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ON THE SULVASUTRAS.

Pl% F THIBAU’;‘,

Anglo-Sanskrit Professor, Bandras College.

It is well known that not only Indian life with all its social and poli-
tical institutions has been at all times under the mighty sway of religion,
but that we are also led back to religious belief and worship when we try
to account for the origin of research in those departments of knowledge
which the Indians have cultivated with such remarkable success. At first
sight, few traces of this origin may be visible in the S’4stras of later times,
but looking closer we may always discern the connecting thread. The
want of some norm by which to fix the right time for the sacrifices, gave
the first impulse to astronomical observations ; urged by this want, the priests
remained watching night after night the advance of the moon through the
circle of the nakshatras and day after day the alternate progress of the sun
towards the north and the south. The laws of phonetics were investigated,
because the wrath of the gods followed the wrong pronunciation of a single
letter of the sacrificial formulas; grammar and etymology had the task
of securing the right understanding of the holy texts. The close connexion
of philosophy and theology—so close that it is often impossible to decide
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where the one-ends and the other begins—is too well known to require
any comment. ,

These facts have a double interest. They are in the first place valua-
ble for the history of the human mind in general ; they are in the second
place important for the mental history of India and for answering the
question relative to the originality of Indian science. For whatever is
closely connected with the ancient Indian religion must be considered as
having sprung up among the Indians themselves, unless positive evidence

- of the strongest kind point to a contrary conclusion.

‘We have been long acquainted with the progress which the Indians
made in later times in arithmetic, algebra, and geometry ; but as the in-
fluence of Greek science is clearly traceable in the development of their
astronomy, and as their treatises on algebra, &c., form but parts of astro-
nomical text books, it is possible that the Indians may have received from
the Greeks also communications regarding the methods of calculation. I
merely say possible, because no direct evidence of such influence has been
brought forward as yet, and because the general impression we receive

" from a comparison of the methods employed by Greeks and Indians re-
spectively seems rather to point to an entirely independent growth of this
branch of Indian science. The whole question is still unsettled, and new
researches are required before we can arrive at a final decision.

While therefore unable positively to assert that the treasure of mathe-
matical knowledge contained in the Lilavati, the Vijaganita, and similar
treatises, has been accumulated by the Indians without the aid of foreign
nations, we must search whether there are not any traces left pointing to
a purely Indian origin of these sciences. And such traces we find in a class
of writings, commonly called 8’ulvasttras, that means “sitras of the
cord,” which prove that the earliest geometrical and mathematical investiga-
tions among the Indians arose from certain requirements of their sacrifices.
“ S’ulvasdtras” is the name given to those portions or supplements of the
Kalpasttras, which treat of the measurement and construction of the different
vedis,or altars, the word “ s'ulva’ referring to the cords which were employed
for those measurements, (I may remark at once that the sitras themselves
do not make use of the term “&'ulva’ ; a cord is regularly called by them
“rajju”.) It appears that a s'ulva-adhyéya or, pras'na or, instead of that,a
s'ulvaparis’ishta belonged to all Kalpasitras. Among the treatises belong-
ing to this class which are known to me, the two most important are the
S'ulvasttras of Baudhiyana and of A’pastamba. The former, entitled to the
first place by a clearer and more extensive treatment of the topics in ques-
tion, very likely forms'a part of Baudhdyana’s Kalpasitra; the want of
complete manuscripts of this latter work prevents me from being positive
on this point. The same remark applies to the S‘ulvasitra of A’pastamba.
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Two smaller treatises, a Minava S'ulvasitra and a Maitriyaniya S’ulva.
sitra, bear the stamp of a later time, compared with the works of Baudhds
yana and A’pastamba. The literature of the white Yajur Veda possesses a
S'ulvaparisishta, ascribed to Kétyiyana, and there is no sufficient reason
for doubting that it was really composed by the author of the Kalpasdtra.
The first to direct attention to the importance of the S'ulvasatras was

‘Mr. A. O. Burnell, who in his “Catalogue of a Collection of Sanscrit

Manuseripts,” p. 29, remarks that “ we must look to the S'ulva portions of
the Kalpasitras for the earliest beginnings of geometry among the Bréh-
mans.”

I have begun the publication of Baudhéyana’s S'ulvasitra, with the
commentary by Dvérakindthayajvan and a translation, in the May number
of the “ Pandit, a monthly Journal of the Benares College, etc.”, and intend
as soon as I have finished Baudhédyana, to publish all other ancient S'ulva
works of which I shall be able to procure sufficiently correct manuscripts.
In the following pages I shall extract and fully explain the most important
satras, always combining the rules given in the three most important sulva
treatises, those of Baudhiyana, A’pastamba, and Kitydyana, and so try to
exhibit in some systematic order the knowledge embodied in these ancient
sacrificial tracts.

The sitras begin with general rules for measuring ; the greater part
of these rules, in which the chief interest of this class of writings is con-
centrated, will be given further on. In the next place they teach how to
fix the right places for the sacred fires, and how to measure out the vedis
of the different sacrifices, the saumik{ vedi, the paityiki vedi ,and so on.

The remainder of the sitras contains the detailed description of the
construction of the “agni”, the large altar built of bricks, which was re-
quired at the great soma sacrifices.

This altar could be constructed in different shapes, the earliest enu-
meration of which we find in the Taittiriya Samhitd, V. 4. 11.

Following this enumeration Baudhéyana and A’pastamba furnish us
with full particulars about the shape of all these different chitis and the
bricks which had to be employed for their construction. The most ancient
and primitive form is the chaturasras’yenachit, so called because it rude-
ly imitates the form of a falcon, and because the bricks out of which it is
composed are all of a square shape. It had to be employed whenever
there was no special reason for preferring another shape of the agni ; and
all rules given by brdhmanas and sitras for the agnichayana refer to it in
first line, A full description of the construction of this agni according to
the ritual of the white Yajur Veda and of all accompanying ceremonies has
been given by Professor A. Weber in the 13th volume of the ¢ Indische
Studien.” A nearer approach to the real shape of a falcon or—as the
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sGtras have it—of the shadow of a falcon about to take wing is made
in the s’yena vakrapaksha vyastapuchchha, the falcon with curved wings
and outspread tail.* The kaiikachit, the agni constructed in the form
of a heron, or according to Burnell (Catalogue, p. 29) of a carrion-kite,
is but a slight variation of the s’yenachiti; it is distinguished from it
by the addition of the two feet. The alajachit again is very little diffe-
rent from the kafikachit, showing only a slight variation in the outline
of the wings. What particular bird was denoted by the word alaja,
the commentators are unable to inform us; in the commentary to Taittir.
Samh. V. 5. 20 it is explained as * bhdsa’, which does not advance
us very much, as the meaning of bhésa itself is doubtful. Next comes
the praiigachit, the construction imitating the form of the praiiga, the
forepart of the poles of a chariot, an equilateral acutangular triangle and
the ubhayatah-praiigachit made out of two such triangles joined with
their bases, Then follows the rathachakrachit, the altar constructed in the
form of a wheel ; in the first place the simple rathachakrachit, a massive
wheel without spokes, and secondly, the more elaborate sérarathachakrachit,
representing a wheel with sixteen spokes. The dronachit represents a
dropa, a particular kind of tub or vessel ; it could be constructed in two
shapes, either square or circular (chaturasradronachit and parimapdala-
dropachit). The parichayyachit, which is mentioned in the next place, is
in its circular outline equal to the rathachakrachit, but it differs from it in
the arrangement of the bricks, which are to be placed in six concentrie
circles. The samiihyachit has likewise a circular shape ; its characteristic
feature was that loose earth was employed for its construction instead of
the bricks. Of the s'mas‘dnachit a full description together with the
necessary diagrams will be given further on. The last chiti mentioned is
the kirmachit, the altar representing a tortoise ; the tortoise may be either
vakranga, of an angular shape, or parimandala, circular.

Every one of these altars had to be constructed out of five layers of
bricks, which reached together to the height of the knee ; for some cases
ten or fifteen layers and a correspondingly increased height of the altar
were prescribed. Every layer in its turn was to consist of two hundred
bricks, so that the whole agni contained a thousand ; the first, third, and
fifth layers were divided into two hundred parts in exactly the same
manner ; a different division was adopted for the second and the fourth, so
that one brick was never lying upon another brick of the same size and form.

Regarding the reasons which may have induced the ancient Indians
to devise all these strange shapes, the Samhitis and Bréhmapas give us

® The plates accompanying this paper contain the diagrams of three different chitis ;
diagrans of all the remaining chitis will be given in the ¢ Pandit’ in the proper places.
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but little information. Thus we read for instance in the Taittiriys
Bamhité :

S’yenachitam chinvita suvargakdmah, s’yeno vai vayasdm patishthah,
s'yena eva bhatva suvargam lokam patati.

¢ He who desires heaven, may construct the falcon-shaped altar; for
the falcon is the best flyer among the birds ; thus he (the sacrificer) having
become a falcon himself flies up to the heavenly world.”

In the same place the dronachiti is brought into connexion with the
acquiring of food ; the praiiga and rathachakra are described as thunderbolts
which the sacrificer hurls on his enemies, and so on. Here as in many
other cases we may doubt if the symbolical méaning which the authors of
the brdhmapas find in the sacrificial requisites and ceremonies is the right
one ; still we cannot propose anything more satisfactory.

But the chief interest of the matter does not lie in the superstitious
fancies in which the wish of varying the shape of the altars may have
originated, but in the geometrical operations without which these varia-
tions could not be accomplished. The old yajnikas had fixed for the most
primitive chiti, the chaturasras’yenachit, an area of seven and a half
square purushas, that means seven and a half squares, the side of which
was equal to a purusha, ¢. 6., the height of a man with uplifted arms. This
rule was valid at least for the case of the agni being constructed for the
first time ; on each subsequent occasion the area had to be increased by one
square purusha.

Looking at the sketch of the chaturas’ra s’yena we easily understand
why just 74 square purushas were set down for the agni. Four of them
combined into a large square form the 4tman, or body of the bird, three
are required for the two wings and the tail, and lastly, in order that the
image might be a closer approach to the real shape of a bird, wings and tail
were lengthened, the former by one fifth of a purusha each, the latter by one
tenth. The usual expression used in the sitras to denote the agni of this
area is “agnih saptavidhah sératniprddes’ah, the sevenfold agmi’ with
aratni and prédes’s,” the aratni being the fifth ( = 24 angulis), and the
prédes’a, the tenth of a purusha ( = 12 afigulis).

Now when for the attainment of some special purpose, one of the
variations enumerated above was adopted instead of the primitive shape of
the agni, the rules regulating the size of the altar did not cease to be valid,
but the area of every chiti whatever its shape might be—falcon with curved
wings, wheel, praiiga, tortoise, etc.—had to be equal to 7} square purushas.
On the other hand, when at the second construction of the altar one square
purusha had to be added to the seven and a half constituting the first chiti,
and when for the third construction two square purushas more were re-
quired the shape of the whole, the relative proportions of the single
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parts had to remain unchanged. A look at the outlines of the differen:
chitis is sufficient to show that all this could not be accomplished without
a certain amount of geometrical knowledge. Squares had to be found
which would be equal to two or more given squares, or equal to the differ-
ence of two given squares; oblongs had to be turned into squares and
squares into oblongs; triangles had to be constructed equal to given
squares or oblongs, and so on, The last task and not the least was that of
finding a circle, the area of which might equal as closely as possible that
of a given square.

Nor were all these problems suggested only by the substitution of the
more complicated forms of the agni for the primitive chaturasras’yena, al-
though this operation doubtless called for the greatest exertion of ingenuity ;
the solution of some of them was required for the simplest sacrificial con-
structions, 'Whenever a figure with right angles, square or oblong, had to
be drawn on the ground, care had to be taken that the_sides really stood
at right angles on each other; for would the dhavaniya fire have carried
up the offerings of the sacrificer to the gods if its hearth had not the shape
of a perfect square ? There was an ancient precept that the vedi at the
sautrdmani sacrifice was to be the third part of the vedi at the soma sacri-
fices, and the vedi at the pitriyajna its ninth part; consequently a method
had to be found out by which it was possible to get the exact third and
ninth part of a given figure. And when, according to the opinion of some
theologians, the girhapatya had to be constructed in a square shape, ac-
cording to the opinion of othersas a circle, the difference of the opinions
referred only to the shape, not to the size, and consequently there arose
the want of a rule for turning a square into a circle.

The results of the endeavours of the priests to accomplish tasks of this
nature are contained in the paribhéshé sitras of the S'ulvasitras. The
most important among these is, to use our terms, that referring to the
hypotenuse of the rectangular triangle, The geometrical proposition, the
discovery of which the Greeks ascribed to Pythagoras, was known to the
old 4chiryas, in its essence at least. They express it, it is true, in words
very different from those familiar to us; but we must remember that they
were interested in geometrical truths only as far as they were of practical
use, and that they accordingly gave to them the most practical expression.
‘What they wanted was, in the first place, a rule enabling them to draw
a square of double the size of another square, and in the second place
a rule teaching how to draw a square equal to any two given squares, and
according to that want they worded their knowledge. The result is, that
we have two propositions instead of one, and that these propositions speak
of squares and oblongs instead of the rectangular tiiangle.
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These propositions are as follows :
Baudhéayana :
gRugTeRTIRE R aradt yf mttﬁr [

The cord which is stretched across-—m the diagonal of—a square
produces an area of double the size.

That is: the square of the diagonal of a square is twice as large as
that square.

Apastamba :

wgeRruIE R arTdt ufi wufa |
Katy4yana:
TG ATRUACH AR |

The cord in the dmgonal of a square is the cord (the line) prodncmg
the double (area).

“ Samachaturasra” is the term employed throughout in the Swulva-
sitras to denote a square, the ‘‘sama” referring to the equal length of
the four sides and the chaturasra implying that the four angles are
right angles. The more accurate terminology of later Indian geometry
distinguishes two classes of samachaturasras, or samachaturbhujas, viz.
the samakarna samachaturbhuja and the vishamakarpa samachaturbhuja ;
the S‘ulvasttras, having to do only with the former one, make no such
distinction. Akshnayarajju is the ancient term, representing the later
¢ karnarajju”’ or simply ¢ karna.” ¢ Area’ is here denoted by ¢ bhfimi,”
while in later times ¢ kshetra” expressed this idea, and ¢ bhiimi” became
one of the words for the base of a triangle or any other plane figure.

The side of a square is said to produce that square (karoti), a way of
speaking apparently founded on the observation that the square is found
by multiplying the number which expresses the measure of the side by it-
self; if the side was five feet long, the square was found to consist of
5 % b little squares, &. The expression was not applicable to other plane
figures, to an oblong for instance; for there the area is the product of two
sides of different length, neither of which can be said to produce the figure
by itself.

The side of a square, or originally the cord forming the side of a square,
is therefore called the ‘¢ karani” of the square. That “rajju” is to be
supplied to “ karani”, is exphcltly stated by Kétyayana :

R qECR fageardt qRETERgate T |

By the expressions: karanf, karaoi of that (of any square) &c., we
mean cords.

The side of a square bemg called its karapi, the side of a square of
double the size was the ¢ dvikarani”, the line producing the double (I
shall for convenience sake often employ the terms ‘“side” or ¢ line”



instead of “cord”); this was therefore the name for the diagonal of a
square. Other compounds with karani will occur further on ; the change
of meaning which the word has undergone in later times will be consider-
ed at the end of this paper.

The authors of the sitras do not give us any hint as to the way in
which they found their proposition regarding the diagonal of a square;
but we may suppose that they, too, were observant of the fact that the
square on the diagonal is divided by its own diagonals into four triangles,
one of which isequal to half the first square. This is at the same time
an immediately convincing proof of the Pythagorean proposition as far as
squares or equilateral rectangular triangles are concerned.

The second proposition is the following :

Baudhdyana :
ETGERTRCIAS (AT [AIeAT W WA FrAg g
Ffa | :

The cord stretched in the diagonal of an oblong produces both (areas)
which the cords forming the longer and the shorter side of an oblong pro-
duce separately.

That is : the square of the diagonal of an oblong is equal to the
square of both its sides.

Apastamba : o

QTR TN fadewnht ¥ ggwnE Frag gy st

Kiétyfyana gives the rule in the same words as Baudhéyana.

The remark made about the term samachaturasra applies also to
¢ dfrghachaturasra” “ the long quadrangle” meaning the long quadrangle
with four right angles.  Pérs’vamini (rajju)” is the cord measuring the
phrs’va or the long side of the oblong or simply this side itself; tiryafiméni,
the cord measuring the horizontal extent or the breadth of the oblong, in
other words its shorter side, which stands at right angles to the longer
side. Noteworthy is the expression ‘¢ prithagbhite;” for as one of the
commentators observes it is meant as a caution against taking the square
of the sum of the two sides instead of the sum of their squares (prithag-
grahanam samsargo mé bhdd ity evamartham).

It is apparent that these two propositions about the diagonal of a
square and an oblong, when taken together, express the same thing that
is enunciated in the proposition of Pythagoras.

But how did the sttrakéras satisfy themselves of the general truth of
their second proposition regarding the diagonal of rectangular oblongs ?

Here there was no such simple diagram as that which demonstrates
the truth of the proposition regarding the diagonal of a square, and other
means of proof had to be devised.




Baudhéyana :

fawwgmard e frwatensn veafuafenan sfrragfay frsame-
faroefay fuman mezfuasefy fadifcaargueta: |

This (viz. that the diagonal of an oblong produces by itself, &e.,) is
seen in those oblongs the sides of which are three and four, twelve and five,
fifteen and eight, seven and twenty-four, twelve and thirty-five, fifteen and
thirty-six (literally, the sides of which consist of three parts and four parts,
&c.)

This sttra contains the enumeration of, as we should say, five Pytha-
gorean triangles, 4. 6., rectangular triangles, the three sides of which can
be expressed in integral numbers. (Baudhéyana enumerates six ; but the
last is essentially the same with the second, 15 and 36 being 3 X 5 and
8 X 12.) Baudhiyana does not give the numbers expressing the length
of the diagonals of his oblongs or the hypotenuses of the rectangular trian-
gles, and I subjoin therefore some rules from A‘pastamba, which sapply
this want, while they show at the same time the practical use, to which the
knowledge embodied in Baudhdyana’s sitra could be turned.

The vedi or altar employed in the soma sacrifices was to have the
dimensions specified in the following :

Yot gwaT a1 e wafe wefay wa s wgfe Y wt
ye@tacife Sifamr 32famaw

The western side is thirty padas or prakramas long, the prichi or east
line (s. e., the line drawn from the middle of the western side to the mid-
dle of the eastern side of the vedi) is thirty-six padas or prakramas long ;
the eastern side twenty-four ; this is the tradition for the vedi at the soma
sacrifices. ‘

Now follow the rules for the measurement of the area of this vedi :

wﬁvﬁmwmszr{mmmw*m TRAG EWY qYING 99

mmmvﬂr frem swfudw frwqea wy freagwas @
Y31 regfiEaTR RIS W freRTgnAaYeT ags-
AL me '

Add to the length of thirty-six (i. e., to a cord of the length of thirty-
six either padas or prakramas) eighteen (the whole length of the cord is
then 54), and make two marks on the cord, one at twelve, the other at
fifteen, beginning from the western end; tie the ends of the cord to the
ends of the prishthya line (the prishthy4 is the same as the préchi, the line
directed exactly towards the east and west points, and going through the
centre of the vedi. The fixing of the prichi was the first thing to be done
when any altar had to be measured out. The methods devised for this
end will not be discussed here, as they are based on astronomical observa-
tions ; for our purpose it is sufficient to know that a line of 36 padas length
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and running from the east towards the west had been drawn on the ground.
On both ends of this line a pole was fixed and the ends of the cord of 54
padas length tied to these poles) and taking it by the sign at fifteen, draw
it towards the south; (at the place reached by the mark, after the
cord has been well stretched) fix a pole, Do the same on the northern
side (7. e., draw the cord towards the north as you have drawn it just
now towards the south). By this process the two s’ronis, the southwest
cqrner and the southeast corner of the vedi are fixed. After that ex-
change (the ends of the cord ; ¢. ., tie that end which had been fastened
at the pole on the east end of the prichf to the pole on its west end
and vice versd), and fix the two amsas (*‘ shoulders” of the vedi, 4. 6., the
southeast corner and the northeast corner). This is done by stretching
the cord towards the south having taken it by the mark at fifteen and
by fixing a pole on the spot reached by the mark at twelve; and by
repeating the same operation on the northern side. The result are the
two amsas. This is the measurement of the vedi by means of one cord
(the measurements described further on require two cords each). (See
diagram 1.)

The whole process described in the preceding is founded on the know-
ledge that a triangle, the three sides of which are equal to 15, 86, 89, is
rectangular.

The end aimed at was to draw the east and the west side of the vedi
at right angles on the prachi. Accordingly, the préchi a b being 36 feet
long, acord ac b ( = 54 ) was divided by a mark into two parts a ¢ = 39
and b ¢ = 15 and fastened at & and b. If then this cord was taken at ¢,
and stretched towards the right, the angle a b ¢ could not but be a right
angle. The same applies to the anglesabd, bae, and baf In fixing
the two east corners, both marks on the cord had to be employed, the mark
at fifteen being used for constructing the right angle, the mark at 12 giving
to the east side of the vedi the prescribed length (24 padas).

frragean sfear<ears:

The diagonal cord of an oblong, the side cords of which are three and

four, is five.
afaferaaTfa T aT |

‘With these cords increased three times (by itself ; ¢. e., multiplied by
four) the two eastern corners of the vedi are fixed.

The proceeding is as follows : (See diagram 2.)

At ¢, at a distance of 16 padas from a, the east end of the prichi, a
pole is fixed and then a cord of 32 feet length tied to the pcles at a and c.
The cord is marked at a distance of 12 padas from a, and then taken by the
mark and drawn towards the south until it reaches the positionaec. Thus
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a triangle is formed, the sides of which are 12, 16, 20 and this triangle is
a rectangular one ; a e stands at right angles on ac, and as it is just 12 padas
long, e marks the place of the southeast corner of the vedi. The north east
corner d is found in the same way.

wgoHEite: AT |

‘With the same cords increased four times (3. 6., their length multiplied
‘by five) the two western corners of the vedi are found.

In this case a cord of 40 padas length is tied to the poles at ¢ and b,
and marked at the distance of 15 padas from b, Then it is taken by the
mark and drawn towards the south into the position b g ¢. The result is a
rectangular triangle as above; g marks the place of the southwest corner.
‘The same operation repeated on the north side gives f as the place of the
northwest corner of the vedi.

Another method for the measurement of the vedi follows :

LIt G BRI SO C1RC LGl

The diagonal cord of an oblong, the sides of which are twelve and five,
is thirteen ; with these cords the two east corners are fixed.

(See diagram III.)

A pole is fixed at the distance of five padas from the east end of the
préchi, a cord of twenty-five padas length fastened at a and ¢, marked at
the distance of 12 padas from a, drawn towards the south &c., as above.

fecaate: =ray )

‘With these cords increased twice (multiplied by three) the two western
corners are fixed.

The requisite rectangular triangle is here formed by the whole prichi
= 36, and by a cord of 54, divided by a mark into two pieces of 15 and 39.

Another method follows :

vegfumifesan gngfuarauarceette: a1
The diagonal cord of an oblong, the sides of which are fifteen and eight,
is seventeen ; with these cords the two western corners are fixed.
(See diagram 4.)
A pole b is fixed at the distance of eight padas from d, a cord of 32
padas tied to b and d, &o.
TrRfwwrefy frmdn wfay frewrgearcs @S
The diagonal cord of an oblong, the sides of which are twelve and
thirty-five is thirty-seven; with these cords the two eastern corners are
fixed.
A pole is fized at ¢, thirty-five padas to the west from a; a cord of
forty-nine padas tied to a and ¢, &c.
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So many “ cognizable” measurements of the vedi exist.

That means : these are the measurements of the vedi effected by oblongs,
of which the sides and the diagonal can be known, 4. e., can be expressed
in integral numbers.

In this manner A’pastamba turns the Pythagorean triangles known
to him to practical use (the fourth of those which Baudh4yana enumerates
is not mentioned, very likely because it was not quite convenient for the
measurement of the vedi), but after all Baudhdyana’s way of mentioning
these trianglés as proving his proposition about the diagonal of an oblong
is more judicious, It was no practical want which could have given the
impulse to such a research—for right angles could be drawn as soon as one
of the “ vijneya” oblongs (for instance that of 3, 4, 5) was known—but the
want of some proof which might establish a firm conviction of the truth of
the proposition.

The way in which the Stdtrakiras found the cases enumerated above,
must of course be imagined as a very primitive one. Nothing in the
satras would justify the assumption that they were expert in long cal-
culations, Most likely they discovered that the square on the diagonal
of an oblong, the sides of which were equal to three and four, could be
divided into twenty-five small squares, sixteen of which composed the
square on the longer side of the oblong, and nine of which formed the
area of the square on the shorter side. Or, if we suppose a more con-
venient mode of trying, they might have found that twenty-five pebbles or
seeds, which could be arranged in one square, could likewise be arranged
in two squares of sixteen and of nine. Going on in that way they would
form larger squares, always trying if the pebbles forming one of these
squares could not as well be arranged in two smaller squares. So they
would form a square of 36, of 49, of 64, &c. Arriving at the square form-
ed by 13 X 138 = 169 pebbles, they would find that 169 pebbles could be
formed in two squares, one of 144 the other of 25. Further on 625 peb-
bles could again be arranged in two squares of 576 and 49, and so on.
The whole thing required only time and patience, and after all the number
of cases which they found is only a small one,

Having found that, in certain cases at least, it was possible to express
the sides and the diagonal of an oblong in numbers, the Sttrakiras natu-
rally asked themselves if it would not be possible to do the same thing for
a gquare. As the side and the diagonal of a square are in reality incom-
mensurable quantities we can of course only expect an approximative
value ; but their approximation is a remarkably close one.

Baudhiyana : : .

TAIY EAS TNANY wgdATe gt Sraw 1 efaiw: )
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Increase the measure by its third part and this third by its own fourth
less the thirty-fourth part of that fourth; (the name of this increased mea-
sure) is savis'esha.

Apastamba gives the rule in the same words.

Kitydyana :

FO @Y7 TNINY FEgUaTTgfaY Rrae efaRy i fai

The siitras themselves are of an enigmatical shortness, and do not state
at all what they mean by this increasing of the measure; but the com-
mentaries leave no doubt about the real meaning ; the measure is the
karani, the side of a square and the increased measure the diagonal, the
dvikaranf. If we take 1 for the measure, and increase it as directed, we get
1 1
83x4 3x4x34
ed into a decimal fraction gives: 14142156 ...... Now the side of a
square being put equal to 1, the diagonal is equal to 4/ 2 — 1414213 .,
Comparing this with the value of the savis'esha we cannot fail to be
struck by the accuracy of the latter.

The question arises : how did Baudhiyana or Apastamba or whoever
may have the merit of the first investigation, find this value? Certainly
they were not able to extract the square root of 2 to six places of decimals ;
if they had been able to do so, they would have arrived at a still greater
degree of accuracy. I suppose that they arrived at their result by the
following method which accounts for the exact degree of accuracy they
reached. '

Endeavouring to discover a square the side and diagonal of which
might be expressed in integral numbers they began by assuming two as
the measure of a squave’s side. Squaring two and doubling the result
they got the square of the diagonal, in this case = eight. Then they tried to
arrange eight, let us say again, eight pebbles, in a square ; as we should say,
they tried to extract the square root of eight. Being unsuccessful in this

and this tarn-

the following expression: 1 + ‘3]; +

-attempt, they tried the next number, taking three for the side of a square;

but eighteen yielded a square root mo more than eight had done, They
proceeded in consequence to four, five, &c. Undoubtedly they arrived soon
at the conclusion that they would never find exactly what they wanted,
and had to be contented with an approximation. The object was now to
single out a case in which the number expressing the square of the diago-
nal approached as closely as possible to a real square number. I subjoin
a list, in which the numbers in the first column express the side of the
squares which they subsequently tried, those in the second column the
square of the diagonal, those in the third the nearest square number.
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1 2. 1. 1L 242. 256.
2. 8. 9. 12. 288. 289.
3 18. 16. 13. 338. 324.
4 32. 36. 14. 392. 400.
5. 50. 49. 15. 450. - 441.
6. 72. 64, 16. 512. 529,
7 98. 100. 17. 578. 576.
8 28, 121, 18. 648. 625.
9. 162. 169. 19. 722. 729,
10.  200. 196. 20. 800. 784.

How far the Sitrakéras went in their experiments we are of course
unable to say; the list up to twenty suffices for our purposes. Three
cases occur in which the number expressing the square of the diagonal
of a square differs only by one from a square-number; 8 —9; 50 — 49;
288 — 289 ; the last case being the most favourable, as it involves the
largest numbers. The diagonal of a square, the side of which was equal to

twelve, was very little shorter than seventeen ( 4/ 289 = 17). Would
it then not be possible to reduce 17 in such a way as to render the square
of the reduced number equal or almost equal to 288 ?

Suppose they drew a square the side of which was 17 padas long,
- and divided it into 17 X 17 =289 small squares. If the side of the
‘square could now be shortened by so much, that its area would contain
not 289, but only 288 such small squares, then the measure of the side
would be the exact measure of the diagonal of the square, the side of which
is equal to 12 (12° + 12°=288), When theside of the square is shortened
alittle, the consequence is that fromtwo sidesof the square a stripe is cut off ;
therefore a piece of that length had to be cut off from the side that the
area of the two stripes would be equal to one of the 289 small squares.
Now, as the square is composed of 17 X 17 squares, one of the two stripes
cuts off a part of 17 small squares and the other likewise of 17, both together
of 84 and since these 34 cut-off pieces are to be equal to one of the squares,
the length of the piece to be cut off from the side is fixed thereby : it must
be the thirty-fourth part of the side of one of the 289 small squares.

The thirty-fourth part of thirty-four small squares being cut off, one
whole small square would be cut off and the area of the large square
reduced exactly to 288 small squares; if it were not for one unavoidable
circumstance. The two stripes which are cut off from two sides of the square,
lot us say the east side and the south side, intersect or overlap each other
in the south-east corner and the consequence is, that from the small square

1 Thence the

. 2 2
in that corner not — are cut off, but only 31— 34 %X 30

34

’
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error in the determination of the value of the savis’esha. When the side

the area of the square of that

1
84 + 34
different way: taking 12 for the side of a square, dividing each of the
12 parts into 84 parts (altogether 408) and dividing the square into the
corresponding small squares, we got 408 X 408 = 166464. ’I‘hls dou-

bled is 832928. Then taking the savis'esha-value of 16 ?;Z for the

of a square was reduced from 17 to 16 22

reduced side was not 288, but 288 - Or putting it in a

diagonal and dividing the square of the diagonal into the small squares
just described, we get 577 X 577 = 332929 such small squares. The
difference is slight enongh

The relation of 16 to 12 was finally generalized into the rule: in-
crease a measure by its th\rd, this third by 1ts own fourth less the thirty-

) 3 12 12
fourth part of this fourth ( 16 g7 =12 + + 3 x4 3x 4 x 34.

The example of the savis'esha given by commentators is indeed 16 : 125

the case recommended itself by being the first in which the third part of |
a number and the fourth part of the third part were both whole numbers.
Regarding the practical use of the savis’esha, there is in Baudbdyana
or rather, as far as I am able to see, in all s'ulvasitras only one opera-
tion, for which it was absolutely necessary ; this is, as we shall see later,
the turning of a circle into a square, when the intention was to connect the
rule for this operation with the rule for turning a square into a circle.
A’pastamba employs (see further on) the savis‘esha for the construction of
right angles, but there were better methods for that purpose. The com-
mentators indeed make the most extended use of the savis’esha, calcula-
ting by means of it the diagonals wherever diagonals come into question ;
this proceeding, however, is not only useless, but positively wrong, as in _all
such cases calculation cannot vie in accuracy with geometrical construction.
At the commencement of his sitras, Baudhidyana defining the mea-
sures he is going to employ, divides the anguli into eight yavas, barley
grains, or into thirty-four tilas (seeds of the sesame).” I have no doubt that
the second division which I have not elsewhere met, owns its origin to
the savis'esha. The afiguli being the measure most in use, it was conven-
ient to have a special word for its thirty-fourth part, and to be able to
say ““sixteen afgulis, thirty-three tilas”, instead of “sixteen afgulis,
and thirty-three thirty-fourths of an anguli.” Therefore some plant was
searched for of which thirty-four seeds might be considered as equal in
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length to one afiguli; if the tilas really had that exact property, was
after all a matter of little relevancy. ' ‘

Having once acquired the knowledge of the Pythagorean proposition,
it was easy to perform a great number of the required geometrical
operations. The diagonal of a square being the side of a square of double
the size, was, as we have seen, called dvikarani; by forming with this
dvikarani and the side of the square an oblong and drawing the
diagonal of this oblong, they got the trikarani or the side of a square the
area of which was equal to three squares of the first size,

Baudh. A’past. Kity,

9% frafigacurameesmaarcefascdt |

Take the measure (the side of a square) for the breadth, the diago-
nal for the length (of an oblong); the diagonal cord is the trikarapi.

By continuing to form new oblongs and to draw their diagonals,
squares could be constructed, equal in area to any number of squares of
the first size. Often the process could be shortened by skilful combina-
tion of different karanis. Katyiyana furnishes us with some examples.

9 Fadggrant FaRT TR TRrRTATE AR |

Take a pada for the breadth, three padas for the length of on ob-
- long ; the diagonal is the das’akarani (the square of the diagonal com-
prises ten square padas, for it combines the square of the karani of one
pada and of the navakarapi which is three padas long).

e fraggeN Feua TTRArT AT AT TR |

Take two padas for the breadth, six padas for the length of an ob-
long ; the diagonal is the chatvarims’at-karapi, the side of a square of
forty square padas (2° 4 6° = 40),

On the other hand, any part of a given square could be found by
similar proceedings.

Baudhdyana, after the rule for the trikaranf :

© EAYIECGAA ATQrAT AIHG GANTA WA |
Thereby is explained the tritiyakarani, the side of a square the area

of which is the third part of the area of a given square; it is the ninth
part of the area.

A’pastamba :
ErTw G gregraT favrrg w1
Kétydyana :

ENRITTAT FTHTAT TATEEG AT | FCQRANY FIAAT T~
AIGAH T |



— e ———

17

Baudhdyana’s and A’pastamba’s commentators disagree in the expla-
nation of the satra; the methods they teach are, however, both legitimate.
Dviérakdnathayajvan directs us to divide the given square into nine small
squares by dividing the side into three parts, and to form with the side
and the diagonal of one of these small squares an oblong; the diagonal
of this oblong is the tritfyakarani. '

Kapardisvdmin proposes to find the trikarani of the given square
and to divide it into three parts; one of these parts is the tritiyakarant ;
for its square is the ninth part of a square of three times the area of the
given square, and therefore the third part of the given square. This ex-
planation seems preferable, as it preserves better the connexion of the rule
with the preceding rule for the trikarapi.

The fourth, fifth, &ec., parts of a square were found in the same way.

A’pastamba and Kétydyana give some special examples illustrating
the manner in which the increase or decrease of the side affects the increase
and decrease of the square,

A'past:unba S . .

QWYY NT TINET GUATKT FTAGNEAIGY A W G |

A cord of the length of one and a half purusha produces two square
purushas and a quarter ; and a cord of the length of two purushas and a
half produces six square-purushas and a quarter.

Kétydyana :

g SUTRT TR f: TRTNT TRWTE P AR AEAECR |

A cord of double the length produces four (squares); one of three
times the length produces mine, and one of four times the length produces
sixteen,

A’pastamba and Kéatydyana :

QUTRTOR QI IHTY fadted |
By a measure of half the length a square is produced equal to the
fourth part of the original square.

A’pastamba :

LA 7AW &= |
Kiétyayana:

ERGA TR |
By the third part the ninth part is produced.
Kityiyana :

i Sre we

The sixteenth part is produced by the fourth part.

Next follow the rules for squares of different size.

A’pastamba :

FEATNGTUUTAN: GHG: | MATTATCUGGCEA GATG: | YAQY: FTQr
affaer eng fwen | ENEmIREAICTRE vRwba o
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Bandhayana

ATATYGTY RGO QT TNGST e TETRUuceyr ex-
| qTRAT wat |

For a literal translation of this difficult sGtra and a discussion of the
word “vridhra”, see the ¢ Pandit’ of June 1st, 1875, p. 17. The sense is
as follows :

A’pastamba : The combining of two squares of equal size has been
taught ; the following is the method for combining two squares of different
sizes. Cut off from the larger square an oblong with the side of the small-
er square (2. 6,, an oblong one side of which is formed by the side of the
larger square, the other by that of the smaller square); the diagonal of
this oblong combines both squares (is the side of a square the area of
which is equal to the area of both the given squares together).

Baudhayana :

-If you wish to combine two squares of different size, cut off an oblong
from the larger square with the side of the smaller one ; the diagonal of
that oblong is the side of both squares combined.

Kiétyayana:

TANGIIINEN: GHGT AT xﬁhw wwn a¥l as T
ATATWICIAN GREANT GATG: |

The method needs no further explanation ; it is in fact the same we
employ for the same purpose.

‘We proceed to the rule for deducting one square from another.

Baudhdyana, A’pastamba

wgeugd  faferdarafaferaivg swar affedr ongfedpne
QAN ARCIATRGTE Y CRqT 99 froawgafegriewar facaq |

See the ¢ Pandit’, loc cit.

If you wish to deduct one square from another, cut off from the larger
one an oblong with the side of the smaller one ; draw one of the sides of
that oblong across to the other side ; where it touches the other side, that
piece cut off; by it the deduction is made.

a b ¢ d = the larger square; cut off from it the

N e oblong b d e f, in which e d and bf are equal
LN to the side of the smaller square which is to be
Feg8. g  Qeducted. Fasten acord e f at e, and draw it
across the oblong into the position e g ; thend g
is the side of a square the area of which is
equal to the difference of the two given squares.

7 2z (dg® = eg® — ed”).

Kityiyana words his rule as follows :
WG frfeeranRffRE T A e Wy frerg aTe-
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forgra:
pastamba illustrates the rule by an example :

vrmlrm o7 qEECY ! fwwr QAU ¢ wuam Ry
wtrﬁn fardrgrrany 3«"’ WA !
: The question is about a square of four square purushas, from which a
square of one square purusha is to be deducted. The diagonal (e g), which
has been drawn across the oblong, is the side of a square of four purushas,
and produces by itself as much as the cut-off side (g d) and the other side
(e d) produce separately. The breadth of the oblong (e d) is the side of one
square purasha ; the rest—the other side, d g-—the side of three square
purashas.

In order to combine oblongs with squares, a rule was wanted for turn-
ing oblongs into squares.

Baudhéyana

f!ﬂ‘ﬂt“" TG &-ﬁi"rﬁwﬁ’f sl war wd gur fawy
fET AT S@RTaTeY wltwez T wm |

* In order to turn an oblong into a square, take the breadth of the ob-
long for the side of the square ; divide the rest of the oblong into two parts,
and inverting their places join those two parts to two sides of the square,
Fill the empty place with an added piece. The deduction of this has been
taught,

That means: if you wish to turn
the oblong a bed into a square, cut
off from the oblong the square ¢ d e f, the
side of which is equal to the breadth
of the oblong ; divide a b e f, the rest of
the oblong, into two parts, abgh and
ghef; takeabgh, and place’it into the
Fig. 6, position d f i k; fill up the empty place
in the corner by the small square fhli;
then deduct by samachaturasranirhira the
small square fhli from the large square
“ glke; the square you get by this deduc-

tion will be equal to the oblong ab e d.
A’pastamba gives the same rule:

QU wRgCE RS fragrrefeg RY fawvslimas sewrg |
WGHEAT SYCI W e o |

And Kitydyana:

iﬁmv TRy faiiiwd frdnqfaqmrcirogcetfe-
TR AT qIwaTAT frie: |

L)
-~
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Wien one side of the oblong which had to be turned into a square,
was more than double the length of the other, it was not sufficient to cut
off a square once, but this had to be done several times, according to the
length of the oblong, and finally all squares had to be combined into one.

Kityiyana has a rule to this purpose :

Y ¥ sy egfegTeReT g Wi ummw.\
w!

I add the rules for the reverse process, the turning of a square inte
an oblong.

Baudhéyana :
FAYECE QNP (e wRrer ey Wil $NT fawey qTNaTTS-
TYrQUTEAE |

If you wish to turn a square into an oblong, divide it by the diago-

nal; divide again one of the two halves into two
. 3 parts, and join these two parts to the two sides (those
two sides of the other half which form the right
angle) as it fits (when joining them, join those sldes
which fit together).

Proceeding as directed, we turn the square
abcdinto the oblong bdef. This rule is, of
course, very imperfect as it enables us to turn the
square into one oblong only.

Kiéty4yana has the following :

TAugCe Chegee fealswbsuanfey favwroycgrgweatn-
W |

A pastamba s rule helps us somewhat farther :

Taeged Qiwgwe fefuarafeRiwEdt qrwrat e sgfva am-

1

In order to turn a square into an oblong, make a side as long as you
wish the oblong to be (5. 6., cut off from the square an oblong one side of
which is equal to one side of the desired oblong); then join to that the
remaining portion as it fits.

Given for instance a square the side of which is equal to five, and re-
quired an oblong one side of which is equal to three. Cut off from the
square an oblong the sides of which are five and three. There remains an
oblong the sides of which are five and two; from this we cut off an oblong
of three by two, and join it to the oblong of five by three. There remains
a square of two by two, instead of which we take an oblong of 3 by 1%.
Joining this oblong to the two oblongs joined previously we get altoge-

_ther an oblong of 8 by 84, the area of which is equal to the area of the
square 5 by 6.
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In this way the siitra, as it appears from the commentaries, must be
“explained. The method taught in it was no doubt sufficient for most cases,
but it cannot be called a really geometrical method.

T subjoin the description of a method for turning squares into oblongs,
which is given by Baudhdyana’s commentator, although it is not founded
on the text of the sdtras. He, after having explained Baudhiyana’s way
of proceeding, continues~

TN TG | qrAfC QAT ST AN Swogd A ATT-
N1 QETGCIAN@TET SATgCEfaaRyTat oW faqafy aw ww< fewr -
v fadyreft FAT | A Qg wafw |

And there is another method. Lengthen the north side and the south
side of the square towards east by as much as you want (s. 6., give to
them the length of the oblong you wish to construct) and stretch (through
the oblong formed by the two lengthened sides and the lines joining their
ends) a cord in the diagonal from the north-east to the south-west corner.
This diagonal cuts the east side of the square, which (side) runs through
the middle of the oblong. Putting aside that part of the cut line which
lies to the north of the point of intersection, take the southern part for the
breadth; this is the required oblong.

For example:

Given the square a b ¢ d and required an oblong
7 7 of the same area and of the length b 8. Lengthen a ¢
and b d intoafand bg; draw f g parallel to ¢ d ;
draw the diagonal f b, which cuts cd at h; draw i k
parallel to af and bg; thenb gikis the desired
oblong.

This method is purely geometrical and perfectly
satisfactory; forabf —bfg, and bdh = bhi
. andcfh ={fhk; thereforeachi=dghk, and
Fig 8, consequently abecd=bgki. q. m D.

In this place now we have to mention the rules
which are given at the beginning of the sttras, the
rules, as they call it, for making a square, in reality
for drawing one line at right angles upon another. Their right place is
here, after the general propositions about the diagonal of squares and
oblongs, upon which they are founded.

Baudhé4yana :

yoTwyg fEwy (Emaen Tl oW w9 eud adfa § srew
Cyefand agNET W AT | AmSRAH | WAL ATEY | TETMYn qrity
sfaww qegan fewgrgmNT g ertyesa )

Make two ties at the ends of a cord the length of which is double

[2
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the measure (of the side of the required square) and a mark at its middle.
This piece of the cord (5. ¢., its half) gives us the préchi (of the required
square ; the prichi of a square has the same length as its side). Then
make a mark at the western half of the cord less the fourth part (of the
half. If we wish, for instance, to make a square the side of which is twelve
padas long, we take a cord twenty-four padas long; stretching this cord
on the ground from the west towards the east, we find its middle by a
measurement beginning from the western end, and having fixed the point
which lies at the distance of twelve padas from both ends, we measure
three padas back, towards the west, and make at the point we arrive at a
‘mark ; this mark divides the cord into two parts of 15 and 9 padas
length). The name of this mark is nyafichhana. Then another mark is
to be made at the half (of the western half of the cord), in order to fix by
it the four corners of the square. (This second sign is at a distance of
18 padas from the eastern end of the cord.)) Having fastened the two
ties at the ends of the prishthy4 line, we take the cord at the nyafichhana
mark and stretch it towards the south; the four corners of the square are
then fixed by the half (of the cord).

The same method is known to A’pastamba :

W AT SR AR AT T ST W |

Or the length of the prachi of the desired square, is to be doubled;
the length and the fourth part of the added piece form the diagonal cord ;
the rest, 4. . three quarters of the added piece form the breadth (the
shorter side of the oblong).

And the 8’ nlvapans ishta :

THRNETETI NS T uY Sty afaceraeuar fadgra e

These rules make use of one of the Pythagorean triangles which
were, as we have seen above, known to the Sttrakéras, vz of that one
the sides of which are equal to three, four, and five. It recommended it-
gelf by the ease with which the three sides can be expressed in terms of
each other, 3 + 5 being the double of 4, and 8 being equal to half the
sum of 8 and 5, minus one quarter of half that sum.

Of course any other oblong with measurable sides and diagonal could
be employed for the same purpose, and so we find in A’pastamba a rule
for chaturasrakarana abstracted from the dirghachaturasra, of which the
sides are five and twelve and the diagonal thirteen.

tmmm sr«m mﬂwwtfv"ﬁm TEHEA T wfw | T
wiRTcRT fram gwen hewareR fata wtifa | wgwea: | faquga<a
9§ garfa: |

Take a measure equal to the length (of the side and prachi of the
desired square) and increase it by its half. Make a mark at the western
third less its sixth part. Fasten the ends of the cord, &e.
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Increase 12 by 6; result 18; make a mark at a third, (reckoning
from 18; that would be at 12) less the sixth part of that third (i.e., &
sixth part before the third) 4. e., at 13. Thus we get a rectangular trian-
gle of 5, 12, 13.

The same rule in the S'ulvaparis’ishta :

AT TGS GO I AfCoqmR=Tar fragqra 3w |

Here, as in many other places, the paris’ishta is much clearer and more
practical in the wording of its rules than the more ancient sdtras. The
mark is, according to its expression, to be made not at the western third
less its sixth part, but simply at a sixth of the added piece (6 is added to
12; the mark is made at 13).

Another method for chaturasrakarana, taught by A’pastamba only,
meakes use of the above-mentioned savis’esha.

uwmmw ¥ wg fremn afgRenwg @Ud saNwEwIgwIT
R BEr wwW i wﬁmw gaferfaw< mw:ﬁw vmm

Sqrgacfersfrnw gevae <frwy SfenaRITg AT AWK ET |

Fix poles on both ends and the middle of the pnshthyé line, add to
a cord of half the length (of the prishthyd) its vis'esha, ¢. €., its third plus
the fourth part of the third minus the thirty-fourth part of that fourth
part, and add moreover a piece of the length of half the prishthyi, after
having made a mark (to separate the two parts of the cord). Then tie the
savis’esha part of the cord to the middle pole, the other part to the eastern
pole, and fix the south-east corner of the square by stretching the cord
(towards the south), having taken it at the mark. Untie the end of the
cord from the eastern pole, &c.

This method is of course inferior to those described above and cer-
tainly unnecessary ; Baudhdyana does not mention it.

I subjoin the remaining methods for chaturasrakarapa, which do not
presuppose the knowledge of the Pythagorean theorem.

Apastamba :

TR TgwEw O WA T gweEaaay sl
TEHRA wmm!ufﬁrﬁw uwﬁ!mm'-wnr. QI AR wgRA R
mtmw farfev wifa wa® am wﬁrai.‘rwqftfwﬁw WA A
tﬁmmw wy faefn afgsant sfagw wfmﬁmt WA U gfQ-

wmwg'gw gfwtqtfwﬁmw wwaneT guv Thewl Arie
mmq‘m Ay

Take a cord of the length of the measure (of the side of the required
square), and make ties at both its ends, a mark at its middle and at the
middle points of its halves. Stretch the cord on the prishthy4 line, and fix
poles on the points marked by the two ties of the cord and by the three
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marks (five poles altogether). Fasten the ties at the second and fourth
poles (reckoning from the east), stretch the cord towards the south having
taken it by the middle mark, and make at the point, touched by the mark,
a mark on the ground. Then fastening both ties at the middle pole, stretch
the cord over the mark on the ground towards the south, having taken it
by the middle mark, and fix a pole (at the spot reached by the stretched,
doubled up, cord). Then fastening one tie at this pole and the other tie
at the pole standing at the eastern end of the prachi, fix the south-east
corner of the square by stretching the cord, having taken it by the middle
mark, Then untying the rope from the eastern pole and fastening it at
the western pole, fix the south-west corner, &c. ; in the same way the north.
east and north-west corner are found.

In this procedure the first step is to find the middle of the southern
and of the northern sides of the required square by drawing a line at right
angles through the middle point of the prichf, The method employed
here for drawing a line at right angles on another is the simplest of all
known to the S'ulvasiitras, and essentially the same we make use of when
describing intersecting arcs from two points equally distant to the right
and left from some given point. In the later portions of the sitras this
method is enjoined for the measurement of the agni (instead of cords canes
of a certain length had to be employed there), and the followers of the
‘White Yajur Veda had adopted it for the same purpose (see Indische
Studien, XIIIL., p. 233, ff).

The secodnd part of the procedure—to find the four corners of the
square after having found the middle points of the sides—was of course
easy and does not afford any special interest.

To Baudhéyana the same method is known, but he restricts it in his
paribhéishé-sitras to the construction of oblongs; clearly without suffi-
cient reason, since the method refers only to the construction of right angles,
and the length of the sides is8 of no importance. A’pastamba gives no
special rule at all for oblongs, and it is indeed not wanted.

I subjoin Baudhdyana’s rule:

t’ﬁvgw et yar truw fAYTa {1 TN -
forms @@t | nmﬁ fadgrnt aranY tm;m TR wA W e WY wAA |
Gl Ll R sfAgv ewiw fawem oWy eu w3l | Tni
nRr YW eredREfeTTE ew Wy e | 9ikE war-
w81 WrEragEr [y |

He who wishes to make an oblong is to fix two poles on an area of

the length which he intends to give to the oblong (i. ¢., at the two ends
of the prachi of that area). On both sides, 4. 6., on the west and east sides
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of both these poles two other poles are to be fixed at equal distances.
Then taking a cord of the length one intends to give to the side line
(breadth) of the oblong, one makes ties at both its ends and & mark at its
middle. Then one fastens the two ties at those two of the three eastern
poles, which stand at the outside, stretches the cord towards the south
holding it by the mark, and makes on this mark (s. 6., on the spot where
the mark touches the ground after the cord has been stretched) a mark.
Then fastening both ties at the middle pole one stretches the cord over
the mark (on the ground) towards the south, and fixes a pole on the mark
(s. e, on the spot touched by the mark on the cord). That is the south-
east corner of the oblong ; thereby are explained likewise the north-east
corner and the two western corners.

In the last place I give a method of chaturds’rakarana, which is found
in Baudhéyana only, but there in the first place. It seems to be the most
ancient of all the methods enumerated.

wgd faatimrefeaie Y o qwea: TNt eEr a6 ew AT
urwifew wen Wl WY FAvATWiaEI TWg Y g ey aichea |
fammwrmans tg}ftmmu vafgeqni sfane wuw ey fcfgd -
W@ % guawt an Fpi'rw ﬁuwmwm famgwTmen % foresgre
ﬁﬁmn}r Yy wwew vwy ticfedy | o heww o lnrqmmr-
@9 7T g EirgRgie gaqE |

If you wish to make a square, take a cord of the length which you
desire to give to the side of the square, make a tie at both its ends and a
mark at its middle ; then having drawn the prichi line, fix a pole in its
middle, and having fastened at that pole the two ties of the cord, describe
with the mark a circle round it. Then fix poles at both ends of the diame-
ter (formed by the prichi), and having fastened one tie at the eastern pole
(the pole standing at the east end of the prachf), describe a circle with the
other tie (7. e., with the full length of the cord). In the same manner a
circle is described round the pole at the west end of the préchf, and another
diameter is drawn joining the points in which these two circles intersect
(this diameter is the line pointing to the north and south points). A pole
is fixed at both ends of this diameter. Having fastened both ties at the
eastern pole, describe a circle round it with the mark, The sama is to be
done in the south, the west, and the north (i. 6., circles are to be described
round the three other poles) ; the points of intersection of these four circles
which (¢. e., the points) are situated in the four intermediate regions (north-
east, north-west, &o.,) are the four sorners of the required square.

Diagram 9.

Passing over some rules of less importance, I proceed to those which
refer to the “ squaring of the circle.” It certainly is a matter of some in.



20

terest to see the old 4chéryas attempting this problem, whieh has since
haunted so many unquiet minds. It is true the motives leading them to
the investigation were vastly different from those of their followers in this
arduous task. Theirs was not the disinterested love of research which dis-
tinguishes true science, nor the inordinate craving of undisciplined minds
for the solution of riddles which reason tells us cannot be solved; theirs
was simply the earnest desire to render their sacrifice in all its particulars
acceptable to the gods, and to deserve the boons which the gods confer in
return upon the faithful and conscientious worshipper.

It is true that they were not quite so successful in their endeavours as
we might wish, and that their rules are primitive in the highest degree; but
this tends at least to establish their high antiquity.

The rules are the following :

Baudhéyana :

TE WY fAATIUGN AU RTAIgLiaiEd e Y
eMyw wwd ufciean |

If you wish to turn a square into a circle, draw half of the cord atretch-
ed in the diagonal from the centre towards the prachi line (the line passing
through the centre of the square and running exactly from the west towards
the east) ; describe the circle together with the third part of that piece of
the cord which will lie outside the square.

See diagram 10.

A cord is to be stretched from the centre e of the square abed to-
wards the cornera; then the cord, being tied to a pole at e, is drawn
towards the right hand side until it coincides in its position with the line
e f; a piece of the cord, f h, will then of course lie outside the square. This
piece is to be divided into three parts, and one of these three parts, f g,
together with the piece e f, forms the radius of the circle, the area of which
is to be equal to the area of the square a b ¢ d.

A’pastamba gives the same rule in different words :

wgd Aae fadtswgrARet fraradq nae: gfcaaragedai 9T
wwy yfcfgeq | o1 frar w@ew | aradia aragm |

If you wish to turn a square into a circle, stretch a cord from the cen-
tre towards one of the corners, draw it round the side and describe the circle
together with the third part of the piece standing over ; this line gives a
circle exactly as large as the square; for as much as there is cut off from
the square (viz. the corners of the square), quite as much is added to it
(viz. the segments of the circle, lying outside the square).

I must remark that Kapardisvamin, A’pastamba’s commentator, com=-
bines the two words “ss nitys” into sanity4 ( = s4 anity4), and explains:
this line gives a circle, which is not exactly equal to the square. But I am
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afraid we should not be justified in giving to A’pastamba the benefit of this
explanation. The words ¢ yivad dbiyate, &e.’ seem to indicate that he was
perfectly satisfied with the accuracy of his method and not superior, in this
point, to so many circle-squarers of later times, The commentator who,
with the mathematical knowledge of his time, knew that the rule was an
imperfect one, preferred very naturally the interpretation which was more
creditable to his author.

Kityéyana's S'ulvaparis’ishta:

wgCd woe fraearg XY faqra arien efchew a ggfafon wafa
Y ENGH €Y @y yifeas,|

Let us now see what the result of the above rule would be by making
the side of the square equal t02. a ¢ = 2;8i = 1l;ae = ¢/ 2

&1:21_% == 0'138071; radius of the circle == 1'138071.

Multiplying the square of 1:188071 by = = 8:141592..., we find as
area of the cirele : 4:069008......... , while the area of the square = 4.

The next thing was to find a rule for turning a circle into a square.
There we have at first a rule given by Baudhéyana only:

WU e FqRs P wraTrm e wARrra et fawerafa -
WM IFAIG § TERERWTATA | :

If you wish to turn a circle into a square, divide the diameter into
eight parts, and again one of these eight parts into twenty-nine parts ; of
these twenty-nine parts remove twenty~eight and moreover the sixth part
(of the one left part) less the eighth part (of the sixth part).

1 1 1
5§96 8296 T 52968 ‘
a circle is the side of a square the area of which is equal to the area of the
circle.

Considering this rule closer, we find that it is nothing but the reverse
of the rule for turning a-square into a circle.

It is clear, however, that the steps taken according to this latter rule
could not be traced back by means of a geometrical construction ; for if we
have a circle given to us, nothing indicates what part of the diameter is to
be taken as the ¢ atis’ayatritaya” (the piece f g in diagram 10).

It was therefore necessary to express the rule for turning a square into
acircle in numbers. This was done by making use of the “ savis'esha’, which
we have considered above. Baudhéyana assumed a i as equal to 12 afigulis
(= 408 tilas), and therefore a ¢ = 16 afigulis, 83 tilas. Difference = 4
aiig. 83 til. = 169 til.; the third part of this difference = 56} til. Ra-

= 1414213...;

The meaning is : % + of the diameter of
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dius of the circle==e¢ f(mmai) + g fa==408 til. + 564 til. == 464}
til. In other words : if half the side of a square is 408 til. long, the length
of the radius of a circle, which is equal in area to the square, amounts to
4644 til. ; or, if the radius of a circle is 464% til., half the side of the
corresponding square is 412 til. In order to avoid the fraction, both num-
bers were turned into thirds,and the radius made = 1898, half the side =
1224. Finally, the diameter was taken instead of the radius, and the whole
side of the square instead of half the side.

To generalize this rule, it was requisite to express 1224 in terms of
1393. One eighth of 1898 = 174%; this multiplied by 7 = 1218%
Difference between 1218F and 1224 = 5%. Dividing 174 (Baudbiyana
takes 174, instead of 1744, neglecting the fraction as either insignificant
or, more likely, as inconvenient) by 29 we get 6; subtracting from 6 ite
sixth part we get 5 and adding to this the eighth part of the sixth part of
six, we get 53.

1 1
8 29 8:29'6 + 82968
(due allowance made for the negleoted 1)

Another simpler and less accurate rule for squaring the circle is com-
mon to the three Sttrakérds.

Baudhdyana :

w31 Ty WA FrITRirE vgeea Tt |
Or else divide (the diameter) into fifteen parts and remove two; that

(the remaining thirteen parts) is the gross side of the square,
A’ pa.stamba :

u1 faan wg<aw!

Kiétyéyana :

Wy wgCy i qeTw e Tt s 0@

If we assume a circle with 15 for diameter, the areaof the correspond-
ing square would, according to this rule, be 169, while the area of the circle
is 176. 714.......

These are the most interesting of the paribhdsha-sitras. In the fol-
lowing I shall extract the description of three kinds of the agnichayana, of
the vakrapakshas'yenachiti, as given by A’pastamba ; of the sirarathachakra-
chiti and of the s'mas’dnachiti. The two latter are described by Baudh4-
yana only. I select these three chitis, because the first of them was, as it

appears, most in use, and because some particular skill was required for
the construction of the agnikshetra of the two latter chitis,

In other words: 1224 = -|- of 1393

~— S
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The vakrapaksha s’yena itself could be constructed in different forms.
Two forms are described by Baudhéyana, two by A’pastamba. And as two
different prastiras were necessary for each chiti, we have altogether eight
different prastiras for the vakrapaksha s’yena, each of them consisting of
two hundred bricks. The following extract contains A’pastamba’s rules for
the first kind of the vakrapaksha s’yena.

(Description and diagrams of all the other kinds will be given in the ‘ Pap-
dit’. A sketch of one prastéra of the second kind of the s’yenachit is to be
found in Burnell's Catalogue; it is, as we are informed there, taken from
an agni actually constructed and used. There is, however, an error in the
reference to the sdtra according to which it is said to be constructed, this
sttra not being Baudb4yana’s, but A’pastamba’s, patala VI.)

wated feedtor gadaTw i fawraa

He who wishes for heaven, may construct the altar shaped like a fal-
con; this is the tradition.

RELMIE L
His wings are bent and his tail spread out.

wereney Sfa qrarmReT e

On the west side the wings are to be drawn towards the east, on the
east side towards the west.

vy ik 7ugt w9 wfagrar waRfe fewrga

For such is the curvature of the wings in the middle of the birds, says
the tradition.

wrrafy: ercfRw: eRf: STA TRY wgSamEegR e
avet fre: fore Crcae v |

Of the whole area covered by the sevenfold agni with aratni and pré-
des’a take the prédes’a, the fourth part of the Atman (body without head,
wings, and tail) and eight quarter bricks ; of those latter, six form the head
of the falcon ; the remainder is to be divided between the two wings,

This sttra determines what portions of the legitimate area of the agni
have to be allotted to the different parts of the falcon construction. The
whole area of the saptavidha agni is seven purushas with the addition of the
two aratnis on the wings and the prides’a of the tail, altogether 74 purushas,
Now the fourth part of the atman (of the primitive s’yenachiti) == one
purusha and the prades’a, . e., an oblong of 120 afigulis by 12 afigulis =
15 square purusha and eight quarter bricks, (i. e., square bricks the side of
which is equal to the fourth part of a purusha == 80 afigulis, so that they
cover together an area of } square purusha) are given to the wings in addi-
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tion to the area which they cover in the primitive agni, only they have to cede
in their turn three of the eight quarter bricks, which are employed for the
formation of the head. The original area of both wings together being 2%

purushas, their increased area amounts to 2§ 4 13 — % = 313 square
purushas, for one wing to 13§ square purushas.

wEWAT WCAATSEIE N THEATAT vurra: |

Nine and a half aratnis ( = 238 afigulis) and three quarters of an afi-
guli are the length of the wing.

The breadth of the wing is the same as in the primitive s’yena, i. e.,
= one purusha = 120 afigulis. Dividing the area of the wing mentioned
above by the-breadth we get the length. Up to this, the wing has the shape
of a regular oblong ; the following rules show how to produce the curvature,

fegamy wmgwTe: T wfa o9 IR

Make ties at both ends of a cord of two purushas length and a mark
in its middle.

TIRIGCAT FTETRT (7 FIUT MTARTIRIS @ Fwr |

Having fastened the two ends of the cord at the two western corners
of the oblong forming the wing, take it by the mark and stretch it towards
the east; the same is to be done on the eastern side (2. e., the cord is fast-
ened at the two east corners and stretched towards the east). This is the
curvature of the wings.

By stretching the cord, fastened at the west corners, a triangle is form=~
ed by the west side of the oblong and the two halves of the cord, and this
triangle has to be taken away from the area of the wing. In its stead the
triangle formed, when the cord is stretched from the eastern corners, is added
to the wing.

CRATHT 49 qrEra: |

Thereby the northern wing is explained. .

The curvature is brought about in the same way.

Wi feq TS TNaTe: ¢

The 4tman is two purushas long, one and a half purushas broad.

This is not the final area of the 4tman, as we shall see further on; but
an oblong of the stated dimensions has to be constructed and by cutting
pieces from it we get the area we want.

QRN G TR

At the place of the tail stretch a purusha towards the west, with the
breadth of half a purusha.

That means: construct an oblong, measuring one purusha from the
east to the west, half a purusha from the north to the south.

—_—
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Y IFEAHNTAY ATTRCYT WAGRAQUN TG @1 |

To the south and to the north of this oblong, construct two other
oblongs like it, and dividing them by their diagonals remove their halves, so
that half a purusha remains as breadth at the jointure of 4tman and tail.

The result is the form of the tail which we see in the diagram.

frani T e W T e vdem wcwr ity fesraTfaTada
At the place of the head a square is to be made with half a purusha,
and from the middle of its east side cords are to be stretched to the middle
of the northern and the southern side.
The triangles cut off by these cords are to be taken away from the area
of the head.

wgyeta AT |

Then the four corners of the 4tman are cut off in the direction towards
the joining lines. This finishes the measurement of the s’yena. Its four
corners are cut off by four cords connecting the ends of the lines in which
the 4tman and the wings touch each other with the ends of the lines in
which head and tail are joined to the 4tman,

A’pastamba now proceeds to the rules for the different sorts of bricks
required for the construction of the agni on the agnikshetra,

Y GUN TERTYTE TEATE GUMEAWAH TG |

One class of bricks has the length of the fifth of a purusha, the breadth
of a sixth, bent in such a way as to fit (the place in which they are to be
employed). This is the first class.

By “nata, bent”’ the sitrakéra means to indicate that the sides of the
brick do not form right angles. The shape of the brick is rhomboidical, the
angles, which the sides form with each other, are the same which the wings
of the g’yena form with the body. (See the diagrams of the two layers of
this chiti 11 and 12, in which the bricks are marked with numbers.)

7 % TR ag A
Two of those bricks joined with their long side form the second class.

These are the bricks used in the second layer at the point where the
curvature of the wings takes place.

TR NIRRT ANGAEATAT AANGH |
Increase that side of the first description which has the length of the
sixth of a purusha, by the eighth part of a purusha which is bent in such
a way as to fit in its proper place; this is the third class.
~ These are the bricks employed in the second layer, at the place where
dtman and wings join. They consist of two parts; the one part equal to a
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brick of the first class lies in the wing; the second part, an oblong of 24
aiigulis by 15 afigulis, lies in the dtman.

WA AT TR frqrege 1

From a brick of which the area exceeds by a half the area of that brick
the side of which is the fourth part of a purusha (this latter would be 30
aiig. by 30 afig., the increased brick is 45 afig. by 80 afig.), and divide
that part of it which is equal to the brick, the side of which is equal to the
fourth part of a purusha, by its diagonal (removing half of it). This is the
fourth class.

‘We get a trapezium, the sides of which are equal to 15 afig., 80 afig.,
45 afig. and, in the language of the sGtras, to the savis'esha of 30 (==
+/ 1800) ; they would have put this last side equal to 423§ afigulis and
very likely have expressed the fraction as 14 tilas.

R qeae |

Bricks which are equal to the half of those of which the side is the
fourth of a purusha, form the fifth class. Oblongs of 80 afig. by 15 afig.

AT 1B

The division of the above bricks by the diagonal produces bricks of th
sixth class. :

Rectangular triangles (the sides : 30 afig., 15 afig., ,/ 1125.)

U TERI Y YRR TR feedie ey are-
T T FRIIOR] ANHAY |

Draw an oblong the length of which from the east to the west is the
fifth part of a purusha ( = 24 afigulis) and the breadth the tenth part
(12 afig.); to the north and the south of this oblong draw two other
oblongs, and divide those by the diagonals dividing their south-western
corners, This is the seventh class.

‘We get the rhomboidical bricks employed in the second layer on both
sides of the tail. Two of their sides are == 24 afig., the two others ==
v/ 720, :

GRYECHNCHT: I1eN GTigewgeaq

In the same way another description of bricks is formed; only this
time the oblong on the north side has to be divided by the (other) diagonal
which divides the northerr (north-western) corner. This is the eighth class.

Result : the trapeziums employed in the middle of the tail in the
second layer.

WU E MAAINRT AEwR |

The ninth description of bricks is got by dividing a square brick the
side of which is equal to the fourth part of a purusha, by both diagonals
(into four triangles).
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Therewith the dimensions of all required bricks are detailed ; it remains
to show how the area of the s’yena is to be covered with them.

sy wfe: wfe vwdn suar o |

‘When placing the bricks we have to put down sixty of the ﬁrst kind
in each wmg, tumed towards the north.

qTRUCTART g |

On both sides of the tail eight of the sixth description.

fa@rs¥ an o qafgw a7 @ |

Three of them in the top (%. e., in each of the two western corners of
the tail), then one (to. the east of the three), then again three, then again
one.

qerad g fwd |

At the place where the tail is joined to the body, two bricks of the
fourth description are placed, so as to lie partly in the body, partly in the
tail. (They are composed of a triangle and an oblong; the triangle be-
longs to the body, the oblong to the tail).

w4 TymeRrTnEe few

To the west of these two, bricks of the fifth kind are placed touching
each other with their faces (their short sides).

They touch each other, says one of the commentators, with their faces,
like two fighting rams.

W T g |

Ten bricks of the fourth kind cover the remainder of the tail.

TG TR I TR

In the four corners of the 4tman eight bricks of the fourth deseription
are placed turned towards the east and towards the west.

T ¥ v nfacer vEwaw T |

In the remainder of the 4tman are to be placed twenty-six of the fourth
class, eight of the sixth, four of the fifth.

furcfe wga fawmd |

In the head two bricks of the fourth kind, situated partly in the 4tman.

AATY YTQrETYEy fywa: s |

To the east of those, two of the fourth kind turned towards the east.
These altogether form one layer of two hundred bricks.

The rules for the second layer follow.

wqcfgrraTt e e frewiidta |

In the second layer place five bricks of the second kind in both wings
on the place of curvature.



84

NQYATY TG WIAHARTHIATAT |

And bricks of the third kind stretching into the dtman with that part,
one side of which is an eighth purusha, are to be placed on the two lines in
which the wings are joined to the 4tman.

W QO WETqAT: NI |

In the remaining part of each wing forty-five bricks of the first class
are to be placed, turned towards the east,

Twenty-five in the southern half of the southern wing, twenty in its
northern half ; twenty-five in the northern half of the northern wing, twenty
in its southern half.

YW TN T G |

Five bricks of the seventh class are to be placed on the northern side
of the tail and five on its southern side.

feRtmagireryace: sfaefearaaamy

At the side of the second (of the above mentioned bricks) on one side
(of the tail), and at the side of the fourth on the other side, one briek of the
seventh class is to be placed.

T TR |

In the remaining part of the tail thirteen bricks of the eighth class are
to be placed.

SR Ey Wit wgn <haw v -

In the four corners of the 4tman place eight bricks of the fourth kind,
turned towards the south and the north.

W v fa¥wivfea wevg o et

In the remaining part of the 4tman twenty bricks of the fourth kind,
thirty of the sixth and one of the fifth, are to be placed.

forcle TgE AN YTATORST AR |

Two of the fourth kind are to be placed in the head, and to the east of
those four of the ninth kind,

w fawa: w@re: |

This gives again a layer of two hundred bricks.

Y feeargrm: sera ey |

By turns the layers are to be constructed as many as we may wish to
make.

The third layer is equal to the first, the fourth to the second, the fifth
again to the first, and so on.

Next I extract from the third patala of Baudhayana’s S'ulva-sitra the
rules for the construction of the srarathachakrachit, the altar shaped like
a wheel with spokes. ¥ide Diagrams 13, 14, 15.
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YU HAENT GRGFTAT WITSWATT: |

With the fifteenth part of half a purusha square bricks are made ; they
are used for measuring (only for the measurement of the area of the sira-
rathachakrachit, not for the construction of the agni).

A square is made equal to half a square purusha and its fifteenth part
taken ; then bricks are made, equal to this fifteenth part,

wret ¥ wa wefa wfay rcfanw: gufaw: gwga |

Two hundred and twenty-five of these bricks constitute the sevenfold
agni together with aratni and prédes’a.

The sevenfold agni with aratni and prides’a means, as mentioned above,
the agni the area of which is equal to seven dnd a half square purushas. As
fifteen of the bricks mentioned in the first sGtra make half a square
purusha, seven and a half purushas require two hundred and twenty-five.

eIy Nfearag q | _

To these (two hundred and twenty-five bricks) sixty-four more are to
be added.

We get thereby altogether two hundred and eighty-nine bricks.

wifa: wg<d aufa )

With these bricks a square is to be formed.

wq SreREwr qrvanh wafy

The side of the square comprises sixteen bricks.

wofe wefafwa

Thirty-three bricks still remain.

mifwcmmgaa: wicfaaarg

These are to be placed on all sides round the borders (of the square;
i. e., according to the commentary, on the north side and east side of the
square).

Thereby all 289 bricks are arranged in a square, the side of which is
formed by seventeen bricks. It is strange that we are not directed to con-
struct the whole square at once, but are told to form at first a square out
of 256 bricks and then to place the remaining 88 bricks around it. I have
to propose only the following explanation. The commentator describing
the whole procedure tells us to form at first in the middle of the agnikshetra
a small square with four bricks, then to increase this square into a larger
one, of nine bricks, by adding five bricks, to increase this square in its turn
into a larger one of sixteen, and so on. While we place the additional bricks
by turns on the north and east side and on the south and west side of the
initial square of four bricks, the growing square loses and regaing by turns
its situation right in the centre of the agnikshetra; it loses it when it is
increased for the first time, regains it when increased for the second time,

.
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loses it again when increased for the third time, and so on. When it is increas-
ed for the fourteenth time or, to put it in another way, when 256 bricks
have been laid down, the centre of the square coincides again with the cen-
tre of the agnikshetra, and it is again displaced from there when thirty-three
bricks more are added on the north and east side, and the whole square is
composed of 289 bricks. The whole agni was therefore slightly displaced,
and for this reason perhaps Baudhdyana preferred not to call it a real
chaturas’ra, but a figure made out of a chaturasra of 256 bricks with the
addition of 33 bricks, There is reason for wonder that the displacement of
the agni was not remedied in some way ; it would have been a very easy
matter. .

afa: Srew W )

The sixteen middle bricks form the nave of the wheel.

‘We must remember that the bricks mentioned here are only used for
measuring out the agnikshetra, and consequently understand by the sixteen
middle bricks the area covered by them. In order to cut a square of the
required size out of the centre of the large square, the commentator directs
us to fix poles in the centre of the four bricks forming the corners of the
square of twenty-five bricks situated in the middle of the large square and
to join these four poles by cords ; the area included by these cords is equal
to that of sixteen bricks,

wg:wfercragefedf |

Sixty-four bricks form the spokes of the wheel, sixty-four the vedi.

Out of the entire square of 289 bricks another square has to be cut
out, containing the area for the spokes and for the void spaces between the
spokes. This square would be equal to the area occupied by 144 bricks,
but we have to deduct from that the 16 bricks in the centre which consti-
tute the nave. Thus 128 bricks are divided equally between spokes and
interstices. The required square is cut out by poles being fixed in the
contre of the four bricks which form the corners of the square of 13 X 13
bricks and by joining the four poles with cords.

e wam |

The remaining bricks form the felloe of the wheel.—One hundred and
forty-four bricks having been employed for nave and spokes, one hundred
and forty-five remain for the felloe. The measurement of the agnikshetra
being finished therewith, the bricks used for measuring are no longer want-
ed. As result of the described proceeding we have three squares, the largest
of which encloses the two smaller ones. The smallest, situated in the centre,
is meant for the nave ; the two larger ones mark the interior and exterior
edges of the felloe. It remains to turn these three squares into circles.

afwwma: qfcfeuy

e ———
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The nave is to be circumscribed at its borders with a circle, 3. 6. the
square forming the nave-is to be turned into a circle. This was of course
executed according to the general rule which has been discussed above.

wfawmarwrmcry vfchow |

After having likewise turned into circles the squares, marking the outer
and inner edge of the felloe—

Ffwrmatrcamcred WK frveg fradrd wramree |

One divides the area lying between felloe and nave into thirty-two parts,
and takes out the second, fourth, sixth, &ec., parts.

That means : the second, &c., parts are excluded from the agnikshetra
and not to be covered with bricks.

CHTATY STAT WA |

In this manner the added part (i. e., the sixty-four bricks by which
the square of 289 bricks exceeded the legitimate area of the saptavidha agni)
is removed again.

By following all the preceding directions we get indeed a wheel, the
area of which (with exclusion of the interstices between the spokes) is equal
to that of the saptavidha agni; of course, we have to make the necessary
allowance for the inevitable error introduced by the square having to be
turned into a circle. It remains to retrace the steps by which Baudhiyana
succeeded in rendering the area of the sirarathachakra pretty well equal to
that of the chaturasra s’yena. ,

A look at the diagram of the sdrarathachakrachit shows at once that
one preliminary question must first be settled, the question what the
relative size of the wheel’s different parts was to be, As far as we can see,
there was no fixed rule regarding this matter, and wheels of various shapes
might therefore have been adopted. Baudhfiyana does not state at the
outset what the shape of his wheel will be, but from the result of his rules
we may conclude his intention. The entire square—or the entire circle into
which the square is turned—comprises 289 bricks, or simpler 289 parts, of
which 145 form the fellos, the remaining 144 the spokes, interstices, and the
nave. It appears therefore probable that Baudhdyana’s intention was to
allot to the felloe an area equal to that of spokes, &c., together. The reason
why the two parts were not made exactly equal will appear from the fol-
lowing.

The task was, in the first place, to draw two squares—representing the
outer and the inner edge of the felloe—the area of one of which was the
double of the area of the other. For this purpose Baudhédyana made use
of his “savig’esha,” 4. e., of the rule teaching that the square of 16 $3 is
almost equal to double the square of 12 ; only he substituted here, in order
to facilitate the operatlon, 17 to 16 3. Accordingly, he began by drawing
a square the area of which amounted to seven and a half square purushas,
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divided it into 289 parts, by dividing its side into 17 parts, and drew in the
centre of this square another one comprising 144 such parts (by the
method described above). To these two squares representing the outer and
inner edges of the felloe a third one, marking the area of the nave, had to -
be added. For this purpose from the square of 144 parts a small square
of 16 parts, amounting to the eighth part of the whole, was cut out. Lastly,
" of the 128 parts left for the space between nave and felloe, 64 were removed,
so that 64 were left for the sixteen spokes.

Now by removing 64 parts, the agnikshetra was unduly reduced; it
had to contain 289 parts, and it only contained 225. This deficiency had
of course to be made up in some way, and the way how to do that was not
very difficult to find., Sixty-four of two hundred and eighty-nine parts
were lost in the act of cutting out the interstices of the spokes, therefore
the area of the initial square had to be such that it would be equal to 7%
square purushas after having been diminished by 8. Accordingly, the
square equal to 74 purushas had not to be divided into 289 parts, but into
225 parts, and 64 parts had to be added moreover, so that the loss of these
64 parts reduced the agnikshetra just to the right size.

Hence Baudhdyana’s rules to make bricks equal to the two hundred
and twenty-fifth part of the agni, to add sixty-four such bricks, &e.

The rules now following teach how to cover the kshetra of the séra-
rathachakra with two hundred bricks.

#fd qgefe wer wafgw a9 afvedq | :

Having divided the felloe into sixty-four parts and having drawn the
separating lines, a circle is to be described in the middle (of the felloe).

a1 wEifawfawd wafem

Thus we get one hundred and twenty-eight (bricks placed in the felloe).

wO L wg fawsie |

Every spoke is to be divided into four parts. We get therefore sixty-
four bricks in all spokes together.

wrfwaer favsia, |

The nave is to be divided into eight parts (by radii).

Y YR G |

This is the first layer.

Again, in order to avoid the “ bheda”, a different division of the agni-
kshetra had to be adopted for the second layer.

wycfgeyat Arfvamagguagrat afcesy |

In the second layer a circle is to be described in the nave at the dis-
tance of a quarter from the edge,

afaamca: |

In the same manner a circle is to be described in the felloe at the dis-
tance of a quarter from its inner edge.
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wfqawcryy:©fe v wafew )

After having divided the felloe at its inner edge into sixty-four parts, -
draw the dividing lines.

woret weuT faam wigfoadedn |

The spokes are divided into five parts, each up to the two circles (in
nemi and nébhi). That means: the area of a spoke is considered to extend
into the felloe and the nave up to the two circles which had been drawn in
them at the distance of a quarter from the edge, and this whole area is
divided into five parts.

FTRMTTYY T T

Two bricks are placed in each of the interstices in the nemi (the inter-
stices between the spokes).

GERETH |

And one brick in the interstices in the nave.

T arigear fewer) -

The remainder of the nave is to be divided into eight parts.

¥ TV FWARTC G TG |

This is the construction in the shape of a wheel with spokes, which
requires altogether sixteen different kinds of bricks.

As remarked above, the third and fifth layers are to be made equal to
the first, the fourth to the second.

I lastly extract the chapter treating of the s’mas’dnachit. It is not
easy to say what would be the correct definition of a s'mas’ina in the sense
in which it is used in the s'ulvasitra; it seems to be a construction on
which the dead body was placed, perhaps the pile on which it was burnt.
There is, however, no doubt about the form of the chiti, which will appear
clear enough from the diagram. Vide Diagrams 16, 17, 18.

e feftafe fawmed | e9afy Tge@reTRwRETTSET |

“ He may construct the s'mas’inachiti”, such is the tradition. Having
divided the whole agni into fifteen squares.

The area of the agni, 74 = 4 square purushas, divided in this manner,
yields fifteen squares, of one half square purusha each.

mwmml

The mangement of these fifteen squares has already been taught.

As the commentator explains, the subject has been treated in a pre-
vious portion of Baudhdyana’s kalpastitra, from which he quotes the follow-
ing:

W ferfi u: arava foede wywifafa wesre: gowme: go
QIfwder A1 1 €

He who wishes for prosperity in the world of the fathers, may construct
the s'mas’dnachiti. Six purushas are the length of the préchi line, three
the length of the eastern side, two the length of the western side.
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Purusha means here not the ordinary purusha, but the measure of the
side of one of the fifteen squares into which the agni has been divided. The
form of the chiti is that of a trapezium (as the sGtras would call it: an
oblong shorter on one side), the east side of which is equal to three reduced
purushas, &e

The area of this trapezium is consequently equal to 7} square puru~
shas,

This area has now to be divided into two hundred parts.

ﬁﬁvﬁﬁﬁmﬁam Quiwged faem gagn: aTar ST swfe-
WW‘(‘{

With three of these parts construct an oblong of the breadth of one
part (an oblong of which one side is equal to three times the side of one of
the fifteen squares, and the other equal to one time the side), draw from the
middle of the east side of this oblong lines to the two west corners, and cut
off the two side pieces.

After the removal of these two pieces, tbere remains a praiiga, an acut-
angular equilateral triangle.

g gwun fawme

This triangle is divided into ten parts.

For the details of this division, we must consult the commentator :

AY TIIY TSN INIF:ATATHICT CEHT Qur wafm wqr Twur
fovm: | wUIfaWTd wCwasE @A | wNY fawm | SoAvETE sHTMCIiY
Wife fawfr gar W< fawnmmaa s9aMRaCly 99r gar yqaasgn-
fawrodacadsgafe® saifedn | @ feNafeawgron nNfeatew
@ eRiafemIICy aYr afgH | wer TN AfARIGY  CATUNN YRy
sarfeds | wfwacEn | o fawk redlaem sSamToNTY YEan | wa-
fau wwomISAEAT: | WATF | AN T GHEW | @ GEHgEmAA-
YAN: T | gREANCGISSH WAt |

The division of this triangle is to be made in such a way as to produce
bricks of the shape of triangles and double friangles (two triangles joined
with their bases). If we adopted another division, we should get different
classes of bricks. (The sdtras always study the greatest shortness in their
expressions and say in this case only : the division is into ten parts. Now,
the commentator remarks, this can only- mean: into ten triangles and
double triangles ; for if we divide the large triangle in any other manner,
the eight parts would be of different shape, and then the satrakéra would
have been bound to give rules for manufacturing bricks of these different
shapes). The division of the triangle is effected in the following manner.
‘We make on the “broad face”, i. e., the base of the triangle (the sttrakd-
ras compare the triangle with a face, the base—we have to imagine the
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triangle turned round, so that the base is uppermost—representing the broad -
i. ¢,, upper part and the top the chin, chubuka) three marks at equal dis.
tances from each other (thus dividing it into four parts). Having divided
the two other sides of the triangle in the same way, we begin by drawing
a line from the first mark on the base to the first mark on the nearer of the
two other sides. Then a line is drawn joining the second mark on the
base with the second mark on the side, and a third line joining the third
mark on the base with the third mark on the side. After that, a line is drawn
joining the third mark on th4 base with the first mark on the third side of
the triangle. The same is done with the other marks. By this division
we get four triangular bricks standing on the base of the large triangle;
over these we have three double-triangular bricks; then two double-trian-
gles; then one double triangle in the ¢chin’ of the large triangle. Alto-
gether six double triangles and four triangles, Thus we have ten bricks
in one of the large triangles.

wifa e wfa: g3ty daga |

Twenty such (large triangles as described in the last sitra but one)
form the whole agni.

One of these triangles is the half of an oblong, the area of which is
equal to the tenth part of the whole agni. - ’ '

The arrangement of these twenty large triangles, every one of which
is subdivided into ten praiigas and ubhayatahpraiigas, may be seen in the
sketch of the first layer of the s’'mas’anachiti, and I omit therefore the
detailed description given by the commentator.

Baudhéyana proceeds to the rules for the second layer.

Il @ I9F RGN fawsia |
For the second layer we divide one triangle lengthways (bisecting the

base by a perpendicalar from the top).
Here again we depend on the commentary for explanation.

e wrAswORGIfr  wW@INTeAfA 9y  wRwSWtw weq )|
w9 yerfe e q@d § AN wusvarat svagafay fafeaw ) we-
Safafas senfavvew | wuwEafagw | <fawa: yqavf@aTsiag
R AR AR fedn | wanchwafy oW fed
fawsia |

In the whole agnikshetra (of the s'mas’dnachiti) there are five triangles,

. the height of which is equal to the measure of six parts (to six times the

side of the fifteenth part of the agnikshetra), and the base of which is equal
to one such part (the area of one such triangle is % of the agnikshetra,
therefore all five = the whole agnikshetra, 74 square purushas). (If we
divide the agni into these five triangles), the top of three among them is
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turned towards the west, that of two towards the east. Two of these five
triangles are meant in the sitra (only two come really into question, as we
shall see further on). By ‘lengthways” a modification of the triangle is
to be understood ; the meaning is a triangle of six parts’ height. (And this
triangle is to be got in the following way). On the south side of the agni
a line is to be drawn through the middle of the triangle situated there, the
top of which is turned towards the west ; this line reaches from the middle
of the base the measure of which is one part to the top of the triangle. In
the same way the triangle on the north side of the agni is to be divided.

The result is the two long rectangular triangles on the north and
south sides of the second layer of the s'mag’anachiti,

LR LUIRECIC |

This triangle is divided into six parts.

Commentary : Sy WEWAAd XSy fagw faur fowstq) @
viwey Yafadiqet gamare 3 faw o suafesrasaaacias-
T[T yTtedd | @ featafewron | @ auneew gEmES oA
AFTAYOAITRGH | ¢F fawd U7 @Q AGUHA GATIAR CHEHT |
TATE TGS | ATHAE TG T TSA GHCH T QAGLA!
\YT WA TSNS €@ )o@ s faw | e |

The diagram of the second layer, in which the two triangles are divided
in the manner described above, renders a translation of the commentator’s.
words unnecessary.

A T UINIrUEYE |

These two (large triangles, divided into six parts each) are to be placed
on both sides (of the second layer).

In the following sttras those bricks are described which fill the space
between the two triangles.

VRTINS UAIET: AN |

Bricks are to be made as long as the third part (of the side of one of

the fifteen squares which compose the agnikshetra), and as broad as the
fourth part.

ATETHETTEGINET |

And other bricks equal to one half of the bricks of the first class, pro-
duced by dividing the latter by a horizontal line,

AT WWYIRIETY REAfy qeariw. sraife: s=gdqq )

Having put bricks of the second class on the east and west end of the
agni, the remaining space is to be covered with the large bricks of the first
description.

Covering the agni as directed, we place at first eight ardhya bricks on
the east end and eight on the west end. The space left empty between
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these two rows requires 17 X 8 = 186 brihati bricks. Now, summing
up all bricks employed we get (1) 186 brihatyas (2) 16 ardhyas (38) twelve
bricks in the two triangles on the north and south side together. Sum:
164 bricks.

But we want, according to the general rule, 200 bricks, and therefore
the following sttra.

“w¥Etw: It T

Finally the number is to be made full with ardhya-bricks.

- That means: thirty-six brihatyas are taken out, and seventy-two
ardhyds put in their places. The sketch of the layer in question shows
where this had to be done.

So far the rules for the s’mas’4nachiti resemble those for the other
chitis, but the following siitras refer to an interesting peculiarity. I give
at first a passage from a previous part of Baudhaya.na. s Kalpasitra, quoted
by the commentator.

Ay wran afy Naew eammivey wwr | afg Ay geammT—
TR WA | g RN JT@KATEIN I 9K AN JewiwH g
M | 9 W gwatyfaee mmwEie |

When its measure is such as to reach up to the neck on the east side,
it reaches up to the navel on the west side ; when it reaches up to the navel
on the east side, it reaches up to the knee on the west side ; when it reaches
up to the knee on the east side, it reaches up to the ankle on the west side;
when it reaches up to the ankle on the east side, it is on a level with the
ground on the west side. Such is the s’mas’anachiti of him who desires the
world of the fathers.

We see from these words that, contrary to the general rule which pre-
scribed a perfectly horizontal surface for the chitis, the s'mas’dnachit had
to be higher at its east end than at its west end. The commentator adds:
hastiprishthavach chinviteti: the chiti is to be constructed so as to resemble
the back of an elephant which is sloping down towards a person viewing
the animal from behind. This peculiar shape of the s'mas’anachiti required
consequently a set of rules for preserving, notwithstanding the different
height, the same cubic content of the whole mass of bricks,

SE AR QAT q99A |

The height of the agni is to be increased by one fifth.

The height of the agni, when constructed for the first time and in five
layers, is—as mentioned above—one jainu = 82 afigulis ; when constructed
for the second time and in ten layers, it is the double, and it ias three times
as much when, in the third construction, the number of layers amounts to
fifteen, A fifth of the usual height has to be added to the height of the
s’mas’anachiti.



44

amgd Wur favey QRTIATGU T AIRT A7 GYSRA FTWT FTCIA |
Divide all this—the height inclusive the added fifth part—into three
parts, and make bricks with the fourth or the ninth or the fourteenth part
of two of these three parts.
With the fourth for the agni of five layers, with the ninth for the agni
das’achitika, with the fifteenth for the panchadas’achitika.

ATHRART A7 79 7 GGIN 71 FAOUTT R WMArgARg I = S
RYIA |

Having constructed with these bricks either four or nine or fifteen
layers, the remaining part of the height (amounting to one third) is to be
divided in a downward direction by the diagonal and half of it to be remov-
ed.

That means : the fifth layer is to be constructed with bricks the
height of which is equal to the third part of the whole height ; and then
half of the whole layer is to be cut off following the direction of the diago-
nal of the northern and southern side. In this way the cubic content of
the whole chiti comes out right. Increasing the height of the agni of five
layers by its fifth part, we get 82 4 63 — 88f afigulis. This divided
by three and the quotient multiplied by two, gives 253. The fourth part
of this, 6% afigulis is the height of the bricks of each of the four first
layers. The fifth layer, before being cut in two, is 124 afigulis high ; after
the removal of its half, it has this height only on its east side, the height
on the west side being equal to 0. Thus its middle height is 68, and conse-
quently the middle height of the whole chiti = 82 afigulis. 1In the same
way we get as height of the agni of ten layers 764 afigulis on the east side,
51} on the west side, 64 afigulis as middle height. The corresponding
numbers for the panchadas’achitika agni are 1153, 764, 96.

Regarding the time in which the S’ulvasdtras may have been composed,
it is impossible to give more accurate information than we are able to give
about the date of the Kalpasttras, But whatever the period may have
been during which Kalpasitras and S“ulvasttras were composed in the form
we have now before us, we must keep in view that they only give a
systematically arranged description of sacrificial rites, which had been
practised during long preceding ages. The rules for the size of the various
vedis, for the primitive shape and the variations of the agni, &c., are given
by the brdhmanas, although we cannot expect from this class of writings
explanations of the manner in which the manifold measurements and trans.
formations had to be managed.. Many of the rules, which we find now in
Baudhdyana, A’pastamba, and Katy4yana, expressed in the same or almost
the same words, must have formed the common property of all adhvaryus
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long before they were embodied in the Kalpasfitras which have come down
to us. Besides, the quaint and clumsy terminology often employed for the
expression of very simple operations—for instance in the rules for the
addition and subtraction of squares—is another proof for the high antiquity
of these rules of the cord, and separates them by a wide gulf from the pro-
ducts of later Indian science with their abstract and refined terms.

This leads to another consideration., Clumsy and ungainly as these
old sitras undoubtedly are, they have at least the advantage of dealing
with geometrical operations in really geometrical terms, and are in this point
superior to the treatment of geometrical questions which we find in the
Lilévati and similar works. They tell us that the diagonal of a square or
of an oblong produces an area equal to double the area of the square or to
the squares of the sides of the oblong—not that the square of the number of
units into which the diagonal is divided is equal to double the square of the
number expressing the side of the square or to the sum of the squares of
the two numbers which represent the sides of the oblong.

Let us see how Bhéskara words the proposition about the rectangular
triangle (instead of which the sdtras speak of the square and the oblong).
We read in the chapter on kshetravyavahéra in the Lfldvati the following:

— AR AL & |
_ The square root of the sum of the squares of these (of the two shorter
sides of a rectangular triangle) is the diagonal.

umw afdacye arfe: | .

The square root of the difference of the squares of the diagonal and one
of the short sides (called “ doh’’) is the other short side (kotih), etc.

It is apparent that these rules are expressed with a view to calculation,
and we find indeed that Bhéskara immediately proceeds to examples which
are exercises in arithmetic, not in geometry.

Fifewged 99 @y aw & 3far )
wife T wda: Kifesfani v 9t aga

A geometrical truth interests the later Indian mathematicians but in
so far as it furnishes them with convenient examples for their arithmetical
and algebraic rules; purely geometrical constructions, as the samésa and
nirhéra of squares, described in the S’ulvasiitras, find no place in their
writings.

It is true that the exclusively practical purpose of the S’ulvasfitras
necessitated in some way the employment of practical, that means in this
case, geometrical terms, and it might be said that the later mathematicians
would have employed the same methods wheu they had had ‘to deal with
the same questions.
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But a striking proof of the contrary is given by the commentators of
the S’ulvasitras who represent the later development of Indian mathema-
tics. Trustworthy guides as they are in the greater number of cases, their
tendency of sacrificing geometrical construction to numerical calculation,
their excessive fondness, as it might be styled, of doing sums renders them
sometimes entirely misleading. I shall illustrate this by some examples.

As mentioned above, the area of the saptavidha agni had, at each repe-
tition of the construction of the altar, to be increased by one square puru-
sha. In orderto effect this increase, without changing the proportion of
the single parts of the agni, Baudhdyana gives the following rule :

That which is different from the original form of the agni (i. e., that
area which has to be added to the 74 square purushas of the primitive agni)
is to be divided into fifteen parts, and two of these parts are to be added to
every one of the seven square purushas of the primitive agni (the one remain-
ing part is consequently added to the remaining half purusha); with seven
and a half of these increased purushas, the agni has to be constructed.

According to the commentator, we have to apply this rule ‘in the fol-
lowing fashion. The one square purusha, which has to be added to the
saptavidha agni, contains 14400 square afigulis. We divide 14400 by
fifteen, multiply- the quotient by two, and add the product to 14400: result
= 16320. These 16320 afigulis are the square content of the new increas-
ed square purusha, and we have therefore, in order to get the required mea-
sure of length, to extract the square root of 16320. This root indicates the
length which had to be given to the cane used for measuring out the ashta-
vidha agni.

Such a proceeding is of course not countenanced by the rules of the
S’ulvasttras themselves. Baudhédyana’s method was undoubtedly the fol-
lowing. The square purusha which had to be added was divided into fifteeri
parts, either into fifteen small oblongs, by dividing one side of the square
into three, the other into five parts or into fifteen small squares ; in the latter
case, the panchadas’amakarani had to be found according to the paribbdsha
rules. Two of these fifteenth parts were then combined into one ; if squares,
by taking the dvikarani of one of them ; if oblongs, by turning one of them
into a square and then taking the dvikarapi. Lastly—following the rules
for chaturasra-samasa—the square containing the two fifteenth parts was
added to a square purusha, and the side of the resulting square furnished
the measure of the purusha which had to be employed for the ashtavidha
agni.,

Another example is furnished by the rules for the paitriki vedi, the
altar used ab the pitriyajna, the area of which had to be equal to the ninth
part of the vedi used at the soma sacrifices. The measures of the sides of
this vedi have been mentioned above ; its area amounts to 972 square padas.
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Now for constructing the paitriki vedi from the saumiki vedi, Baudhdyana
gives the following short rule:

AOALGAIT GAIGCAAATITGA AR e wawoT wafe |

The commentator, supplying several words, explains this sitra in the
following way : If we make a square, the area of which is equal to 972
square padas, its side will be equal to 31 padas, 2 afigulis, and 26 tilas.
The third part of this { = 10 padas, 5 afigulis, and 31 tilas) is to be taken
for the side of a square, the area of which will be equal to the ninth part of
the mah4vedi.

For a proof we are directed to turn the 972 square padas into square
tilas by multiplying 972 by 225 and then by 1056, to extract the square-
root of the result, to turn the tilas again into padas by dividing the square-
root by 84 and then by fifteen, and finally to divide the result by three.

In accordance with this process, the commentator translates the above
siitra in the following manner :

The side (“ karani” to be supplied) of that area (“bhtimeh” to be sup-
plied) which is made a square with the third part of the mahivedi (which
has been itself turned into a square previously)is the tritiyakaranf; the
ninth part (of the mahévedi) is produced (by making a square with this
tritiyakarani). —This translation is certainly wrong. In the first place, the
word ¢karani’, which the commentator supplies, could not be missed in the
text of the sitra. In the second place, the commentator ascribes to the
word ¢ tritiyakarani’ a meaning which it cannot possibly have. He inter-
prets it as the line which is the third part (of the side of the mahdvedi) ;
but that line is called the navamakarani, as its square is equal to the ninth
part of the area of the mahévedi, and tritiyakarani can only mean the line
which produces, or the square of which is the third part (of some area).

To arrive at the right understanding of the sitra, we must consider by
what method the task of constructing the paitriki vedi could be accomplish-
ed in the shortest way. The thing was to construct a square, the area of
which would be equal to the ninth part of another area which contained
972 square padas, 4. e., to 108 square padas. If 108 would yield an integral
square-root, the matter would have been easy enough; but this not being
the case, another method had to be devised. The commentator, as we have
seen, proposes to construct a square of 972 padas, and to take the third part
of its side ; but this method besides, as shown above, not agreeing with the
words of the sttra, required several tedious preparatory constructions, The
same remark applies to the direct construction of a square of 108 padas, and
a shorter process could therefore not but be highly welcome. Now the
third part of 972 is 324, and the square-root of 824 is exactly 18; in other
words, the side of a square of 324 square padas is eighteen padas. Accord-
ingly, instead of the navamakarani of 972, the tritiyakarani of 324 was
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sought for, and we know from the paribhdsha rules that this could be easi-
ly managed. Accordingly, Baudh4yana's rule has to be translated as fol-
lows : The tritiyakarani of that area which is made a square with the third
part of the mahévedi (4. e., of a square of 824 padas) is it (viz. the side of
a square of 108 padas); the result is the ninth part of the area (of the
mahdvedi).

Thus we see that the pre-conceived opinion of the commentator about
the method to be employed for the solution of the problem leads him to a
perfectly mistaken interpretation of the sitra.

On the other hand, it is interesting to find some terms indicating a con-
nexion between the first rudiments of science as contained in the S’ulvasi-
tras and its later development. 8o for instance the term ¢ varga’. It is
true that we should be able to account for the meaning in which it is used
by later mathematicians—uviz. that of the square of a number—without finding
earlier indications of the manner how it came to be used in that sense. The
origin of the term is clearly to be sought for in the graphical representation
of a square, which was divided in as many °vargas’, or troops of small
squares, as the side contained units of some measure. So the square drawn
with a side of five padas’ length could be divided into five vargas, each con-
sisting of five small squares, the side of which was one pada long.

Nevertheless it is interesting to find this explanation of varga confirmed
by a passage in A’pastamba.

YEATTATT THGEAAQART WA |

As many measures (units of some measure) a cord contains, so many
troops or rows (of small squares) it produces (when a square is drawn on

it).

But another case is more interesting still. The word ¢karapi’ is one
of the most frequent mathematical terms in treatises as the Lfldvati, Vija-
ganita, &c., and there it is invariably used to denote a surd or irrational
number ; as the commentators explain it, that of which when the square-
root is to be taken, the root does not come out exact. The square-roots of
two, three, five, &c., are karanfs. How the word came by that meaning, we
are not told, but we are now able to explain it from the S’ulvasttras, As
we have seen above, in these it always means the side of a square.

The connexion between the original and the derived meaning is clear
enough. Karani meant at first the side of any square, after that possibly

the square-root of any number. Possibly I say, for in reality the mathema-"

tical meaning of karani was restricted. It was not used to denote the
square-roots of those numbers, the root of which can be exactly obtained, but
only of those the root of which does not come out exact, of those in fact
the root of which can be represented exactly only in a graphical way. It
was not possible to find the exact square-root of eight for instance, but it
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was possible to draw a square, the area of which was equal to eight—let us
say—square padas, and the side of which was therefore a graphical re-
presentation of the square-root of eight.

But we have to go still a step further back. ¢ Karani’ meant originally
not the side of a square, but the rajjuh karanf, the cord used for the mea-
suring of a square. And thus we see that the same word which expressed
in later times the highly abstract idea of the surd number, originally denot-
ed a cord made of reeds which the adhvaryu stretched out between two
wooden poles when he wanted to please the Immortals by the perfectly
symmetrical shape of their altar,
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