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Extracting a Square Root: Aryabhata’s
verse

Ab.24

Bhagam hared avargan nityam dvigunena
vargamiilena//

Vargad varge fuddhe labdhau sthanantare

milam//
On should divide, constantly the non-square
<place> by twice the square-root /

When the square has been subtracted from
the square <place>, the quotient is the root in
a d1fferent place//
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Extracting a Square Root: The
example of 625

A square place is one that stands for an even
power of ten (10°, 10% 104, etc.)

uneven even uneven
visama samad visama

102 101 100
square non-square square
varga  a-varga varga

6 2 5
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Extracting a Square Root: The
example of 625

102 102 100

Square root
6 2 5 2
4
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Extracting a Square Root: The
example of 625

22/4=5+2/4
102 107 100
2 2 5
2 5
-2 5 Square root
0 25
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2 | 3 | 5 | 8
/

;/ 8 | 2 | 3

| 1| 7| 6

7 | 6 4/ |
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MAGIC SQUARES TN INDIAN MATHEMATICS 535

a1 |23 | 15| 14| 6 | 47| 39

al21| « |1aflor|22]3|u
4
0|32|24|16|8 |7 |48 s |o 32|17 7|10]31]18
49 |41 (33|25 17| 9 | 1 2 20\ s l12ll30l19] 86|10

9 | 43|42 | 34|26 (18|10
11| 3 | 44|36 |35|27| 19 (a) Preliminary Magic Oblong

2221|135 |46|38]30
171162524215262?]
2

20 12| 4 | 45|37 | 29|28

n="p=175

Figure 21: Nardyana's method for odd squares (II): diagonal
method.

1 24|37 |36 2|23]38 35 1| 3 ]22]39 |34
42131 6 |19 41[32]5 20 || 40 | 33 | 4 | 21
12 13|48 |25 || 11 | 14 | 47 26 || 10| 15 | 46 | 27
43 |30] 7 |18]f44 |20 B 17|45 28| 9 |16

(a) Preliminary Magic Oblong

(b) Magic Circle: p= 360

Figure 23: (a) Narayana's magic circle: preliminary magic
oblong. (b) Narayana’s magic circle (p = 360).

[_1 8 la—?
h—S a—4~ 3

7 2 \a.~l
Lﬂ'—g a—-6|] 5
a=}

(b) Magic Lotus: p= 204
Figure 22: (a) Narayana’s magic lotus with six petals: preli Figure 24: P
minary magic oblong. (b) Narayana's magic lotus with six petals
(p = 294).

attern for magic square of four by Laghunandana.
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The Karanakesari(fl. 1681)

f. 3r: Elongation of the nodes of the Sun and the Moon for 130 year period
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bhagajati part class

ar a b2ai+az2bi
bt b2 b1 b2

LV 30 anyonyaharabhihatau haramsau rasyor samachedavidhanam evam\\
mithas harabhyam apavartitabhyam yadva haramsau sudhiya atra gunyau/\\

The numerator and denominator being multiplied reciprocally by the denominators of the
two quantities, they are thus reduced to the same denominators. Or both numerator and
denominator may be multiplied by the intelligent calculator into the reciprocal
denominators abridged by a common measure.

33
15

301 1
17573 >
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al a2

prabhagajati different part class b b
dal Xaz dal a2
b1 b2 i bib2

LVO32 lavallavaghnas ca harah haraghnah bhagaprabhagesu savarnanam syar\
The numerators multiplied by the numerators, and the denominators by the denominators will be same-
coloured when [they are] different parts .

1X1X2X3X1X1 1
123 4164 ~ 1280
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(sva)bhaganubandhamjati one’s own part additive class

kalasamvarna samecoloured portion dl
n b1 a1(bz +a2)
bl n+al >
. > az b1 b2
b1 b1 b2

LV034 chedaghnariipesu lavah dhanarnam ekasya bhagas adhikaunakas ced//

svamsadhikaunas khalu yatra tatra bhaganubandhe ca lavapavahe/

talasthaharena haram nihanydt svamsadhikaunena tu tena bhagan//

The integer being multiplied by the denominator, the numerator is made positive or negative, provided
parts of an unit be added or be subtractive. But, if indeed the quantity be increased or diminished by a
part of itself, then, in the addition and subtraction of fractions, multiply the denominator by the
denominator standing underneath, and the numerator by the same augmented or lessened by i1t own
numerator.

n+ai/bi a1/b1 +@1/b1 x az/b2)
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svabhagapavahojati one’s own subtractive part class

al
n b1 a1(b2-a2)
b1 n-al >
e > ~d2 b1 b2
b1 b1 b2

LV034 chedaghnariipesu lavah dhanarnam ekasya bhagas adhikaunakas ced//

svamsadhikaunas khalu yatra tatra bhaganubandhe ca lavapavahe/

talasthaharena haram nihanydt svamsadhikaunena tu tena bhagan//

The integer being multiplied by the denominator, the numerator is made positive or negative, provided
parts of an unit be added or be subtractive. But, if indeed the quantity be increased or diminished by a
part of itself, then, in the addition and subtraction of fractions, multiply the denominator by the
denominator standing underneath, and the numerator by the same augmented or lessened by i1t own
numerator.

n+ai/bi a1/b1 - @i/b1 x az/bz)

bhagamatajati mother part class
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Setting down a rule of 2n+l quantities

N measure quantities (M1, M2,...Mn) produce together a fruit
quantity F. We know n desire quantities (D1, D2 ... Dn) and
we are looking for the fruit of the desire (R).

R=FxDlxD2x...xDn)/ (M1 xM2x ...x Mn)

Disposition :
M1 D1
Mn Dn
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L1.80. If the interest of a hundred for a month be five, say
what 1s the interest of sixteen for a year? (...)

1 12
Statement 100 16

S
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L1.80. If the interest of a hundred for a month be five, say
what 1s the interest of sixteen for a year? (...)

1 12 time in months
Statement 100 16 capital
5 interest
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L1.80. If the interest of a hundred for a month be five, say
what 1s the interest of sixteen for a year? (...)

1 12
Statement 100 | 16 12x16x5=960
5

The interest obtained 1s 3

S
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Quantities

Rasi: quantity
Sankhya: value

Anka: digit

[Bhinna, Saccheddha

A while computing
=

When stating an amount
a a
b b°
cC C

Rna; Dhana (rules to sum and subtract)
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[.1.81. If the interest of a hundred for a month and one third
be five and one fifth, say what 1s the interest of sixty-two
and a half for three months and one fifth?

4 16

Statement 3 5
100 125
1 2
26
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[.1.81. If the interest of a hundred for a month and one third
be five and one fifth, say what 1s the interest of sixty-two
and a half for three months and one fifth?

N

4 16
3 S
100 | 125
1 2
26
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[.1.81. If the interest of a hundred for a month and one third
be five and one fifth, say what 1s the interest of sixty-two
and a half for three months and one fifth?

4 16
3 b)
100 125
1 2
26

5
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[.1.81. If the interest of a hundred for a month and one third
be five and one fifth, say what 1s the interest of sixty-two
and a half for three months and one fifth?

4 16

5 3

100 125 The interest1s 7
2 1 A
5 26

S
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BG.E.36. One person has three hundred ritpas and six
horses. Another has ten horses of like price, but he owes a
debt of one hundred ripas. They are both equally rich. What
1s the price of a horse?

300 + 6x=10x-100

ix=400 72 10 0 100
x=100 ’
yavatiavar, unmanifested quantity
avyakta
rna debt, «<negative» quantity

dhana wealth, «positive» quantity
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BG.E42. Subtracting from a capital lent at five in the
hundred, the square of the interest, the remainder was lent at
ten 1n the hundred. The time of both loans was alike, and
the amount of the interest equal. [Say what were the initial
capitals?]

xi two initial capitals; y final interest; 7 loan time

y=5x:z/100 = 10x2z/100
X2=X1-Y
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BG.E.42. Subtracting from a capital lent at five in the hundred, the square of the interest, the remainder
was lent at ten in the hundred. The time of both loans was alike, and the amount of the interest equal.
[Say what were the initial capitals?]

xi two initial capitals; y final interest; z loan time

y=5x1z/100 = 10x2z/100
xX2=x1-y2

Solution 1 Assume 7=5 Rule of 5

| B time
100 yal capital
S interest
«the interest obtained is ya 1 y=1/4 xi
4
its square is yava 1 » y=1/16x1"

16
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BG.E.42. Subtracting from a capital lent at five in the hundred, the square of the interest, the remainder
was lent at ten in the hundred. The time of both loans was alike, and the amount of the interest equal.
[Say what were the initial capitals?]

xi two initial capitals; y final interest; z loan time > is therefore of the form yav q 1 (@) ya 1 6

= S5x1z/100 = 10x2z/100
zzzxz-y2 1 6
Rule of 5 [-xi+16x1]/16
1 S fime

100 yava 1°ya 16 capital
16
10 interest

«the 1nterest obtained 1s yava 1° ya 16 »
32

y= [-x1+16x1]/32
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BG.E.42. Subtracting from a capital lent at five in the hundred, the square of the interest, the remainder
was lent at ten in the hundred. The time of both loans was alike, and the amount of the interest equal.

[Say what were the initial capitals?] ;
[-x1+16x1]/32=x1/4

xi two initial capitals; y final interest; z loan time

y=5x1z/100 = 10x2z/100

ey’ yava 1° ya 16 *“isequaltoya l”
32 4

“having reduced by the yavattavat both sides, in
order to equally subtract the two sides are set

down: yal° ra 16
32 [-x1+16]/32=0+1/4

ya0 ro 1

4

“proceeding as before the measure of the
yavattavat 1s 8” xi =8
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