in these tables, for finding the true place of a planet from
the mean, “that the magnitude of it was applied with no small
exactness, and that it varisd in different points of the orbit by a
law which approached very nearly to the truth.” What, then, was
the method employed by the Hindus- in making their caleulation
of the correction ?

D
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Cassini had previously found that the equation in 3
oceurred—which, with us, goes by the name of “ the equa
the contre’ - followed the ratio of the sines of the mean dls
from the apogee, but it was caleulated only for a few points in &
tables of Siam, and it could not be ascertained with what degree
aceuracy the law was fully observed. From the tables of Chrisng
houram. however, Bailly found that the law was nearly observed, but
culy nearly.  On this he concluded that this law of the sines was
pot the one which was followed or intended to be followed in the
caleulation.

Playfair, then, endeavoured to reconcile these irregularifies with
a theory of his own. He assumed a double eccentricity for the
orbit, and from this I'ypothesis he deduced a formula, which agreed
well with the correcticns given in the tables. ,

Now, in the subsequent parts of this work an endeavour is ma
to show that Playfair’s assumption was not the real hypothesis, but
that, unlike the Epicycles of Ptolemy, the Indian Epicycles had
vatiable circumference, that of the first Fpicycle being largest at
Apogee and Perigee, varying from those points through the
deferent to its places at the quadrants, where its circumferences
were least.

In the cases of Mercury, Venus, and Mars there was the same
kind of variation, but in those of Jupiter and Saturn the greatest
circumference was at 90 degrees from the line of Apsides.

Whatever may be the truth as to the origin of the interesting
tables which have given rise to so much discussion, it is certai
that the ancient Hindu astronomers, many centuries before the
Christian Era, were in possession of knowledge, derived from obser-
vations made by them of the motions of the heavenly bodies, which
they were able to use, and did actually use, in very accurate compu
tations of time. Tt is also abundantly clear from writings of
Hindu astronomers of later date, which refer to those earlier astrono

mers and their traditioned observations, that the latter were wel
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Iagéquainted with the nature of the phenomenon of the precession of
the Equinoctial point, and in their computations, arrived at its
annual rate with a considerable degree of accuracy.

Of course, the Hindus, as we ourselves, were compelled to assume
seme epoch at which the motion of a heavenly body might be sup-
posed to begin. The opinion expressed by Laplace that the epoch
of the Kali Yuga (3102 B.C.) was invented for the purpose of giving
a common origin to all the motions of the planets in the Zodiac, is
no doubt very true; but the beginning of the Kali Yuga would
appear to be only one of several epochs, at which, according to the
Hindu astronomy, there was a conjunction of the sun, the moon,
and the planets.

For instance, the Hindus had certain assumed epochs, carrying
the mind back to dates when the heavenly bodies were supposed to
be in conjunction, and from whence their motions were presumed
to commence—in short, to the period of creation—and even beyond
such a period, e.g., to the beginning of a day of Brahma, which
day they called a Kalpa. Even this Kalpa was only a part of
Brahma’s life.

The Kalpa was a period of 4,320,000,000 years. One-thousandth
part of this was the Maha Yuga, or Great-Yuga.

The Maha-Yuga again was further subdivided and made up of
the Kali, the Dwapara, the Trita, and the Krita Yugas, thus:—

The Kali Yuga (one-tenth of Maha-Yuga).. = 432,000
» Dwapara (twice the Kali) e 864,000
,» Irita (thrice the Kali) ., = 1,296,000
» Krita (four times the Kali) = 1,728,000
The Maha-Yuga = Sum . . vo = :1,3—20—,?)-(—)6

» Kalpa .. 3 7 = 4,320,000,000 years.

At each of these commencing epochs Hindu astronomers con-
sidered that the moveable celestial bodies were in conjunction.
Thus, it will be seen that any one of the above epochs might be

used for the purpose of computing the mean places of each ; and as
D2
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the Kali, the smallest period of all, was just as useful as the
for this purpose, it alone was generally used, and was, as be
shown, supposed to begin at midnight between the 17th and 1
February, 3102 B.C.  So that this epoch is one of great impor
in considering problems affecting Hindu astronomy as well as qu
tions relating to their civil time.

The Kalpa and its subdivisions, although appearing at the first
blush so ponderous and ridiculous, will be shown in a subsequent
part of this work to have been really useful in computations of
various astronomical problems for the purpose of reducing errors to
a minimum and of ensuring accuracy. In short, the Hindus used
these great assumed periods mueh in the same way as we use
decimal fractions to eight or nine places when expressing elements
relating to the planets (the decimal system not being then known).

A difference of opinion existed among the more ancient astrono-
mers as to whether their calculations ought to begin from the
beginming of Brahma’s life or the beginning of a Kalpa; and it is
suggested in the Surva Siddhanta that the end of the Krita Yuga is
a eonvenient epoch, from which to compute easily the terrestrial
days, and to find the mean places of the planets.—thus:—

“For at the end of this Krita Yuga, the mean places of all the
planets, except their nodes and apogees, coincide with each other
in the first point of Mesha [or Stellar Aries], then the place of the
moon’s apegee is nine signs, her ascending node is six signs, and
the pluces of the other elow-moving apogees and nodes, whose
revolutions are mentioned before, are not without degrees [4.e., they
may have some degrees of longitude].”

It was deemed by writers in other Siddhantas that any epoch
deduced from the rules, if it agreed with the observed position of
the planet, might be assumed. Davis says that modern Hinda
astronomers do not go further back than to some assigned date of
the Saca (A.D. 78), when, having determined the planets’ places

for that time, they compute the mean places for any other time by
means of tables, etc.
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CHAPTER III.
THE HINDU _ECLIPTIC.

In the astronomical systems of nearly all Eastern nations there
existed, at the earliest historical dates, an intelligent grasp of the
apparent motions of the sun and the moon, in their respective paths
in the Celestial Sphere.  Connected, as these were, with the religious
observances of the Hindus and other nations, not only did their
periodic revolutions give rise to the construction of calendars, but
when those heavenly bodies or the planets were eclipsed or occultated,
such phenomena undcubtedly originated important calculations as
to the periods of their recurrence.

Hence, even in anti-historic times, the nature of the Fecliptic was
well nnderstood, and, at the earliest known periods, Asiatic astrono-
mers, as has been suggested in a previous chapter, divided the
Echiptic and the Zodiac into 28 parts, forming so many groups of
sters in the path of the moon, each division corresponding nearly
with the space of the moon’s daily motion through them. The
groups were hence called the Lunar Asterisms.

The systems of most Eastern countries generally resembled each
other in formation, differing only in minor particulars, such as the
extent of each constellation, the number of stars included in it, or
as to which was regarded the principal star of the cluster.

A comparison of the system of Lunar Asterisms existing in the
astronomy of Eastern countries with those of Western nations has,
to some extent, been discussed in Chapter I., and it is not intended
to follow the various writers who have made this comparison the
subject of discussion, except in so far as they may refer to the Hindu
system.

At some later period than that of the Hindu Aryan migration,
and yet antecedent to any historical record, the Hindu astronomers
improved upon their system of Lunar Asterisms, by reducing the
number of divisions of the Ecliptic from 28 to 27, and by
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making them all equal to one another, so that each should ext
over 13° 20' or 800 minutes of arc on the Eecliptie, by
means the ccnstellations were made to agree more nearly with
moon’s mean daily motion.  As the actual time for a mean sidere
revolution in 27.3216 days, 27 was the nearest whole number of days
suitable for the division of the Eeliptic. Moreover, it was a more
convenient numnber than 28, for caleulation, in reducing all their
observations to a system.

The Hindus, unlike the ancient Chinese, had not the ambition of
making u catalogue of all the stars which were visible to them.
They had a more important object in view, namely, the study of
the motions of the sun, the moon, and the planets, and other
astronomical phenomena, primarily for the purpose of computing :
time, and of constiucting and perfecting their calendars. Such an
objeet, they knew, could not be materially advanced by ascertaining
merely the positions of stars fixed beyond, or outside the course of
the moving celestial bodies; &nd they accordingly confined their
attention to those stars which lay in the moon’s path, immediately
Nerth or South of the Ecliptic — stars which are liable to be
occultated by the moon, or which might occasionally be in conjunc-
tion with it and with the planets.

By thus confining attention to the stellar spaces in the vicinity
of the Ecliptic, their system was rendered, in the main, independent
of the use of astroncmical instruments, and dependent mostly on
calculation for the accuracy of their observations.

Hence the ancient Hindu astronomers chose a set of 27 principal
stars, one for each of the 27 Lunar Constellations, in general the
brightest star of the Asterism, and called it Yoga-tara, whilst the
Asterism cluster was named the Nacshatra. The Yoga-tara was
connected with the beginning, or first point, on the Ecliptic of the
division representing the space of the Asterism by the small arc of
apparent difference of longitude between them, this arc being called

the Bhoga of the Asterism.
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Thus, the 27 divisions of the Ecliptic became as fixed in position
as the stars themselves, like a great fixed dial, with the numbers
ranging, not along the Equator, but along the Ecliptic itself.

The accompanying diagram (Fig. IV.) may, perhaps, more

explicitly convey the nature of the Hindu Ecliptic, which is here

shown, as a great circle in perspective.

Each division represents cne twenty-seventh part of the Ecliptic,
and each star the Yoga-tara of the Nacshatra, 6r Lunar Asterism,
to which it belongs.

It will be observed that the Yoga-tara might be either in the
Northern or the Southern Hemisphere, and the stars selected were
those most suitable for observation, either on the Ecliptic or near it,
North or-South, but always such as were capable of being occultated
by the moon or of being in conjunction with it or with the planets.

To render this important part of Indian astronomy still more
easily understood, the two accompanying Plates, V. and VI, are

intended as a graphic representation of the Hindu Ecliptic, and of

the Lunar Asterisms, together with the Solar signs of the Hindu
Zodiac, the position of each being fixed by a supposed projection of
the Yoga-tara on the plane of the Ecliptic, the Northern stars, with
their modern names, on one side of the plane, and the Southern
stars on the other, the divisions retaining the same names in each

Hemisphere.
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+

In addition to the Yoga-taras, or principal stars, the Sid
give the names and places of a few other stars, among the ;
important of them being the Southern stars, Agastya, or Canopus
and Lubdaca (the Hunter) or Sirius, and the Northern sta
Bramehridya or Capella, and Agni or 8 Tauri, Prajapati ¢ Aurigz.
Of the few stars which were close to the Ecliptic, and most suit-v
able as points of reference, Magha, Pushya, Revati, and Sataraka '
(or, respectively, Regulus, ¢ Cancri, ¢ Piscium, and » Aquarii) are
recommended as most to be preferred for planets whose longitudes
are required, or any star of Chitra (as a Virginis) having very
inconsiderable latitude, when the planet, having also nearly the same
latitude, appears to touch the star. The stars at a greater distance
from the Ecliptic would only occasionally be in conjunction with
the planets or be cccultated by the moon, giving their own fixed
longitudes and Iatitudes to the moveable bodies with which they
were for the moment coinciding. By a little previous calculation
regarding the stars with which particular planets and the moon
weuld be in conjunction, the times of occurrence were easily ascer-

tained, and, with care, even by unaided vision, ordinary observations

of a fair degree of accuracy would be obtained.

The Asterisms are described in three stanzas of the Retnamala ;

they are :—
Lunar Constellation figured by Lunar Constellation figured by
1. Aswini—A horse’s head. 17. Anuradha—An oblation to the
2. Bharani— Yoni or Bhaga. gods.
3. Critica—A razor. 18. Jyeshtha—A rich ear-ring.
4. Rohini—A wheel carriage. 19. Mula--The tail of & fierce lion.
5. Mrigasiras—The head of an | 20. Purvashadha—A couch.
antelope. 21. Uttarashadha--The tooth of a
6. Ardra-—A gem. wanton elephant, near which
7. Punarvasu—A house. isthe kernel of thesringataca
8. Pushya—An arrow. nut.
9. Aslesha— A wheel. 22. Sravana—The three-footed step
10. Magha—Another house. of Vishnu.
11. Purva Phalguni—A bedstead. | 23. Dhanishta—A tabor.
12. Uttara Phalguni—Another | 24. Satabhisha—A circular jewel.
bedstead. 25. Purva Bhadrapada—A two-
13. Hasta— A hand. faced image.
14. Chitra—A pearl. 26. Uttarabhadrapada — Another
15. Swati—A piece of coral. couch.
16. Visacha—A festoon of leaves. | 27. Revati—A smaller sort of tabor.



. Digitized' by Microsoft ®

N -

N D L



Hindw Astronomy.

Prate VII.

THE HINDOO LUNAR MANSIONS.

Vel 4 ng3

239198 IATIAL




The Hindu Ecliptic. 41

symbols by which the Indian Nacshatras were represented, as
ven by Sir William Jones, are shown in the accompanying plate.
[Plate VIL]

In pursuit of his enquiry regarding the particular stars which
gave names to the Indian divisions of the Zodiac, Colebrooke formed
a list, founded upon the several Indian works of astronomy, the
Surya and Brahma Siddhantas, the Siddhanta Siromani, the Graha-
lagava, and the Siddhanta Sarvabhanma, in which the apparent
latitudes and longitudes of the principal stars of each of the 27
constellations were laid down with a greater or less degree of accu-
racy. In this list the modern name is given of that star which is
supposed to be identical with the Yoga-tara of each Asterism, and
as agreeing most neaily, in position, with that which is generally
assigned to it in the Siddhantas.

Bentley gave a similar list in his “Hindu Astronomy,” and
another one is given in Burgess’s translation of the Surya Siddhanta.

The accompanying table is taken principally from Colebrooke,
whose orthography has been retained, being the same as that of Siv
W. Jones and Davis. The number of stars comprised in each small
group are thuse given by the Hindu astronomer, Sripati, but they
are far from being all that were known of those constituting the
Lunar Mansions.

The apparent latitudes and longitudes are those deduced from the
Bhogas of the Surya Siddbanta, a corresponding list from
Brahmegupta being given by Bhascara, in which the latitudes and
longitudes of the Yoga-taras differ in five of them, the difference in
longitude being 1°, 3°, 3°, 2°, and 4° respectively.

These differences may have been partly owing to mistakes in
the selection of the stars intended as the Yoga-taras, and partly to
the greater difficulty of observing stars that were at a great distance
trom the Ecliptic. Thus, such stars as Vega, the principal star of
Abbijit, and Arcturus, the bright star of Bootes, being so far
removed from the paths of the sun, the moon, and the planets, would

be seldom objects for observation.
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e need of astronomical instruments while patiently watching the
n and the planets in their course through the Zodiacal stars.
The well-known Yoga-taras among the fixed stars, and which the
j)ianets pass on their way, form so many immovable points, and like
milestones on a road, furnish him with his means of observation.
The relative times of passing such points suggested methods of
caleulation somewhat similar to those employed by ourselves, in
solving simple questions, such, for instance, as the determination
of the time when two hands of a clock in conjunction will be
tagether again after any number of revolutions of either of them, or
when we seek for the synodic periods of the planets, the times of
new and full moon, and other problems of a like nature, data for
the solution of which were well known in India many centuries
before they were knewn in Kurope; such problems formed the
constant subject matter of the algebra of the Hindus, as contained
in their astronomical works of the first centuries of the Christian
Era.
Again, there are certain phenomena which occur regularly, near
“the Ecliptic, too remarkable not to have been observed by such
patient observers as the Hindu astronomers.

For example, if we consider the facts relating to eclipses of stars
by the moon in her course, the moon’s node has a retrograde motion
of about 3% mins. of arc daily, and in her progress she passes over all
gtars situated on the Ecliptic, and a star such as Regulus, whose
latitude is only 271 mins. of are, must always be eclipsed when it is
passed by the moon in her node. Such, also, would be the case
with other stars on, or near, the Ecliptic. Moreover, these phe-
nomena would be repeated continually in sidereal periods of 18}
years.

The Surya Siddhanta makes the sidereal period of the moon’s
nede (6794.443 mean Solar days, whereas, according to our modern
astronomy, it is 6793.39108 days.

It is upon the position of the moon’s node at the time of conjunc-
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tion or opposition of the sun and moon, that a Solar or
eclipse depends; and if these bodies and the earth are all th
one straight line, an eclipse must happen, and the same ec
will return in 6585.78 davs, on in 18 years and 10 or 11
according as five or four leap-years occur during that time.
18 Julian years 11 days 7 hours 43 minutes.

The same observations apply to all other eclipses which happe
when the moon is near her node, within what are called the Luna
Eeliptic Limits. These all return after periods of the same length
so that a complete list of eclipses that occur in one such period
will be sufficient for forming a list extending over several centuries
either past or future.

The Hindus were at a very early date well acquainted with thes
facts velating to eclipses. They had rules for calculation of ¢
various phases both of Lunar and Solar eclipses, the times
beginning, middle, and end, as set forth in their various astromo
mical works, but they depended chiefly on those of the Sury:
Siddhanta.

Amongst the superstitious of all ancient nations we find tha
eclipses of the sun and moon had a terrible import, being supposed
to presage dreadful events.

By the common people of the Romans, as also by the Hindus
a great noise was usually set up with brazen instruments, and loud
shouts during eclipses of the moon. The Chihese, like the Hin(ius
supposed eclipses to be occasioned by great dragons on the poin .‘
of devouring the sun and moon, and it was thought by the ignoran .~ |
that the mousters, terrified by the noise of the drums and brass
vessels, let go their prey.

The cause, however, of eclipses, notwithstanding the superstition
of the people generally, was well understood by the Hindu astrone
mers, as is shown by the following extracts taken from the Siddhanta
Siromani : —-

“@r . a % é
The moon, moving like a cloud in a lower sphere, overtakes the
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hence it arises that the Western side of the sun’s disc is first
éured, and that the Eastern side is the last part relieved from
140 moon’s dark body; and to some places ‘the sun is eclipsed, and
1 ) others he is not eclipsed.”—(Siddhanta Siromani, ch. viii., par. 1).

“At the change of the moon, it often happens that an observer

laced at the centre of the earth, would find the sun, when far from
he Zenith, obscured by the intervening body of the moon; whilst

. nother observer on the surface of the earth will not, at the same
-ime, find him to be so obscured, as the moon will appear to him to
lie 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.
id., par. 2) .

“When the sun and moon are in opposition, the earth’s shadow
envelopes the moon in darkness. As the moon is actually enveloped
in darkness its eclipse is equally seen by every one on the earth’s
surface, and as the earth’s shadow and the moon which enters it are
at the same distance from the earth, there is, therefore, no call for
the correction of the parallax in a Lunar eclipse. (id., par. 3).

“As the moon moving eastward enters the dark shadow of the
earth, therefore its Eastern side is first of all involved in obscurity,
and its Western is the last portion of its disc which emerges from

darkness, as it advances in its course. (id., par. 4).

As the sun is a body of vast size, and the earth insignificantly
small in comparison, the shadow made by the sun from the earth is,
therefore, of a conical form, terminating in a sharp point. It
extends to a distance considerably beyond that of the moon’s orbit.
(id., par. 9).

“The length of the earth’s shadow and its breadth at the part
traversed by the moon may be easily found by proportion.
(id.. par. 6).”

. A similar explonation is given in the Surya Siddhanta, but
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the subject of eclipses was of a nature too sacred to be treated
or communicated indiseriminately, and a warning is delivere
the Surya Siddhanta to this effect:—*(Oh, Maya) this scie
secret even to the Grods is not to be given to anybody but to the w
examined pupil who has attended one whole year.”

The Lunar Asterisms, contained in the divisions of the India
Feliptic, necessarily follow each other in the order of their pri
cipal stars, and, as in every other system, some point was necessaril
selected upon the Kcliptic to mark the beginning of the system.
The point at the present time marking such beginning was not the
cne which, in the ancient Hindu astronomy, was taken as the
beginning.  The fixing of the first point of the Indian Zodiac sa
as to make it unchanged in after time is characterised as a remarks
able event in the moedern Hindu astronomy, and, indeed, in thi
fixture is contained cne of the fundamental differences between the
Hindu and European systems. In the Kuropean astronomy, all
longitudes are measured by arcs of the Ecliptic, whose origin is the
Equinoetial point at the time of observation. This point, the origi
of our longitudes, moves backwards along the Ecliptic at an annual
rate of about 50 ” causing an annual increase of the same amount in the
longitudes of all the stars, and this movement is in our phraseology
termed the precession of the Equinoctial point. 'Thus, in our system,
the origin of longitudes is perpetually changing. The Indian
astronomers, however, avoid the annual change of longitud i
by assuming a fixed point of the Ecliptic as the beginning of their.
system, the position of the Lunar Asterisms being all fixed in
relation to that beginning. Not that they were ignorant of t-hej
precession. Indeed, the Hindu astronomers were, at a very early
date, well acquainted with that phenomenon. It may here b
desirable, perhaps, to state for the benefit of the general reader,
what is understood by “the precession.”

In the figure let C represent the centre of the earth, A YD B the
Ecliptic, = and =" its Poles, EY R Q the Equator, and P P’ its
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les. A straight line, P C P’, will then represent the axis, about
shich the celestial bodies appear to revolve déﬂy, from Bast to
West, but about which the earth actunlly rotates from West to
fast, causing the apparent revolution of the stars. Let a great
drele, = P 7 P' be supposed to pass through the four Poles; this
sircle is called the Solstitial Colure; it bisects both the Eeliptic and
the Equator, at right angles in the points A, B and E, Q. The
point B is called the Summer Solstice, being the point of the
Ecliptic nearest the Pole P, and the Winter Solstice is the point A.
The line ¥ C=, in which the plane of the Equator intersects that

of the Ecliptic, meets the Celestial Sphere in the two points T (or
Aries) and == (or Libra). The angle between the two planes,

measured by the angle A C E or the are A E, is called the Obliquity,
and is equal to the angle = C P, or the arc = I>. This Obliquity is

now about 23° 27/, being formerly nearly 24°, '
Let the small circle = » ¢ be supposed to represent the Arctic
Circle of the Celestial Sphere; then, on account of the apparent
- motion of the Sphere about the axis C P, the point = (the Pole
of the Ecliptic) appears to move daily round the Pole P (the Pole of
the Equator) in the circle ¢ » =; the apparent motion being

caused by the rotation of the earth round its axis. The point =
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as far as is known is a fixed point among the fixed stars, but
peint P, the Pole of the Equator, though it seems to be fixed,
to the star « Urse Minoris (thence called the Pole Star) is, in fa
moving slowly from it with an imperceptible motion, in the sm
circle P ¢ a, a circle which is parallel to the Ecliptic at a distar
from = of 23° 27/ nearly. To complete a revolution in this eire
about m, I’’s progress occupies nearly 25,780 years. :

During the same period the line of intersection of the Ecliptic ¥ C =
and its two extremities, the Kquinoctial points, and the two points
A and B, where the Solstitial (‘olure meets the plane of the Ecliptie,
are all moving slewly in that plane, and severally complete one
whole revolution, at the rate of 50" annually. This movement is
called the precession .

Now, just as it has'been of the greatest importance in the observa-
tions of modern astronomers to ascertain with the utmost exactitude
the rate of the precession of the Equinoxes (a practical problem
depending for its sciution npon the accuracy of observations made
at long intervals, the earlier observations being partly vitiated by
the imperfections of astronomical instruments), so it was an impor-
tant problem with the ancient Hindu astronomers to ascertain the
same rate of regression, but they calculated with the aid of what we
call the Solstitial Colure. The problem is the same as with our-
selves, for the Solstices being at 90 degrees from the Kquinoxes,
the motions must obviously be uniformly the same, and it is only a
motter affecting the convenience of the observer which method he
will adopt. -

It is distinctly stated by the commentators of the Surya
Siddhanta (perhaps the most important extant astronomical work
in the possession of the Hindus) that the apparent latitudes and
longitudes of the stars given in it are adapted to that particular
time when the Vernal Equinox did not differ from the origin of the -
Ecliptic in the beginning of Mesha. The origin here referred to

is the fixed beginning point on the Ecliptic of the 12 Indian Signs ‘,
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the Zediac, and it is also the beginning of the 27 Nacshatras, or
‘the first point in Aswini. [See Plates V. and VI.]

It has been further ascertained that the origin referred to is a
point of the Ecliptic ten minutes East of the star Revati, (or ¢
Piscium).

If, then, as undoubtedly is the case, the origin (or commence-
ment), for prezent computations, on the Hindua Ecliptic, was fixed
at the first point of Aswini, it is of importance to ascertain the date
when this fixturr, or change of system, took place; because all
ancient Hindu astrenomical dates are, in a measure, dependent for
their accuracy on a knowledge of it.

As will presently appear, the date is a comparatively recent one,
but, nevertheless, when established, it affords a means of tracing
earlier dates, which, without it, could not readily be authenticated.

Several methods, then, have been employed for the purpose of
ascertaining the period when the first point in Aswini was, in Hindu
astronnmy, established as their origin of apparent longitudes; thus:

(1) According to a statement of the celebrated Indian astrono-

-~ mer, Brahmagupta (as well as of other astronomers), the star

Revati (or ¢ Piscium) had no longitude or latitude in his time,

which 1mplies that it was then in the Equinoctial point.

To calculate the date at which this occurred, <.e., the time when
Brahmagupta lived, Colebrooke found from Zach’s tables the right
ascension of the stars in A.D. 1800, to be 15° 49’ 15’ and the
precession in Right Ascension being reckoned at 46 ' 63'/; from
this, as from a mean value, he estimated' that the elapsed time
for the regression of the Equinoctial point from its position when
it coincided with the star ¢ Piscium, and its position in
1800 A.D., would amount to 1221 years, which, taken from 1800,
gave 579 A.D. as the date of Brahmagupta’s assertion, and,
approximately, the date when the first point of the Asterism

Aswini was made the origin of Indian longitudes.
E
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(2) Bentley, from a comparison of the longitude of
as recorded by Indian astronomers, with the longitude of
same star as given in the tables of the British Catalogue of 178
and eomputing with a mean rate of regression in longitude :
48:5666'/, and allowing a secular variation of 2:27'' for every
century (being the diminishing rate as we go back into antiquity),
estimated the date when the Equinoctial point and the be-
giuning of Aswini were coincident to be 538 A.D.

(3) Again, in a note to an article (1., 27) of Burgess’s trans-
lation of the Surya Siddhanta, it is stated that the star Revati is
identified by all authorities as the star & Piscium, *of which
longitude at present (A.D. 1858) as reckoned by us irom the
Vernal Equinox, is 17° 54", Making due allowance for the pre-
cession, we find that it coincided in position with the Vernal
Equinox, not far from the middle of the 6th century, or
AD. 570

This estimate of the date was evidently calculated with a rve-
avession in longitude of the Equinoctial point at a mean annual
rate of 50"/, and the date found is no doubt a close approximation,
and may be accepted as sufficient in the absence of a knowledge
of the secular variation, which might produce a difference of
some years, when reckoning backwards through so many
centuries.

(4) We have also another caleulation by Colebrooke for the age
in which Brahmagupta lived, deduced from the position of Spica
Virginis as given by that Indian astronomer, namely, 103° apparent
longitude, from which was deduced 182° 45’ Right Ascension at his '
time. Tn 1800 A.D. the actual Right Ascension was 198° 402"
(Zach’s tables), the difference of the‘two positions of the Equinox
in Right Ascension being 150 55/ 2", indicated a lapse of time
of 1216 years, the mean annual precession in Right Ascension
peing reckoned at 47’ 14'’. This elapsed time subtracted from

1300, gives us the date of Brahmagupta’s observation as 584 A.D.:
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The mean of the two calculations by Colebrooke places it between
581 and 582 A.D., which is a sufficient approximation to the time
" when ,the Equinox coincided with the beginning of Aswini, and
as a verification of Brahmagupta’s statement relating to the
‘ position of Spica Virginis, for iﬂ may have happened at some
period of his life.
It may. however, be mentioned that, among other estimates of
f the date when the origin of the Indian longitudes was made coin-
cident with the beginning of Aswini, is that of Bailly, who, in his
examination of the tables brought from India, deduced the time as
493 A.D., and in this opinion Sir W. Jones would appear to have
coincided.

On the other hand, the Indian astronomers of Ujjaini, who were
consulted by Dr. Hunter on the subject, gave 550 Saca or 628-9 A.D.
as the date of Brahmagputa, which is not improbable, if he lived 45
years after the date assigned by Colebrooke.

The difference in these various estimates is to be accounted for
by the very slow motion of the Equinoctial point, which is almost

- inappreciable in the lifetime of a man, without a very careful

measurement, being less than 1° 4/ in a century.

It may, therefore, be safely assumed that the epoch when the
origin of the Indian' longitudes was made to coincide with the
beginning of the Lunar Asterism Aswini, and of Mesha, the first of
the 12 Indian signs of the Zediac, was about 570 A.D.

To enable the reader not only to more fully understand this
important feature in the Hindu system, but also to follow the argu-
ment which nearly all the Sanserit scholars at the end of the last
century employved, in tracing ond establishing the authenticity of
dates, as determined by the position of the Colures, the accompany-
ing Plate VIII. is aunexed. On it have been placed partial radial
lines from the Pole of the Ecliptic to the points of division, which
are at the commencement of several of the Nacshatras, Cuittica,

Bharani, Aswini, etc., showing the direction of the Equinoctial
E2
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(Colure when each of these points, in succession, became the E
noctial point, and the dates of the same, on the supposition that ¢
mean rate of precession in longitude was 50’/ (neglecting the sma
secular variation). : up

The corresponding partial lines through the Solstices, which ar
at right angles to these radii, have also been inserted, showing
corresponding dates. The motion of this radial line is so slow that
it occupies 960 years to pass from point to point through each of the
27 divisions ot the Eecliptic, and when this line is referred to in the
ancient Hindu writings, either as at the Equinoctial point or at a
given distance from it, such reference affords evidence of the
approximate date of such writings, as well as of the observation
alluded to in them.

It was the opinion of nearly all who have studied the subject {Sir
W. Jones, C'olebrooke, Davis, Bentley, and others) that the time
when the Equinoctial point was in Crittica, and for some centuries
afterwards, was a period marked by considerable activity and pro-
gress in the cultivation of Hindu astronomy. Our real information
regarding such astronomy, resting upon unquestionable evidence,
does mnot, however, go much earlier than this date. ‘What, then,
was such date, 7., when the first point in Crittica was coincident
with the Equinox ?

Colebrooke, in his researches concerning the principal stars which
give names to the Nacshatras, when describing the Asterism Crittica,
refers to it as being, “now the third, but formerly the first
Nacshatra”; that it consists of six stars, the prineipal one, accord-
ing to the Surya Siddhanta, having a longitude of 37° 30, or,
according to Siddhanta Siromani and Grahalaghava, 37° 28’ to
38°%, and he considered the bright star in the Pleiades, which has a

longitude of 40° from ¢ Piscium to be the principal star of the
Asterism.*

* The Critticas are said to be six nymphs, who nursed Scanda the God
of War, and he was named from these, his foster mothers, Carticeya.
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When the Vernal Equinox was in the first point of Crittica,
whose longitude from the beginning of Aswini (the subsequent
origin of Indian longitudes), is the same as the space of two
Asterisms, or 26° 40', the Southern Solstice was then at a point of
3° 20’ in Dhanishtha (see Plates V., VI. and VIIL). Colebrooke,
referring to Dhanishtha, says that to determine the position of
this Nacshatra is important, as the Solstitial Colure, according to the
aucient astronomers, passed through the extremity of it, and through
the middle of Aslesha.

Bentley, so sceptical about the authors to whom the Hindus attri-
bute their Siddhantas, and who controverted, with much industry,
the opinions of Colebrooke regarding the dates of Parasara, Aryab-
hatta, Varah-Mihira, Bhattopala, and other Hindu astronomers, is
entirely in agreement with Colebrooke as to the importance of
ascertaining the period when the Southern Solstice was in
Dhanishtha. He finds evidence regarding this date in the fact that
the Equinoctial Colure then passed through the middle point of
Visakha, thus bisecting it, from which circumstance he says 1t
derves its name. This Colure, through the middle of Visakha,
would necessarily also pass through the first point of Crittica, which
would then be the place of the Vernal Equinox.

To find the date when this occurred, he calculates the difference
of precession, by reference to Cor-Leonis, whose longitude from the
first of Crittica is, according to all Hindu astronomers, 102° 20
(¢.c., reckoned from the first of Aswini). Comparing this with the
longitude of the same star from the Equinox of 1750 A.D., as given
in the British Catalogue of that date, viz., 146° 21’, he thus finds
that the Equinoxes had fallen back in the interval through an arc
of 44° 1/,

Then, to find the number of years corresponding with this
regression, he calculates that the mean rate of regression was
1° 23’ 6.4” for each century, allowing the secular variation to be

2.27" (by which the precession is supposed to diminish each century),
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and the time for the whole regression through an arc of 44° 1"
be 3176 years. If from this the date of the Catalogue be subtr
there remains, according to such calculation, 1426 B.C., for the
when the Vernal Equinox coincided with the first point of Critti

This date differs by only 76 years from that which is obtained
supposing the mean rate of regression to be 50", from the first point
of Crittica to the first point of Aswini (through an arc of 26° 40’),
and supposing the Lquinox to have coincided with the first of
Aswini in 570 AD. We arrive, then, at this approximate date of
1426 B.C. (or 1350 B.C., according to the most recent estimate of
the rate of regression) as one of the earliest which can be ascertained
of any authentic facts relating to the Indian Eecliptic, a date in
reference to which the earlier Hindu astronomers made their calcu-
lations.

In confirmation of the date given by him, Bentley urges that the
ancient astronomers feigned the birth of four of the planets, from
the umon of the daughter of Daksha and the moon ; the observations
are supposed to be occultations by the moon, which occurred nearly
at the same time in the Lunar Mansions, from which, as mothers,
the planets received their names. Thus Mercury, Venus, Mars, and
Jupiter were respectively called Rohineya, Maghabhu, Ashadha- |
bhava, and Purvaphalgunibhava, the father, Soma (or the moon),
being present at the birth of each, the times of their occultations
being: for Mercury, 17th April, 1424 B.C.; Jupiter, 23rd April,
1424 B.C.; Mars, 19th August, 1424 B.C., and Venus, 19th August,
1425 B.C. ; all within the space of 16 months.

Saturn, not then discovere(f,"was feigned to be born afterwards,
frem the shadrw of the earth in an eclipse of the sun, and hence
called Chyasuta, the Oftspring of the Shadow.

Bentley was also of opinion that the Lunar Asterisms were formed
about the time when the Equinoctial point coincided with the first
point of Crittica, or between the years 1628 B.C. and 1371 B.C.

He finds evidence for his opinions from a statement in the Vedas,
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hich is mentioned also in other books, where we are informed that

‘in the first part of the Trita Yuga (this being divided into four

\l parts), the daughters of Daksha were born, and that of these he gave
twenty -seven to the moon; or, laying aside all allegory, the twenty-
seven Asterisms were formed in the first part of the Trita Yuga.

One of the first steps in this astronomical method of verifying
dates, by references to the regression of the Solstice, or Equinox, was
made by Mr. S. Davis, who communicated to Sir William Jones a
passage from the Varahi Sanhita, of which the following is, on the
authority of Sir William, a scrupulously literal translation : —

“Certainly the Southern Solstice was once in the middle of
Aslesha, the Northern in the first degree of Dhanishtha, by what is
recorded in former Sastras. At present one Solstice is in the first
degree of Carcata, and the other in the first of Macara; that which
1s recorded not appearing, a change must have happened, and the
proof arises from ocular demonstration: that is, by observing the
remote object and its marks, at the rising or setting of the sun, or
by the marks in. a large graduated circle of the shadow’s ingress and
egress. The sun, by turning back without having reached Macara,
destroys the South and the West ; by turning back without having
reached Carcata, the North and East. By returning when he has
just passed the summer Solstitial point, he makes wealth secure and
grain abundant, since he moves thus according to Nature; but the
sun, by moving unnaturally, excites terror.”

In this passage, Varaha is explaining to some one that a change
must have taken place in the pesition of the Solstitial Colure, which
in his time passed through the two points of the Ecliptic, the first
degree of Carcata, or the Hindu sign of the Crab, and the first
degree of Macara, or the Sea Monster; but that in the age of a
certain Muni, or ancient philosopher, the Solstitial Colure passed
through the beginning of the Asterism Dhanishtha and the middle
of the Asterism Aslesha. He is aware of the change, but he does

not give an opinion regarding the rate of the motion, which, by
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observation, would have been inappreciable in the lifetime of .a
(being only little more than (13 degrees in 100 years). He give
however, as a fact, the position of this Colure, which was obse
in his time. )

The reader will easily nnderstand the argument which Varaha
employs in his proof, by noticing the points of his own horizon at
which the sun rises and sets at different times of the year. On the
215t March it rises in the Fast point, and sets in the West, being
then in the first point of Aries, the beginning of its path through the
nodern Ecliptic. It is seen afterwards to rise and set at points more
and more towards the North, as may be observed by noticing it rise
and set, behind marks, such as a tree, the spire of a church, or other
objects, until, on the 21st June, it has reached a point of the horizon
at which in rising it seems to stop its Northward course, and after-
wards to go back towards the East point. In the interval of this
Northern progress at rising, the sun has advanced in its path
through three signs of the Ecliptic, and is now at the Solstice, at
its greatest Northern declination, and the beginning of the modern
sign of Cancer, when its Northern motion ceases. Then a Southern
motion begins. There is, in fact, an apparent oscillation from
North to South, within the zone of the Solar Zodiac, of the rising
and setting points, or, in Hindu phraseology, “ when the sun has
reached a certain point of its course, it begins to turn back from the
North.” The apprehension of danger from the turning back South-
wurd before the sun has reached the calculated point of his path, is,
of course, a figment of the astrologers. Sir W. Jones explains that .
he “may have adopted it solely as a religious tenet on the authority
of Garga, a priest of eminent sanctity, who expresses the same wild
notion in a couplet, of which the following is a translation : —

““When the sun returns, not having reached Dhanishtha in the
Northern Solstice, or not having reached Aslesha in the Southern,
then let a man feel great apprehension of danger.””

It may be inferred from the use which Varaha makes of the Lunar



-_-, : » the fwdéfoﬂ of the Colure of his
3 ?"?' iﬁe Lfmar dlvmmn of the Lecliptic was not in such
: 1l use as the Solar division in the time of Varaha. On the
r hand, the Lunar divisions are repeatedly made use of by their
ames in the ancient code, the Institutes of Menu, in which only
one of the signs appears to have been mentioned (where it is said

 that “ the Sun in the sign of Kanya or the Virgin must be shunned.”)
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CHAPTER 1V,

HINDU MONTHS AND SEASONS.

The prineipal method of measuring time, employed by an
nations, was by stated revolutions of the sun, the moon, and th
seasons. The apparent diwrnal motions of the sun, the moon, and
the stars were obvicus to all mankind, and a primitive discovery,
no doubt, was that all the fixed stars have one and the same uniform
period in their apparent diurnal motion ; but to measure the absolute
lengths of each apparent period was a problem not easy of solution,
and a still more difficult problem was that of reconciling unequal
days, with months of unequal length, whose periods were reckoned
from one new moon to the next, or from one conjunction with the
sun to the next.

The difficulties experienced by the Hindus in adjusting their
calendar, in which errors were so liable to spring up and increase,
occasioned repeated changes of their system. At one period the
motion of the moon was taken as its foundation, and the lunar
month was formed to agree with the phases of the moon. Then a
change took place, and a solar month was formed, constituted so
as to be reckoned by the time the sun, in its progress, remained in
each sign of the Solar Zodiac. Another change followed, efforts
being made to reconcile the two previous systems, in which each
kind of month preserved its original character, the solar month being
reckoned in ordinary civil days, and the lunar months measured 3
by tithis or lunar days, each being one-thirtieth part of a synodie .
period, the time clapsing between two conjunctions of the sun and
the moon. The result of these efforts was the formation of the
luni-solar year, reckoned either in civil days or m tithis.

From the statement of Colebrooke,* it would appear that to each

Veda was annexed a treatise having the title of “Jyotish,” an

* Essays, Vol. I, page 106,
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tronomical work, which explains the adjustment of the calendar
for the purpose of fising the proper periods prescribed for the per-
formance of religious duties.

In the treatises which he examined, a cycle, (Yuga) ¢ of five years
only was employed. The month is lunar, but at the end and in
the middle of the quinquennial period an intercalation is admitted
by doubling one month. Accordingly, the cycle comprises three
common lunar years, and two which contain thirteen lunations
each. The year is divided into six seasons, and each month into
half months. A complete lunation is measured by 30 lunar days,
some of which, of course, must in alternate months be sunk, to
make the dates agree with the Nychthemera, for which purpose the
sixty-second day appears to be deducted, and thus the cycle of five
years consists of 1860 lunar days or 1830 Nychthemera, subject to
further correction. The Zodiac is divided into 27 Asterisms, or
signs, the first of which, both in the Jyotish and in the Vedas, is
Crittica or the Pleiades.*

“The measure of a day by 30 hours, and that of an hour by

60 minutes are explained.”

The rule upon which the method of intercalating a month, here
implied, will be understood from a corresponding rule of the
Siddhanta Siromani, according to which it may be deduced that
in 33.53561 lunar months there are 32.53413 solar months.

To make the latter months lunar, a month will have to be added

after 32 solar months, or after 2 years 8 months, and again, two

- months added after 5 years and four months.

From this it is obvious that a cycle of five years was too short
for making the intercalation, a very much longer cyclic period

being required; so that an exact number of lunar months shall

* It has been already explained that the date when the Equinox was
at the first point of Crittica, was about 14 centuries before the beginning
of the Christian era.
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coincide with an exact number of solar months, and so that onl
small fraction of a year or no fraction at all shall remain.

'The rule in the Vedas for subtracting the sixty-second day is n
quite so correct as that of Bhascara, who says that the subtracti
day occurs in 64 lunar days (tithis).

It is a characteristic of the Hindu astronomy, distinguishing i j
from that of Ptolemy, that its rules are expressed rather in an
analytical form than synthetical, the problems and theorems of
gecetry being put mostly in algebraical or arithmetical language.
What we call the Pythagorean theorem assumes a variety of alge-
braical forms, giving solutions in integers; but the subject of Hindu
algebra will be hereafter described at somewhat greater length, and
reasons given for believing it to be autochthonous, and that the
Arabs from whom we received it obtained it from the Hindus.

Colebrooke further makes the following important remarks:—
“This ancient Hindu calendar, corresponding in its divisions of!

time, and in the assigned origin of the Ecliptic, is evidently the

foundation of that which, after successive corrections, is now re-

ceived by the Hindus throughout India. 4

“The prograss of these corrections may be traced from the cycle
of five to one of 60 lunar years, which is noticed in many popular
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