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Concepts and calculations in Trilateral geometrical figures as
reflected in the- Ganitasarasamgraha (G.S.S.)
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Geometry in Ancient India — An Introduction

Ksetraganita or geometry was the foundational inspiration for ancient Indian
Mathematics. While computation, arithmetic, and algebra are often highlighted, these
fields—along with trigonometry and number theory—Ilargely grew out of geometrical
interpretations and constructional methods found in the Sulbastitras. According to scholar
T.A. Sarasvati Amma, the history of Indian geometry spans three eras: Pre-Aryan, Vedic,
and Post-Christian. She notes that while early texts like the Sulbasitras lacked formal
proofs, this was because the rationale was preserved through oral tradition or detailed
commentaries, many of which were lost during foreign invasions.
Jaina mathematicians significantly advanced the field, integrating complex calculations
into their cosmography. Mahavira, in the 7th chapter of his Gawita Sara Samgraha,
expanded geometry beyond simple polygons to include specialized shapes such as:
Yavakara (barley-seed shape) Vajrakara (diamond/thunderbolt shape) Murajakara (drum
shape) and Satbhuja ksetra (hexagon)
By applying these talents to complex curvilinear and combined figures, Jaina scholars like
Virasena and Sridhara ensured geometry remained a central pillar of Indian intellectual
history.
Trilaterals
Three types of trilateral figures are discussed by Mahavira in G.S.S. They are equilateral
triangle, isosceles triangle and scalene triangle. Mahavira considered a triangle as a
quadrilateral of one side zero and gave the following rule to find its area.
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In this sloka Mahavira says that from the half of the sum of four sides of a quadrilateral
subtract each side (separately). Finding the product of such quantities and then taking the
square root the minutely accurate measure of the area of the quadrilateral is obtained or the
product of the perpendicular from the top to the base and half the sum of the top measure
and the base measure will give the minutely accurate area of a quadrilateral.
Since Mahavira considered a triangle as a quadrilateral with one side zero the formula for
minutely accurate area of a trilateral figure is given as \/S(S_ a)(s- b)(s—c)

a+ b+ ¢ Wherea, b, carethe 3sides. Alsoarea _ ¢ 0 where c is one side of the
2 2
triangle and 'p' is the perpendicular distance of the opposite vertex from this side.

Meanwhile the formula for finding p is also given in GSS 7.49.
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In the sloka cited above it is given that by doing
sankrama,a between one side (base) and the difference
between the squares of the other sides as divided by the
base will give the two segments of the base. The square
root of the difference between the squares of these
segments and of the corresponding adjacent sides gives the
measure of the perpendicular ie.,

1[ az—sz 1[ az—sz
c,=—| c+ and c,=—| c-

2 [ 2 c

then P = \/az - ¢ or \/bz -c?

In G.S.S. 7.171 % Mahavira gives the rule to find the base
and side of an isosceles triangle if the approximate and

exact areas of the triangle is known.
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In the above sloka Mahavira explains that find twice the
square root of the difference of the areas (exact and
appropriate). This is taken as the base and the approximate
area is taken as the side of an isosceles triangle. Dividing
the above base and side by half the square root of the
above base will give the base and side of the required
isosceles triangle.
If Ac and A, are the exact and approximate areas of an
isosceles triangle then

1
Z(Az: )2_ (Az Az)
1
Base = (A2 A2)4
Aa
2. 2711
side = (Aa' Ae)

If a is the base and b is the side of an isosceles triangle
then

1

2 ,2)\2
Aazﬂ and AezE b -a
2 2 4

Ai:i 4b’ - a’ :azbz_izAi_i
So 4 4 16 16
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So the rule is verified.

Similarly the side* of an equilateral triangle of given areas

(exact and approximate) is given by Mahavira as side

2 (AZ- Ai)%
Aryabhatiyam v. 2.6 clearly gives the formula for area of

1 x base x altitude

atrilateral figureas area = 2
Brahmagupta also gives the formula® for the same as /°
. a+ b+ c
where a,b,c are the sides and 2 by treating

triangle as a quadrilateral with one side 0. Even though
Mahavira and Brahmagupta give the formula for area of a
triangle, its credit is attributed to Heron of Alaxandria®

But in Yuktidipika 2.531-534 the area of a triangle is found
in a different way by converting it into a quadrilateral and
then finding its area.’

A E D F C
Fig. 3
In fig. 3, triangles (3) and (4) will coincide with (1) and (2)
respectively.
Area of the triangle ABC = Area of the new
guadrilateral EFGH

1
= base x height = 2 base of triangle x altitude

In Liilavati v.- 166 also we can see the same formula for
area of a triangle.
In fig. 3, triangles (3) and (4) will coincide with (1) and (2)
respectively.
Area of the triangle ABC = Area of the new
guadrilateral EFGH

1
= base x height = 2 base of triangle x altitude

In Liilavati v.- 166 also we can see the same formula for
area of a triangle.
Though Brahmagupta gives an expression for the

circumradius of triangle in BrahmasphuTasinddhanta 12-
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27, Mahavira is the first to speak of a circle inscribed in a
triangle and its diameter®,

SIRCHEIEE K EEC IR E R GBI CASE
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The above given verse points out that the exact area of any
figure other than a rectangle should be divided by one-
fourth the perimeter to get the diameter of the circle

inscribed within that figure.

A

Fig. 4
The rule is quite true because if r is the radius of the
incircle
Areacf A ABC = Areaof AAIB+ Areaof ABIC+ Areacf A AIC
1 1 1
= —Cr+—ar+=hr
2 2 2
=L(a+b+c)
2
~ 2Area Area 5 Area
“a+b+c 1 =
—(a+b+c — Paimeter
2[‘ ) 2
s Fail = 12 Area = & Area
= Perimeter — Perimeter
2 4
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