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Unit 3. 5 : Geometry in Aryabhatiya of Aryabhata-I  

Structure: - The Unit: Glimpses of Mathematics of Aryabhata-I contains an 
introduction and two lessons.  
Introduction gives information about the date of birth and the place where 
Aryabhata-I lived. It also gives a brief note about his famous work 
Aryabhatiya  
First lesson; 8. 2. 1 Arithmetic and Mensuration has five parts; 
3. 5. 1 (a):  connects ideas of square and squaring of arithmetic operations 
with geometry. 
3. 5. 1 (b):  connects ideas of cube and cubing of arithmetic operations with 
geometry. 
3. 5. 1 (c):  gives a sloka and an explanation of Bhaskara-I about area of a 
triangle. 
3. 5. 1 (d):  gives a sloka on area of a trapezium. 
3. 5. 1 (e):  gives a sloka on theorem on square of hypotenuse  
Second lesson; 3. 5. 2 Circles has four parts. 
3. 5. 2 (a):  Area of a Circle. 
3. 5. 2 (b): Ratio of circumference of a circle to its diameter. 
3. 5. 2 (b):  Theorem on square of half-chord of a Circle.  
3. 5. 2 (d): To find arrows of intercepting arcs of intersecting circles.  
Introduction: - Aryabhatiya is the composition of Aryabhata-I. Aryabhata-I 
lived at Kusumapura or Pataliputra in ancient Magadha, or modern Patna in 
Bihar. The year of birth of  Aryabhata-I is known to us with precision 
through a verse in Aryabhatiya ; 

wÉwOèrÉoSÉlÉÉÇ wÉÌ¹rÉïSÉ urÉiÉÏiÉÉx§rÉrÉ¶É rÉÑaÉmÉÉSÉÈ | 
§rÉÌkÉMüÉ ÌuÉÇvÉÌiÉUoSÉxiÉSåW qÉqÉ eÉlqÉlÉÉåÅiÉÏiÉÉÈ ||û 

“When sixty times sixty years and three quarter-yugas had elapsed  (of the 
current yuga), twenty-three years had then passed since my birth.”  
This shows that in the kali year 3600 (elapsed), Aryabhata-I was twenty-
three years of age.  Since the kali year 3600 (elapsed), corresponds to A.D. 
499, it follows that Aryabhata-I was born in the year A.D. 476.  The Gupta 
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king Buddhagupta reigned at Pataliputra from A.D. 476 (the year Aryabhata-
I was born) to A.D. 496. 
Aryabhatiya  deals with both mathematics and astronomy.  It contains 121 
stanzas in all, and is marked for brevity and conciseness of composition.  
The subject matter of the Aryabhatiya is divided into 4 chapters, called 
paada (or section).  
Gitika paada, the first paada, consists of 13 stanzas and explains basic 
definitions, important astronomical parameters and tables. It gives the 
definitions of the larger units of time (Kalpa, Manu and yuga), the circular 
units (sign, degree and minute) and the linear units (yojana, nru, hasta and 
angula).  Revolutions of Geo-centric planets in a yuga (43,20,000 Years) 
and other astronomical data are given in his own invention Aryabhatiya 
Numeral. 
Ganita paada, the second  paada, consists of 33 stanzas and deals with 
mathematics. The topics dealt with are the geometrical figures, their 
properties, approximate value of ‘the ratio of the circumference of a circle to 
its radius’ (approximate value of ), mensuration, problems on the shadows 
and gnomons, series, interest, simple equations, simultaneous equations, 
quadratic equations and linear indeterminate equations.  The arithmetical 
method for extracting the square root and the cube root and rules meant for 
certain specific mathematical problems including the method of constructing 
the table of Rsines.  
Kaalakriya paada, the third  paada, consists of 25 stanzas and deals with 
Astronomical concepts after giving out the various units of time, divisions of 
the year, various kinds of year, lords of hours and days etc.,  
Gola paada, the fourth  paada, consists of 50 stanzas and deals with the 
motion of  Geo-centric planets on the celestial sphere.  It gives rules relating 
to the various problems of spherical astronomy.  It also deals with the 
calculation and graphical representation of the eclipses and the visibility of 
the planets. 
 

Lesson 3. 5. 1 : Arithmetic and Mensuration 
3. 5. 1 (a): Square and squaring 
Aryabhata-I defines the area of a square figure in geometry and extends the 
definition of the term ‘square’ as the product of two equal quantities. 

uÉaÉïÈ xÉqÉcÉiÉÑU´ÉÈ TüsÉÇ cÉ xÉS×vÉ²rÉxrÉ xÉÇuÉaÉïÈ | 
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Bhaskara-I, in his Aryabhatiya Bhasya (629 A.D.) explains the above sloka 
thus; 
 
uÉaÉïÈ MüUhÉÏ M×üÌiÉÈ uÉaÉïhÉÉ rÉÉuÉMUhÉÌqÉÌiÉ mÉrÉÉïrÉÉÈ | xÉqÉcÉiÉÑU´É¤Éå§ÉÌuÉÌuÉvÉåvÉÈ xÉÇgÉÏ, uÉaÉïÈ 
xÉÇgÉÉ | A§É xÉÇÌgÉxÉÇgÉrÉÉåUpÉåSålÉ EcrÉiÉå 'uÉaÉïÈ xÉqÉcÉiÉÑU´ÉÈ' CÌiÉ | AxqÉÉSç  rÉÉå rÉÉå uÉaÉïÈ 
xÉqÉcÉiÉÑU´É¤Éå§ÉÌuÉvÉåwÉÈ | LuÉÇ TüsÉÇ cÉ xÉS×vÉ²rÉxrÉ xÉÇuÉaÉïÈ | xÉÇuÉaÉÉåï bÉÉiÉÉå aÉÑhÉlÉÉ 
WûÌiÉÂ®iÉïlÉÉ CÌiÉ mÉrÉÉïrÉÉÈ | 
 
An equilateral quadrilateral with equal diagonals (a square figure) and area 
thereof are called ‘square’.  The product of two equal quantities is also 
called ‘square’.   
Bhaskara-I gives the terms uÉaÉïÈ, MüUhÉÏ, M×üÌiÉÈ, uÉaÉïhÉÉ  and rÉÉuÉMUhÉ  as 
synonyms, meaning ‘square or squaring’.   Of these MüUhÉÏ, uÉaÉïhÉÉ  and 
rÉÉuÉMUhÉ  are unusual.  The term rÉÉuÉMUhÉ  
 is derived from the fact that in Hindu algebra x2 is written as rÉÉuÉ (rÉÉ) for 
rÉÉuÉiÉç-iÉÉuÉiÉç , i.e. x and uÉ  for uÉaÉï, i.e. square. 
  
3. 5. 1 (b):  Cube and Cubing 
Aryabhata-I defines the volume of a figure ‘cube’ in geometry and extends 
the definition of the term ‘cube’ as the product of three equal quantities. 

xÉS×vÉ§ÉrÉxÉÇuÉaÉÉåï bÉlÉxiÉjÉÉ ²ÉSvÉÉÌ´ÉÈ xrÉÉiÉç ||3|| 
 
Bhaskara-I, in his Aryabhatiya Bhasya (629 A.D.) explains the above sloka 
thus; 
 
xÉS×vÉ§ÉrÉxÉÇuÉaÉïÈ | xÉS×vÉ§ÉrÉxÉÇuÉaÉÉåï bÉlÉÉå pÉuÉÌiÉ | bÉlÉÉå uÉ×lSÇ xÉS×vÉ§ÉrÉÉprÉÉxÉ CÌiÉ mÉrÉÉïrÉÉÈ | 
xÉ cÉ ²ÉSvÉÉÌ´ÉÈ ²ÉSvÉ A´ÉrÉÉå rÉxrÉ xÉÉåÅrÉÇ ²ÉSvÉÉÌ´ÉÈ, xrÉÉiÉç pÉuÉåiÉç | 'iÉjÉÉ'vÉoSålÉ 
xÉqÉcÉiÉÑU´ÉiÉÉÇ bÉlÉxrÉ mÉëÌiÉmÉÉSrÉÌiÉ | AliÉUåhÉÉÌmÉ 'iÉjÉÉ'vÉoSÇ AxrÉ bÉlÉxrÉ xÉqÉcÉiÉÑU´ÉiÉÉ 
vÉYrÉiÉ LuÉ mÉëÌiÉmÉ¨ÉÑqÉç | 'uÉaÉïÈ xÉqÉcÉiÉÑU´ÉÈ' CirÉ§ÉÉÌkÉM×üiÉÇ xÉqÉcÉiÉÑU´ÉaÉëWûhÉqÉlÉÑuÉiÉïiÉå, A´ÉrÉÉå 
rÉxrÉ qÉ×SÉlrÉålÉ uÉÉ mÉëSÌvÉïiÉurÉÉÈ | 
 
The continued product of three equals as also the cuboidal solid having 
twelve equal edges is called a ‘cube’. 



 
 
 

Certificate Course on ““Indian Mathematics”  
Draft Syllabus; Compiled by Venkatesha Murthy, Dean-Math, iACT, Bangalore 

 

5 

 
 
 
3. 5. 1 (c):  Area of a triangle  
Aryabhata-I gives the formula to find the area of a scalene triangle when its 
base and altitude are known.;  

Ì§ÉpÉÑeÉ¤Éå§ÉTüsÉqÉç - 
Ì§ÉpÉÑeÉxrÉ TüsÉvÉUÏUÇ xÉqÉSsÉMüÉåãOûÏpÉÑeÉÉkÉïxÉÇuÉaÉïÈ | 

The product of the perpendicular (dropped from the vertex on the base) and 
half the base gives the measure of the area of a triangle. 
Bhaskara-I, in his Aryabhatiya Bhasya (629 A.D.) explains the term 
xÉqÉSsÉMüÉåãOûÏ.   
The term xÉqÉSsÉMüÉåãOûÏ means ‘the perpendicular dropped from the vertex on 
the base of a triangle’ i.e,. ‘the altitude of a triangle’.  Bhaskara-I criticized 
those who interpreted it as ‘the upright that bisects the triangle into two 
equal segments’, for, in that case, the above rule will be applicable only to 
equilateral and isosceles triangles.   
Explanation of Bhaskara-I, in detail, is; 
ÌiÉxÉëÉåã pÉÑeÉÉ rÉxrÉ ¤Éåã§ÉxrÉ iÉÌSSÇ ¤Éåã§ÉÇ Ì§ÉpÉÑeÉqÉç |  pÉÑeÉÉ oÉÉWÑûÈ mÉÉµÉïÌqÉÌiÉ mÉrÉÉïrÉÉÈ |  iÉ§É 
§ÉÏÌhÉ ¤Éåã§ÉÉÌhÉ xÉqÉ-Ì²xÉqÉ-ÌuÉwÉqÉÉÌhÉ ! Ì§ÉpÉÑeÉxrÉåãÌiÉ 
Ì§ÉpÉÑeÉ¤Éå§ÉeÉÉÌiÉqÉXèaÉÏM×üirÉæMüuÉcÉlÉÌlÉSåïãïvÉÈ |  iÉxrÉ Ì§ÉpÉÑeÉxrÉ TüsÉvÉUÏUqÉç | TüsÉxrÉ vÉUÏUÇ 
TüsÉvÉUÏUÇ, TüsÉmÉçUqÉÉhÉÌqÉirÉjÉïÈ |  xÉqÉSsÉMüÉåãOûÏpÉÑeÉÉkÉïxÉÇuÉaÉïÈ |   
 
xÉqÉSsÉMüÉåãOûÏ, AuÉsÉqoÉMüÈ |  A§É MåüüÌcÉiÉç - xÉqÉå SsÉå rÉxrÉÉÈ xÉåãrÉÇ xÉqÉSsÉÉ, xÉqÉSsÉÉ 
cÉÉxÉÉæ MüMüÉåãOûÏ cÉ xÉqÉSsÉMüÉåãOûÏÌiÉ uÉhÉïrÉÌliÉ |  iÉåwÉÉÇ xÉqÉ-Ì²xÉqÉ-§rÉ´É¤Éå§ÉrÉÉåïãUãuÉ 
TüsÉÌxÉÌ®È, lÉ ÌuÉwÉqÉ§rÉ´É¤Éååã§ÉxrÉ |  AxqÉÉMüÇ mÉÑlÉÈ xÉqÉSsÉMüÉåãOûÏirÉlÉãlÉÉuÉsÉqoÉMüurÉÑimÉirÉÉ 
oÉçÂuÉiÉÉÇ §ÉrÉÉhÉÉqÉÌmÉ TüsÉÉlÉrÉlÉÇ ÌxÉ®qÉç |  AjÉuÉÉ rÉåã urÉÑimÉÌ¨ÉÇ MÑüuÉïÌliÉ iÉåwÉÉqÉÌmÉ §ÉrÉÉhÉÉÇ 
§rÉ´É¤Éåã§ÉÉhÉÉÇ TüsÉÉlÉrÉlÉÇ ÌxÉ®qÉåuÉ !  MÑüiÉÈ ?  ÃRåûãûwÉÑ Ì¢ürÉÉ urÉÑimÉÌ¨ÉMüqÉÉïjÉÉï lÉÉjÉïÌ¢ürÉÉ CÌiÉ 
!  pÉÑeÉÉrÉÉ AkÉïÇ pÉÑeÉÉkÉïqÉç |  AjÉÉ§É pÉÑeÉÉvÉoSålÉ pÉÑeÉÉ oÉÉWÑûÈ mÉÉµÉïÌqÉÌiÉ xÉÉqÉÉlrÉålÉ §ÉrÉÉhÉÉÇ 
mÉÉµÉÉïlÉÉÇ mÉçUÌiÉmÉ¨ÉÉæ mÉçUxÉYiÉÉrÉÉÇ ÌuÉÌvÉ¹É LuÉ pÉÑeÉÉ mÉÌUaÉ×½iÉå, pÉÑeÉÉxÉÇÌgÉiÉÉ !  
xÉÉqÉÉlrÉcÉÉåSlÉÉ¶É ÌuÉvÉåwÉåÅuÉÌiÉ¸liÉ CÌiÉ |  A§É aÉÌhÉiÉåã pÉÑeÉÉvÉoSÈ AÉæhÉÉÌSMüÈ mÉëÌiÉmÉ¨ÉurÉÈ 
AlrÉjÉÉ ÌWû pÉÑeÉÉlrÉÑoeÉÉæ mÉÉhrÉÑmÉiÉÉmÉrÉÉåãÈ [A¹ÉkrÉÉrÉÏ, 7. 3. 69] CÌiÉ pÉÑeÉÉvÉoSxrÉ 
mÉÉhÉÉuÉjÉåï ÌlÉmÉÉÌiÉiÉ¨uÉÉiÉç ¤Éå§ÉmÉÉµÉåï lÉ sÉprÉiÉå |  iÉxrÉÉpÉÑeÉÉrÉÉ AkÉïÇ pÉÑeÉÉkÉïqÉç |  
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xÉqÉSsÉMüÉåãOèrÉÉ pÉÑeÉÉkÉïxrÉ cÉ-xÉÇuÉaÉïÈ xÉqÉSsÉMüÉåOûÏpÉÑeÉÉkÉïxÉÇuÉaÉïÈ, Ì§ÉpÉÑeÉxrÉ TüsÉvÉUÏUÇ 
pÉuÉÌiÉ | 
 
Therefore,  
Area of a triangle of the known base and altitude =  (1/ 2) (base) (altitude) 
 
3. 5. 1 (d):  Area of a trapezium 
Aryabhata-I gives the formula to find the length of perpendiculars drawn 
from the point of intersection of its diagonals to its opposite parallel sides 
and area of the trapezium when the lengths of its parallel sides and the 
distance between them are known. 
 
AÉrÉÉqÉaÉÑhÉå mÉÉµÉåï iÉ±ÉåaÉW×ûiÉå xuÉmÉÉiÉUåZÉå iÉå |  ÌuÉxiÉUrÉÉåaÉÉkÉïaÉÑhÉå gÉårÉÇ ¤Éå§ÉTüsÉqÉÉrÉÉqÉå ||8|| 

 
 (Severally) multiply the base and the face (of the trapezium) by the height, 
and divide (each product) by the sum of the base and the face : the results 
are the lengths of the perpendiculars on the base and the face (from the 
point of intersection of the diagonals). The results obtained by multiplying 
half the sum of the base and the face by the height is to be known as the area 
(of the trapezium). 
 
 
 
 
 
 
 
 
 
 
Let a, b be the base and the face,  p the height and c, d  are the lengths of the 
perpendiculars on the base and the face from the point of intersection of the 
diagonals.  Then 

ba
apc


    and  ba
bpd


 . 

a 

b 

c 

d 

p 
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Area of the trapezium   pba 
2
1

 

3. 5. 1 (e):  Theorem on square of hypotenuse  
Aryabhata-I gives the formula thus; 

rÉ¶ÉæuÉ pÉÑeÉÉuÉaÉïÈ MüÉåOûÏuÉaÉï¶É MühÉïuÉaÉïÈ xÉÈ | 
 (In a right angled triangle) the square of the base plus the square of the 
upright is the square of the hypotenuse. 

rÉ¶É pÉÑeÉÉrÉÉ uÉaÉïÈ, rÉ¶É MüÉåÌOûuÉaÉïÈ, iÉrÉÉårÉÉåïaÉÈ MühÉïuÉaÉïÈ | (iÉxrÉ qÉÔsÉÇ MühÉÉåï pÉuÉÌiÉ) | 
 
This theorem is the so-called ‘Pythagoras theorem’, which was known to 
Sulvakaras (800 B.C.). The theorem is to be renamed as Baudhayana 
theorem or ‘Theorem of square on the diagonal of a rectangle’.  
 
 

Lesson 3. 5. 2:  Circles 
3. 5. 2 (a):  Area of  a Circle. 
Aryabhata-I gives the formula to find the area of a circle ; 

xÉqÉmÉÌUhÉÉWûxrÉÉkÉïÇ ÌuÉwMüqpÉkÉïWûiÉqÉåuÉ uÉ×¨ÉTüsÉqÉç | 
Half of  the circumference, multiplied by the semi-diameter certainly gives 
the area  of a circle. 
 
Bhaskara-I, in his Aryabhatiya Bhasya (629 A.D.) explains the meaning of 
the sloka thus; 
mÉÌUhÉÉWûÈ mÉÌUÌkÉÈ | xÉqÉ¶ÉÉxÉÉæ mÉÌUhÉÉWû¶É xÉqÉmÉÌUhÉÉWûÈ, iÉxrÉÉkÉïqÉç | ÌuÉwMüqpÉÉå urÉÉxÉÈ, 
iÉxrÉÉkÉïÇ ÌuÉwMüqpÉÉkÉïÇ, iÉålÉ WûiÉÇ ÌuÉwMüqpÉkÉïWûiÉqÉç, ÌuÉwMüqpÉkÉïaÉÑÌhÉiÉÌqÉÌiÉ rÉÉuÉiÉç | 
xÉqÉmÉÌUhÉÉWûxrÉÉkÉïÇ ÌuÉwMüqpÉkÉïWûiÉqÉåuÉ uÉ×¨ÉTüsÉqÉç | 
 

2r π
2
r 2

2
r 2π

2
diameter

2
ncecircumfere  circle a of Area 



























  

Thus, it could be seen that Aryabhata’s formula for area of a circle is 
different from the popular formula, in form.  He has used the term ‘half the 
diameter’ instead of ‘radius’, wherever necessary.  
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3. 5. 2 (b): Ratio of circumference of a circle to its diameter.   
Aryabhata-I gives an approximate value of the Ratio of circumference of a 
circle to its diameter,  correct to four decimal places.  
The sloka reads thus ; 

cÉiÉÑUÌkÉMüÇ vÉiÉqÉ¹aÉÑhÉÇ ²ÉwÉÌ¹xiÉjÉÉ xÉWûxÉëÉhÉÉqÉç |  
ArÉÑiÉ²rÉÌuÉwMüqpÉxrÉÉxÉ³ÉÉå uÉ×¨ÉmÉÌUhÉÉWûÈ ||10|| 

Hundred plus four, multiplied bu eight, and added to sixty-two thousand ; 
this is the nearly approximate measure of the circumference of a circle 
whose diameter is twenty thousand.  
Bhaskara-I, in his Aryabhatiya Bhasya (629 A.D.) explains the meaning of 
the sloka thus; 
cÉiÉÑÌpÉïUÌkÉMüÇ cÉiÉÑUÌkÉMüqÉç | ÌMüÇ iÉiÉç ? vÉiÉqÉç | A¹ÉÌpÉaÉÑïÌhÉiÉqÉç AwOûaÉÑhÉqÉç | LiÉSÑYiÉÇ 
pÉuÉÌiÉ-A¹Éæ vÉiÉÉÌlÉ ²ÉÌ§ÉÇvÉSÑ¨ÉUÉhÉÏÌiÉ | xÉWûxÉëÉÌhÉ cÉ ²ÉwÉÌ¹È |  LiÉSÑpÉrÉqÉåMü§É 62832 | 
ArÉÑiÉ²rÉÇ cÉ ÌuÉwMüqpÉ¶É ArÉÑiÉ²rÉÌuÉwMüqpÉÈ | AjÉuÉÉ ArÉÑiÉ²rÉxÉXûçZrÉÉå ÌuÉwMüqpÉÉåÅrÉÑiÉ²rÉ-
mÉëqÉÉhÉÉå uÉÉ ArÉÑiÉ²rÉÌuÉwMüqpÉÈ | iÉxrÉ ArÉÑiÉ²rÉÌuÉwMüqpÉxrÉ | xÉ cÉ 20000 |  AÉxÉ³ÉÈ 
ÌlÉMüOûÈ | xÉÔ¤qÉxrÉ mÉÌUhÉÉWûxrÉ | AÉxÉ³É vÉoSålÉ iÉixqÉÏmÉuÉÌiÉïlÉÉÌpÉkÉÏrÉiÉå | 
This gives ;  

    (100 + 4) 8 + 62,000 = 62,832 = Circumference 
  x diameter = Circumference 

                                         x  20,000  =  62,832 
This value does not occur in any earlier work on mathematics, and forms an 
important contribution of Aryabhata-I.  This value could be obtained by 
finding the perimeters of inscribed regular polygons, starting with hexagon 
and successively doubling the number of sides of these inscribed polygon.  
Aryabhata’s approximate value is obtained by considering the perimeter of 
an inscribed regular polygon of 768 sides( which could be obtained using a 
scientific calculator).  Jaina mathematicians used 10  as an approximation 
to the ratio of circumference of a circle to its diameter ( π ) by considering 

the perimeter of an inscribed regular polygon of 12 sides (dodecagon). 

1416.3
20000
62832π 

1416.3
20000
62832π 
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It is noteworthy that Aryabhata-I has called the value for   approximate 
(AÉxÉ³ÉÈ,  ÌlÉMüOûÈ). 
  The present day value of π  = 3.141592654… Is it not surprising to note 
Aryabhata’s (b. A.D. 476) value of π  being approximated to its fourth 
decimal place during such a distance past, without any devise to work out 
with huge numbers? Or did they have any devise?  
 
 3. 5. 2 (c):  Theorem on square of half-chord of a Circle. 
Aryabhata-I gives the rule thus; 

uÉ×¨Éå vÉUxÉÇuÉaÉÉåïÅkÉåïerÉÉuÉaÉïÈ rÉ ZÉsÉÑ kÉlÉÑwÉÉå ||17|| 
 
In a circle (when a chord divides it into two arcs), the product of the arrows 
of the two arcs is certainly equal to the square of half the chord. 
Bhaskara-I, in his Aryabhatiya Bhasya (629 A.D.) explains the meaning of 
the sloka thus; 

uÉ×¨Éå ¤Éå§Éå, vÉUrÉÉåÈ xÉÇuÉaÉïÈ vÉUxÉÇuÉaÉïÈ, xÉÈ AkÉïerÉÉuÉaÉÉåï pÉuÉÌiÉ| | 
xÉ ZÉsÉÑ kÉlÉÑwÉÉåÈ, iÉrÉÉåUåuÉ kÉlÉÑwÉÉåUkÉïerÉÉuÉaÉÉåï pÉuÉÌiÉ | 

In a circle, a chord CD and a diameter AB intersect at right angles at E.  
 
 
 
 
 
 
 
 
 
 
Arc DBC is called dhanu of chord CD (Jya), and Arc DAC is another dhanu 
of chord CD (Jya).  
EA is shara of  dhanu DBC  and  EB is shara of  dhanu DAC.  
Then according to the theorem ; 

(Shara EA of  dhanu DBC) x  (Shara EB of  dhanu DAC)  = (half of chord 
CD) 2 

i.e., AE x EB = CE2 

A B 

D 

C 

E 
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This result is proved through the property of similar triangles of triangle 
AEC and triangle CEB in Euclidean geometry.  Since Indian mathematicians 
were practical mathematicians, he did not record the proof for their results. 
 
3. 5. 2 (d): To find arrows of intercepting arcs of intersecting circles: 
Aryabhata-I gives the rule thus; 
aÉë|xÉålÉ ²å uÉ×¨Éå aÉë|xÉaÉÑhÉå pÉÉeÉrÉåiÉç mÉ×jÉYiuÉålÉ | aÉë|xÉålÉrÉÉåaÉsÉokrÉÉæ xÉqmÉÉiÉvÉUÉæ mÉUxmÉUiÉÈ 
||18|| 
 (When one circle intersects another circle) multiply the diameters of the two 
circles each diminished by the erosion, by the erosion and divide (each 
result) by the sum of the two circles after each has been diminished by the 
erosion : then the arrows of the arcs (of the two circles) intercepted in each 
other are obtained.) 
Let two circles intersect at P and Q, and ABCDE be the line passing through 
the centers of the two circles.  Then BD is the erosion (aÉë|xÉ), and BC and 
CD are the arrows of the intercepted arcs. [The arrow (Ei¢üqÉerÉÉ, Rversine) 
of a circle is one of the three basic trigonometric functions;  
Rsine (erÉÉ), Rcosine  (MüÉåÌOûerÉÉ) and Rversine  (Ei¢üqÉerÉÉ).] 
 
 
 
 
 
 
 
 
 
 
The Rule states that 

 
   BD - BEBD - AD

BD .BD - AD  BC


   and   
   BD - BEBD - AD

BD .BD - BE  CD


  

 
Proof: - As per the ‘Theorem on square of half-chord of a Circle’ [8. 2. 2 
(c)]   
                                                        AC x CD = BC x CE = CE2   
Therefore,       (AD – BD + BC) (BD – BC) = BC (BE – BC) also, 

P 

Q 

D C B E A 
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                       (AD – CD) CD = (BD – CD) (BE – BD + CD) 

       from,          (AD – BD + BC) (BD – BC) = BC (BE – BC) 

(AD – BD + BC) BD – BC (AD – BD + BC) = BC (BE – BC) 

(AD – BD) BD = - BC. BD + BC (AD – BD + BC) + BC (BE – BC) 

BC [(- BD + AD – BD + BC  + BE - BC)] = (AD – BD) BD 

                    BC [(AD – BD) + (BE – BD)] = (AD – BD) BD 

                                                    
   BD - BEBD - AD

BD .BD - AD  BC


  

Similarly, from  (AD – CD) CD = (BD – CD) (BE – BD + CD) the rule; 

                                                   
   BD - BEBD - AD

BD .BD - BE  CD


   could be proved. 

Exercise: - 
1. How does Aryabhata connect the terms ‘square and squaring’ and 

‘cube and cubing’ between geometry and arithmetic? 
2. What is the objection of Bhaskara-I about the interpretation of the 

word xÉqÉSsÉMüÉåãOûÏ  
             by the earlier commentators? 

3. State Aryabhata theorem on square of hypotenuse. 
4. State the rule of Aryabhata-I for finding the area of a circle. 
5. What might be the basis for Indian mathematicians to find the ratio of 

circumference of a circle to its diameter? 
6. How could Jaina mathematicians arrive at the circumference of a 

circle of unit diameter and what is its value?   
7. What are the basic trigonometric functions in Indian mathematics? 
8. What are the formulae to find Rversine  (Ei¢üqÉerÉÉ)  
9. in terms of segments formed on combined diameter of two 

intersecting circles and the perpendicular to it joining the points of 
intersection of the two circles? 

 
 
 

 


