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Acarya Jayadeva, the mathematician *

1 Introduction

The object of the present paper is to invite attention of historians of science to
an important Hindu algebraist, Acarya Jayadeva, who lived and wrote in the
early 11th century of the Christian era (or earlier). His name and quotations
from his work on algebra are found to occur in the Sundari, which is the name
of Srimad Udayadivakara’s commentary on the Laghubhaskariya of Bhaskara I
(629 AD). The Sundar: has not yet seen the light of day but manuscript
copies of that work are preserved in H. H. the Maharajah’s Palace Library,
Trivandrum, and in the Curator’s Office Library, Trivandrum. A transcript
copy of that work has been very recently procured for our use from the former
by the Tagore Library of the Lucknow University. The extracts from Acarya
Jayadeva’s work, which have been quoted and explained with illustrations by
the commentator, relate to the solution of the indeterminate equation of the
second degree of the type Nz2+1 = y2. These extracts, it may be pointed out,
are of immense historical interest as they include rules giving the well known
cyclic method of finding the integral solution of the above-mentioned equation.
The credit of the first inception of that ingenious method was hitherto given
to the twelfth century mathematician Bhaskara IT (1150 AD) who himself not
only did not claim originality for that method but also ascribed it to earlier
writers. The discovery of that method in an anterior work definitely proves
that the cyclic method was invented in India much earlier. Jayadeva may or
may not have been its inventor but quotations from his work in the Sundary
are the earliest sources of our information regarding that method. Another
noteworthy feature of the references from Acarya Jayadeva’s composition is
the solution of the equation Na? + C' = g2, C being positive or negative.
This method, though not superior to that suggested by Brahmagupta (628
AD), Bhaskara II, and Narayana (1356 AD), is nevertheless different from the
known methods. Incidentally we have also given Udayadivakara’s method
for the solution of the multiple equations, x +y = a square, x —y = a
square, zy + 1 = a square. This method, though inferior to those given
by Brahmagupta and Narayana, deserves attention because of the ingenuity
displayed by the author. It also shows that Udayadivakara knew full well how
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134 Acarya Jayadeva, the mathematician

to tackle and solve the general indeterminate equation of the second degree
of the type ax? + bx + ¢ = 32. Equations of that type were hitherto found
treated in the Bijaganita of Bhaskara II, though some of his examples relating
to such equations prove his indebtedness to ancient authors.’

2 The Sundart

The transcript of the Sundari, which is available to us, is written in Devanagary
characters on paper in foolscap size. It is scribed in good hand but there are
the usual imperfections and omissions. The manuscript is practically complete
and extends to 252 leaves written on one side only. There are 21 lines to a
page and about 24 letters to a line. The beginning and end of the Sundary
are as follows:

Beginning

T ATISTATE: TUTHT W AT AghAaa ATadre aed Io: Hiere
FrfafzgraeT=a wTad TR TSI —

Colophon

fa sifafmvgdimgeafearaiaRimaT FgRiafagar graairer-
T TR TS ST |

End

TS q: ATEAHIdSaSearr TR0 Rt

Colophon

o STIRAfgar Geai Tl T EuRa AT SE: |

1See Datta, B., and Singh, A. N., History of Hindu Mathematics, Part II, p. 181.
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From the colophons at the ends of the chapters it is clear that the Sundari is
a commentary on the Laghubhaskariya and that the name of the commentator
is Bhatta Udayadivakara. The former conclusion is confirmed by the contents
of the work.

In the commentary there is no reference to the time of birth of the commen-
tator or of writing the commentary. But at one place in the commentary? the
commentator cites an example where he states the ahargana (i.e., the number
of days elapsed since the beginning of Kaliyuga) for Friday, the 10th lunar
date, Vai$akha, bright fortnight, Saka year 995. This epoch corresponds to
Friday, April 19, AD 1073. It is usual to give the ahargana for the current day.
So we infer that the Sundar: was written in the year 1073 of the Christian
era.

As regards the authenticity of the Sundari there is little doubt. Refer-
ence to that work has been made by Nilakantha (1500 AD) who in his com-
mentary on the Aryabhatiya® of Aryabhata I (499 AD) mentions the name
Laghubhaskariya-vyakhya Sundart and quotes two stanzas from that work.
Both of those stanzas are found to occur in the transcript of the Sundary
available to us. Moreover, five manuscripts of that work which seems to be
derived from different sources are preserved in H. H. the Maharajah’s Palace
Library, Trivandrum* and two in the Curator’s Office Library, Trivandrum.®

3 Reference to Acarya Jayadeva

Reference to Acarya Jayadeva is made in the Sundar? in connection with the
solution of the indeterminate equation of the second degree, viz.

Nz? +1 =2,

which in Hindu mathematics is called by the name wvarga-prakrti (square-
nature).

In verse 18 of the eighth chapter of the Laghubhaskariya there is an astro-
nomical problem whose solution depends upon the solution of the simultane-
ous equations

8r+ 1=y (1)
Tyt 4+ 1 =22 (2)

As regards the solution of these equations, Udayadivakara tells us that the
value of y should be determined from equation (2) by solving it by the method

2Comm. on ii. 29.

34i. 17 (ii).

4See Descriptive Catalogue, Vol. IV, MSS. Nos. 942, 943, 944, 945, and 977.
5See Descriptive Catalogue, Vol. V, MSS. Nos. 761 and 762.
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applicable to the varga-prakrti; and then the value of the unknown quantity x
should be determined from equation (1) by the method of inversion. In order
to give a detailed working of the process, Udayadivakara mentions Acarya
Jayadeva and his rules. He writes:

In order to demonstrate this (working), we here set forth with
exposition and illustration the rules for the varga-prakrti, which
were composed by Acarya Sr1 Jayadeva.b

4 Quotations from Acarya Jayadeva’s work

Quotations from Acarya Jayadeva’s work comprise 20 stanzas. Below we
translate and explain those stanzas.

4.1 Stanza 1. Origin of the name varga-prakrti

TEHARSOTATSHIST gar faznfeasT ar |
TR I THiASTIRavaarsraizar 191

As (in an equation of the type Na? + C' = y?) the square of
an optional number multiplied by a given number and then the
product increased or decreased by another given number is of the
nature of a square, so (such an equation) is called varga-prakrti
(square-nature).

This proves the significance of the name varga-prakrti.

4.2 Stanza 2. Technical terms explained

TR Fafdead dThHSYe e |
FIIATERATET &sds Watd a9od IR

The number whose square is multiplied by the given number is
called the lesser root; that product having been increased or de-
creased by the interpolator (ksepa), the square root thereof is
called the greater root.

That is to say, in the equation Na? 4+ C = 32, z is the lesser root and y the
greater root. NN is called prakrti and C' the interpolator.

We will see presently that Acarya Jayadeva calls the lesser and greater roots
by the names first root and last root also.

S TSI ST A AR A T e URITOT AT oA |
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4.3 Stanza 3. Writing down an auxiliary equation

R AfgarTERaTed o |
T i (e ReRafggee ot feram 13l

The square of an optionally chosen number having been multiplied
by the given multiplier, think out how much be added to or sub-
tracted from that product that it may become a perfect square.

That is, first choose an arbitrary number « for z. Then find out a number
k, positive or negative, such that Na? + k may become a perfect square, say
B2. Then

No? + k = 32

is an auxiliary equation. We will see how this equation is helpful in finding a
solution of

Nz? +1 =%

4.4 Stanza 4. Bhavana

STHTHIITHTY qTIATRIT TZe |
TR JeaTdedaanty = 121l

The process of bhavana, which pervades all mathematical opera-
tions (dealing with the varga-prakrti), is twofold—samasa-bhavana
and visesa-bhavana, or tulya-bhavana and atulya-bhavana.

The word bhavana is a technical term. According to Udayadivakara, bha-
vana is multiplication.” According to B. Datta and A. N. Singh, it means
lemma or composition. At any rate the process called bhavanakarana is a spe-
cial mathematical operation in which multiplication is inherent. The process
is described in the next two stanzas.

4.4.1 Stanza 5. Samasa-bhavana

FITATATATATT TIH TUHTEI: ;@%ml
TSGR gfa: ferear: sl

Summing up the cross products (of the first and last roots) is
obtained a (new) first root; multiplying the product of the first
roots by the prakrti and then increasing that by the product of
the last roots is obtained a (new) last root; and the product of the
interpolators (is the corresponding new interpolator).

7"Compare the term bhavita, which is the name given to an equation of the type zy = ¢
(involving the product of two unknown quantities).
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That is to say, if

No? +k = % (3)
Na%—kkl:ﬁ%, (4)
then
N(Oéﬂ1 + Oqﬁ)Q + kky = (Naal + ﬂﬂ1)2.
Proof

The auxiliary equations (3) and (4) may be written as

Nao? — 3% = —k,
Na? — 2 = —k.

Multiplying these equations side by side, we get
N2a2a? 4 B%B7 — N(a?B7 + 2 6°%) = kky,
which is the same as

N(apy + a18)* + kki = (Naay + 851)°.

Actual working explained
Using 4.3 (ed. i.e. Section 4.3) we write down two auxiliary equations, say
No® + k=32,
Naj + ki = 7.

Now we set down the prakrti and then the lesser roots, the greater roots,
and the interpolators corresponding to the two auxiliary equations one under
the other as follows:

Prakrti  Lesser root Greater root Interpolator
N «@ I6] k
Qi b1 k1

Now we find out the cross products of the lesser and greater roots and put
down their sum underneath the lesser root. Thereafter we obtain the products
of the prakrti and the lesser roots and of the greater roots and put down their
sum underneath the greater root. And then we write down the product of the
interpolators underneath the interpolator. Thus, we get

Prakrti  Lesser root  Greater root  Interpolator
N « I3 k
a; b1 k1
afy +a1f Naag + BB kky
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In this way we obtain another auxiliary equation, viz.
N(apy + a18)* + kki = (Naay + 851)°.

Repeating the above process over and over again, any number of auxiliary
equations can be found out.

Note

The above process is called samasa-bhavana. Also since the operation has
been made on two different auxiliary equations, this may be called atulya-
bhavana (or atulya-samasa-bhavana). If everywhere in the above process, oy
be replaced by «, 1 by 8, and ki by k, the above process will be called
tulya-bhavana.

The result of tulya-samasa-bhavana may be stated as follows:

If Noa®+k=p3%
then N(2aB)? +k? = (Na? + %)%

Thus we see that the tulya-bhavana is a particular case of the atulya-bhavana.

4.4.2 Stanza 6. Visesa-bhavana

TSI CHATG : Tehfararard |

ISR ¥ fRiva=oa—a g 1I&ll

Taking the difference of the cross products (of the first and the
last roots), we get a (fresh) first root; multiplying the product of
the first roots by the prakrti and then taking the difference of that
and the product of the last roots, we get a (fresh) last root. (The
corresponding interpolator is the product of the interpolators).

That is to say, if

Na? + k= (2,
Na? +ky = 2,

then
N(apy — a18)* + kki = (Naay — 851)°.

The proof and working are as in the previous case.

The rules stated in stanzas 5 and 6 are known as Brahmagupta’s lemmas.
They occur for the first time in the Brahmasphutasiddhanta of Brahmagupta.
In Europe they were rediscovered by Euler in 1764 and by Lagrange in 1768.
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4.5 Stanza 7. Rational solution of Nz? + 1 = 32
THIHITT ST TS |
o5 HISY dglae I ®9 99d &9: vl
When (in the above process) the product of the interpolators be-
comes a perfect square, by the square root thereof divide the
(lesser and greater) roots: then they correspond to the interpo-

lator unity and so they continue to be even when the process of
the (tulya)bhavana is applied thereafter.

From what has been said above, if
No? +k = (2,
NO[? + ki = B%,
then
N(apy + a1B8)? + kky = (Naay + B51)°.
If kky = K2, then

N(afi +a18)? + K* = (Naay + 861)%,

. afi+a1f\° . (Naai+ 86\
e, v (ehed) o (Nowrs gy

In other words, if
Na? + k= 2,
NO(? + kil = ﬁ%,
and kk; = K2, then
(afy + a1pB)
K b
(Naay + 1)
K

is a solution of Nz2 + 1 = ¢2. In particular, if
No? +k =B,

then

is a solution of Nz2 + 1 = 32
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Illustration

Solve Tz2 4+ 1 = 2.
Let the auxiliary equation be

7(1)* +2 =32
Then applying the process of tulya-bhavana, we have

Prakrti  Lesser root Greater root Interpolator

7 1 3 2
1 3 2
6 16 4

Thus

7(6)% + 4 = 162,
or  7(3)7+1=82%

Hence z = 3, y = 8 is a solution of the given equation. To get another solution,
we treat the equation

7(3)*+1=8

as the auxiliary equation. Then applying the process of tulya-bhavana, we
have

7T 3 8§ 1
3 8§ 1
48 127 1

Hence x = 48, y = 127 is another solution of the same equation. To obtain
still another solution, we treat the equations

732 +1 =82,
7(48)% +1 = 1272,

as auxiliary equations. Then applying samasa-bhavana, we have

7T 3 8
48 127
765 2024 1

Hence z = 765, y = 2024 is another solution of the same equation. Proceeding
like this, we can get any number of solutions.
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4.6 Stanzas 8-15. Integral solution of N2? + 1 = y?. The Cakravala
or the Cyclic Method

FASITHI VAR §IIN<haT: 49T |
FER T Fl THAGIT G ferear li¢ll
ATache: THAT & TeITHoT FHwh|
TIARTET: FTSATHSATST: 8T 1R
WTETATHESTHER FHSTGET |
FSAPIS WU G HEEIET 90|l
TR EErOaTRSGeaT |
T eI e A9 A 1991
FATT FETHER AT GO9I T4 |
TATEALY TGIPIOISRET THa 11921
TET: §IATH WG TSR |
TETYTT TSASI SUTaTH HESIed 11931
AT TR S HATATSTR T |
RaTeusd 3T Y Ty IOTES 1991l
FATATTATI TUUTH Rl geqol gafe |

=T TR HIOTSTIIITHI Frsai 119411

Set down the lesser root, the greater root, and the interpolator at
two places. (At one place divide the lesser and greater roots by
the interpolator. Treating the remainder of the lesser root as the
dividend, the remainder of the greater root as the addend, and
the interpolator as the divisor of an indeterminate equation of the
first degree (kuttakara), solve that equation.) The kuttakara® hav-
ing been (thus) determined from those (lesser and greater roots)
divided out by the interpolator and the interpolator, ascertain how
many times the interpolator be added to it so that the square of
that sum being diminished by the prakrti and then divided by the
interpolator may yield the least value. The least value thus ob-
tained is the new interpolator. The kuftakara as increased by (the
chosen multiple of) the interpolator when multiplied by the lesser
root, then increased by the greater root, and then divided by the
interpolator, the quotient is the new lesser root. That (new lesser
root) should be multiplied by the kuftakara as increased by (the
chosen multiple of) the interpolator and from the product should
be subtracted the new interpolator as multiplied by the lesser root;
the remainder (thus obtained) is the new greater root.

From these (new lesser and greater) roots divided out by the

8In the indeterminate equation of the first degree (‘“37;’3) =y, a is called the dividend, b
the divisor, ¢ the addend, and = the kuttakara.
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(new) interpolator again find out the kuftakara (as before). In-
crease it by the proper multiple of the interpolator: the square
of that (sum) being diminished by the prakrti and then divided
by the interpolator, the quotient is the (fresh) interpolator. The
kuttakara (gunakara) increased by the chosen multiple of the inter-
polator being multiplied by the lesser root and increased by the
greater root and then divided by the interpolator, the quotient
is the fresh lesser root. This (fresh lesser root) being multiplied
by the kuttakara, to which the chosen multiple of the interpolator
has been added, and the product being diminished by the product
of the fresh interpolator and the lesser root, the remainder is the
fresh greater root.

From them again calculate the kuttakara etc. and continue the
process till the interpolator comes out to be one of the six numbers
+1, +2, and +4.

(One of these numbers having been obtained as the interpolator) in
the (above) cyclic process (cakravala), necessary operations should
be made (to get the integral solution for unit interpolator).

Lemma of the Cyclic Method

The above method is based on the following lemma:
If  Nao*+k=0,

where a, b, k are integers, k being positive or negative, then

v (et 2+t2—N_ (atbY (2= N\TF
2 ko k N % :

Proof
Treating
Nao? + k=0,
and  N(1)? 4+ (t* = N) =12,
as auxiliary equations, and applying the process of samasa-bhavana, we have

N a b k
1 t 2 — N
at+b Na+bt k(t>—N)
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Therefore,

N(at +b)? + k(t* = N) = (Na + bt)*

2 2 2
or N(at+b> +t kN:<Na+bt> 7

k k

which is the same as
at+b\> 22— N at+b 2 - N\1°
N = |t - .
(5) + == () - ()]

The Cyclic Process explained

Suppose that an auxiliary equation is
Na? + k = b,

where a, b, and k are integers, k being positive or negative. Then, from the
above lemma,

at +b\2 22— N at +b 2 - N\1?
V() () ()] e
at+b (t*=N)

Now we choose ¢ such that 5= is a whole number, and ‘ . ‘ is as small
as possible. Let that value be T'. Then let

u _al'+b
1= L )
al +b T2 - N
n=r (52) o (),
T?> - N
kl:T.

The numbers aq, by, ki are all integral.” The equation (5) then becomes

Na%—&—kl :b% (6)

9From the form of by it is clear that it will be an integer provided a1 and kj are integers.
But a; is an integer by assumption. So we have only to show that k; is an integer. Now
if we eliminate b between

al +b bI'+ Na
a=—, and bl:T’

we get
E(alT —b))=T?—-N.
Since the right side is integral, t%erefore the left side is also so. But k and a are prime to
each other. Therefore, a1T — by must be perfectly divisible by a. Hence
arT—by  T?2—-N

= = k1 = an integer.
a k
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Now treating this as the auxiliary equation, and proceeding as above, we
derive from (6) a new equation of the same kind

Na3 + ky = b,

where again as, by, ko are whole numbers. Successive repetition of this process
would, according to Acarya Jayadeva, lead us to an equation in which the
interpolator k is +1, +2, +4, and in which a, b are integers. And by the
process of samasa-bhavana such an equation easily leads us to an equation of
the type

No? +1=p5°

where «, 3 are integers.'® Thus we get © = o, y = 3 as an integral solution
of N2 +1 = 2.

Illustration

Find an integral solution of 722 + 1 = y2.
Let the auxiliary equation be

7(1)% — 3 =22

The process of tulya-bhavana does not lead to an integral solution. So we
apply the Cyclic Process.
From the auxiliary equation
lesser root = 1,
greater root = 2,

interpolator = —3.

Therefore solving the equation

M = a whole number,

2
we get t = =3\ + 1. Putting A = 0, we get ¢ = 1 which gives to ‘”7—_37)‘ the
smallest value 2. Therefore,
new interpolator = 2,
new lesser root = —1,
new greater root = —3.

Since the new interpolator is 2, therefore the cyclic process stops here. Ap-
plying the tulya-bhavana, we have

10This fact was known to Brahmagupta. For details see Datta, B., Singh, A. N., History
of Hindu Mathematics, Part 11, pp. 157 ff.



146 Acarya Jayadeva, the mathematician

7T -1 -3 2
-1 -3 2
6 16 4
or 3 8 1

Hence one integral solution of the given equation is

4.7 Stanzas 16-20. Solution of N2? + C = y2, C being positive or
negative

T ATTEEATE ATETT T A ST |
qTEg T IMAT TUTFATAHARTAT: 11981
I FomgfaanTarsiy af: = |
TS o5 FAT FHITRATST 19911
IO IHAT ddel T |
THTHIOTE qo5 ST F3ar 2 19¢11
FfeeTgeE wieRITR aEer: ey |
FIFIMITE [Aemedgasd: waen 119311
5 WEaT JTATer AErEHrEaT |
ThCAATTEATE ASIAE ATGTRIRRI IR0l

Add such a number to the prakrti as makes the sum a perfect
square. Then from the interpolator subtract a square number
which is chosen in such a way that when the prakrti and the inter-
polator, as obtained after the said addition and subtraction or as
they are stated, are cross multiplied by the additive and the sub-
tractive quantities, the sum of the cross products is again a square
number. Then extract the square root of that (square number).
Then by the product of the square root of the increased prakrti
and the square root of the subtractive (square number) (severally)
decrease and increase that square root. The two numbers (thus ob-
tained) being divided by the number added to the prakrti become
the two lesser roots. Set them down at two places and multiply
both of them by the square-root of the increased prakrti. Then
respectively add the square-root of the number subtracted from
the interpolator to the lesser one and subtract the same from the
greater one. Then they become the two greater roots. A large
number of lesser and greater roots may then be determined.

Thus we have revealed a determination which is as difficult as
setting a fly against the wind.
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Exposition

In order to solve the equation Nz? + C = y?, choose a number a such that
N + a may become a perfect square. Then choose a number b such that the
sum of the cross products of

N+a c—b° N c
or
a b2 a b2

ie., (N+a)b?+ (c—b*)a or Nb? + Ca also may become a perfect square. Let

N +a = P?,
and Nb? 4 Ca = Q.

Then according to the rule the two lesser roots are

—Pb Pb
@-ry . Q+PY
a a
and the corresponding greater roots are
PQ-PY) o, q PE@EPY)
a a
That is to say, the two solutions of Nx? + C' = 3? are
_(Q-Py) @+
a a
P(Q— Pb ’ P(Q+ Pb
LY AN CEYC

Rationale
Let N + a be equal to P2. Then

Nz? +C = (N +a)z? + (C — v* — az?) +b?
= (P2)* + (C — b — az?) + b*. (7)
Therefore, let
Nz? + C = (Px £b)% (8)
Then from (7) and (8), we have
(Px +£b)? = (Px)* + (C — b* — az?) +b*
or az’® 4+ 2Pbx = (C — b%)
or (az)? 4+ 2Pbazx = a(C — b?).
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Adding (Pb)? to both the sides, we have

(az + Pb)? = a(C — b?) + (Pb)?
=a(C —b*) + (N +a)b?

= Nb? +Ca
= @, say.
ar+ Pb=(Q
or x:(Qipb) or (QJer).
a a

Consequently,

y=Px+b or Pr—b respectively

_be-ry . PQ+ry)
B a a

b.

Hence the rule.

Alternative rationale
Let
N(1)?> +a= P?
N(b)? + Ca = Q>

Now treating these as auxiliary equations and applying the process of
samasa-bhavana, we have

N 1 P a
b Q Ca
Q+ Pb Nb+ PQ Ca?
<Q+Pb> (NIH—PQ)
or _ C
a a
Therefore, one solution of Nz? + C' = y? is
Q+ Pb
r=—-—
a
)= (Nb+ PQ) e P(Q + Pb) p
a a

Similarly, applying the process of visesa-bhavana, we get
(Q — Pb)

a )
_P(Q-Pb)

a

y +0b,

as another solution of the same equation.
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Illustration

If you know (the method for solving) the vargaprakrti, say what
is that number whose square being multiplied by 60 and then
increased by 8 times 20 is again a perfect square.

Here we have to solve the equation
6022 4+ 160 = y>.

Obviously, a is 4, so that P = 8. Now b is to be chosen in such a way that
Nb? + Ca i.e., 60b% 4 640 may be a perfect square. By trial, we get b = 4, so
that Q@ = 40.

Hence two solutions of the above equation are
=2 y=20; r =18, y = 140.
To get another solution, we may proceed as follows. Taking
60(18)% + 160 = 140?
as an auxiliary equation and applying the process of samasa-bhavana, we have

60 18 140 160
18 140 160
5040 39040 25600

or % 244 1

Now taking

2
63
60(18)? +160 = 140%,  and m(EJ + 1 = 2442

as auxiliary equations, and applying the process of samasa-bhavana we have

60 18 140 160
63/2 244 1
8802 68180 160

Therefore, x = 8802, y = 68180 is another solution of the same equation.
Similarly, any number of solutions may be written down.
N. B.—The solution z = 18, y = 140 may also be derived from x = 2,
y = 20 in the same way as x = 8802, y = 68180 has been derived from x = 18,
y = 140.
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5 Udayadivakara’s procedure for solving the multiple
equations

T + y = a perfect square,
x — y = a perfect square,

zy + 1 = a perfect square.

[Udayadivakara works out these equations because their solution is required
in a problem set in the Laghubhaskariya (viii. 17). His method does not give
the general solution of the problem but it certainly throws light on the tech-
nique employed by early Hindu astronomers in solving algebraical equations.
Udayadivakara’s method under consideration deserves mention here because
it is based on a previous rule of Acarya Jayadeva.]

To begin with, Udayadivakara assumes that

zy+1=(2y+1)7

so that he gets
r =4y +4.

Thus
r—y=3y+4.

Udayadivakara, now assumes that
3y +4=(32+2)%
Thus he gets

y =322+ 4z,
making r=122% + 162 + 4.

Therefore,
x4y =152+ 20z + 4.

To make = + y a perfect square, Udayadivakara puts
1522 + 20z + 4 = u?
which, after multiplication and transposition, he writes as

90022 4 1200z + 400 = 60u® + 160
or (302 +20)% = 60u” + 160.
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This equation can be written as a pair of equations

60u? + 160 = A2, (9)
30z 420 = \. (10)

Udayadivakara solves equation (9) in the same way as we have solved it under
Section 4.7 above. He gets the solutions

u=2, A=20
u=18, A= 140
u = 8802, A= 68180.

Making use of the values A = 140 and A = 68180, he gets z = 4, and
z = 2272. Likewise he obtains

z =64, y=260
z = 15495040, y = 61980164

as two solutions of the proposed multiple equations.

6 Conclusion

The most interesting feature of the stanzas discussed above is the cyclic
method of finding the integral solution of the equation N2? + 1 = y2. That
method has been called cakravala and is the same as given by Bhaskara I1*!
and Narayana'? (1356). As regards the cyclic method, H. Hankel has re-
marked:

It is above all praise; it is certainly the finest thing which was
achieved in the theory of numbers before Lagrange.'3

As already mentioned the cyclic method was hitherto found to occur for the
first time in the Bijaganita of Bhaskara II, so the credit of that method was
attributed to him. But Bhaskara II ascribed the name cakravala to previous
writers'* which shows that the cyclic method was not actually devised by
him. The discovery of that method in a work written about a century earlier
confirms his admissions and takes away the credit of that method from him.
But who is to be given the credit of that method? In this connection we must
quote the following stanza which occurs at the end of Bhaskara II's Bijaganita.

11 ¢f. Bijaganita, cakravala, 1-4.

12¢f. Ganitakaumudi, vargaprakrti, 8-11; Bijaganita, 1, Rule 79-82.

13 Of. Zur Geschichte der Math. in Altertum und Mittelalter, Leipzig, 1874, pp. 203-204.

14The original text is “ThaTias STT:”. The commentator Krsna explains: “reTET CAEfore
TSHATHTNT STT:” i.e., “the learned professors call this method of calculation the cakravala”.
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As the works on algebra of Brahmagupta, Sridhara, and Pad-
manabha are very extensive, so for the satisfaction of the students
I have taken the essence of those works and compiled this small
work with demonstrations.

This stanza shows that the Bijaganita of Bhaskara II was drawn mostly
from the works on algebra of Brahmagupta, Sridhara, and Padmanabha. The
cyclic method does not occur in the works of Brahmagupta: it is likely that
the work of Sridhara or Padmanabha or both contained that method.'® There
is no doubt that Bhaskara IT got that method from some earlier work. If that
was Jayadeva’s work, Bhaskara II must have mentioned his name along with
the other names mentioned by him. But he has not made even a single refer-
ence to Jayadeva. At the same time it cannot be said definitely whether the
algebraical works of Sridhara and Padmanabha contained the cyclic method.
In fact, we have absolutely no information about them. It is simply by chance
that we have come across the name of and quotations from Acarya Jayadeva
who is otherwise unknown to us. Under these circumstances the question
of this invention cannot be decided until we receive some more light in this
direction.

5P, C. Sengupta (1944) expressed the hope

that further researches may show that this achievement is to be ascribed to
Padmanabha, if his work be ever brought to light.
See the Presidential Address delivered by him at the Technical Sciences Section of the
Twelfth All India Oriental Conference held at Banaras, 1944. 1 fail to understand why
Sri Sengupta has shown special favour to Padmanabha against Sridhara whose claims are
equally good if not greater.
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