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ABSTRACT

Lilavatr'may be conceptually expressed as ‘Lila’ means play with mathematical themes and ‘vati” means
terminating i.e. giving some results. Lilavati may be subdivided into a) Arithmetic®; b) Algebra®; c)
Trigonometry & Geometry and d) Discrete Mathematics. Here we are considering those verses, from
Bhaskaracarya’s vast propositions, which can assume algebraic notations and used in Junior school
mathematics. For these we have taken a few fragments of mathematical operations.

Keywords: Lilavati, BHASKARA-II

INTRODUCTION

Bhaskaracarya's* work in Algebra, Arithmetic, Geometry, Discrete Mathematics made him to exist in the
peak of his fame and immortality. His illustrious mathematical works within Lilavati and Bijaganitam are
considered to be the incomparable and memorial to his profound intelligence. Its translations in several
languages throughout the world bear his testimony to its eminence. He is called ‘Ganakacakraciidamani
meaning thereby: ‘top of the all-round arithmeticians’.

He wrote about his year of birth as:

FATATETT: / GF—1 < (I TG AU TTRATTE)
TEOTIOTHRT € ° 3 S THHTIHA A SHATHH e |
THIOT 3 S AT A TG T O = |

Transcription )
Atha prasnadhyayah / Sloka-58 (Idanim siddhantagranthanakalamaha)
Rasagunapiirnamahil 036samasakanrpasamaye’bhavanmamotpattihl

Rasaguna36varsena maya siddhamtasiromanih racitahll

In Chapter of Problems & Questionnaire in the fourth part of Siddhanta Siromanih i.e. in Goladhyayah in
Stanza — 58 (Year of his birth & of Siddhanta Siromanih):-

‘I was born in Saka 1036 (1114 AD or CE) and I wrote Siddhanta Siromanih when I was 36 years old’
i.e. in Saka 1072 (1150 CE).

We ﬁnd about Patlganltam at end of the first stanza of Lilavati:

Fr%waﬂ—mﬁﬂwméﬁ%—wﬁﬂﬁ?ﬁﬂ{n

Transcription

Patim sadganitasya vacmi caturapritipridarh pradam prasphutam |
Sanksistaksarakomalamalapadairlalityalilavatim || 1

English Version

| propound this easy process of computation with soft and correct as well as concise words, delighting the
elegance and the learned with great satisfaction.

In following verse, we find Bhaskaracdrya’s mastership as Acarya (Preceptor):

AT AT AT AT IS AT EAT:H AT

TR AT O TG AL AR TEH: |
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ALAG A T H TG ATH T SEA TR ATERT: 1 2 9 %

Transcription

Astau vyakaranani sat ca bhisaja vyacasta tah sarhhitah

Sat tarkan ganitani pafica caturo vedanadhite sma yah|

Ratnanam tritayar dvayafica bubudhe mimarmsayorantare

Sadbrahmaukamagadhabodhamahima so’sya kavibhaskarah||® 278

Bhaskardcarya, the great poet and author of Sidhanta Siromanih’, had mastered eight volumes on
Grammar®, six on Medicine& Medical Sciences’, six on Philosophical Systems™, five on Mathematics™,
four Vedas®, a triad of three ratnas™ and two (fore & past) Mimamsas*. He understood that the Lord
(Supreme) cannot be fathomed.

He mastered not only mathematics but also in many branches of philosophy & science.

Bhaskara-1l was head of the astronomical observatory at Ujjain, the leading mathematical centre of
ancient India. His predecessors in this post were noted Indian mathematicians Varahamihira' and
Brahmagupta®. Siddhanta Siromanih is a mammoth work containing about 1450 verses dividing it into
four different concepts as: Lilavati, Bijaganitam, Ganitadhyayah*' (Grahaganitam) and Goladhyayah'®
whereas each part has a separate identity, therefore, may be considered as separate book. The numbers of
verses in each part are: In Lilavati — 278 verses, in Bijaganitam — 213 verses, in Ganitadhyayah — 451
verses and in Goladhyayah — 501 verses. Most beautiful characteristic of Siddhanta Siromanif is that it
expressed most simple methods of calculations from Arithmetic to Astronomy.

Lilavati had been divided into 13 chapters covering many branches of mathematics such as: arithmetic,
algebra, geometry, and a little trigonometry and mensuration. More specifically the contents are:
Definitions.

Properties of zero (including division, and rules of operations with zero).

Further extensive numerical work, including use of negative numbers and surds.

Estimation of 7.

Arithmetical terms, methods of multiplication, and squaring.

Inverse rule of three, and rules of 3, 5, 7, 9, and 11.

Problems involving interest and interest computation.

Arithmetical and geometrical progressions.

Plane (geometry).

Solid geometry.

Permutations and combinations.

Indeterminate equations (Kuttaka), integer solutions (first and second order). His contributions to
this topic are particularly important, since the rules he gives are (in effect) the same as those given by the
renaissance European mathematicians of the 17th century, yet his work was of the 12th century.
Bhaskara-1I's method of solving was an improvement of the methods found in the work of Aryabhatta and
subsequent mathematicians.

In nineteenth century a great German Mathematician Karl Theodor Wilhelm Weierstrass' said:

“. . . es ist wahr, ein Mathematiker, der nicht etwas Poet ist, wird nimmer ein vollkommener
Mathematiker sein”.

“ .. it is true that a mathematician, who is also not something of a poet, can never be a complete
mathematician "%,

VVVYVYVYYVYVYVYYVYYVY

MATERIALS AND METHODS

Methods

We have taken those Sanskrit text from Lilavati which are appropriate to the school level mathematics.
Rules of Multiplication

guwwhwupwugadgqu (@‘cﬁ?ﬁs%‘qw /@?ﬁ? TR=E:):-
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AT SRS o &d: @Ue : H@?ﬁl‘cﬁg—cﬁwn 1

AN IR PECE R

%mwﬁwﬁw&ﬁqaﬂa@ﬁ.aﬁﬁ. |

SO TR ST ERuaT e aqatorarari 2 4

Transcription:

Gunane karanasutrar sarddhavrttadvayam (Dvitiyo’dyayah / Dvitiyah pricchedah):-

Gunyantyamankarh gunakena hanyadutsaritenaivamupantimadin|
Gunyastvadho’dhogunakhandatulyastaih khandakaih sangunito yuto val| 14

Bhaktogunoh $udhyati yena tena labdhya ca gunyo gunitah phalarh va|

Dvidha bhavedrtuparibhaga evarh sthanaih prthagva gunitah smetah|

Istonayuktena gunena nighno’bhistaghnagunyanvitavarjito val| 15

I am describing the ‘Rules of Multiplication’ in two-and-half stanza:

Rule-1: Digitalised Method — Digit in unit-place of the multiplicand to be multiplied by multiplier then
the tenth digit and so on repeating up to the last digit on the extreme left. Symbolically, a = 10a" + a'
where ‘@'’ is the unit digit & ‘@"’ is the tenth digit of the multiplicand then ab = 10a"b + a'b where b is
the multiplier.

Rule-2: Split up Method — Split the multiplier into two convenient parts then multiply the multiplicand by
each of the two parts and add the result. —. Symbolically it may be expressed as a(b + ¢) = ab + ac where
‘a’is multiplicand and ‘b + ¢ is split up of multiplier.

Rule-3: Factorisation Method — If multiplier is factorable number or composite number then split it into
factors. Multiply the multiplicand by one factor then multiply the product by second factor and so on.
Symbolically, (ab)c where ‘e’ is multiplicand and ‘5’ & ‘¢’ are factors of multiplier.

Rule-4: Placement Method — Multiply the multiplicand by each digit of the multiplier and place the result
according placement of multiplier (i.e. result with unit digit from unit place & result with tenth digit from
place). Then add. Symbolically, a(10b + c) = 10ab + ac where ‘a’is multiplicand and ‘4’ is the digit at
tenth place& ‘c’ is the digit of unit place of the multiplier.

Rule-5: Adding & Subtracting Method:

a) Add any assumed number to the multiplier to make it easy for multiplication. Multiply the
multiplicand by added number. Then multiply the multiplicand by assumed number. Now subtract the
results. Symbolically, ab = a(b + ¢) — ac = ab + ac — ac where ‘@’ is multiplicand, b’ is multiplier and
¢’ is assumed convenient number.

b) Subtract any assumed number to the multiplier to make it easy for multiplication. Multiply the
multiplicand by subtracted number. Then, multiply the multiplicand by assumed number. Now add the
results. Symbolically, ab = a(b — ¢) + ac = ab — ac + ac where ‘@’ is multiplicand, ‘b’ is multiplier and

¢’ is assumed convenient number.

azﬁ%:sercﬁ |

AL AA AT IAA [ ATA AT A AT TG A AT S AR IOTASRTR LA (R |

I T [ AT U O e TR T O [ T e Te N[O T OT TS T T: AR e a1 € &

Transcription

Atroddesakah |

Bale kurannalolanayane Iilavati procyatam

Paficatyekamitadivakaraguna anka katisyuryadi |

Rupasthanavibhagakhandagunane kasthanini

Chinnastena gunena te ca ganita jatah kati syurvada || 16

English Version

Example:

Oh! Beautiful and dear Lilavati with eyes like fawn, tell me the number resulting from one hundred and
thirty-five taken into twelve. If you be skilled in multiplication by whole or by parts whether by
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subdivision of form or separation of digits. Tell me, auspicious woman, the quotient of the product
divided by the same multiplier.

I HECRHEERI R U EHEE]

T AT T ge AT T ST | & 2 °|

Transcription

Nyasah | Gunyah | 134 | Gunakah | 12 |

Gunyantyabhankam gunakena hanyaditi krte jatam | 1620 |

Solution:

Multiplicand 135. Multiplicator 12.

Product, multiplying the digits of the multiplicand successively by the multiplicator = 1620.

135 x 12 =1620
5x12 6 |0
3x12 3 |6
1x12 1 2
Addition 2 |0

amw%wrﬁ'@ﬂ%aﬁwwmqumﬂﬁrﬁml?i? l

Transcription

Athava gunarupavibhage khande krte | 8 | 4 | Abhyarh prthaggunye gunite yute jatarm tadeva | 1620 |
Solution:

Subdividing the multiplicator into two parts as: 8 + 4 = 12. Severally multiplying the multiplicand by
them: 135 x 8 = 1080; 135 x 4 = 540. Add the product together = 1080 + 540 = 1620.

135 x 12 = 1620

135x 8 1 ]0 |8 |0
135 x4 5 14 |10
Addition 1 16 [2 |0

e NI ap N o

FATTTH TR e | ¢ | TTH T -(3) SRR TSI aadl 2 & 2el

Transcription

Athava gunakastribhirbhaktolavdharh | 4 | Ebhistribhi-(3) §ca gune gunite jatarm tadeva |1620|

Solution

Or, multiplicator is divided by 3 then quotient is 4 i.e. 12 + 3 = 4. Successively multiply by 4 and 3, the
last product = 1620. [135 x 4 = 540 x 3 = 1620]

135 x 12 = 1620

First 135 x 4 5 (4 |0

Then540x3 |1 |6 [2 |0

FAATEATH AU | € | 2 | TN O T dasaaad| € & 2el

Transcription

Athava sthanavibhage khande | 1 | 2 | Abhyam prthaggunye gunite yathasthanayute ca jatarh tadeva |1620|
Solution:

Or, considering digits of multiplicator as parts viz. 1 and 2. Multiply the multiplicand by them severally.
The products added together according to the places of figures, then result is 1620.

135 x 12 = 1620

135x 2 2 |7 10
135x1 1 ]38 |5
Addition 1 16 [2 |0

ATATGTATU (£ °)FTHTY (R) liwgquﬁldgwwlciddqlzi?°|
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Transcription

Athava dvyunena gunena (10) Dvabhuarica (2) Prthaggunye gunite yute ca jatarn tadeva | 1620 |

Solution

Or, multiplicand is multiplied by multiplicator less 2 = 12 — 2 = 10 and then result is added to twice the
multiplicand, the net result is 1620. [(135 x 10) + (135 x 2) = 1350 + 270 = 1620]

135 x 12 =1620

135 x 10 1 (3 |5 |0
135 x 2 2 |7 10
Addition 1 16 |2

0
FAAATEIATI (R °) TUAOIASE-(<) TIOTART AT L &3
Transcription
Athavastayutena gunena (20) Gunye gunite’sta-(8) Gunitagunyahine ca jatarh tadeva | 1620 |
Solution
Or, the multiplicand is multiplied by the multiplicator increased by 8 viz. 20. Then 8 times of the
multiplicator being subtracted result derived = 1620 [(135 x 20) — (135 x 8) = 2700 — 1080 = 1620.

135 x 12 = 1620

135x 20 2

\l
o
o

[
o
e}
o

() 135x8

After Subtraction |1 |6 |2 |0

Rules of Squaring
CHERUEICERERE

EEIFCISEEAREa R I IS R E I G R
AT ST AT ST A [ e T T ST € ¢
GUEGAEAT R A TG M H [Ac@ueai aaarHidar|

ST i AT RS e q aTl ¢

Transcription

Varge karansitrarh vrttadvayam |

Samadvighatah Krtirucyate’tha sthapyo’ntyavargodvigunantyanighna |

Svasvoparistacca tatha pare’nkastyaktvantyamutsarya punasca rasim || 18
Khandadvayasyabhihatirdvinighni tat khandavargaikyayuta krtirva |

Istonayugrasivadhah Krtih syadistasya vargena samanvito va || 19

Rule for the square of a quantity: two stanzas:-

Rule-1: Definition of square number — The multiplication of a numbers twice is the square of that number
or the product of a number with itself is called its square.

Rule-2: Procedure of squaring a number — Square the last number i.e. extreme left-hand / extreme right-
hand digit and the rest of the digits doubled and multiplied by the last; then repeating for next.
Symbolically, operating from left may be expressed as (a+10b+100c)’ = a? +2a(b +10c) + b? + 2bc + ¢
where (b + 10c) represents number with digits of tenth & hundredth places and ‘a’, ‘b’, ‘¢’ are digits of
unit, tenth and hundredth places respectively. Now, operating from right or (a+10b+100c)* = ¢® +2c(b
+10a) + b? + 2ab +a%; similarly, (10b + a) represents number with digits of tenth & unit places digits
and where ‘a’, ‘b’, ‘c’ are digits of unit, tenth and hundredth places respectively. Considering a, b, ¢ as
different algebraic quantities the expression may be taken as: (a + b + ¢)* = a* + b? + ¢* + 2ab + 2bc +
2ca which is algebraic formula of square of sum of three different quantities.

FATLH: |

TEAAATT A G R g e =&

IR R ER RGN FUIE RIS
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Transcription:

Atroddesakah |

Sakhe navanafica caturdasanam vrihi trihinasya $atatrayasya |

Paficottarasyapyayutasya vargam janasi cedvargavidhanamargam || 20

Now, example:

Oh! Friend (woman) do you know the method of computing squares of nine, fourteen, three less than
three-hundred and five more than ten thousand.

AT IR R 91 o0k

LUIR RIS E E IR IE NN PA SRS PAALLY F RS ROy

Transcription

Nyasah | 9 | 14 | 297 | 10005 |

Exam yathoktakaranena jatavargah | 81 | 196 | 88209 | 10010025 |

English version

We are considering to find squares of 9, 14, 297, 10005.

Proceeding as per desired method, squares may be derived as | 81 | 196 | 88209 | 10010025 |
FAAATEUL S | Y |SAT TR | | TE T 1 ¢ o | Te@ueaifara= | ¥ ¢ |Zarsiaraadia: < €|

Transcription

Athava nabanam khande | 4 | 5 | Anayorahati — | 20 | Dvirnighni | 40 | Tatkhandavargaikyena | 41 | Yuta
jata saiva krtih | 81 |

Solution:

Split 9 as 4 + 5. Product of parts is 20. Double their product to get 40. Sum of the squares of the parts = 4°
+5? = 41. Adding we get 40 + 41 = 81 [Algebraically, (4 + 5)° = 2 x 4 x 5 + 4% + 5° that it tallies with the
formula (a + b)? = a? + 2ab + b?.

AAATARATHETL | & | £ |STFT T Ta—

1% <1 TETE & & 1 T@uead| 3 €1 & 9 1S | oo 1T Ta a1 § 2 €|

Transcription

Athava caturdasanarm khande | 6 | 8 | Anayorahati | 48 | Dvirnighni | 96 | Tatkhandavargai | 36 | 64 |
Anayoraikyena | 100 | Yuta jata saiva krtih | 196 |

Solution

Now split 14 as 6 + 8. Product of the parts is 48. Twice the product is 96. Squares of the two parts are 36
& 64. Sum of the squares is 100. Adding we get 96 + 100 = 196 [Algebraically, (6 + 8)° =2 x 6 x 8 + 6
+ 8% that it tallies with the formula (a + b)? = a® + 2ab + b].

ATATEUL S | 9 o | TATIIA AR 1 £

Transcription:

Athava khande | 4 | 10 | Tathapi saiva krtih | 196]

Solution

Splitting 14 as 4 + 10 we can proceed same way above to get its square as 196.

AT R O | S TATHE AT TAITA N R R ¥ 3 00| FTAATHT: | £ £ R oo | BETT—|  ITATSA A AT HTA| £ £ R0
Transcription

Athava rasi | 297 | Ayam trivirunitah prthagyutasca | 294 | 300 | Anayorghatah | 88200 | Trivarga — | 9 |
Yuto jatovargah sa eba | 88209 |

Solution

Now, consider 297. Diminishing 3 from it we get 294 and increasing by 3 get 300. Product of these two =
294 x 300 = 88200. Adding square of 3 i.e. 9 we get 88209 which is square of 297. [Algebraically, (a —
b)(a + b) + b® = a%; where a = 297 & b = 3]

It may also be expressed by the position digital formula: (100a + 10b + ¢)? = (100a)? + 2 X 100a X
10b + 2 X 100a X ¢ + (10b)? + 2 X 10b X c + c?; where a, b, ¢ are digits of 100th, 10th, unit places
respectively as (297)? = (200)? + 2x200x90 + 2x200x7 + (90)? + 2x90x7 + 7% = 40000 + 36000 + 2800 +
8100 + 1260 + 49 = 88209.
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We may take: 297 = 290 + 7. Then (290)% = 841000, (7)? = 49, 2x290x7 = 4060. So, (297)? = 841000 +
49 + 4060 = 88209 which is congruence to the algebraic expression: (a + b)? = a? + b? + 2ab.
Example: -

Square of 297 Square of 297

Operation from right Value Operation from left Value

72 4 19 |2° 4
7X2X%29 4 |0 |6 2 X 2XX%X97 3 /8 |8

9° 8 |1 9° 8 |1
9xX2X2 3|6 9x2x7 112 1|6

2 4 7 4 19

8182|019 8 8121019

We take: 10005 = 10000 + 5. Then (10005)% = (10000) + 2 x 10000 x 5 + (5)% = 100000000 + 100000 +
25 = 100100025 which is congruence to the algebraic expression: (a + b)? = a’ + 2ab + b%

Rule-3: Split up Method — Split the given number into two convenient parts. Square the parts separately.
Now with sum of the squares of the two parts add twice the product of the two parts to give the result.
Symbolically, (a + 10b)* or (10a + b)? = a? + b? + 2abwhere ‘a’, ‘b’ are digits of unit place and tenth
place respectively or vice-versa. Considering a and b to be two different algebraic quantity we can deduce
well known formula: (a + b)> = a? + 2ab + b%

Rule-4: Adding & Subtracting Method — Add and subtract a suitable number with the given number
whose square to be done. Then take the product of sum and difference; add square of the chosen number
to get the result. Symbolically, (a + b)(a — b) + b? = a* where ‘¢’ is given number & ‘b is suitably chosen
number.

Rules of Cubing

PEETUEEERERE

T AT T QS T T T A e T e R A [ Seed @ |

BRI L L N L E RN D P L E T O

R IE IR R R R L E 2 | [ BT N REUER U R RINER |

e EE L PR FAE I EE NI ENEIP R EA R H E R

Transcription

Ghane karanasttram vrttatrayam |

Samatrighatasca ghanah pradistah sthapyoghanontyastma tato’ntyavargah |

Aditrinighnastata adivargastryantyahato’thadighanasca sarbe || 23

Sthanantaratvena yuto ghanah syat prakalpya tat khandayugar tato’ntyam |

Ebarh muhurvargaghanaprasiddha vadyankato va bidhiresa karyyah || 24

Rule-1: Definition — The repeated multiplication of a quantity thrice is a cube. Cube of a given number is
its product with itself thrice.

Rule-2: Cube of two-digit number — The cube of the last (digit) [i.e. extreme left] is to be done; then
square of the last digit multiplied by three times the first; square; afterwards square of the first taken into
last and tripled and lastly cube of first; add together according to their places, make the cube. It may be
expressed as: let the two-digit number is 10a + b where ‘a’ is digit of tenth place and ‘b’ is of unit place.
Then, to find cube of the number find a® first, below this find 3a’b and place it after shifting one place
towards right, below this find 3ab®and place it after shifting one place towards right again, below this find
b® and again place it after shifting one place towards right. Add all this results to get cube. This process
may be modified with starting from ‘b’ but then each time the shifting should be made to the left.
Symbolic representation of cube of sum of two quantities is: (a + b)® = a® + 3ab + 3ab® + b’.

EREI R I EIEG IR RIS I HELER R ER R T

T ATTEAA AT LTLHATHALN R &

Transcription
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Khandabhyam va hato rasistrighnah khandaghanaikyayuk |
Vargamiilaghana svaghno vargaraserghano bhavet || 26
Solution
Split the given number into two parts. Multiply its product by three times its sum and find the sum of the
cubes of parts. Total of these is the required cube.
Cube of a given number is the square of the cube of square-root of the given number.
(a+b)3 =a3+ b3+ 3ab(a +b)
342
(V)] =@
FATLAF:|
EEREIEREIDEERRIERREE O IR e
AT A ST T E I Qe SEqTAATHA A A | R @
Transcription
Atroddesakah |
Nabaghanam trighanasya ghanarh tatha kataya paficaghanasya ghanarica me |
Ghanapadatica tato’pi ghanat sakhe yadi ghane’sti ghana bhavato matih [|27
English version
Oh! My friend (woman), tell me, the cube of nine, the cube of cube of three and the cube of cube of five
as well as cube-roots of those cubes if thy knowledge is enough to compute cube.
TR VIR YU
STTAT:FRHITEAT: 103148312343 43y
Transcription
Nyasah | 927|125 |
Jatah kramena ghanah | 729 | 19683 | 1953125 |
English version
Consider finding of cubes of 9, 27, 125
Cubes of above numbers in order are: 729, 19683, 1953125.
ERCIINHE 2 e S R E e e B S HE A E IR e SRR e b S E R E IR AIR IS I CEHICERY
Transcription
Athava rasih | 9 | Asya khande | 4 | 5 | Abhyam rasirhatah | 180 | Trinighnafica | 540 |
Khandaghanaikyena | 189 | Yuto jato ghanah | 729 |
Solution
Consider ‘9’ for cubing. Split 9 as 4 + 5. Multiply them with 9 =4 x 5x 9 = 180. Then, multiply the result
by 3 = 180 x 3 = 540. Sum of the cubes of the parts = 4° + 5° = 64 + 125 = 189. Adding we get cube of 9
=729 (= 540 + 189).
FAATITILN: | 2 0 | STEAGUL| 20|\ | AMFATEATETE 1 € 2 3 ¥ [@USHAFITN £ 3 3 |1 TATSATATaT: 1§ & < 3
Transcription
Athava rasih | 27 | Asya khande | 20 | 7 | Abhyarh hatastrighnafica | 11340 | Khandaghanaikyena | 8343
[Yuta jato ghanah | 19683 |
Solution
Consider ‘27’ for cubing. Entire number being 27, make into two parts as 27 = 20 + 7. Number being
multiplied successively with the parts and 3 we get = 27 x 20 x 7 x 3 = 11340. Sum of the cubes of the
parts = 20° + 7° = 8000 + 343 = 8343. Adding we get the cube of 27 = 11340 + 8343 = 19683.
EREIEHMEIRECEREEHIAE R L PIEICE RUIEEHERS
Transcription
Athava rasih | 4 | Asya millam | 2 | Ghanah | 8 | Ayam svaghnojataficaturna ghanah | 64 |
Solution
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Here proposed square number is 4. Its square-root is 2 then cubed 8 then squared equals to 64 which is
2

cube of 4. (Algebraically used formula is {(\/?)3} = (a?)? where a? = 4).

STAATIIIN: | & | STEAHAT| 2 1521 R 9 | ST AATATE: |9 R & | AT AT Ta e - H U A e |

Transcription

Athava rasih | 9 | Asya malam | 3 | Ghanah | 27 | Asya vargonavanarn ghanah | 729 | Ya eba
vargarasighanah sa eba vargamillaghanavargah |

Solution:

Here proposed square number is 9. Its square-root is 3 then cubed 27 then squared equals to 729 which is

2
cube of 9. This is the representation of algebraically formula is {(Va2)3} = (a?)3 where a? = 9).
Example:

Cube of 27 (Shifting Right) Cube of 27 (Shifting Left)

Operation from Right Value Operation from Left Value

(2)° 8 (7)° 3[4 3
3(2)%7 8 |4 3(7)%2 2 19 |4
3(2)(7)? 2 19 |4 3(7)(2)? 8 |4

(7)° 31413 ](@)?° 8

(27)° 1]9]6]8[3]@7° 1]9]6[8]3

Rule-3: Cube of more than two-digit number — If there are more than two digits, then make it into group
of two digits then find the cube of the two digits at the extreme left and continue with the procedure
ag)ove. This method recognize the algebraic identity (a + b +c)* = (a + b)® + 3(a + b)’c + 3(a + b)c? +
c’.

Rule-4: Split up Method — Split the given number, to be cubed, in two parts. Find cubes of each parts.
Multiply their product with three times of their sum. Add them and get the result. This method indicates
algebraic identity (a + b)* = a® + b®+ 3ab(a + b).

Example:

Cube of 125 (Shifting Right) Cube of 125 (Shifting Left)

Making Two Groups (12)5 Making Two Groups (12)5

Operation Operation from

frgm Right Value Lg)ft Value

(12)° 17 ]2 |8 (5)° 125
3(12)5 2 |1 [6]0 3(5)°12 9 [0 ]o0
3(12)(5)° 9 /010 3(5)(12)° 211 |6 ]0

(5)° 125 [@2? 1712 |8

(125)° 119 1[5 [3]1]2]5 |@25)° 1 /95 [3]1]2]5
Example: 27 may be split up as 20 + 7

Cube of 27 (Shifting Right) Cube of 27 (Shifting Left)

Operation from Right Value Operation from Left Value

(20)° g8 lo]oJo|@? 3413
(7)° 3[4]3| (0)° 8 |0 [0 |0
3(20)(7)(20 + 7) 111 ]3[4 ]0 [[3(7)(20)(20+7) 1 /13 [4]0
(27)° 11916 [8]3]@7)° 1 /9|6 [8]3

Rule-5: Cube of a square number— Cube of given square number is the square of the cube of square-root
2
of the number. Algebraic expression is {(\/5)3} = (a)s.
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2
Example: Square number is 9. {(\/5)3} = {3%)2 = {27}2 =729 = 95.
Generalisation of square and cube of a numbers:
Let us see how Bhaskaracarya find the square of a number.
a) A two-digit number (ab)is a Binomial, where (ab) = 10a + b
(ab)? = (10a + b)? = 100a? + 20ab + b?
This can be written as:

(ab)?
102 10 1
a? 2ab b2

The Binomial terms a? 2ab b? are arranged from right to left, in group of 2, in ascending powers of 10.
b) A Trinomial (abc) is reduced to a Binomial (xc) we get (xc)? = x? 2xc c? in order of power
of 10 where x being in the binomial 10a + b. Then, the trinomial (abc) = 100a + 10b + c.

Arranging in a group of 2 we get:

(abc)?
10* 103 102 102 1
a? 2ab b? 2(ab)c c?

where(ab) as before stands for the binomial 10a + b in 10’s place.

c) Similarly writing (abcd) as binomial (yd) where y = (abc), we have by successive reduction
and arranging the binomial terms in group of 2: (abcd)? = (abc)? 2(abc)d d? where abcd =
1000a + 100b + 10c +d

It can be expressed as:

(abcd)?
10° 10° 10* 103 102 10 1
a? 2ab b? 2(ab)c c? 2(abc)d d?
d) Extending this to cubes we have (ab)3, (abc)3, (abcd)? arranged in a group of 3, we get
(ab)?
103 102 10 1
al 3a®b 3ab? b3
(abc)?

10° 10° 10* 103 102 10 1
a® 3a?b | 3ab? b3 | 3(ab)?c | 3(ab)c? c3

(abcd)?

10° 108 107 10° 105 104 103 102 10 1

a® | 3a®b | 3ab? | b3 | 3(ab)?c | 3(ab)c? | 3 | 3(abc)?d | 3(abc)d? | d3

Quadratic Equation
JATSET T 1T I T

RN ERIREEL CEICIERR G ECRERE

Transcription
Trtiyo’dhyayah | Paficamah pariccheda |
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Atha gunakarma | Tatra drstamiilajatau karansutram vrttadvayam |
Gunaghnamiilonayutasya raserdrstasya yuktasya gunarddhakrtya |

Milarh gunarddhena yutarm bihinar vargikrtam prasturabhistarasih || 62

English version

To sum or difference of a quantity and a multiple of square-root of the quantity is given:
x2 + bx where x? is the quantity to be determined and b is multiple or co-efficient.

Square of half the co-efficient is added to the quantity: x2 + bx + I’TZ .

. f b2 ’ b\? b
Square-root of the sum is extracted: [x? + bx +,= (x + E) =x i;

Half the co-efficient is added or subtracted then squared:

ratey -
xtoTa) TFX

TETAS A AL A A AL RT AR AL AT FAT|

O TATH AN AT I AT I - S Tha S TTien: 1l & 3

Transcription

Yada lavaisconayutasca rasirekena bhagonayutena bhaktva |

Drs$yarn tatha malagunasca tabhyam sabhyastatah proktavadeva rasih || 63
English version

If the quantity have fraction (of itself) added or subtracted:

x? + %xz + bx = (1i %)xz + bx.

Divide the number given and the multiplicator of the root increasing or decreasing the fraction by unity:
1

1+ n

new coefficient. Now proceed with the equation x? + cx as before to get the result.

T AT e (TS 1§ e e T3 A T § ST AT S AT A L h T A T T A A 1§ 2

BB EIRS P ERIEI T

Transcription

Yo rasih milena kenacihnunitena tno drstastasya gunarddhakrtya yuktasya drstasya yatpadam

tadgunarddhena yuktarm karyyarh yadi gunaghnamilayuto drstastarhi hinam karyya tasya vargorasi syat|

English version

This third paragraph is not verse but prose and it explained the above two verses. Symbolically we can

express as:

Suppose the quantity is x and the equation is x + avx =b - --- (1)

The, completing the square, we get:

1. Then it becomes: x? ib<111>x= x? +cx Wherec=b< 11> is

14—
n

1+ %i.e. multiplying by

x +avx + (%)2:b+ (E)

VX = b+(§)2$E

a\? _a
X = b+ (E) + E

Hence, the reason for the first part of the rule is clear. It is the ordinary rule for solving an equation
reducible to a quadratic by completing the square.

The second part of the rule is meant for equations of the form:
x * gx +avx =b---(2)
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avx b

When we get x + T T 15T which is of the form (1) and may be solved as above.
—d

3
g EdTagarg LurH|

RECECEUIREEER Y
FAgh AT AR AT H ATTATTHLATATHTIH € ¥

FITIET: £ FOIRY TEEENRETTEFT & T o g 2 TET g
TAH| ¥ | FAATd e FAHTTH ¢ € |

Transcription

Miilena drste tavadudaharanam |

Bale maralakulamiiladalani sapta tire vilasabharamantharaganyapasyam |

Kurvacca kelikalaham kalaharhsayugmarh sesarm jale vada maralakulapramanam || 64

Nyasah | Mﬁlagunah%; Drsyama | 2 |; Drstasyasya | 2 |; Gunarddhakrtya g; Yuktasya %; Mﬁlamz;

Guﬁrddhena% ; Yutam | 4 |; Vargakrtam jatarn hamsakulamanam | 16 |

Example of quadratic equation with involvement of square-root:

Dear girl! There was a flock of swans on a lakeside. Seven and half times of the square-root of number of
swans in the flock are proceeding towards the shore due to tired of the diversion. One pair of geese is
sporting in the water. Tell me the number of swans in the flock.

Solution

Statement: Co-efficient of square-root of number of flock is % Residual number in flock is 2. Square of

2
half of co-efficient = (g) = j—i . Add with residual number = 2 + j—? = ‘j—i . Its square-root = § . Half the co-
efficient is added with = ;’; + g = 176 = 4. Square of it is 16 = Number swans in flock.

Algebraic symbolically: Let the number of swans in the flock = x

Then, 2 + Zvx = x
’ 2 2 2 2 2

7 7 7 N? AN AW
=gV () =24 () = (9 on (e =3) = )
or, Vx — g = % ; Therefore, x = G + 5) = 16.
{If we consider, number of swan in the flock = x?; then equation will be 2x* — 7x— 4 = 0}
TATALAGE I
ERECEIRER IR ENPER:(
TAGTRITH A AT AT € 4
ST ;TN 1 & L Z9TH 4 el gwugd%; jucm%; gciﬂlci{%g; 61(-4*;]54\9—5; guuo?,d%; TR EHIZ I ;
ENIEREIRIEURHES XY
Transcription
Atha miilayute drste udaharanam |

Khapadairnavabhiryuktam syaccatvarimstadhikam |
Satadvadasakar vidvan kahsa rasirnigadyatam || 65

Nyasah |; Milagunah | 9 |; Dréyama | 1240 |; Gur_lérddhenag ; Krtya’l% ; Yutarh jatam # ; Asya Milarh

% ; Gunérddhenag ; Atra vihinam | 31 |; Vargikrtarm jato rasih [961 |

Now example of addition of square-root:

Solution

Oh! Learned person, root is added and the sum is given. Tell me what will be the number when it is added
with nine-times its square root amounts twelve hundred and forty.
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Statement: Co-efficient is 9. Total value is 1240. Half of the co-efficient isg Square of it = (g

Adding with the amount = 1240 +871 = 5(& Square-root of it = — Subtracting 2 from it = —1

Squaring it = 961 and it is the answer.
Algebraic symbolically: Let the number is x.

We haveto solve x + 9/x = 1240
S (R +2xVE+ = 1200+ L = 2
71\?
“(ﬁ+§) 9:(7)
OrVx=2-2=3I

Therefore, x = 961
{If we consider, number = x*; then equation will be x* + 9x — 1240 = 0}

ARTHATAGE 3120
T e H AT AR H AN H AT TG AT R AT F TG TR STFTEde |
mﬁm&nﬁﬁﬁﬁmwmwn £%

WlWl? ;9T = ‘r{Q?TFrlil TRTTTATITE AT R — QQWWWWE ;
TS TSR ; siw@cql— T TR ; T ; TA ST EaTon £ 4|

Transcription

Bhagamiilone drsta udaharanam |

Jatarh harhsakulasya miladasakarh meghagame manasar
Proddoya sthalapadminivanamagadastamsako’mmastatat |
Bale balamrnalasalini jale kelikriyalalasarm drstam
Harmsayugatrayafica sakalar yuthasya bada || 66

'\)|\G\_/
[N}

Il "

© oz

Nyasah |; Mulagunah | 10 |; Bhégahé ; Dréama | 6 |; Yada lavaiscanayuta ityuktatyz‘tdacaikena bhagenena
Z ; Dréyamiilagunau bhakté jatarm drsya 4—8 ; Mﬁlaguna @ ; GUHﬁrddhah —; Asya krtya ; Yuktarm

drsyam % Asya milarh 2 - Gunarddhena —; Yutarn Varglkrtam jato hamsarasm |144 |

Example of subtraction of root as well as fractlon

Solution

Of the flock of geese at Manasasarovara® ten times of the square-root of the number of geese departed
on the approach of cloud and eighth part of the number in flock went to the forest Sthalapadmini® forest.
Three couples were seen engaged in sport on the water abounding with delicate fibres of lotus. Dear girl,
tell me the number of geese in the flock.

Statement: Co- efficient of square-root of the number in flock = 10. Dividing number in flock by 8 or

multiplying by Remaining number is 6. Less the fraction from unlty =~ . Residual number divided by
this fraction6 +~ = — D|V|d|ng co-eff|C|ent by this fractlon = ]0 == Half of it=— Squarlng it =
1600 1600 1936 40
— . Find by addition =— + ~ = ; Square-root of it = — Half of the co-efficient d|V|ded by ===

: Adding and squaring we get the number = (7 + 7) = [44.
Algebraically: Let x is the whole number of geese in the flock.
Then, 10\/E+§x +6=x

or, gx—m\/}= 6

80 48
Or, x ——vVx=—
7 7
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2 2
or, (VE— L) =&yt _ 1o _ (1)

7 ,7 49 49 7
or, x = ("70 + 474) (12)? = 144
{If we consider, number of geese in Manosarovara = X
then equation will be 7x? — 80x — 48 = 0}
IR

2

Rrsdarerfy Rsaﬁmﬁi%ﬁwmaﬁ—rrﬁérni\s
W.I,W.IXI,W;,‘{QTW |; ARTATA LTS AT AT A TTHTAH € el

Transcription

Udaharanam |

Parthah Karnabadhaya marganaganari kruddho rane sandadhe
Tasyarddhena nivaryya taccharaganam milaiscaturbhirhayan |
Salyari sadlirathesubhistribhirapi cchatrari dhvajari karmukari
Cicchedasya Sirah Sarena kati te yan Arjunah sandadhe || 67

Nyasah |; Milagunah | 4 |; Bhﬁgahé ; DrSyama |10 |; Yada lavaiSconayuta ityadina jatarh banamanam ||
100 ||

Example:

Solution:

Partha®, son of Pritha®, irritated to be furious in war to kill Karna® and took a quiver of arrows. With
half of his arrows he destroyed all of the Karna’s arrows. He killed Karna’s horses with four-times of
square-root of number of arrows in quiver. With six arrows he slew Salya® (spear). He used one arrow
each to destroy the top of the chariot, the flag and the bow of Karnpa. Finally, he cut off Karna’s head with
another arrow. How many of the arrows which Arjuna let fly?

Statement: Co-efficient is 4. Fraction is é . Number of other used arrows = 10.

Algebraically: Let x denote the number of used by Arjuna.

Then, equation will be:§x+4\/§+6+3+1 =X
or, x—§—4\/§=10

or, x — 8Jx = 20
or,(Vx—4) =20+ 16 =36 =6
onvx=4+6=10

or, x = 100

{If we consider, number of arrows in quiver of Partha = x°
then equation will be x* — 8x — 20 = 0}

A=

AT AT A HTAT A TAH B T AT A AT T T (S TH R |
Ww%ﬁﬁ@wﬁrwﬁmﬂaﬁwﬁmnic

SE |°h('1 {Ilk’l"lcl 79T I*{IE#QQJ'CI\MW (IiiI?hUIQ‘{ai‘IQ-‘mT[“\diulﬁfiqﬁa | |e§<‘|(|¥¢le§¢€“4‘ﬂ°ldhllra |
?rmﬁm{:uwzé; w:§;§9W| 2 1; TR TTIATAH 3 £ | TTR G OraA T FadA A 03|

Transcription
Apica |
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Alikuladalamiilarh malatirh yatamastau

nikhilanavamabhagascalini mrngamekam |

Nisi parimalaluvdharh padmamadhye niruddharm

pratiranati ranantarm brithi kante’lisankhyam || 68

Atra kila rasinavamsakar rasyarddhamiilasca raserrnam rupahayarn dr$yar |
Etadrnarhdr$yaficarddhitarhrasyarddhasyabhavatiti |

Tathanyasah | ; Milagunakah é ; Bhagah g ; Drsyama | 1 |; Pragvallavdham rasidalam | 36 |
Etadadvigunitamalikulamanam |72 |

Solution

Square-root of half the number of a swarm of black bees” is gone to a shrub of Malati’®. Again eight-
ninths of the whole swarm went to Malati tree. A female is buzzing® to one remaining male that is
humming within a lotus in which he is captivated, having been allured to it by its fragrance at night®*. He
started wailing and his beloved responded. Say lovely woman, the number of bees.

Here eight-ninths of the quantity and the root of its half are negative i.e. to be subtracted from the quantity
and remaining number of bees is two. The negative quantity and the given number halved bring out half
the quantity sought.

Thus, statement: Number of bees multiplied byé. Takegth part of whole number of bees. Find half the

given number = 1. A fraction of half the quantity is the same as half the fraction of the quantity.
Proceeding as above directed half the quantity = 36. Considering double of it number of bees in the
swarm = 72.

Algebraically, let us take number of bees within the swarm = x

Then, /§x+%x+2:x

Now, put x = 2y and we get
16
y-Sy-Jy=2
2
Or, Ey_ﬁ=2
9
Or, y—z\/;=9

9\’ 81 _ 225 _ (15)°
or, (\/5—92) pRARTR T (%)
Or, \/; = Z + 7 =6
or,y =6 =36
Therefore, number of black bees inthe swarm=x =2y =2 x 36 = 72
{If we consider, number of black bees = 2x*; then equation will be 2x* — 9x — 18 = 0}
AR AdgY3aTg |
TRt T e AT AT A A (e o |
STATTGTR AT BT I aTRdd= il € %
WII;WZIQCI;Wié;QQWI g Reel; EEETE u'«aaag ; HQ_'I?!UQQU%I"%:IEFCEHSI AENE ?-il(li?l:lb\@il
Transcription
Bhagamiilayute drste udaharanam |
Yo rasidasabhi svamilaih rasitribhagena samanvitasca |
Jatam $atadvadasakarn tamasu janthi patyam patutasti te ceta || 69

Nyasah |; Mulagunah | 18 |; Bhﬁgahé ; Dréyama | 1200 |; Anaikena bhﬁgayutenag ; Miulagunarh drsyasca
bhaktvapragvajvatorasih | 576 |

Example of problem with addition of fraction and root:

Solution
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If you have a skill in arithmetic, find out quickly the number; if eighteen times of its square-root and one-
third of it be added to it yield twelve hundred.
Statement: Square-root of number is multiplied by 18. Dividing the number by 3. Sum becomes 1200.

Adding get ; times we get result = 576.

Algebraically, let the number be x then, x + éx + 18Vx = 1200
Or, 2x + 18Vx = 1200

or, x +Zx = 900

or, (vx +1j737)2 =900+ (277)2 =900+ 2 =12 = (%3)2

or, Vx = —-—= =24 Therefore, x = 576
{If we consider the number = x?; then equation will be 2x* — 27x — 1800 = 0}

Transcription / Transliteration

T A a S A, a EY l,i g L1

3 U, u S U, a ER R, 1 T E, e
T ai =) 0 sfr ou F K, k
g Kh, kh T G, g | Gh. gh z n

= Cc g Ch, ch S JJ El Jh, jh
=i fi A Tt ) Th, th g D, d
g Dh, dh o7 n d T, t o Th, th
T D, d 2 Dh, dh q N, n T P,p
% Ph, ph q B,b T Bh, bh q M, m
T y T R, r T L, I q V, v
a S, § T S, s q S,s g H, h
g d [ dh T y S ’

3 m o h < L1

RESULTS AND DISCUSSION

Result

People frequently use square & cube the numbers for calculating area & volume those methods have been
simplified by Bhaskardcarya through play time algebra.

In our higher-secondary school level quadratic equation is used for problem solving on throwing of a ball,
shooting an arrow, firing a missile etc. Ultimately these slow down and come back on earth. The whole
process can be visualized through Quadratic Equations. Calculations are on the basis of primary
operations. Those methods were preached by Indian Mathematical stalwarts amongst whom
Bhaskaracarya played a prominent role.

Conclusion

All the above described processes, even today, using in school level mathematics. This indicates how
updated was Bhaskara-11. More over Bhaskardacarya has expressed the ideas in mathematical model i.e.
in symbolic mood though the algebraic symbols were not in used then. The above dissertation leads us to
how Bhaskaracarya solved the arithmetical problems on the basis of algebraic mood. Bhaskardcarya’s
work Siddhanta Siromanth particularly Lilavati, a fascinating example of Mathematics in verses, is
relevance even today.

At the end we can quote the Sloka from Lilavati of Bhaskaracarya:

BRI E IR R U ERIER R R IEI A PR R EFARBE R e e
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EIEIER T E R CA AT I LRI L L ke e EI R E 172 (AL

Transcription

Yesam sujatigunavargavibhusitangi suddhakhilavyavahrtih khalu kantasakta |

Lilavatiha sarasoktimudaharanti tesarh sadaiva sukhasampadupaiti vrddhim || 277

Those who have memorized and studied the text Lilavatr, whose ornaments are the interesting
illustrations of the division, multiplication, squares and all types of day-to-day flawless calculations etc.,
will indeed be ever happy and prosperous in this world. In India Lilavati used to teach for nearly 500
years as mathematics course in school level; so, it has rich mathematical educational value.

Notes

It is an excellent example of concert between a difficult subject like mathematics and verses.
Bhaskaracarya’s Lilavati and Bijaganitam used to teach in India for about more than 500 years. No other
textbook has enjoyed such long lifespan. Bhaskaracarya took good parts of Sridharacarya’s Trisatika and
Mahaviracarya’s Ganitasarasamgraha. He wrote a commentary on Sidhanta Siromanih named as
Vasanabhasya sahitah of Mitaksara and also wrote different books with titles: Karana-Grantha, Jataka-
Tika-Grantha, Karankutuhala, Sarvatobhadrayantra, Vaisisthatulya and Vivahapatala.

Literally Lilavatimeans ‘“Beautiful” or “Playful”. It has been speculated that Lilavati was
Bhaskaracarya’s own daughter but no such evidence in his writings. Thus Lilavati is probably, a mere
name, describing the mood pervading the mathematical literature with glimpses of beautiful flights of
imagination and poetic ingenuity. Lilavati had obtained important scientific book, particularly
mathematical book, among the scholars of Middle-East. Persian translation of Lilavatr was patronised by
Mughal Emperor Akbar and translated by renown scholar of his court 4bi-al-Fayd-Faydiin 1587.
Lilavart, seemingly the name of a female to whom instruction is addressed. But the term is interpreted in
some of the commentaries, consistently its etymology, charming.

’Pati-ganitam or Vyakta- ganitam where Pati comes from Paripati means method and Gagita means
calculation.

*Bijaganitam is the generic name for Algebra where Bija means seed or root. So, Bijaganitam is
calculation on seeds which potentially contains calculus on manifestation of numbers. Another name of
Bijaganitam is Avyakta-Gagita i.e. calculus of non-manifested numbers i.e. unknowns.

* 1114CE — 1185CE, the place of his residence was identified as Vijjaladvid and he was also known as
Bhaskara-Il.

RINER s | firi.e. “AGa the name was designated by "Jewel among the mathematicians nesa Daivajfia
and (CE 1507)Literally means supreme of counting as well as formulating mathematical & astronomical
concepts.

® This verse found in Pandit Jivananda Vidyasagara’s edition of Lilavati. This verse was probably added
with Lilavati by some pupil of Bhaskaracarya.

"Literally means Crest-Jewel of Siddhantas.

8Aindra (or Indra), Chandragomin, Kasakrtsna, Apisali, Sﬁka‘géyana, Panini, Amara Sinha and Acarya
Piijapada (or Plijapada or Jainendra) are the Vyakaranis or Grammarians.

° Agnivesa-Sarhhita, Bheda-Sarnhita, Jatikarma-Sarnhita, Parasara-Sarihitd, Sirapani-Sarhhita and
Harita-Sarhhita. This six ancient works were the basis of works of Caraka, Susruta and Bagvata. The
works of Caraka &Susruta are called Samhitas whereas that of Bagvata is known as Astarhga Hrdaya.

10 Sankhya, Yoga, Nyaya, Vaisesika, Mimarsa and Vedanta.

“poulisa Siddhanta, Romaka Siddhanta, Vasistha Siddhanta and Paitamaha Siddhanta.

12 Rk, Yajur, Sam and Atharva.

3 Three Prasthanas of Hindu Religious Philosophy. These are collectively thee points of departure as
Upanisads, Vagbat Gita & Brahma Sitra. 1) Sruti Prasthana is hearing of Upanisads i.e. dialogues
between Guru & Sisya (Teacher & student); 2) Smriti Prasthana is to be remembered from Vagbat Gita;
3) Brahma Sttraswhich Nyaya Prasthana which set forth
to explain logically all the doctrines taught from the Upanisads and Vagbat Gita.
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Ypiirva-mimarisa &Uttar-mimarhsa whereas Plirva-mimarisa of Jaimini is called Mimarhsa (deals with
Dharma, Kartavya of in Vedas & Upanisads) Uttar-mimarmsa of Vyasa is known as Vedanta (deals with
spiritual & philosophical themes of Upanisads). These taught Eternal Brahmas and the aim & scope of
both.

' 505 CE — 587 CE from Avanti (modern Malwa) wrote Brhat Sarhita, Pafica Siddhantika contained
Strya Siddhanta (Astronomical concepts on Sun), Poulisa Siddhanta (Astronomical concepts Poulisa i.e.
Greek from the city of Saintra i.e. Alexandria), Romaka Siddhanta (Astronomical concepts of Rome),
Vasistha Siddhanta (Astronomical concepts of Star Great Bear), Brahma Siddhanta / Paitamaha Siddhanta
(Astronomical concepts of universe).

' 598 CE — ¢.665 CE from Billamata (modern Bhinmal of Rajasthan) wrote Bramhasphuta Siddhanta
Astronomical concepts of Bramha i.e. universe, Khandakhadyaka (Astronomical concepts of practical
application).

7 Planetary motion or Mathematical Astronomy

'8 Astronomy on Sphere.

¥ Born at Ostenfelde: 31 October, 1815 — Died at Berlin: 19 February, 1897. He is known as father of
modern analysis. He was an expert in elliptic & Abelian functions and developed irrational numbers
theory.

% In a letter to Sofia Kovalevskaya on 27 August, 1883 as shared by Gésta Mittag-Leffler at the 2nd
International Congress in Paris. Published in Compte rendu du deuxiéme Congrés international des
mathematiciens tenu a Paris du 6 au 12 aoQt 1900, Gauthier-Villars (Paris), 1902, page.149.

. Sofia Vesilyevna Kovalevskaya (Born: Moscow; 15 January, 1850 — Died: Sweden; 10 February,
1891), first Russian female mathematician, contributed on Mathematical Analysis & Mechanics. She was
an editor of international scientific journal.

° Magnus Gustaf (Gosta) Mittag-Leffler (Born: Stockholm; 16 March, 1846 — Died: Djursholm;
7th July, 1927), Swedish Mathematician, worked on Theory of Functions.

1 Lake.

22 Land-Lily or Land-Lotus.

2% Arjuna, surnamed Bartha; his matronymic from Pritha.

# Kunti

% Hero of Kauravas warriors.

%6 One of the Kauravas, and charioteer of Karna.

Tyrfer:, Alih; some-one consider it to be ¥8¥or Humble-bee.

28 Jasmin, jasminum grandiflorum.

*3[S1; Humming.

%% Lotus being open at night and closed in the day, the bees might be caught in it.
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