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Abstract: Ancient Indian mathematicians made profound contributions to algebra, with
Jaina philosopher-mathematicians significantly enriching areas such as equations and
series. Among them, the eminent Mahaviracarya stands out for his innovative
pedagogical approach, often using engaging puzzles to transmit mathematical principles
to his disciples. In the Ganita Sara Sangraha (G.S.S.), Mahavira details various equation
types and their solutions—methods that remain highly relevant for modern students
seeking a deeper conceptual grasp of mathematics. This article provides a critical analysis
of his algebraic techniques and their educational utility."
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Introduction : A. L. Basham observed that while Greek mathematics was primarily
rooted in geometry, ancient India transcended these boundaries through a sophisticated
numeral system. This gave rise to an algebra that enabled calculations far more complex
than those of the Greeks, fostering a study of numbers for their own sake. Within this
historical framework, Jaina mathematicians such as Sridhara, Virasena, and Mahavira
made foundational contributions. Mahavira’s Ganita Sara Sangraha (G.S.S.) is
particularly striking for its imaginative problems, which possess a poetic elegance that
can captivate any reader. For educators, his methods provide a vital resource to transform
mathematics from a tedious task into an engaging and accessible subject. While the
G.S.S. addresses everything from quadratic systems to multi-variable algebra, this section
focuses specifically on Mahavira’s solutions for linear equations in one unknown.

Linear equations in one unknown:

A linear equation in a single unknown is defined as an equation of the first degree, such
as 2x-1=3, by+6=2, 2x=7 or 7y=2. Within the Ganita Sara Sangraha (G.S.S.v. 3.107)!
, Mahavira introduces the methodology for solving these equations. Interestingly, he
embeds these algebraic solutions within his discussion on the simplification of complex
and compound fractions, showcasing the integrated nature of Jaina mathematical logic..
The above mentioned method is that, put '1' in the place of the unknown and find the
result. Divide the result given in the problem, by the result obtained by putting the
unknown equal to 1. The quotient will be the value of the unknown.

Mahavi ra explains the above method by an example:-
1 1 1 1 1

Eg%- The sum of 8 of one unknown, 3 of 4 of the unknown, 2 of 5 of the unknown
1 3 1 1

and 6 of 4 of 5 of the unknown is 5. What is the unknown?"
The given problem is:-

1 11 11
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what is x, the unknown?
Putting x=1 in the Left Hand Side of equation (1) it becomes
1 11 11 131 1 1 1 1 40 1

87327257635 B8 12 10 40 120 3

1
1 2.3
. . . = = 2
The given sumis 2 .. By the above given rule, the unknown. 3
When talking about miscellaneous problems on fractions in GSS 4.7, Mahavira projects a beautiful problem in

1

one unknown® . A éravaka having gathered lotuses and loudly uttering hundreds of prayers offered 3 of those lotuses to

L1 1 1 x 1
the 1% tirthankara and 3, 4and 6of this (i.e., 3) respectively to the other 3 tirthankaras. Zas well as 12 of this 3to
another ti"rthankara and the remaining 19 ti rthankaras were offered 2 each. Then what is the total number of lotuses.
In order to solve such problems Mahavia states a rule in GSS.*
If certain specified fractional quantities of a total quantities are removed from the total quantity, Mahavi ra gives the rule
to find the total quantity when the numerical value of the removed portion is given. According to the above rule divide
dréya by (1- bhaga) to get the required quantity.

a

The unknown total quantity 1-b where ‘a’ is ' dr$ya’, the remaining quantity and 'b' is ‘bhaga’ the sum of the

fractional quantities.
In the above problem the offerings to the various ti'rthankaras can be accounted as follows:

1 1

1% tirthankara = 2 = 3
i1 1

2" tirthankara = 373 = g

1 1 1
3" tirthankara = 3'a = 12

1 1 1
4" tirthankara = 3’6 = 18

11 1 1 1
5" tirthankara = 39 3712 = 27+36

~b = sum of fractional quantities
1 1 1 1 1 1 1

= 2 9 12 18 27 36 108
The number of remaining lotuses = 19x2=38
~.a = remaining quantity = 38
a as a8

MW =
. the total number of lotuses = unknown = I=b 1= Tee 108
It is obvious that this is derivable from the equation * — bx=a
Linear equations in two or more unknowns:
A linear equation in two unknown or variables is an equation of degree 1.
Example 2x-3y=3, by+2=6 etc
Mahavira has highlighted the method to solve 1% degree equations in 2 unknowns.”
As per the sloka to separate the prices of an interchangeable larger and smaller number of two different things from the
given mixed sums of the prices, first multiply the higher price sum by the larger number. From this subtract the lower
price number as multiplied by the smaller number. Then divide the result by the difference between the squares of the
numbers relating to these things. This will give the price of thing which is larger in number. The other is obtained by
interchanging the multipliers.
Here Mahavi ra gives the rule for the solution of system of equations of the form

ax+by=m................. 1 and bx+ay=n......c.......... (2
X = am—bn __ an—bm
s @b and?) | a?_b

The above rule is true as per modern mathematics
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In order to verify the above rule he has given an example:
The mixed price of 9 citrons and 7 fragrant wood apples is 107 and the mixed price of 7 citrons and 9 fragment wood
apples is 101. What is the price of a citron and of a wood apple?

Let the price of a citron = X

Let the price of awood apple = y
Then given 9x+7y = 107
TX+9y = 101

9x107 —7xl0l 963—707

By therule x = 92 —72 31 =8
Sxl0l —7x107 160

y = 92-72 =32=5
In G.S.S. 6.270-272 '» Mahavi ra describes a problem®-
A greatman with magical powers seeing a cock fight speaks individually to both the owners of the cock. He says to one 'if
your bird wins, then you give me your stake-money but if you don’t win, | shall pay you 2/3 of it'. At the same time going
to the other owner he promises in the same way to give 3/4 if he loses. Tell me the mathematician the stake-money of
each of the cock-owners if the man earns a profit of 12 gold coins.
This problem can be written algebraically as
3 2

If x 4y=12 andy 3x =12 then x=? and y=?

Then Mahavi ra gives the solution’ for problems like

X—-yv=p and —Ix =
“y=p y-ix=p _
(e+d)b N (a+b)d

y

~ (c+d)b—(a+h)c and "~ (a+b)d—(c+d)a
a C

Xp

where x and y are the moneys on hand with the gamblers and b and d the fractional parts taken from them and p is the
gain.
In GSS 6.160-162 Mahavira puts forward an interesting problem.® Four merchants who had invested their money in
common were asked by the customs officer, each separately, what the value of the commaodity they were dealing in was
and one merchant among them deducting his own investment said that the value was in fact 22. Then another said that it
was 23 and another 24 and the fourth 27. What is the value of the commodity owned by each.

The solution to such problems are given by Mahavira in GSS.°
The above sloka means that the sum of the values of conjoint remainders of the commodities be divided by the number
of men lessened by 1. The quotient will be the total value of all commodities owned in common. This total value
diminished by the specified values gives the value of commodity in each hand.

If X1, X2, Xsand x4 are the individual parts, using the above rule the solution to the above problem is
22423424427 9

4—-1 =3 32
32-22=10
32-23=9
32-24=8
32-27=5

S= X1+ X2+ X3+ X4
. X
X2
X3
X4
By the modern method
22+X1
23+X>
24 +x3
27+X4
..Adding all these
96+( X1+ Xo+ X3+ X4) =
- 96+S= 4S
.35=96 - S=32
R (= 10 X2=9 X3=8 X4=5
Clearly the values obtained by modern rules are same as the values of Mahavi ra.
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Kuttaka - Indeterminate equations of 1* degree

The problem of finding solutions in integers for x and y in an equation of the form ax + ¢ = by where a, b, ¢ are
given integers was given great importance by the ancient Indian mathematicians and astronomers. The method of solving
such equations is called ‘Kuttaka’. But Mahavira used the word Kuttakara. The solution of the 1% degree indeterminate
equations in two unknowns is considered as one of the most remarkable contribution of Aryabhata to Mathematics. No
other country has originated such an equation and it stands as India’s contribution to the world of mathematics.

1

Mahavira in GSS 6.136 2 gives one method for solving such an equation, which can be explained by a suitable

example.
63X+7

Let the equation be 23
23) 63 (2

17) 3 (1
17
- 6)17(2
12
5) 6 (1
5
1) 5(4
4
1
First divide the group number 63 by the divisor 23. Then continue the process of division. Here the 1% quotient 2
is discarded. The other quotients 1,2,1,4 are written down in a line one below the other. Then we have to choose such a
number as when multiplied by the last remainder 1 and then combined with 7 (the remainder obtained on dividing 7 by
23) will be divisible by the last divisor '1'. So we choose 1 which is written down below the last number and write down
the quotient obtained in the above division, with the help of the chosen number, after it. Here we stop. Thus we get the
chain of figures 1, 2, 1, 4, 1, 8. Now we multiply the penultimate figure below in the chain i.e., 1 by 4, which is above it
and add '8' the last number in the chain. The resulting number '12' is written down in the place corresponding to 4. Then
multiplying this '12' by '1' which is the figure just above it in the chain and adding '1' i.e., the figure just below 12 in the
series. Write down the result i.e., '13" just above 12. Then multiplying 13 by 2 and adding with 12 gives '38" and write it
above 13. Similarly 38x1+13=51 is written above 38. This 51 is divided by 23, (the divisor of the problem) and the
remainder '5' is the required value.

_B3x5+7
Corresponding to this value of x the value of y 23

Conclusion :
The algebraic techniques presented in the Ganita Sara Sangraha demonstrate that 9th-century Indian mathematics had
already reached a high level of abstraction and procedural clarity. Mahaviracarya’s methods for solving linear
equations—whether through the substitution of unity or the structured resolution of simultaneous systems—reveal a
sophisticated understanding of variables and constants. By framing these complex operations within poetic narratives and
practical "puzzles," Mahavira bridged the gap between abstract logic and human interest. For the contemporary
mathematics educator, the G.S.S. serves as more than just a historical relic; it is a testament to a time when mathematics
was taught as a vibrant, imaginative, and deeply logical pursuit.
There are many unpublished works of Jainas which are unexplored even now. More studies and researches in Jaina
literature may help to reveal new ideas and concepts connected with Mathematics.
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