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Addendum

On page 23 after line 7 add-
gEanz AT aw enfgaiEt
A & T TAT 21001 FUN &0 63 1SR
If the augment be divided by the square of a desired

number to get a new augment, x and y if divided by the same
number give new (roots ) x, and y,.In the samc way if
new ‘b, is obtained by multiplying the ‘4’ by the squarc of
any number, we get new x, and y, by multiplying x and y by
the same number,



Translator's Preface

If we look to the history of Algebra the
supreme algebraist of the twelvth century cannot
fail to attract our attention. He is Bhaskaracharya
born in India in A. D, 1114, Although he is well
known for his Lilavati, the introductory chapter
of his book on astronomy written in 1150, his best
work is in Bijaganita i, e. Algebra. Lilavati and
this Bijaganita were used for some seven hundred
years, The special merits of the book and the
author can be known through the nine stanzas given
at the end ( p.52). Any teacher of mathema'tits
will rejoice to see in these the unstinted love that
the author had for the subject.

He says
3!1%:’8653 e FEI HHAl 3G: |
ag nr:aa faarc ;aaﬁ-a’iqmaﬁ NS il
'a% @ TS JE T FrAAAEIY |
e ouet Tad arfy fread ssgmt@a: 1<

Whatever partical an intelligent man receives
from his teacher that well received knowledge
spreads itself extensively. A drop of oil put in
water, a secret deposited in the ears of a villain or
a gift bestowed on a deserving person spresads. In
like manner knowledge spreads in an intelligent
mind by the force of its merits,

Hence the author desires that this science
should be given to a deserving pupil.

The book is not available in original and so
here is presented along with the original stanzas
in Sanskrit a lucid rendering in English. Word by
word translation of a verse is neither simple nor
useful and so this is not an attempt for translation
as such but a usefvl rendering. To help the reader’s
grasp an appendix on numerical terms and a
glossary of technical terms is added at the end.

S. K. Abhyankar



Publisher's Foreword

It gives us a great pleasure in introducing
Bhaskaracharya Pratishthana’smaiden publication
to lovers of Mathematics all over the world.

Bhaskaracharys Pratishthana has completed
four years of its sincere service to the cause of
Mathematics and development of research facility
in Mathematics. For last four years Pratishthana
has dedicated itself to the task of searchiug talent-
ed students in Mathematics and making them
available all possible facilities in undertaking
research in Mathematics. Our founder Director
Professor Dr. Shreeram Abhyankar has been
staying in India for last two years and in his
presence he has activated many-folded develop-
mental programme to see his undertaking through.
The ship is sailing slowly but firmly téwards the
shores of its goal fighting against unfavourable
winds and waves.

We are proud to mention that Bhaskaracharya
Pratishthana is the only private body in India
which has held two summer programmes on an all
India basis without any aid from external agencies,
Studentsfrom all corners of India had participated
in these programmes, Professors from India and
abroad came to Poona to deliver lectures and
seminars in these summer programmes. The
students and teachers participating in this activity
were provided with lodging and boarding facilities.
by Bhaskaracharya Pratishthana.

During last two years the library of Bhaskara-
charya Pratishthana has been enriched with the
addition of useful and rare books, journals and
research papers.

Bhaskaracharya Pratishthana has recently
sought the possession of a piece of land released
by Competent Authority, Pune Agglomeration
Area. I take this opportunity to thank Shri. Ajit



Nimbalkar, Collector, Pune, Mrs, Leena Mehe-
ndale, Additional Collector and Competent
Authority and many of our wellwishers who have
rendered all possible help in getting this land. We
are confident that Bhaskaracharya Pratishthana
will be able to provide better research facilities on
a permanent basis in near future,

During last two years Bhaskaracharya Prati-
shthana has published two souvenirs. The second
anniversary souvenir published in October 1978
contains a research paper of Professor Shreeram
Abhyankar in Hindi. The foundations of research
in Mathematics lie in the rare works of Indian
mathematicians viz. Aryahbhatta, Varahamihir
Brahmagupta and Bhaskaracharya. Through this
publication Bhaskaracharya Pratishthana is
making available this treasure of knowledge to the
readers, Ptofessor S. K. Abhyankar has translated
original work in Sanskrit into English. This is an
hu mble effort to acquaint the common reader
with the origin of Algebra and we hope that these
efforts will be acknowledged.

- We express over heartfelt gratitude to Shri
M. S. Alias Baburaoji Parkhe, our honourable
member for making available paper for bringing
out this book,

We also thank Shri. Y. G. Joshi and his
colleagues of Anand Mudranalaya for elegant
printing of this book. Directors of Shri. Sharada
Sahakari Bank Ltd. and Vidya Sahakari Bank
Ltd, have rendered active support to our work by
placing their precious insertions in this book. We

thank them.

A, G, Jumde
Hon. Dy. Director
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Bhaskaracharua’s Bijaganit and its Translation

invocation and Introduction

S aq aagta g2 wfafgd aq gedn afer: |

ST T ARG At e = S UL

I bow with reverence to that unmanifested
which the wise (and mathematicians ) regard as
the sub-stra-tum of the Being and the source,of
intelligence, It is the root cause of this entire
world. I bow to the unmanifested i. e. to God
and to Mathematics (which has similar attributes),

99 S ABIAHAE

sra: A A Rrersamg )

ard T agEifataard

aema aeArg atea Skl = R0

Previously has been given arithmetic of which
the basis is algebra. Ordinarily problems cannot
be solved without the use of unknowns. As this is
the case with those with limited intelligence, I
now give the process of algebra,

2 ganeefe |

The six rules for positive and negative
numbers,

M e wna ade AT A FARGRRT N

Two numbers which may be both positive or
both negative can be added by combining them.,

s saaged 9 @ ud W a%a TSSH

TN AT T T GAT TASH FAANAy: Sxmwata 1L
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If you know how to add positive and negative
numbers give the sum of (1) minus 3 and minus 4
(2) plus 3 and plus 4 °(3) plus 3 and minus 4
(4) minus 3 and plus 4 separately.

A FYOAAHEAT =S SATATIN Iqezegonsy ey |
aur argumarta arfa seafaegfa Af uan
Here numbers and unknowns are symbolised

by letters of the alphabet. And negative numbers
are shown by a dot on them.

 ag faaadif s

Fractions are added in a similar way.

HaitaaH wawaRfa e araafaswasg ne
The number to be subtracted if positive is

made negative and if negative is made positive
and then added as per rule.

IANg FA TG EPOEN T FEE T @A aFISSYY
[TH 1 <

Subtract (1)+2 from + 3 (2)2 from 3

(3) 2 from +3 (4) +2 from 3 and give the
remainders quickly.

TR T a9 TOAR 27 ) &

Product of two positive quantities or of two
negative quantities is positive. The product of
positive and negative quantities is negative,

O gaauEia fist gd sao waa & a1 e

What is the product of (1) + 2 and + 3
(2)-2and -3 (3) +2and -37?

arraresfy 39 frema bz n

Similar rule applies to division.

FNYF TIAILAA 9 GFANGT AHH |

B0 9Ad TaRnd & g gd 93s afy Seefi o i



Give the quotients when (1) + 8 is divided by
+ 4 (2)-8 is divided by - 4 (3) -8 is divided by + 4
and (4) + 8 is divided by - 4.

i O T WAS 9 |

A g yEenti awnsiera 1 22

The square of a positive or negative number
is positive. The square root of a positive number
is positive or negative, Negative number has no
square root as it cannot be a square,

aaen safsaaen it gaer 9 aft a9 Amssg 0 R0

Give me quickly the square of +3 and - 3.

FAAFAHIRTATA 7S A S TOF GZOSSY 1 L=
Give the square root of + 9 and - 9 separately,

R Fraeefrad |

Six rules for zero,

A frdt waa qa =gd graasatzaataaty 1 ¢;

If zero is added to or subtracted from any
number, that number remains as it is; its positivity
or negativity remains the same. DBut if from zero
something is removed, its sign changes,

FqIT T AT A G TN

% T @gw 93 @=gd | 1 1o |l

If zero is added to (1) + 3 (2) -3 or (3) zero,
what are the respective sums ? And if from zero

(1) + 3 (2) - 3 or (3) zero is subtracted what will be
the remainder in each case ?

gt o wer @ @ AR |
';I'a‘lfl a3q @ aHT afiw: 1 e
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If zero is multiplied by any number or divided
by any number, the product is zero. If any number
is divided by zero the resultis a quantity with zero
divisor ( khahar).

fovi fed med A g st A T 120

Give the results when (1) zero is multiplied by
2 (2) zero is divided by 3 (3) 3 is divided by zero
(4) zero is squared, And give the square root of
zero,

wrend R st Tl sttt fgag
agafy WA STASTIR Famuid 754 | o 1)

Just as at the time of delusion all beings enter
the endless changeless and at the time of creation
emerge from the infinite God and by these acts
the infinite remains unaffected in the same way to
this quantity with zero divisor if we add or from
this if we femove large quantities, there cannot be
any change in it.

3 qugShEA_|

Six rules for algebraic numbers.

QEATIRITR] TGRS

aut: it Sifastagra: |

FAHAT Riwar maEgE

e FAEE: 1R ||

In order to carry out calculations with un-
knowns, the mathematicians of old have thought
of using the symbols ar, Y, f, 8t and other letters,

Afisrat a9 anmar ffraeedier gas feafter 1R
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Addition and subtraction are carried out with
like terms and unlike terms are kept separately.

TMATAT A ST | I gH e = |
gt qadadn: i vl R S99 wda
T 1R
What is the result when 1x +1 and 2x-8 are
added together? If in these the positive signs
are changed to negatives what will be the sum
then ?

gAEEGaIEd afiEd AagFLRA g% = & wa 1
What will be the sum of 32 + 3 and - 2x?

YMAFGIAG FOAHILE, TWENETF: Jiezq [
s 11 RR ||
If from 2x we subtract-6x +8 what wili
be left ?

g &qamﬁ‘azaﬁ g aui Rzzafami anafawwm i
T3 g agaraaEa: g ag witad snaasfad |
AT € Ia2E 1Y A TgE N0 a7 11 % ||

The product of an arithmetical number with
an unknown is an unknown number. The product
of two like numbers is its square, the product of
three like nnmbers is its cube and so on. The
product of unlike variables is called #ifa.

The rule for division in algebra is same as
given in arithmetic,

I T e e

a: @uzH: wawa: afed s |

FAT ooy faeat

S hatdeiss eoiititet: e SIRCR

Having separated the terms of the multiplier
the multiplicand is to be placed with each term.
Each term of the multiplier multiplies the multi-
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plicand separately. All these partial products are
then added. This method is to be applied to
algebraic nnmber, its square and surd. Here the
method is quite like the partial product method in
arithmetic.
| ERATRTEETF AFET RERIECEITITG afgsd: |
wipua o aft god of av ered Tam weabrar a fga
HR< N

Multiply 5x- 1 by 2x + 2 and give the product.
Chapging the signs of one of these expressions
form the product

z‘-:rm«:a? g’:‘af‘a i GRS Y TAY TAAFT FH |

EI?JEWT EZIUTI ?J?ea 1"\'1( T-H'm"é\lt SFIIEGNIGI || R ||

From the d1v1dend places are removed one by
one after subtracting the products of tac divisor
with appropriate terms. When nothing is left the
sum of those terms is the full quotient.

&% qgfrafsami sguirasa aft o ad & 113011
Please give me the square of 4x -6,

wha s axify At gaaTretet e

[ ARg €% qvar Aeafa sl ada w0320

To find the square root of an expression, we
take some square terms from that and find their
roots. Taking these roots in pairs we form their
product and remove twice the product and square
terms from the expression. This is to be done till
all terms are removed, If there is an absolute
term we expect its square root in the final result.

araara(maamﬁ‘augmaan |

feSwtha: wan: afea dyat wf wwa: 1321

To 3x+5y+7z it -2x=3y-1z is added what
is the sum? From 3x+5y+7z if -2x-3y-~1z is
removed what is the remainder ?
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I LAAFNHC mt qow:
TYSSTAN f}'{gfmai‘nazazg axa fasm |
P T guesd oaa = g
TGN AFAT F nanmr Faed |1 231

If the expression -3x -2y + z + 1 is multiplied
by its double, what is the product ? If this product
is divided by the original expression what will be
the quotient ? Also find the square of the original
expression and work out the process of extracting
the root of the square. .

¥ FONAETad |

Six laws for surds,
v

AW FrEAE gTed A 7 f‘gﬂm =g = |

AT FIEAEE 0 1 g W ||

e ARG U WA O (A TuEd oY |

et T FArE) gz, fraf: g af aif AT

H38

The sum of two numbers under the root sign
is denoted by M. Twice the square root of their
productis denoted by L. The sum anddifference of
the two surds are respectively ' M + L. and\V M - L
If a surd is to be multiplied or divided by a given
number, multiply or divide the number under the
radical sign by the square of the given number,

Another method for adding and subtracting
two given surds: Let the greater surd be \V G and
the smaller surd be \/'S, Extract the square root
of G=S. To the square root add +1 and -1
separately. Squaring the two results and multi-
plying them by S we get the sum and difference
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of the two given surds. If the square root does
not exist, the surds should be kept separately.

faaa:efhml"‘awam&iea dunreat afe WS FOA: |
fracafiener fxd fafama 39 wefind afa @
A0 1| 3% 11
Give the sum and difference of the pair of
surds (1) V2 and \V8(2) V'3 and \V27. After due
thought give the sum and difference of V3 and \[7.

f‘mawgmm wmrguaf‘aatm T G |
. =¥ gagarssy faggsh qsaan sawfhd w13k

Find the product of V2+v3+\8and \[3+5,
Also give the productof V3 +5and V3 + V12-5,

A AAST AAETIIT AT FCORERAL: |

FEMRARAILT T0 FLOA AF A TR 11 39 1!

If for converting a negative numbef to a surd
the negative number is squared, the sign of the
surd must be kept negative. In like manner if a
negative surd is changed toan integer after finding
the square root, the integer must bear the nega-
tive sign,

gAoaETaR e s woar ey

arefre Ao freeng oha gy o gm |

WA WAL RO S F00n afy A @7 |
frgaaao gas 2 Frat aar @ mtmﬁaar T 13

To simplify the denominator, we should
change the sign of one surd in that and multiply
both numerator and denominator by the express-
ion thus obtained. This should be repeated till
only one surd is left in the denominator. Dividing
the numerator by this surd if the surds so obtained
can be analysed into more surds that should be
done by the rule given in the next stanza, In this
way desired surds can be had,
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T AvaraRcon faga ﬁgma wozifn awfmgea auaftaat |
Fedl AT T T o qafa gadatimn:
FOA: 11 3%

To analyse a surd divide the number by a
square number, The root of the square can be
split into parts as one desires. After squaring the
parts we get separate surds.

fawfmegathan: soawrat £fa Ghadsde

srrsHEREEREm TaEgasn Famssg i

s e famt s Tdal = a@ am el

Give the squares of (1) V2+V3+V\5
(2)V2+V30B)V6+V5+V2+\V3and
(4) V18+V8+\2
separately and find the square roots of the results,

a1 o afy o Wﬂg@tﬁr FAOIIAN AZATH

i‘am’i'qaq TIFEN: TR TuER s gataata o

T, a7 TONEE S 7359 Y st |

wrfor A shy wa: Sar: wen afy afa 51 08

In a square there may be one or more tham’
one surd, Squaring the integral term we should
subtract numbers equivalent to one or more surds,
The remainder should give a square root. This
square root should bc added to and subtracted
from the integral term. Putting them separately
and dividing by 2 we get two surds, If any surds
are left in the square, fixing one of the two surds,
the process should be repeated,

sl g et Fdt warg gakaew af diwe and |

A FOMEAAGNET watans gitmmar 1 2R

If in the square there be a negative surd,
regarding it to be positive the square root should
be found., Out of the surdsin the answer one may
be taken as negative,
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fraatuaiag & wedic f%mman faa: qq & |
frtosamfian swoa: T awmgae ar
avat wfa afy F&: of =1 37 v2frd Ak aw s 1 ez

Find the square of the difference between \/'3
and V7 and from the square find the root. Give
the squares of (1) V2 +\V3-\5and
(2 -V2-Vy3+V5 and find the roots of the

squares,

- aafrEafhaRiety ChE s o
aa wonfrad sonfzaasa gasmin

Funaed fago T0g Fagi fafug wamm
FAFA: sﬁ-sza 9% arg Ygear A aq { Farfi |

mmazza ATFIANSTTAT TGO |
AEHAGIS: wqm@%w feriva: =2 1
AT A F qBFoAL wafra aneiy |

awfafar 7 afy @ walta 7 agrag@a u g2 n

In the expression for a square there are one
or more surds combined, One should know that
if the expression has three surds we have to sub-
tract from the square of the integral number a
number equivalent to two surds, If it has six
surds, we have to remove from that a number
equivalent to three; if it has ten then we have to
remove a number equivalent to four and if it has
fifteen then the number will be equivalent to five,
If after removal the remainder cannot be possibly a
perfect square then the exampleis not proper.

-

veri-fication, In the squareroot take smallest
surd. Find the number four times the equivalent
of this surd. This must divide the equivalent
numbers which have been removed from the square
of the integral number, And the quotients must
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be equivalent to the surds in the final result.
Otherwise the given example is wrong.

i a9 TN T Faanafﬁar fags )

sagmfetan & ad aft @ wna v gq

10 + V32 + \f24 + \/8 is the square of an
expression involving surds. Find its square root,

T TN mtumﬁaﬁzf%lyagarimagnﬁia |

gear zmeTearn: i nF afy aw @ i ek

10 + V60 + 52 + \/'12 is the square of an
expression, Find its square root. °c

eag“r 9z qeqrad afy: Fofisd Tdt a7

waqafirsad fh ue afe awa g es

Give the square root of 10 + \/'8 + \/ 56 + \V 60.

agow: FAffly sgamad a9 sdl T |

wisasm a7 aag ¥ Fatea S ke 1 e

Please give the square root of
13+\/'48+\/'60+\/'20+\[44+\[32+\/'24.

Taiemrafataadigea: g

HATTEILHET Tl o o ai‘g N8

Please give the square root of

17 + V40 + \ 80 + \V 200.

w FEREATOH_|

Equation of the form ax + ¢ = by,

::n-zh T IR T %:ucarg“l HaY FTEan |
Jq fgelt weaerl @1 39 dasTag geafieda n ke

Here ‘a’ is dividend, ‘b’ is divisor, ‘¢’ is remain-
der. To solve a %z% (pulveriser) first of all we
should ask if a, b, ¢ have a common divisor. In
that case let us remove the common divisor and
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simplify the equation. If the H, C. F.of aandb
does not divide ¢ ¢’ then the example is improper,
qeead AfHad@a: etad: g auaad &@: |
amqaaa frnfaEt 4t at aeged sedaw w0
fhsdt uS= zawsaeR aafacd wads sl
sl i demars egafana)
e wAT g apvd asegy: g of alfingmn )
Tt fnTrsdn 28a aE: &S I TG AT TR 1 4
By the continued division method ot finding
the H C. F. we find the common divisor of ¢ and
b if any. Having removed the common factors of
a and b if any oura and b are now pucca for the
process, Now we carry the continued division
method with gg9isa and €28 1, e. a, b till_we arrive
at remainder 1. The quotients are placed one
below the other in succession, in a vertical column
and below them &7 i. e, ¢ and zero at the end.
Rule for the process is: the penultimate number
is to multiply the number (quotient) over it and to
this product the ultimate number is added and the
sum is put abovei. e, in the row of the multiplicand,
The last number is discarded. Continuing this
process we arrive at two numbers at the top rows.
Dividing the upper number by a4 we get the
remainder as the value of y (sfsa). And dividing
the other number by b we get the remainder as the
value of x (qu).
aF A AT WA TYSIARY FRAragEia |
AU Shuolt Rritdt TaeomessiiE g @t @@ 1wk
When the number of quotients is even the
process gives 0 and &9 correctly. But when the
number is odd, values obtained must be subtracted
from b and a respectively to get the correct values.
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waft szfigfnremi: samafaadet ago |

wafa A gfoswdn: ga: @ 9 WAg AEAET 1 w3

If we divide ¢ and a by a common factor and
then adopt the §z= process we get correct value
for x but not for ». To get the value for y for the
original equation, the value got by the process
should be multiplied by the common factor.

ARTH FA=gE Towet T s |

TGS a5F AT FOACTH 11 43 ||

The values of x and y obtained when ¢ is posi-
tive must be subtracted from 5 and a respectively
for the case when ¢ is negative. In the same way
the values of x and y when a is positive must be
subtracted from b and a for the case whenais
negative’”

o @ otel SIHa a8 wSH | % 1|

In making selection of proper pair (x,y) the
intelligent person will take care to see that the
values correspond with each other,

EEE YRy queel g gad |

HIGATERIETr Iha: ZIEY g atsar | 4. ||

When ¢ >b divide ¢ by b and take the remainder
as new c and calculate (x,y) as before. Value of
x will be correct. To get the correct value of y, to
its calculated value add the quotient obtained
when b dividese. If ¢ is negative this quotient
should be subtracted from the calculated value,

AT AFTITRO AT ATIIAN: |
U aEE Fa FRAT AreTEa gAg ga 1 4s 1|
Alternative mefhod : Divide aby b and ¢ by b

and take the respective remainders for new a and
new ¢. Calculate 70 and =g by the process, m
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will be correct. Putting this value in the original
equation we gct the value for zfza i, e, y.

szmrmakw RET ?atr ﬂ'ﬂ{ﬂﬂ"ﬂa |

A ﬂrq qoRaHA ’QQT BIE ®/IBA U =< 1

‘Vhen the remainder is zero or where it is

divisible by the divisor, x will be zero. And the
quotient obtained by dividing the remainder by
the divisor will be the value of y.

TEITATTTALLON ek A 0 AAAT TLAT JOUAT 1} =2 1)

- If we multiply the divisor and the dividend by
any number and add the respective products to
the values of y and x already obtained we get infi-
nite values for ( y, x ).

uFfaatagd Tagd gl noE qﬁ&fgaﬁ |

aafsanazdgyd ghenf % agcg ag neo n

Find an integral number such that when it is
multiplied by 221 and increased by 65 the result
is divisible by 195 without a remainder.

@ g4 9a gd asen fatad o fed g

frras wng a3 & v & g ofmm alt FEEfa s

Find that number which multiplied by 100
and increased by 90 is divisible by 63 without a
remainder,

g etz afw = af o frfe |

w1 SaETedl s d ol oF § g a9g 11 &R 1

What is that number which multiplied by -60
and increased by 3 or decreased by 3 is divisible by
13 without a remainder ?

AT o F TR & amﬁ'km

5 Wi wassha ARG | &2 1|

what is that number which multiplied by 18
and increased by 10 or decreased by 10 is divisible
by ~ 11 without a remainder ?
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gq dafta: oo shfaafEgan |
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What is that number which multiplied by 5
and increased or decreased by 23, is divisible by 3
without a remainder ?

49 q= = ftren: @EgAC u-aqf‘gaf‘gar?a Asyar |
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What is that number which multiplied by 5
and increased by zero is divisible by 13 witheut a
remainder and which multiplied by 5 and increased
by 65 is divisible by 13 without a remainder ?

@4 fag s oz sd gamda gomesd |
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In the®given 2% taking ¢ = + find x and y. By
the desired value of ¢ (49) multiply the x and y
obtained. Divide the results by a4 and b
respectively, The remainders are the true values of
x and y.

Featsy glefareamd sfiger g Hhmfa e
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We take 60 as dividend, ¢, a negative number
indicating residual vikala, and divisor indicating
the days in a 37, The x that we get is residual '
kala and y is vikala for the planet., From this we
find kala, residual degree and so on.

In the same manner from sifymd and sEaEs we
get total lunar and solar days that have elapsed.

TR TG Y fafir=tt @z qoted ol wean |

AR Ta IHAT: EbsEET THIFTRSE 1 ' )

In two pulverisers if the divisior is common,
we should add the two values of a and take the
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sum as dividend; adding the two values of ¢ we
take the sum with a negative sign as the remainder.
What we get is called mixed; pulveriser.

% gsatrt Rigafragar eamdisy | oa ofie )
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What is that number which multiplied by 5
and divided by 63 gives 7 as remainder and when
multiplied by 10 and divided by 63 gives 14 as
remainder ?

& TABR:

Equation of the form ax? + b = »%,

€ T @ A srgz-qraqum“tg%ﬁiaféarmaaal
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What is desired is ‘x, the first variable. By
multiplying the square of the desired by uzf@ and
adding or subtracting something we get a square
number whose root is the second variable, The
augment b may be positive or negative.

mgmm "I AUt areEese fREe
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Put down #, y, b in this order. Below them
write the same or other =2#4, ¥3r3 and #9% satisfying
a similar equation with the same =z, a, From
these by a process called #=ar we can have many
values for x, y. This is why the process is called
bhavana ( generator). By cross-multiplying and
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adding the two products of x and y we get a new
w&d, By multiplying the product of two first vari-
ables with 9%f and adding to it the product of the
second variables we get new y. Product of two
augments ( i. e. &9) gives new value for b,

another method. Take x, y, - x, y, as new x;
ax, x,-y y,as newy and b, b, as new b.

CETAFAT ag o &a = uaar
Fasai‘qg Ty g T TFEFA |

&t sagfiem aEaE@dga: 11e3 |

2x
a-Xx
be taken as new x and from that new y can be
obtained. From these values we can get infinite
values for fhe triad (x,y,b) by the application
of bhavana process and ¥ as given in stanzas 71
and 72,

1 FisgEa: % Fh: T ToETE |
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Give the rational solutions for
(1) 8x* + 1=y and (2) 11 x2 -+ 1 =38,

-gza-?znggima ATATATITAFIA |
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If the absolute number is 1, then

may

For a given prakriti, a let us assume x, y and &
satisfying, ax* + b =»'. We now have knttak
where these x, y, b are respectively dividend, aug-
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ment and divisor, We get In and @fw by the
process of kuttak, The square of this qu should
be subtracted from the given prekriti or this
prakriti should be subtracted from the square of
the guna so that the difference may be small, This
difference divided by the augment b gives new value
of b, If the square has been subtracted from
prakriti, sign must be changed for the new aug-
ment, The quotient obtained by kuttak will be
new x, From the new valves of x and » we should
get the new value of y. This method of getting
new values for x, y and b from the previous ones is
known as @%@ or cyclic,

In this way for any augment 4, 2 or 1 we get
integral values for the variables. From augments
4 or 2 we can come to augment 1 with the help of
bhavana process or other methods,

F1@asfafia wf trgwrw asafefiea 2 98 gsm
SEECE “afy shimzfilfaard aeafs gaz aw
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Give the rational solutions of (1) 67 x* + 1 =)*
and 61 x* + 1 =)»*,

wuggt fadifey setd o a 37 1 s 1

The augment being minus one, if the coeffici-
ent is not the sum of two squares solution is not
posssible.

aftaes wfmerat o sd Radsam |
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We should take the roots of the two squares
which form the coefficient, Dividing 1 by these
roots we shall get two separate values for x, From
these we can find corresponding values for y.
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Otherwise : such example can be solved by
methods given before,

s i s ® sl wda )
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Solve the equatlons (1) 13x* -1 =)

(2) 8x*'~-1=

T A EF’TNIF!HE?I IR (SIar Hi: |
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In 6x* when we add 3, 12, 75 or 300 we get a
square each time. Find the values of x in gach
case,

gz 9 §9 agAafagied |
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Whatever be the augment, first of all we should
find the two roots by our own efforts. From these
we can get by s process any number of solutions,

Fifeas 0 ge aorra frradg i <= i

If we divide the multiplier a by the square of
any number and then find x and y we should divide
the x obtained by the root of the square number.

Fifamg g ot & |G TRt ag U<

32 x*+ 1is a perfect square, find the value of x,

TEawm! faar Sv sgaEd gHTwa: |

UHTEATAS SAN FEAAF FAR T2 1 <2 1l

If the coefficient is a perfect square divide the
augment by any number and write the quotient at
two places, From one subtract that number and
to the other add that number. Divide the two
results by double the square root of the coefficient
and we get x and y respectively.

& FHag aaﬁq. oo femsaragar =k )

T AT AFA T smFamar a1 el

. B
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Find the values of x satisfying the equations
(1) 9x* + 52=3" (2} 4x* + 33 = 7,

ST T T A |
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Find the values of x satisfying the equations
(1) 13x*=13=3p* (2) 13x* + 13 =»*

N e N\ -
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If you can deal with equations with negative
coefficient, find the values of x from -5x* + 21 = »2.

3% dmaniE @l nfnd R )
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We have given in short, methods of calcula-
tion useful in algebra. Now we shall give bijaga-
nita that will give joy to the mathematician,

o CEUEREOE | .
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First of all we assume x for the value of the
unknown quantity. According to the question in
order to equate two sides, we have to add to or
subtract from some quantity or to multiply or
divide. When the sides are equated we should get
the unknown to one side and take the absolute
numbers to the other side, Dividing the absolute
number by the coefficient of the unknown, the



value of the unknown becomes known,

If the number of unknowns is two or more
assume one unknown to be x, Multiplying x by 2
or any other number or dividing it by something
or adding to that or subtracting from that some
number one should assume suitable values for the
other unknowns,

TFET TAHTA ISSAT AT FINFAT @ FRAHTS: |
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One man has 300 rupees and 6 horses and
another man has 10 horses and a debt of rupées
100. If they are equally rich and the price of each
horse be the same, tell me the price of one horse,

wrafaae 7@ Pgw ag b afy a e
Y gda Brgaiserdr o gas 97T & a7 et e
(1) If two rupees are added to half the wealth
of the first man, he is equal in wealth with the
second man. (2) Three times the wealth of the
second man is equal to the wealth of the first man,
Tell me the price of one horse in each case
separately.

aifirrmedienteatata: age aa Far-
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One man has 5 rubies, 8 saphires, 7 pearlsand
90 rupees, Second man has 7 rubies, 9 saphires, 6
pearls and 62 rupees. They are equally rich, find
the price of each jewel.
aFt st an 2 0d adq ad wenf f w@ froradie: |
a8 zgafa Jea Soiise araTadEs ud An R A 1931

One man says to the other, *“ If you will give
me 100 rupees, I shall be twice yourself in wealth,’’
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The other man says, “ If you give me 10 rupees,
1 shall be six times yourself,’” Tell me the wealth
of each of them,

mﬁnursﬁf‘n‘gﬁtam% HIESA Tel
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A man says to his wife, ““ Do you know that
I have purchased 8 rubies, 10 saphires and 100
pearls for your earings. Each time I paid the same
amount. The price of a set of three jewelsi. e.
one ruby, one saphire and one pearl is 47 rupees
Calculate and tell me the price of each jewel
separately.’”’

qzmufemascaazaunn*uﬂ foeind aaw_ -
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A man says to his w1fe, ““ Therc was a cluster
of bees. One fifth went to kadamb, one third went
to mushroom, thrice the difference of these two
numbers went to kurqj. And the remaining one is
wandering to and fro being in doubt as to which
of the two ketak or malati has sent invitation to him
through its fragrance. Tell me the total number
of bees. "

IgFARAaATERSe o fazies afifea |
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A sum was lent out at 5 per cent per month,
Subtracting the square of the interest for some
period from the sum, the remainder was lent out
at 10 p. ¢, p. m. To produce the same interest as
before, time required was the same, Find the
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sums,

aFmAgaTRTREe & frirey afifoea )
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A sum was lent out at 1 p. ¢, p. m. subtracting
the square of the interest for some period from the
sum the remainder was lent out at 5p.c.p.m. To
produce the same interest as before, time was the
same. Find the sum,

witrrgslirstoras gwiwem od
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There were four jewel mechants, First had
8 rubies, second had 10 saphires, third had 100
pearls an® fourth had 5 diamonds, Because of
friendly love each gave one jewel to others and
they became equal in wealth. Tell me the price
of each jewel separately.

TSARIAA T9 WG ARG T AW |
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A sum was lent out at 5 p. c. p. m, for a year.
The sum added to the interest is less than twice
the sum by 16. Tell me the sum,

TS gTagTRTaT 29 @Fﬁsrf‘uaa%ga: et as a1 )
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Rupees 390 were divided into three parts and
they were lent out at 5, 2 and 4 p.c. p. m. After
7, 10 and 5 months respectively the amounts were
equal. Tell me the sums in three parts.

gtsﬁ.’u T Faagm foram o9 qmgs = e
Tt g anaswaRafar 9z akergeg 1 0
A merchant started with a sum. Entering a



city he paid Rs. 10 as custom. After trading his
amount became double. From that he spent Rs. 10
on dinner and left the city after paying Rs. 10 as
custom. He went to other city. The same was
the case in second and third cities. After coming
back his amount had trebled. What was the sum ?

|14 FZSAAFATAL ZINW AAGT
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A grocer says ¢ Sir, rice is 3% seers for 1 dramma
and mung is 8 seers for 1 dramma® The customer
said, ‘‘ Please have these 13 kakinis and give me
one part mung and two parts rice quickly. After
meals we must depart very soon,- for my
cotravellers have gone ahead.

wm-ﬂmaaugisr. 7 Y 9ARa: |
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Three numbers are such that when their
respective 3, 3, and } are added the sums are
equal. But when from each of them those parts
of other two are subtracted each of the remainders
is 60. Tell me the numbers.

AT AAT O59 FoAy TFHa |
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Two sides of a triangle are \/13 and \V5, If
its area is 4, what is the third side ?

TTSIAFAOGATHR] 1T T T F00 |
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One side of a triangle is \V' 10 - \/'5 and second
sideis V6. The base is \V18 -1, Tell me the
length of the height,
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(1) Four numbers are proportional to 1:2:3:4.
Give those numbers if their sum is equal to the
sum of their squares (2) If four numbers are
proportional to 1:2:3:4, and the sum of their
squares is equal to the sum of their cubes, find
them,

AN T TGES oI G |
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Which right angled triangle is that whose area
is equal to its hypotenuse ?

Give the sides of the right angled triangle
whose area is equal to the product of the three
sides, v

gat wissat 3t gdEt 9t w13 |
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Find two numbers whose sum is a square
number and difference also a square and whose
product is a cube,

N . N . - ¢
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Give two numbers such that the sum of their

cubes is a square and the sum of their squares is
a cube,
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The base of a triangle is 14 and the sides are 15
and 13, Find its height.

aty angfr JgfzRatngm
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On a plane ground a bamboo of 32 kands is
standing. Due to the force of the wind it cracked
at one place, Its end touched the ground at a
distance of 16 kands from the bottom of the bamboo.
Tell me at how many hands from the bottom the
bamboo got cracked.

TFRTAG Tt i 2 azu
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In a pond whose water was visited by herons
and geese, the end of a lotus bud was seen at a
height of one vitasti from the water level, Gradually
it moved because of the wind and dipped into the
water at a distance of two hands, Please .ell me the
depth of water in the pond.

qgﬂmﬂarawagﬂ i Ff: Fisang

sfpria o 73 yfareidia Ff e |

e anar S sggiae g

RrEsgafonisia nfim fad agr=sm 712t

Two monkeys were perching on a tree 100
hands in height. One of them climbed down the tree
and went to a well situated at a distance of 200
hands, The other quicky flew upwards a little and
came to the same well by a straight path, If both
of them had traversed equal distances, find to what
height the second monkey flew upwards.

IR SRR TRt |
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There are two bamboos of height 15 hands and
10 hands. The distance between them is unknown,
Two strings join the top of each bamboo to the
bottom of the other. Find the height of the point



where the two strings meet,
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A device to solve a quadratic equation,
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Taking the quadratic and first degree term on
one side we are to multiply both sides by some
number and add some number in order to complete
the square, After that square roots are equated
and the value of the unknown is obtained.

If the third power and the fourth power of the
unknown is present this device does not work,
We have in that case, to adopt some artifice of
our own,

In a quadratic equation if the number in the
square root of the unknown side be negative and
smaller than the number in the square root of the
other side, then we should assume plus and minus for
that and get two values for the unknown, In some
questions both values are admissible.

¢ TUEAETER & TAEd T0GA |
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Multiply both sides by four times the coeffi-
cient of the square of the unknown. Add to both
sides the square of the coefficient of the unknown.



This is the device. [It is known as Shvidhara’s
method. ]

sfegerens awed aaagl

Rfiaamamirmenia TETATH |

fafh afimegsd wgras { Bregm

aftreorfy Toredl af s g 1 228 11

From a cluster of black bees square root of
half the number and $th of the cluster went to
malati flower, And due to the fragrance one bee was
bourid in the lotus at night, And the female bee
kept out, is calling him, Find the number in the
cluster.

‘TTQI‘ mmaara HI'ITUITIUT 55@] (UT HQ’J
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Arjun in anger used some arrows to kill Karna.
With half the number he repelled Karna’s arrows.
He killed his horses with arrows equal to four
times the square root., With six he killed Skalya and
with three he destroyed the umbrella, flag and
bow, He beheaded Karne with one arrow. Find
how many arrows were used by Arjun,

g T 3 FreainiEe aomm: 6 = |
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Subtracting 1 from the number of terms and
dividing by 2 we get the first term of an 4. P, Half
the first term is equal to the common difference. Product
of number of the terms, first term and common
difference added to its seventh part gives the sum
of the series. Give the common difference, first
term and the number of terms.
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What is that number which when divided by
zero and then increased or decreased by ten mill-
ions, then squared and increased by its square
root and multiplied by zero becomes 90 ? [Commen-
tators say this gives the equation x*+x = 90.]

% TEraatat afit o st ga:
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What is that nnmber to which its hailf is
added, then muitiplied by zero, squared and then
united with double the square root and divided by
zero gives 157

[ They say this gives 9x*+12x=60, ]

afmetafasdt afuoarass & ad yw )

Subea RSt (e R E EOE S EES STRECH]

Solve the equation 12x+x°=6x?+35,

=t affzdrawn aftangd za: |
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Solve xt - 2 (200x + x*) = 10000 - 1

AR AN G senfy e |
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Out of a herd of monkeysin a forest, a number
equal to the square root of 3th of them were spor-
tively galloping, Cheered by the reverberation of
their sounds remaining 12 went to a hillock., How
many were they ?

TATq FATFEIH AT AL T |
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There was a troupe of monkeys, out of that



number,(_rlflﬂn%b_ei -3 )'wenttoacaveand remain_
ing 1 climbed a tree. What was the number in
the troupe ?

What is the length of the shadow of gnomon of
12 fingers height, if after subtracting from that
length % of the shadow hypotenuse, 14 fingures are
left?

ey A & A A 4 fgEgan |
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Four numbers are such that if 2 is added to
each they becomesquares, If weform their products
by taking two numbers from consecutive. pairs and
increase them by 18, the three become squares, If
we add all the 7 square roots and add 11 we get 13
as the square root of the sum, Please give me those
four numbers,

affrarzasdt agguERagiEd |
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[ In the above example 18 is called augment
for product and 2 is augment for number ],

Divide theaugmentfor product by the augment
for number and get the square root of the quotient.
This is the common difference of some four
numbers, Taking these asy,y+ 3,y+ 6 and y+9,
from their squares we subtract 2 and get the four
unknowns

a3 Rifuasgsd foad ax gl
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To find the hypotenuse of a right angled
triangle when the two sides are 15 and 20is a



tamous theorem. Give the proof of this,
gt Fraaann =i aa: gafaa: |
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(%1 — BITT P+P g1 X B2 =700 + FieT?
is like the theorem for two unknowns,
JAEAaE Fw ffEaial @ |
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Find the three sides of a right angled triangle,

given that
hypotenuse - vertical side =\ base -3 -1, °
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(x+y P -(X*+y)=2xy

and (x +p)* -4xy=(x-y)?

These rules for two unknowns are applicable

for two numbers,

senteatednt £ fifiaaai a7
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Sum of three sides of a right angled triangle
is 40 and product of two sides which contain the
right angle is 120. Please give all the three sides,

AN FrFfeTaial aZasamgaETEr |
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Sum of three sides of a right angled triangle
is 56, product of the three sides is 7 x 600, Find
all the three sides separately.



Q FRTANGHFN |

Equations involving more than one unknown.
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We should get all terms containing first un-
known to one side and take terms containing other
unknowns and absolute number to the other side.
Dividing by the coefficient of the first unknown we
get its value, This is called ‘unmiti’ (value). If
we get more than one ummiti for one unkown, by
equating them we get the values of other un-
knowns, If in the last wunmiri we have an unknown,
by kuttak we should get the value of that unknown,
The values of the unknowns which multiply the
dividend and the divisor in a kuttak are the 7w and
#fsy. obtained as the solution of the kuttak. If in
the last ummiti we have more than one unknown,
putting any desired values for those, the Fkurtak
should be solved, The values of the other un-
knowns can be got by substitution and inverse
process, But if the values are fractional kuttak
should be solved again. By substitution and back-
ward process we should get the values of x and
other unknowns,

mftFnastentesiaf: oy ga sm
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One man has 5 rubies, 8 saphires, 7 pearls and
and 90 rupees, Other man has 7 rubies, 9 saphires,
6 pearls and 62 rupees., They were equally rich,
Find the price of each jewel.

Tt wEnts w2 od odm
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One man says to the other, ¢ Please give me
Rs. 100, then my wealth will be twice your wealth,
The other says * If you will give me Rs. 10, my
wealth will be six times your wealth,” Findeach
man’s wealth.

SaT: qgenEnATSiTar dat wgat g

sgure fgheftatdim wefpima: |

A gar ghmdmsrgansa

a9 geasaer 3 92 armatfs stenfi ® ou s

There were four persons. One had 5 horses,
2 camels, 8 mules add 7oxen. Second had 3 horses,
7 camels, 2 mules and 1 ox. Third had 6 horses,
4 camels, 1 mule and 2 oxen. Fourth had 8 horses,
1 camel, 3 mules and 1 ox, All of them became
equal in wealth after selling them at the same
rate, Find the price of horse etc,

iy qroean: os= weafin @@ awarn

geafiea garzs aafuatanea: |

FTATATAY FIATA TAH R |

i QR R A 1 (3!

For 3 drammas one can get .5 pigeons, for 5
drammas 7 cranes, for 7 drammas 9 geese and for 9
drammas 3 peacocks. Please buy for the king 100
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pigeons etc for 100 drammas.

S TA: GARRIE AATHS: |
agtqqa&amr et it Co R I 2 CAIRERN

What is that number which when divided by 6
leaves 5 as remainder when divided by 5 leaves 4,
when divided by 4 leaves 3 and when divided by
3 leaves 2 as remainder ?

g: TsIacEmanT: ouy gRy Y fen )

sl Femameagsnfy agaar | (2ol

" Find three numbers such that ‘when they are
multiplied respectively by 5, 7, 9 and then divided
by 20 the quotients will differ by 1 and the remain-
ders are equal to the quotients,

ol fgga: & engfymmfaeggga )

fawm: wafrawwgEa o 0w

A number divided by 2 leaves.1 as remainder
divided by 3 leaves 2 and divided by 5 leaves 3 as
remainder. The three quotients when divided by
2, 3, 5 respectively leave remainders 1, 2, 3. Which
is that number ?

= T a7 arEfraRwiae @

Fa SPFIARER AT USAAAF mrafa 1

T Geaga: 927 Ifa A Q{aﬂgarwr.f‘aar

frew srwafisarandaziadisfa Jq 0 ez 1

There aretwonumbers, When they are divided
by 5 and 6 respectively they leave 1 and 2 as
remainders, By dividing the difference of the
numbers by 3 we get 2 as the remainder. When
the sum of the numbers is divided by 9 we get 5 as
the remainder; when the product of the numbers
is divided by 7 we get 6 as the remainder., What
are those numbes other than 6 and 8 ?
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Fafer: @afi: goo: i ofatermar g

o weTaed A fmataan 1 gz

What is that number which multiplied by 9
and 7 separately and divided by 30 give such
quotients and remainders that the sum of these
four is 267

FRgraarargu afaferafzmtya:

azsranfl SmggaRFEaEEa il 92

What is that number which multiplied by 3, 7
and 9 separately and divided by 30 give such
remainders that the sum of the three remainders
on being divided by 30 leave 11 as the remainder ?

maafaﬂf‘agm SEATSTOAT ZA: AR

az94 T 28 FITFT AFSSY a7 1l (L% |

What s that number which multiplied by 23
divided by 60 and 80 separately give remainders
whose sum is 100 ?

sfuFa aueg isavaeataar fafa:

A J Feen e atastmar u ek

The variable multiplying dividend and that
multiplying the divisor in a kuttak is known as guna
and labdhi, These x and y are expressed in terms of
additional variable say ¢. This ¢ cannot be given
values at random.

= Ayt ufisrdgatentia: |

geed Ui 9% e agussag am 11 39S 1l

Find a number such that when it is multiplied
by 5 and then divided by 13, the quotient added to
the number gives 30 as the sum.

SIYTAF: ST FHEA Rl A |

firfa =1 ga: AoRTeE usafiy o )

A GATUIERGT % FA ferasr w01 48



w420

There were three fruiterers, They had with
them 6, 8 and 100 paras. With these they bought
fruit at the same rate, They sold some, all at one
rate. Remaining they sold at the rate of 5 panas for
one. After the transaction the three had equal
panas. Find the rate of purchase and the rate of
selling.

2 o YAFANANFLEIE ATAE_ |

Device for solving equations with more than
one unknown,

¢ amiaz %asaga’} Tl eETRRE e |
T A wan: et gaer |
atagen Rl 7 JrearagrsAaee T 9d an |
FENSTE TR Fasrars safafeear =)
aazn fawdt aurenaar ghfudgar fafsan o e
If the equation contains the square of the
unknown, by the device given before we can find
the square root of one side, The square root of
the other side can be found by the method of
stanza 70. And then we should equate the two
sides. If the other side does not come under that
method, it can be assumed equal to z? and then we
can get proper value to make it a perfect square,
In short if the second side does not yield to wigzf
method one should think over as to how that can
be done,
sl affafraadaafe f sEaafed faaatasa: |
Prafar nawaurcaigagfuat @ SEfaEaEEaEr 1gol|
Our predecessors, intelligent mathematicians

have spread the thought that different letters of
alphabet are useful and this they have done in
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order that common man should acquire knowledge,
That thought got the name bijagarita.

oFE 1red qF e fedmee afy sugw:
SEAHATIST ThnFa and agr Agfga |
SA% gl AUATATRA g Tatmamamantafe sevarn
gt wawsfaaafuly: gRtid shostee fdistar uga

If it is possible to have the square root of one
side and the other side has an absolute term and,
the square of an unknown, by the method of anvzf
we should have 35 and #fass (stanza 70). Equating
the square root of the first side with s35 we can
get the value of x, And the z&g should be taken as
the value ofo the coefficient of ugfa. This is how
stanza 70 can be used.

Ft ufnfgagen ufnast: azhin: anfaa: )

wedt IEd Aanfias 7SSy an (| iR

What is that number whose double added to
six times its square is an exact square ?

afrdmstatiar aateag =

fr=e sadwEs | g TEREEEE 1 2u2 )

Two numbers are such that the square of their
sum added to the cube of their sum is equal to
twice the sum of their cubes. Give those two
numbers,

fefmuer afa da¥ g FarseaETs o gand |

g Ffaga aur feasaaane sqiseaa: |

sfgama azr feraceiy aa g9 Fag 1 e

If it is possible to find the square root of the
second side, we may divide by the square of x By
guaEf we can get 3% and #f@s, Product of these
two can be called new #4953, If we divide by x*and
then get =43, /1% we may assume the product of
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96z with the square of #fss as new siss. The
process should be completed as before,

¥ T IO Smdfar |
ARt wag Utk afrag SEIsszg an 1 ke

Find the value of x from 5x% - 100x? = y2,

FA: TFFAY AT JWEEH adi=ga: |

A Tt swerafirst agar Nafaa n gue

x -y is a perfect square and x* +3* is a cube.
Please give several integral values of ( x, y).

QEIHET uﬁ’ EIUTENTIHFTS:QQUR’J ?{% aw ad |

T 9% TG qFATA WAFAHART S

Fligarga a3 g% oy aas ad Faamrq [ g il

If it is possible to find the squae root of one
side and the second side contains unknown, that
side may be assumed to be square of some un-
known, The square root of first side should be
found and the square root of the other side should
be found by the process of amgzfa, That will be
¥i 7@, the #faws 7% may be equated with the square
root first found. From this we can get the value
of x, after getting the value of second unknown.

famfETawizat 13 st a2 wwen

axa ol FRmaemss WAET 1 1< )

The first term of an 4. P. is 3 and the common
difference is 2. Three times the sum of x terms is
equal to the sum of y terms, Find (x,5).

TEIH ammt g a9 aaATTAR qEfG SRR |

[ A HIFGHIT TS PremrETaTd (| 9 |

Where on the other side we have squares of
two unknowns and arithmetical number, we should
regard the co-efficient of one unknown as 9@ and
the rest as augment and get the roots by the
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process of angzfd. After that two sides should be
equated.

At Tl 93 FTFA acalggmﬁ]aﬁi v
T wf‘a&mg Tl FaEga: 1 (e |

Find two numbers such that when they are
separately multiplied by 7 and 8 and then the
products are added we get a perfect square; and
when 1 is added to the difference of the products,
it is a perfect square,

Searg et A Uz awe |
gareisfy adieeear Tt Zimmea 1 2Es )

Find two numbers such that the cube of one
added to the square of the other gives a perfect
square; and the sum of the two also gives a square
number. "

TR qusd g as SFH g imaﬁm |
R guaeinfatsa F ged B a%a Fdm 1 8RR 1

If in the other side of an equation there are
squares of two unknowns with their product, we
should extract a square root and the remainder
may be divided by a desired number and then
decreased by that number, After the difference is
halved it may be equated with the square root,

gaEagfmtagar gesar a3q |

ARG AWT: |AETATTSSTE Y aF 1 23 1

Find two numbers such that the sum of their
squares added to their productis a square number;
and the square root multipled by the sum of the
numbers increased by 1 is perfect square,

TEACETTNEAR A TZTTWIRIL

3 FrnaizmafarEiETauE g |
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TangagE = ffed AFISTE

A Tl Fornssyl Ferend azmgaat famr 1 gag

We have two different numbers, To their
product we add the smaller number and find the
cube root of half the sum. We find the square
root of the sum of their squares. We find the
square root of their sum increased by 2 Then we
find the square root of the difference of the squares
of those numbers increased by 8. Itis observed
that the sum of these 5 roots is a perfect square.
Find the two numbers other than 6 and 8.

LG TEEA 120 uamx FATA A |
B FendiqrTRaR AT F 1 15 ||

In this way we can form an idea in several
ways, DBut for common man that is difficult,
Therefore, the device to the thought is being
given here,

FEITATHHETE o feriome gu awen |
AT aEag s aEa: e |

fafe. ag frinng e g g it
TR fx R @t aa: SR T 0 3EE 1

First of all we can think of a new unknown with
a number or without a number as the square root
of the difference of two unknowns increased by an
augment ( Fioqa flgs ), After that we divide the
augment corresponding to the difference of
squares of the given unknowns by the nugment of
difference of these unknowns and find the square
root of the quotient, When that rootis added to
the root of faawre as assumed before we get the
qinae, After that the dWgs and f¥dws® are squared
and from them the respective augments are
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subtracted and we get am and 3@ respectively.
After that by @%a% we can get the unknowns.

A Tttt frafdt sl a3 adc

it ag&t‘aa wfagd anta< waa |

el Arags aa: argheat frgwr sfm

dt Tl a7 Fa@wenR 9z ad fEer ol 1 (s |

There are two numbers such that their sum or
difference increased by 3 are perfect squares. The
sum of their squares decreased by 4 is a square,
The difference of their squares increased by 1Zis
a square, If half their product is increased by
the smaller number we get a cube, Again the sum
of the 5 roots increased by 2 is a square, Tell me
the two numbers other than 6 and 7.

TR FRifgd 93 g an |

i@ = A T o aﬁmﬂ%aﬁa &l

Please give me two numbers such that when
(1) We add 1 to the sum of their squares and to
the difference of the squares the result in each case
is a square number (2) We subtract 1 from the
sum of their squares and from the difference of
their squares the result is a square number,

TANEF, T f& o arwiamaay |

FRTENA0E T Tt @A |

uff = qgear @u’i"miisqrr R 1

TERUIIE0R TR GHTE S | RE& I

If on one side there is unknown added to a
number and the other side is the square of an
expression, we can assume that as the square of a
third unknown. Squaring and doing any process
we should find the value of the unknown. Substitut-
ing that value we should do another process,
Giving a numerical value to the third unknown,



A48,

from the original equation we may get the value
of x,

afstugpron uft: gunas: sl |

a8 d Semasta asame gz i (e 11

Find the number which multiplied by 3 and 5
separately and increased by 1 is a square.

# wintafirera: s s aa: |
AT TAWT AT TIAHRGE 1 92 1|
. What is that number which multiplied by 3
and increased by 1isa cube and thrice the square
of the cube root increased by 1 is a square ?

TR FA Teay: gl fagw |
it wal 97 fad szwmasnia | sk

Find two numberssuchthat when the difference
of their squares is separately multiplied by 2 and
3 and increased by 3, we get square numbers,
The numbers required are like 6 and 5 but different
from them.

Tt Faformenerafarnfarmn 35
TR qar e feadsr @ar qar 1 gsr

Some times we should start from beginning,
sometimes from the middle and sometimes from
the end, The process leading to the solution should
be short,

FRaf ewq gfid afy smd)

A4 o qramAiaE wEaar quar

FEASFIAOANNGEGSA T TRHT 1] 28 1)

When we multiply by the coefficient of the
square we should assume square of some uuknown
and the remaining process should be as given
before so that the value of ¥ will be integral.
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4 WrTgEA: araaas faggeat |

sy wwd afy | ez g1 1 s

(1) Find a square which when decreased by 4
will be a multiple of 7.(2) Find a square from
which when 30 is subtracted it will be divisible by
7 without a remainder.

goawmt a8 wia: ety dsfy fsauagfia: |

ssEAISTTO] BqaAArfaa: Faom: | 9s% 0

7 aft @ ' Rl Ay ar@ey

ateraragl wat a J=afy fad afg 1 ges .

e B = 9F aErssueds wata awfi

arefaa aa g0 swfn g Taata fagrfa n e

iWearediscussing square kuttak like x* = by +c.]
If ¢ is a perfect square, we assume y=bz*+2\[c.z
and derive’ x=bz + \[c. Obviously &' is divisible
by b and 26 V' ¢ also is divisible by b.

If ¢ is not a perfect square we should divide ¢
by & and get the remainder. To this remainder we
should add some multiple of b to make it a perfect
square, If this is not possible then the example is
improper.

Where by multipiying adding etc. we are able
to find the square root of the first side we should
take b as given, the remainder should be decided
by the process.

v2firedl 97 T wewt fagaaf
a aﬂﬁa NS A T TFTH 11 2SR M

- 6 is divisble by 5 without a remainder, If
you know how to solve a cubic kurtak, find the
value of x.

ag: wafa: gonfeas: dedgya: |
glzafs ameea zaiista afrd afy 1 2eon
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Find x where 5x* + 3 is divisible by 16 without
any remainder.

2 wifAaw |

Equations involving product of unknowns.
*C o -
grRagac gham qiai st madfa agfamfa
a4 AagAfaaasT of maditeaaefal: i et
_Leaving one desired unknown we should take
values for other unknowns according to our
choice. The product being thus destroyed we
shall get the value of x by the process of algebra,
=afaguar vz agfafzgar ag:
afiraras gen w0 & wxi 3fka g7 n e
Solve for (x,y): 4x + 3y + 2=xy
AR T & A TR AGEL: |
qa ufneaga wifyag fmeaam 01
Solve : 20(x +y+z +t)=xyzt
4t Tt P an =1 Pt it qar
ATHFTE, GUiigyS e FGqttearmty: |
gs=var Srgavas 97 fraemtogs gus
weastramaly s@ nuw: seaaiisfa faet 1 2

Give solutions in integers :

(DVxsy+x0+2 +9 + x+y=23
(2)Vxry+xp+x+y? +x+y =53

qifid weAdsgRaEar aon agawt

et ifarssa aq: asft faasa = 0
FutsFElEITd TRISATTES |

qaval AT FaAY =S T &Y |
quiest quEtAW Jad & faeaag e n
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Getting the product xy on one side, we shall
have ax+by+¢c on the other side, And we should
divide both sides by the coefficient of the product
if any, In the product of 4 and & we add ¢. The
sum should be divided by any number, To this
number and the quotient we should add and
subtract a, b separately, In this way we get a set
of values (x, y).

Tadia w41 Timida @zl w3
FRiEauzITd gaAatefEfhan i (e
Solve 2xy = 10x+ 14y - 58,

fFmeprorafnat gH tsdEw: 4 |
faatgafiar semal vzt « afa 3g ag 0 2esn
Solve Sx+5y+xy = 62,

0o 0o o



Jaganea: |
EPILLOGUE

aermRsaT gfa afaa: gl

ArargaaaEEl fgat gaa: |

FEsTA T el ad 0 %

vt frewiine ST WrEEer | ¢

There was a renowned professor Maheshwar by
name. He held the highest honour in the academic
field, His son Bhaskar who gotthe spark of knowledge
from his father, is said to have compiled this
concise bijganita,

sEEhaTEERTEim awmafakegata

A sl 74 aafwgs oy Rraged o0

Before him were books on bijagazita by Brahmagupta,
Shridhar and Padmanabh, They are stupendous. So for
the satisfaction of pupils, by taking good points
from those, this concise book has been compiled
containing some nice devices,

sgeacEes & aasEos fafe n
Here are one thousand of anushtup measure,
They include formulas and examples,

qaf‘a'tqmeﬂ‘aw =nfea gaifig Fafag |

Fafasr FUAGTE ﬁf‘aafiﬁg?raan 1

Fatarmnafieg qeaﬁzage:rgan neu _

Here and there we find subject and scope (
the formula; sometimes we get variety in thought
and often devices,

7 & szronsha DEgwiid a3 u s

Examples have no end, hence this is given in
few words.



TEC TFRTEH maﬁ%artm&i‘a \
s et an T #e gfamfn n s

The expanse in science is like the vast ocean
and difficult to cross for ordinary intellect. On the
other hand what is the necessity of details for an
intelligent person?

U T e Hwal ga: |

ag areas et st i e

Whatever particle an intelligent man receives
from his teacher, that well received knowledge
spreads itself extensively.

A 9% @S Yed T FEATE |

arF ol w4 afa frad argafea wen

A d;op of oil put in water, a secret deposited
in the ears of a villain or a gift bestowed on a
deserving person spreads. In like manner know-

ledge spreads in an intelligent mind by the force
of its merits,

woe wfitfa wd aediemn |

FFSTIaER. Faufag |

tfa aggogs waTElaEF |

1z 73 afsg et ahad diefaga 12

Oh pupil of mathematics, this is pleasing, easy
for beginners, It is the essence of all mathematics
and deals with basic laws, It has many merits and
is free from faults. I say, read this small book to
sharpen your intellect and you are sure to rise,

+ + +

Thus ends Bhaskaras bijagarit and its version in
English.
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Appendix
Some words denoting numbers
18 40 gaiRzg
12 47 = 50 - 3 > zaM
17 50 RESIEIGH
28 52 {3 ENESIEARY
12 58 = 50 + 3 9yzaEW fAa
12 56 92 gsama
14 58_60—279:(:{&“62
17 60 ufiz
g 61 w=it
17 62 fafe
7 63 ECiE -
14 63 L)
17 87wl
22 7(.) e o~
17 15 y=ggeatq
80 wilfa
49 90 mafy
7100 zm
15 195 = 200 - 5 gsgafeq
a5
50 200 {zzat
26 221 ux famfard agd
41 300 B
17 600 QE\{H'T
41 100060 SR
14 Twice o &=,
41 Thrice 1'%{110{
17 Twenty Times & §ui
26 Half 33
85 0 7=, @, fag

85 w=afiar

+ * 4+
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28
26
26

317
51

21
24

51
22

20

24
25

25

17
20
20

20
35
20
25
317
35

13

34
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Glossary of Technical Terms

Page

3W, 2% excess, remainder 20
{EgF coefficient 50
FYARTF minus, negative 9
2T Jower Mg below 18
=1f4uig intercalary month 21
a9 lower and lower 18
sT=d endless 377d end 10
s} difference 7
aad abrader 18
39Ed taking away 19
sEet fit to be divided 17
(T integer © 50
ATHENT
(e multiplied
TR product,

multiplication 34
Siivaq, «1vlse desired,

wished 21
2797 multiplied
3 multiplication 22
3T omitted 21
297G F residue of @R 21
sg@FaF beight,

perpendicular 31
FAEFEZ, <@5d remainder 21
3=9F unknown, algebra 1
31z degree
TEHSNA unlike 11
3%g negative, minus 8
37|29 increased 13
=q1f% first term 34

Page
a7fta quotient 20
37Ed multiplied 33
75z, Sfted desired 20
3 common difference 44
JeI9A substitution 38
3T example 17
3iTq value 38
379d divided 20
Zqzeqol designation, mark 8
3qiiead penultimate 18

&9 minus Hf9d decreased 385
FTd, F, FNHAF! negative 8
OF9E square root of sum 50
F{ a measure of length equal

to two fgafEa 31
#Tol surd, number under
root sign 13
#a hypotenuse 31
%2 minute of arc 21
FI{#0ll a coin in use 30
%, £ZF pulverisor 17
FId square 9

Fife crore, The vertical side
of a right angled
triangle 31

A, T, AACCHF negative 20

fiaq_ to add 33
g7 multiplied 35
~ ~

A9, {9% augment 22

@UE, WIS part 15, 29
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Page

FueuE multiplication by

distribution 11
=T, FeR with zero divisor 10
=% number of terms 31
afiid mathematics,

arithmetic 11
T, IO, TOFR multiplier 18
QUSRS product 13
a9 multiplicand 13
e cube
AT AAAE cube root 11
qId product 31
FHRAIF circle, cyclic 23
;:;:311: o, 93CEd four times 33
g9 common difference 34

feza divided =7d removed 17
2% denominator, divisor 12
s, e?:‘[sstrfs second

variable 22
T cutting, 18
¢ divided 37 equal 18, 50
=15 right angled triangle 31
=37 decreased by three 35
g% defective, improper,

wrong 17
g€ firm, pucca 18
Z% 919 dividend in its

lowest terms 18
gegi divisor in its lowest

terms 18

g: arm, horizontal side in

a right angled triangle 37
T a coin in use 30
f&fayg of two kinds

Page
Y, SFRAE positive )
gt base of a triangle 31
{a=q multiplied by 21
e, fo@r® without
remainder 21
fav# decreased by one 13
fazfd product 50
feeg after multiplying 33
ge1 side 9957 both sides 33
gt one fifth 35
9% square rcot, root
ggua perfect square 33
uzia coefficient of x? 22
g=d, 9529 sabtracted 12
%o area, interest, quotient,
result of calculation 18
s basis, origin 7
=31 process of algebra 50
iswfing algebra 42
9% divided 49
YRTER division, divisor 8
qIF divisor 19
9157 dividend 12
HIFAT generator 22

q1fad product of dissimilar
unknowns

#1799 expert in solving
bhavita

o7t fraction

i see Eit

q\base

#zdt sum of two numbers
under radical sign

11
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Page
ALMEW a device to remove

middle term in a
quadratic

AH value

ﬂ'\a square root

IFq accompanied

A, 9 pair 11,

79 united

7, I addition, sum

Tf&q decreased

i3 quantity

&7 number, one

@7 twice the product of
two surds; small

&= multiplied by laghu

Zfsg quotient

@rd, g% perpendicular

431 diamond

FEINAE cross product

79 multiplication, product

i square

guiax difference of squares

afsa subtracted

4oy algebraic number

faT=1 second of arc

e residue of vikala

faafes a measure for length

33
38

9
49
32
50

7
47
51
13

13
18
19
31
29
22
11
i1

19
10
21
21

equal to half kar, twelve

angulas
fafae multiplied
fagas not definite
fyrtg change of sign
fa9sq after dividing

-

32

L&Y
QO o

Page
fafwa Sifq dissimilar, unlike 10
fzrn, 33T difference
subtraction 23
ﬁ"fmﬁg square root of the
difference of two unkno-

wns increased by an

augment 46
f3&im reverse process 38
fatsa decreased, left «20

oo

gz fit for subtraction 18
faz29as rule to analyse 14

fae odd 18
faza divided 15
&, SIFATE arithmetic 7
#I6d opposite, 8
#E gnomon 35

2, ZF remainder, residue 18
oAt divides without a

remainder 20
T see fazmiey 18
>>\Tfa hypotenuse 36
JFZIC amount 29
g addition 8

A addition, subtraction
and division by two 46

g7 even, similar 18
austitas, gumsg like 11
gArg, G100 sum 45
gzEY[ 1n several ways 46
gfed increased

@i relating to number 7
a7 rule 11
&% increased by one 13
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Page Page
gatte after subtraction 8 &g multiplied, product 51
daniegw that which is to be g, TR divisor 9

subtracted 8 &g a measure nearly

THT FTH 21 eighteen inches, see FT 32
&g positive, own 8 gd divided 20
&@qe19 own divisor 18 g first root 22
g9 goose, swan 39

+ 4+ ¢
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ERRATA
page line for read page line for read
10 15 = T 31 2 £ 7
110 7 =q 34 1 shy shr
14 14 1 4 si q
24 & 'z 39 10 3 g

15 2 2 4q 43 29 x X.
19 30 f t 46 7 sum sum or
20 9 F..ord g qoned difference
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3 Shree Sharada Sahakari Bank Ltd.
< <
z Pune-Satara Road, Pune 411 009 z
b3 b3
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& Regd. on 9-2-1978 Telephone No, 470947 ¥
@ The only popular bank in the Co-operative banking ¢
& field in Pune, ( INDIA) I
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3 The only Bank which is blessed by all in a short 3
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period, The only Bank ready to help all the people
from all the sectors t¢ improve economic conditions,

Working Capital ... .... above 60 lacs,
Members ceee weve above 2,000

Deposits vees .eee above 54 lacs,

) D DD 2B B

Depositors vees «ee above 3,500

Advances vees oves above 38 lacs,
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VARIOUS ATTRACTIVE DEPOSIT SCHEMES
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Deposit with us and rely on us for timecly monetary
help,
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