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Introduction
e =)

Tracing the Timeless Genius of Bharatiya Mathematics

Mathematics in Bharat is not merely a record of numbers and
equations-itis a living tradition that stretches back over 5,000 years.
From the brick ratios of the Indus Valley Civilization to the infinite
series of the Kerala School, the Bharatiya subcontinent has cultivated
one of the most profound and continuous mathematical traditions
in the world.

1. Beginnings in the Indus Valley (3500-1500 BCE): Geometry
Before Scripts

Long before the rise of formal scripts, the people of the Indus Valley
were already applying mathematical principles in their daily lives.
Archaeological excavations at Harappa and Mohenjo-daro reveal
an astonishing command over standardized weights and measures,
geometry in urban planning, and engineering precision-evident in
their famous “Indus inch” rulers accurate to 0.005 inches. Their
bricks followed the 4:2:1 ratio, still considered ideal today, and their
city layouts show an advanced understanding of symmetry, grids,
and spatial efficiency.

2. Vedic Era and the Sulba Siitras (1500-500 BCE): Geometry Meets
Ritual

The earliest written mathematical texts of Bharat emerge not in
isolation, but embedded in spiritual practice. The Sulba Siitras,
appendices to the Kalpa Vedanga, are manuals for constructing
complex Vedic fire altars. Composed between 800 and 500 BCE,
these terse aphoristic texts by sages like Baudhayana, Apastamba,
Katyayana, and Manavareveal an astonishing depth of mathematical

insight:
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- A statement of the Pythagorean theorem.cenhlrieS o
Pythagoras. efop,”

« An approximation of V2 accurate to five decimal places

« Geometric transformations between squares and circles.-

« Early concepts of irrational numbers and Pythagorean trip|

These texts serve as the philosophical and practical founl;aes.
of Bharatiya mathematical thought-where mathematics serveq
ritual and reason.

ﬁoh |
bo

3. Vedic Mathematics and the Vedangas: Math in the Service o
Knowledge o

Mathematics in ancient Bharat was not compartmentalized-it Wag
the beating heart of all disciplines. Among the six Vedangas (limbs
of the Vedas), three in particular-Jyotisa (astronomy), Chanda;
(prosody), and Kalpa (ritual)-relied heavily on mathematica ‘
techniques. In Vedanga Jyotisa, attributed to Lagadha (c. 1400 BCE)
we find astronomy and timekeeping bound deeply with numeracyl
and combinatorics.

This integration reflects the Bharatiya worldview: mathematics
was not a tool, but a jewel-“the crest of a peacock, the gem on a serpent's
hood,” as the ancients proclaimed.

4.Jain Contributions (400 BCE - 400 CE): Infinity and the Abstract
Mind

While Vedic traditions were deeply spiritual and ritualistic, the Jain
mathematicians approached mathematics with a unj ue cls;ri and
abst’raction. They were the first to conceptualize ancil t’y "
as ‘stnya’, developed early ideas of factorials and e 'Zero
and classified infinities into five different types T}P]ermutahon.s, .
on enumeration, vast numerical systems, and |o ' 1 elr erlnpha'sls
laid the groundwork for later algebraic irmovatiog1 M
Important Jain texts like the Sirya Prajiia T,S . |
Siatra represent a pivotal shift in Bharatiya mathepm a.nd >thanangdy
geometry to pure mathematical contemplation. atics: from altar |

m

| mathematics

5. Classical Bharatiya Mathematics (400-1200 CE): The Golden

The classical period marks the crystallization of Bharatiya
into formal, structured treatises. The two most towering
figures of this era are:
« Aryabhata-I (476-550 CE), whose Aryabhatiya introduced:

o The decimal system with zero as a placeholder,

o Trigonometric functions like sine and cosine,

o Accurate calculation of 7 (pi) to 3.1416,

o Techniques for algebra and planetary motion.

 « Brahmagupta (598-668 CE), in his Brahmasphuasiddhanta, gave:

o Rules for operations with zero,

o Treatment of negative numbers,

Solutions to quadratic equations,

Geometry of cyclic quadrilaterals,

Precise astronomical computations.

Their work, rooted in Sanskrit verse and prose, influenced not
only Bharat but also the Islamic and later the Western mathematical

world.

o
o

o

6. The Bakhshali Manuscript (700-1100 CE): A Hidden Treasure

Discovered in 1881 and written on birch bark, the Bakhshali
Manuscript is now recognized as the earliest surviving manuscript
of Bharatiya mathematics. Although its exact date is debated, its
content bridges multiple periods. It presents:
« Operations with fractions and square roots,
« Use of progressions and algebraic equations,
« An early symbol for zero-a dot.

It offers valuable insights into the pedagogy and practice of
mathematics in ancient Bharatiya schools.

7. Kerala School (14th-16th Century): Calculus Before Newton

In the temple towns of Kerala, a group of visionary scholars, starting
with Madhava of Sangamagrama, pioneered what many now
recognize as proto-calculus:

« Infinite series for sine, cosine, and arctangent,

« Pi calculated using multiple series approximations,

« Power series expansion techniques,
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+ The monumental text Yuktibhasa by Jyesthadeva is often aull ,
edi

the first calculus textbook.
These scholars anticipated methods of Newton and Leibniz,

centuries, though their work remained less known globally dy {
elo

limited transmission.

8. Transmission to the World: A Legacy That Travelled

Bharatiya mathematical texts and concepts spread westward

through:
« Arabic translations of texts like Aryabhatiya and Siddhinte

during the Islamic Golden Age,
« Traderoutes and scholarly exchanges from Nalanda to Baghdad,
- Adoption of the Hindu-Arabic numeral system, including the
revolutionary concept of zero and positional decimal notation.
This transmission laid the foundations for modern global

mathematics.

9. The Reawakening: What is “Vedic” Mathematics?

in ’thedearly 20th Cept‘_lry' Jagadguru Sri Bharati Krsna Tirtha, i

5(;: ;re fstCthlar and Sankaracarya of Puri, undertook deep meditative,

g drishy Atharva Veda and its appendices. Between 1911-1916,

siitras-a eh t-o ‘Ief:hsco.vgr" 16 mathematical siitras and 13 sub-

aloeb phoristic techniques that could be applied to arithmetic;

8¢ ’Il:lil ge(Lmet—ry, and even calculus.
ou ,

Publishedgo;;}?itraceabl.e directly in the Vedas, these siitras-latef

know as Vsdic Ml-‘::l(ile:xsrll);;tl;l~l 1965-formed the core of what we today

. . 1CS: a Ssyst . )

is elegant, efficient, and rooted in }I;atet?;f :nent:fxl.mathematlcs. t!ml ‘
recognition and simplicity:

10. Interpreting the “Vedic” Label

Scholars hav e hi i 7
sutras. eru'leedtel::::1 tZi iy ]f'usmncal veracity of thes d
gutras. } E'ICt ormulatjong are abg e rediscovere‘ i
n scripts, many believe they draw ingpi a sent from Vedit
agll.u'y, pattern-based methods, and .S |
ancient Bharatiya mathematical h’aditioi:g
ZOth-'g::;; Vedic Math'emfzh'cs is not a direct copnys
=i ry systemahzahon—a spiritual and iny e
s ancient mathematical legacy. ~ea

ti i
PYc aphorismg seen i

ation put 4
ual homage‘j

. planetary orbits
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11. Mathematics as a Way of Thinking .
Throughout Bharatiya history, mathematics was not simply about
solving equations. [t wasaway to understand the cosmos, structure
poetic meter, construct sacred space, and explore the infinite. From
the rhythm of Vedic chants to the logic of Jain thinkers, from the
of Aryabhata to the series expansions of Kerala
it was an exploration of order, harmony, and truth.
thematics is not merely a tale of
f consciousness and

mathematicians,
The tradition of Bharatiya ma

counting numbers - it is a profound journey o
understanding the cosmos. From the silence of zero to the vastness
of infinity, from the sacred geometry of the yajna vedi (ritual altar)
to the precise motions of celestial bodies, this legacy reflects a
harmonious blend of continuity and innovation.

In this tradition, mathematics was not jus
measurement, but a means of realizing knowledge itself.

As expressed in the ancient texts:

warfirer wefer Reerd, JITATOTT WOtk Ta]"
"Ganitarn mirdhani sthitarh, $astrinam ganakam

t a tool for

smrtam."
- Lilavati, Bhaskaracarya

Meaning: (Mathematics stands at the head; it is regarded as the

calculator of all sciences.)
ngrdd mrfoTerEeT, i ke o e
"Sarvarh ganitamevitra, nasti kificit gananaih vina."
- Siddhantasiromani, Bhaskaracarya
Meaning: (Everything here is ma thematics; nothing exists
without calculation.)

g g TTHOTR A A SAaHd Sl
"Yatra yatra ganitarh, tatra tatra jyotirmayam jagat."
- Tattvasangraha

Meaning: (Wherever there is mathematics, there is the radiant

presence of the €OSmos.)
Thus, as we walk through each chapter of this journey, we are

not merely exploring techniques and equations, but witnessing the
vision of the sages - who saw truth through numbers, and order in

the infinite.
Let us always remember this Vedic sentiment:
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S . ll/,_ , puplex Method: A General Method for Squaring of Numbers 21
§ Arranging these in sequence: i ; Jeui / A
D) /D(23)/D@B)=4/12/9 Iixample 4: Squaring 1468 I
Adjusting the carries from right to left (Keeping single djg, teadd \\‘_\ln! mpute all necessary duplexes
dl o J7 1 0 2CCHH -
place) Y Step D%v =1
44+1/2/9=529 i D(14)=2x%1#%4=8
D(146) =2 = | “«6+42=12416=28
X 2: Squaring 89 , G:\_mmquxH.xm+wx¢xoﬂ3+mmn$
Example 2: Squarg — D(468) = 2 4 % B + 62 = 64 + 36 = 100
Step 1: Compute duplexes W%wvlnmm K6 XESCE
D(8) = 8% = 64 i Step 2: Sequence of values
D(89) =2 x 8 x 9 =144 1/8/28/64/100/96/64
—92—g Step 3: Adjust carries step-by-step
D) ==l Rightmost: 64 = 4, carry 6
Step 2: Arrange duplex values 96 + 6 = 102 = 2, carry 10
P , 110 =10 11
. 100 + 10 = 110 = 0, carry
64 /144 /81 64 + 11 =75=>5, carry 7

28 + 7 =35 = 5, carry 3

Step 3: Adjust the carries
, 8+3=11=1,carry 1

64/144+8/1 | 1+1=2
=64+15/2/1 Final Result
eon 2155024

Example 3: Squaring 314 _ Practice Exercises

' Try squaring the following numbers using the Duplex Method:

Step 1: Compute duplexes 1. 56 6. 357
D@3) =9 2. 67 7. 489
D(B1)=2x3x1=6 3.78 8. 5689
D(14)=2x1x4=8 . 5. 246 10. 357
D(4) =16 ”
Step 2: @ _ Why Use the Duplex Method?
ep 2: Sequence of duplex val :
PEER T8 es The Duplex Method is especially helpful when dealing with multi-
9/6/25/8/16 . digit numbers. By transforming a large square into a sequence of
Step 3: Adjust carries from right to left ' small, symmetric calculations, it reduces computational complexity
' and enhances mental math skills. With regular practice, this method

becomes a fast and reliable technique for squaring numbers of any
size.

9/(6+2)/5/(8+1)/6=9859
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Chapter 2

Squaring Numbers Ending in 5
S

Vedic Mathematics offers a remarkably efficient method

squaring numbers that end in the digit 5. This technique mﬁb@:mQ
what might otherwise be a lengthy multiplication process Eam
especially useful for mental calculations. 3

_ General Method

To square a number ending in 5, follow these steps:

1. Remove the digit 5 from the end of the number. Let Em.

remaining part be a.
2. Compute the product a(a + 1).
3. Append the digits “25” to the result obtained in Step 2.

The final number is the s igina
i quare of the ori I number. Let
explore this method through several examples. 1

Example 1: Find 752

Step 1: Remove the last digit 5. We are left with:
a=7
Step 2: Multiply a with its successor-

7%x8= 56
Step 3: Append “25” to the result-
75% = 5625

Conclusion: The square of 75 is 5625,

Example 2: Find 1152

Step 1: Remove the last digit 5.
a=11

Squaring Numbers \m_.am@,m 5 B Nw

 Step 2: Compute the product:

11 x 12=132

.. Step 3: Append “25” to obtain:

— 9

' Conclusion: The square of 115 is 13225.

115* = 13225

Example 3: Find 12557 s

number, but the method remains the same. Here, ar
d.

This is a larger
additional layer of computation is require

Step 1: Remove the last digit 5.
a=125
We now compute 125 x 126, which can be written as:
125 x 126 = 1252 + 125
Since 125 also ends in 5, we apply the same technique to fin¢
1252
Substep 1: Remove the digit 5:

a=12
Substep 2: Multiply with successor:
12 x 13 = 156
Substep 3: Append “25":
Now, compute:
125% = 15625

125 x 126 = 1252 + 125 = 15625 + 125 = 15750

Finally, append “25":
12552 = 1575025

Conclusion: The square of 1255 is 1575025.

Example 4: Find 1555? B
This is a larger number, but the method remains the same. Here, 2
additional layer of computation is required.

Step 1: Remove the last digit 5.
a=155
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24 Vedic Mathematics: Wisdom Beyond Time

We now compute 155 x 156, which can be writtey,
155 x 156 = 1552 + 155 b
155
Substep 1: Remove the digit 5:
a=15 ‘
Substep 2: Multiply with successor:

15 x 16 =240
Substep 3: Append “25”:
Now, compute:

155% = 24025

' 155 x 156 = 1552 + 155 = 24025 + 155 = 24180
Finally, append “25”:

1555 = 2418025 :

Conclusion: The square of 1555 is 2418025.

Example 5: Find 32552

This is a lar
additional lger number, but the method remains the same. Here,&
ayer of ComPutation is requi_red

Step 1: Remove the last digit 5.

We now . =525
compute 325 x 326, which can be written as:

S'mce 325 also ends m 4 ame tec} l
) :
3252, 51 we appl the S ni -
subStep 1: Remove the dlg-lt 54

Subst 2 i oo
ep 2: Multiply with successor:

32 x33 =
Substep 3. APPend P % 33 = 1056

Now, compute: 3252 = 105625

Since 155 also ends in 5, we apply the same techp; {
que to f,

B __oaaan

squaring Numbers F_n'd'ihgf "‘ 525

325 x 326 = 325% + 325 = 105625 + 325 = 105950

append “25":
3255 = 10595025

Finally,

Conclusion: The square of 3255 is 10595025-

| Why the Method works

This technique is based on the algebraic identity:
(10a + 5)? = 100a(a + 1) + 25 f .
jcits before the
ssion a(@ + 1) generates the digits T
e e way as the square of 5. The effidiency
ability to decompose a large

Here,
final “25", which always appears &
and elegance of this method lie in its
computation into manageable parts.

Exercises

Use the above method to
numbers:

1. 15
2. 95
3. 65
4. 205
5. 165
6. 145
7
8
9
10

find the square of each of the following

. 105

. 1055
. 7555
. 1155
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Chapter 3

Squaring Numbers Ending in 1
DR

Vedic Mathematics provides an elegant technique for quickl)"

\E

squaring numbers that end in the digit 1. This method breaks t
process into manageable steps, making it ideal for mental math apg
enhancing numerical intuition.

l Qeneral Method

To find the square of any number ending in 1, follow these steps.

1.

s

each place — to arrive at the final result

becomes a rapid and reliable ment

Exclude the last digit 1. Let the remaining part of the numbe
be denoted by a.

. Compute 2 x a.

Compute 42
Combine the results in the format:

. . a2/(2xa)/1
en, adjust the carry from right to left — keeping one digit
This
process may seem unusual at first, but once practicedr i
al shortcut.

Example 1: Find 612

Step 1: Remove the last digit 1:

a=6
Step 2: Compute 2 x a:
2x6=12
Step 3: Compute aZ%
6* =36
Step 4: Combine the values as:
36 /12/1

squaring Numbers Ending in 1 27

Next we adjust the carries.
Rightmost digit: 1
Next: 12 + carry = 12
Now: 36 + 1 =37

So the final answer is: 3721

(write 1, carry 0)
(write 2, carry 1)

Example 2: Find 912

Step 1: Remove the last digit 1:
a=9
Step 2: Compute 2 x a4 = 18
Step 3: Compute a* =81
Step 4: Combine the results:
81/18/1
Adjusting the digits from right to left:
Rightmost digit: 1 (write 1, carry 0)
Next: 18 + carry = 18 (write 8, carry 1)
Now: 81 +1 =282
So the final answer is: 8281

Example 3: Find 1217

Step 1: Remove the digit 1:
a=12

. Step 2: Compute 2 x a =24

Step 3: Compute a> = 144
Step 4: Combine as:
144 /24 /1
Perform the right-to-left adjustment:

Rightmost digit: 1 (write 1, carry 0)
Next: 24 + carry = 24 (write 4, carry 2)
Now: 144 + 2 = 146
So the final answer is: 14641

Example 4: Find 2112

Step 1: Remove the digit 1:

(} Scanned with OKEN Scanner
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Step 2: Compute 2 xa = 42
Step 3: Compute a* =441
Step 4: Combine as:
441 /42/1
Perform the right-to-left adjustment:
Rightmost digit: 1 (write 1, carry 0)
Nexh 42 + Carry - 42 (\V]’ite 2, carry 4)
Now: 441 + 4 = 445
So the final answer is: 44521

Example 5: Find 15117

Step 1: Remove the digit 1:

a=151
Step 2: Compute 2 x a = 302
Step 3: Compute a? = 1517

Since 151 ends with 1, we apply the same method to comput

1517 first.
Substep 1: Remove the digit 1:
a=15
Substep 2: Compute 2 x g = 30
Substep 3: Compute 4* = 225
Substep 4: Combine as:
225 /30/1
Perform the rigl
m t ght-to-left adjustment-
Rightmost digit: 1 ) \tan(L rri
Next: 30+ cany — 30 write 1, carry 0)
Now: 225 + 3 = 228 weited, carey 3)
S0, 1517 = 22801
Now return to our original calcul

) ’ alion:
Step 4: Combine as: =

22801 / 302 /1

. P o o
Perform the right-to-left adjustment:

a=21 \

Squaring wjyrhers Ending in T 1§
(write 1, carty )

Rightmaost digit: 1
s (write 2, carry 30)

Next: 302 + carry = 302
Now: 22801 + 30 = 22331
So the final answer is: 2283121

Example 6: Find 4511°

' Step 1: Remove the digit 1:
a=451

Step 2: Compute 2 xa = 902

Step 3: Compute @ = 451°
Since 451 ends with 1, we
451 first.
Substep 1: Remove the digit 1:
a=45

apply the same method to compute

Substep 2: Compute 2 xa = 90
Substep 3: Compute a* = 2025
Substep 4: Combine as:
2025/ 90/1
Perform the right-to-left adjustment:
Rightmost digit: 1 (write 1, carty 0)
Next: 90 + carry = 90 {write 0, carty 9)
Now: 2025 + 9 = 2034
So,
451% = 203401
Now return to our original calculation:
Step 4: Combine as:
203401 / 902/1
Perform the right-to-left adjustment:
Rightmost digit: 1 (write 1, carry 0)
Next; 902 + carry = 902 (write 2, carry 90)
Now: 203401 + 90 = 203491
So the final answer is: 20349121

(3 scanned with OKEN Scanner



Mathematics: wisdom Beyond Time

i -

1 30 Vedic
o Example 7 Find 12511° R
| Py

; 1II Step 1: Remove the digit 1:

Lol a=1251

I Step 2: Compute 2 x4 = 2502

Step 3: Compute at = 12517
Gince 1251 ends in 1, we apply the same method again,

Nested Calculation for 1251%

Substep 1: Remove the digit 1:
a=125

Substep 2: Compute 2 x @ = 250
Substep 3: Compute a? = 125
Since 125 ends in 5, we apply the "ends in 5" trick:
Subsubstep 1: Remove 5:
a=12
Subsubstep 2: Multiply with successor:
12 x 13 =156
Subsubstep 3: Append "25":
1252 = 15625
Now back to 1251%
Substep 4: Combine as:
15625 / 250 /1
Right-to-left adjustment:
Rightmost digit: 1
Next: 250 + carry = 250
Now: 15625 + 25 = 15650
So, 1251 = 1565001
Now go back to the main number 1251
Step 4: Combine as: L

(write 1, carry 0)
(write 0, carry 25)

1565001 / 2502
Final right-to-left adjustment: 1
Rightmost digit: 1

Next: 2502 + carry = 2502 (write 1

s Ca
(write 2 oy 9)

» carry 250,

r————

‘Step 3: Compute

Squaring'Numbérs Endlngnp 131

65001 + 250 = 1565251

Now: 15
is: 156525121

So the final answer

gxample 8: Find 1651511* -

Remove the digit 1:

. Step 1
’ a=165151
|Step 2: Compute 2 x 4= 330302
a2 = 165151*

Since 165151 ends in 1, we apply the same method again.

'Next we calculate 165151*
'Substep 1: Remove the digit 1:

a = 16515

Substep 2: Compute 2 x a = 33030

Substep 3: Compute a2 = 16515? .
Since 16515 ends in 5, we apply the "ends in 5" trick.
'Now we calculate 16515%

Subsubstep 1: Remove the digit 5:
a=1651

‘Subsubstep 2: Multiply with successor:

1651 x 1652
Now, compute 16512 using the "ends in 1" method again.
Again we calculate 1651%
Step 1: Remove the digit 1:
‘ a=165
Step 2:2 x a =330

Step 3: Compute 165
Since 165 ends in 5, we use the same tricke

‘.Step 1: Remove 5:
a=16

lStep 2:16 x 17 =272
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e
Step 3t Apper\d ~25":
1652 = 27225
Now continue with 1651%

Step & Combine as:
27225/ 330/1
Right-to-left adjustment:
Rightmost digit: 1
Next: 330 + carry = 330
Now: 27225 + 33 = 27258

(write 1, carry 0)
(write 0, carry 33)

So,
16517 = 2725801
Now back to compute:

1651 » 1652 = 16517 4 1651 = 2725801 + 1651 = 2727452
Then,

165157 = 272745225
Now go back to 1651517

Step 4: Combine as:

272745225 / 33030
Right-to-left adjustment: o

Kightmost digit: 1 (write 1 0)
vrite 1, carry (

Next: 33030 4 carr

‘ SH) 5 i ')':330]0 ke g A ~
Now: 272745225 + 3 - ')’737(“vrm- 0, carry 3303)
':)lji, ’ il 46525

1651517 = o777
N 9 ¢ B e ""4“52
Now, back to our origingl numbye 80]
i

Step 4: Combine as:

272TAREIROT /7
: 7 alh / 330
Final nght-to-left adjustmeny ——
Rightmont digit: ) ‘ (
INext: 320302 + car . Wite ]
Now: 2 UB02 + carry = 330302y, Vo carry 0)
ow: 2727AB526801 5 33030 : YIUe 2, carpy; 33030)
=AU, Yol 3 NN

50 the iinal answer i 2';274&;:. :‘;45“5&3
Bt P |

RS

3

v

;‘ arrangeme
i reconstructing t

i Try it Yourselfl

same method to compute the squares of the following

.
[
1

/‘ ‘7_ ‘I’m/ .l‘E =
This method demo
' be S'me[iﬁed usin

::‘ USL‘ ‘he

- numbers:

&
)

-

it

:

1. 31

2. 41

3. 81

4. 101
5. 131
6. 1351
7. 711
B. 715
9. 7151
10. 12155
11. 1751151

Squaring Numbers Ending e 1 33

nt. The key lies in

nstrates how complex multiplication can
algebraic manipulation and clever
breaking down the number and

areful carry-over adjustments.
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Chapter 4 |

Urdhva Tiryagbhyam Method fo
I Multiplication ]

e —— |

i
Urdhva Tiryagbhyam is a Vedic mathematics sutrg used i
multiplication. It means "Ver- tically and Crosswise" and provjdm;
a systematic method to multiply numbers efficiently. es!‘

|
I
{

, Method for multiplication of two digit numbers

< Step 1. Multiply vertically unit place digits, say a. I
= Step 2. Multiply crosswise and add, say b. '
= Step 3. Multiply vertically second place digits, say c. !t
= Step 4. The required multiplication is obtained by adjusting the,

carry from right to left, by keeping one di itin i ) '
expression, ¢ /b /a. Ping one digit in its place in the

Next, we illustrate the above

examples. method with the help of some|

1

B
Example 1: Multiplication of 76 by 42 |

i

Step 1. Multiply unit digits: 6 x 2 = 12

Step 2. Crosswise multiplicati ™ |
~14+24=38 P onand addition: (7 x 2) + (6 x 4)

Step 3. Multiply second place digits: 7 x 4 = 28 {

Step 4. So 76 x 42 is obtained by adjusting ¢ .
to left in expression 28/ 38 /12. ] § the carry from rlghl;‘
So final answer is, 76 x 42 = 3192

Example 2: Multiplication of 58 by 34

Step 1: Multiply unit digits: 8 x 4 = 32 ,'
Step 2: Crosswise multiplication and addition; (5 {
=20+24=44 G4+ @x3)
Step 3: Multiply second place digits: 5 x 3 = 15 b

[
. I

in exp

v—-——f

Urdhva Tiryagbhyam Method for Multiplication 35

g x 34 is obtained by adjusting the carry from right to left
So 58 x

ression 15/ 44 /32.
So, 58 x 34 = 1972

3: Multiplication of 76 by 32 -

=12

d addition: (7 x 2) + (6 x 3)

Example
Step 1: Multiply unit djgit.s: 6. x2
Step 2: Crosswise multiplication an

=14+ 18 = 32 o B
i digits: 7 x 3 =21
3: Multiply second place dig .
22)856 « 32 is obtained by adjusting the carry from right to left
in expression 21/ 32 /12.

Start from the right: 12 (write 2, carry 1)
32 + 1 = 33 (write 3, carry 3)
21 +3=24

So the final result is: 2432

Therefore, 76 x 32 = 2432

Method for multiplication of three digit numbers

The same vertical and crosswise method can be extended to three-
digit numbers. The process involves:

Step 1: Multiply the rightmost digits, say result is a.

Step 2: Multiply crosswise for the last two digits and sum the
results, say sum is b.

Step 3: Multiply crosswise for all three digits and sum, say
sum is c.

Step 4: Multiply crosswise for the first two digits and sum, say
sum is d.

Step 5: Multiply the leftmost digits, say result is e.

Step 6: The required multiplication is obtained by adjusting
the carry from right to left, by keeping one digit in its place in the
expression, e /d /c /b / a.

Example 4: Multiplication of 566 by 281

Step 1: Multiply unit digits: 6 x 1 =6
Step 2: Cross multiply of right most two digits and sum: (6 x 8) +
(6)( 1):48+6=54
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36 Vedic Mathematics: Wisdom Beyond Time

Step 3: Cross multiply all three m ‘
m :

(Ssx1)+(6x8)+(6x2)=5+48+12=65
tep 4: Cross multipl igi
(Ex8)+(6x2)= 4(};.4}-,102f LG?ZmOSt o digits and S
Step 5: Multiply leftmost digits: 5 x 2 = 10
. Step 6: So 566 x 281 is obtained by adjustin
right to left in expression 10 /52 /65 /54 /6 : ®
So, 566 x 281 = 159046 '

Example 5: Multiplication of 472 by 342

Step 1: Multiply unit digits:2 x 2 =4

Step 2: Cross multiply of rightmost two digits and sum:
(7x2)+(2x4)=14+8=22 .

Step 3: Cross multiply all three digits and sum:

(4x2)+(7x4)+(2x3)=8+28+6=42

Step 4: Cross multiply of left two digits and sum:
(Ax4)+(7x3)=16+21 =37

Step 5: Multiply leftmost digits: 4 x 3 =12

Step 6: So 472 x 342 is obtai

. ained b justi

right to left in expression 12 /37 /42 / ny/id]mmg fhe carry i
Start from the right: 4 (write 4) .

22 (write 2, carry 2)
42 + 2 = 44 (write 4, carry 4)
37 + 4 = 41 (write 1, carry 4)
12+4=16
So the final result is: 161424
Therefore, 472 x 342 = 161424.

Example 6: Multiplication of 711 by 582

——

Step 1: Multiply unit digits: 1 x 2 =2
Step 2: C Itiply of rigl : s
ep ross multiply of rightmost two digjs and sum
(1x2)+(1x8)=2+8=10
Step 3: Cross multiply all three digits and sy,
(7x2)+(1x8)+(1x5)=14+8+5=9,

the Carr)’ fl’()n

Urdhva Tiryagbhyam Methbi_!'

(7 x8) + 1x5= 56 +55 =3651
. ftmost digits: 7x5=

! e Z I\S/ol(;l ];;%1?282 is oblz;glned by adjus

> htSt:)ereﬂ-in expression 35 /61/ 27./ 10/2.

| Start from the right: 2 (write

27 +1=28 (write 8, carry 2)

61 +2=63 (write 3, carty 6)

35+ 6 =41

So the final result is: 413802

Therefore, 711 x 582 = 413802

S
| Exercises

Step 1: 47 x 36
Step 2: 89 x 27
Step 3: 123 x 45
Step 4: 77 x 88
Step 5: 92 x 63
Step 6: 53 x 105
Step 7: 314 x 206
Step 8: 113 x 104
Step 9: 525 x 413
Step 10: 678 x 345

Step 4: Cross multiply of left two digits and sum:

L

o wpIGaEn 37

ting the carry from

2) 10 (write 0, carty 1

" golve the following using the Urdhva Tiryagbhyam method:
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Base Method for Multipli

Vr

Base Method for Multiplication 39
a -
B

i negative,borrow carries from left
e will be equal to base.
. thod with some examples

‘finala

of fina
: value of one cart
the base M€

ar
ain,
we illustrate

. at

u\
>
53}

cation

t,
S | N . 1y 102 x 103 S
; le 1: Multiply
- Examp B =100
\ _} . Choose pase. Base
| step X jations.
The **Base Method** (also known as the “Nikhilam Sygrg++ iny, i ° 9. Calculate devia l, - 42,103 -100=+3
Math) is a useful technique in mental mathematics for mmﬁplica?ﬁ Step - 102 — 100 = +2
when numbers are close to a base (such as 10, 100, 1000, ete.). 0‘1 . deviations.
are the steps: b | Step 3 Multiply 27x3=6
Steps for multiplication using the Base Method gtep 4: Cross addition Lo+ 3105
1. Selectabase close to both number:

should be a power of 10.

- Subtract base from each number to find t
Or negative).

- Multiply the two deviations.

- Add one number to the other
versa).

19

How

5. The final answer contains two parts,
o The left part is the result of the
o The right part is the result of th
3).

o The number of digits in the ri

of zeroes in the base.
© Adjust using carry-over or borro
Thekey tohandling the base method efficient|
how to adjust for carries. These adjustments en
result is correctly formatted according to the bas

’ Rules for Carry Adjustments

1. The right part of final answer must h
digits as the number of zeroes in base

2. If the right part exceeds base, transfer the exc

as a carry. Value of 1 carry will be equal to b

s (10, 100, 1000, etc.). Theb,

he deviations (positiy,
number’s deviation (or vig|

cross addition (Step 4). |
e deviation multiplication (Step|,

ght part must match the number

wing if required.

part must

| )
S s 06 (with

icht
' is 100, the rig
Since the base f deviations &

. ts.
5. Combine resul ite the product 0

ts. Sowe W
necessary)-

Step ..
contain 2 dlg.l
leading z€ro if

Thus 102 % 103 = 10506.

Example 2: Multiply 89 x 91 B
=100
Step 1: Choose pase. Base B=1

Step 2: Calculate deviations.

-9
_ _41,91-100=
yis understanding | 89 -100 = i
sure that the final | iply deviations.
e used, . Step 3: Multiply 1) % 9)=99
|
| Step 4: Cross addition 89 —9 =80 thave
| : right part mus
ave the same Number of | ults. The base1s 100, so ﬂ;f:g p .
' i ; bine resuits: ioits, we write:
€5s to the Jeft t ] Step 5 Cg;;ce 99 already has 2 dig!
ase. Part 3§ 2 digits-
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80 | 99 = 8099

89 x 91 = 8099.

—

41
2EeAt

Bas

Thus
, 1020 x 991 = 1010820

Example 3: Multiply 85 x 107

Step 1: Choose base. Base B = 100
Step 2: Calculate deviations.

85-100=-15, 1
, 107 - 100 =
Step 3: Multiply deviations. "

(-15) x 7=-10
Step 4: Cross addition m

Step 5: Combine results. Th

2 digits. We adj
Just the left part by borrowij
92-2 =9, wing 2 carries (i.e., 200);

~105
. +200=95= 90 | 95 = 995

85 x 107 = 9095

E
xample 4: ZE:E% 1020 x 997

/

m .
mnm_u 1: Choose base, Base B = 19 -
tep 2: Calculate deviationg K

1020 - 1000 = +20,9

Step 3: Multiply deviations 71~ 1000 - -9

20 x (~9) =
Step 4: Cross addition )= 0

991 +20 = 1011

Step 5: C i
g a”.”bc::w results. The base jg 1
gits. We borrow 1 carry (1000) ,ooo\ S0 the
O a

1011-1= jus
1=1010, 180 + 1000 = 820 — ._N:z "y
0] 82

Tight
Part

n ; mus

mmwﬂn.~<m Hmm:=.

ebaseis 100 ) ,
50 the right part musthavt | 1.ve 3 digits. No adjustment n

altiply 1023 x 1011

,,mx_ﬁ 1: Choose base. Base B= 1000

2. Calculate deviations.
1023 — 1000 = +23,1

!

'Step
|
| Step 3: Multiply deviations.
_ 23 x 11 =253

011 —1000 = +11

|
|

w_ ' Step 4: Cross addition
| 1023 +11 = 1034

Step 5: Combine results. Since the base is 1000, the right part must
ceded, as 253 already has 3 digits:

| 1034 | 253 = 1034253
& Thus
1023 x 1011 = 1034253

Example 6: Multiply 1019 X 989 e

Step 1: Choose base. Base B = 1000

. Step2: Calculate deviations.
1019 — 1000 = +19, 989 - 1000 =-11

Step 3: Multiply deviations.
19 x (-11) =209

Step 4: Cross addition
989 + 19 = 1008

base is 1000, so the right part must
(1000) to adjust the Dmmmmcmﬁmmin
1 = 1007 | 791 = 1007791

| Step5: Combine results. The
have 3 digits. We borrow 1 carry
1008 — 1 = 1007, -209 + 1000 =79

t

{

e

AR
’

D
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Thus
1019 x 989 = 1007791

I Practice Exercises

Uf t;16e :ags;_ method to solve the following:
2. 105 x 108
3. 999 x 997
4 115x112
5. 87 x93
6. 95x78
7. 101 x92
8. 1001 x 988
9. 1011 x 988

10. 985 x 978

Hint: Choose q syj
’ 08 uitable ba ;
apply cross addition, and adjust ;Z ::;5;@2:‘;2;’?”"5, R
ed.

I

| The ++Sub-Base
Vedic Ma thema

liSte

Chapter 6

Method for M
=0 =

ultiplication

Sub-base

##Nikhilam Sutra** in
al mathematics for

eclosetoa multiple of base (such as
the standard Base Method, offering

of subbase.

also known as the
ful technique in ment

Method**,
tics, is a usé
T multiplication when numbers ar

). It builds upont

10, 100, 1000, etc-
enhanced app]jcabih'ty through the use

g the Sub-Base Method

umbers are close to a natural
alled the sub-base.

the sub-base:

ps for Multiplication Usin
B such that both n
e, S xB. This multiple Sisc

1. Choose a base
of both numbers from

multiple of Bi.
2. Calculate the deviations
Deviation =
viations.
he other’s de
he sub-base 5.

Number — (5 x B)

3. Multiply the de
4. Add one number to t viation (or vice versa), then
multiply this sum by t
5. The final result has two parts:
o The left part is the result from Step 4.
o The right partis the product of the deviations
6. Adjust the right part to maltch the number of digits in th
carrying over or borrowing as needed.
cientlyis understanding

The key tohandling the base method effi
These adjustments ensure that the final

how to adjust for carries.
atted according to the base used.

from Step 3.
e base,

!
" result is correctly form

| l Rules for Carry Adjustments

answer must have the same nu.mber of

1. The right part of final
digits as the number of zeroes in base.

2. If the right part exceeds base, transfer thee
a carry. Value of 1 carry will be equal to base.

xcess to the left part

as
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44 Vedic Mathematics: Wisdom Beyond Time

3. Ifright part of final answer is negative, b } ,H

OITOW carrieg from lef
part. Again, value of one carry will be !

equal to bage,
Next, we illustrate the base method with some exampleg

Example 1: Multiplication of 32 x 37

Step 1: Choose base and sub-base, Base B = 10, Sub-base S=3

Step 2: Calculate deviations.
32-(83x10)=2,37 - (3 x 10)=7

Step 3: Multiply deviations. m
2x7=14 ‘

Step 4: Add one deviation t

o the other number, then multiply by
sub-base.

(B2+7)x3=117

Step 5: Combine results. Since the base is 10, the right part must be
a single digit. We carry over 1 from 14 to the left.

117 | 14 = 1184
Final Answer:

1184

Example 2: Multiplication of 78 x 67

Step 1: Choose base and sub-base. Base g = 1
Step 2: Calculate deviations.
78 — (7 x 10) =8, 67 - (7 x 10)
Step 3: Multiply deviations.
8x(-3) =24

Step 4: Add one deviation to the other
sub-base.

0, Sub-base S = 7.

=3

Mumber, thep, multiply by |

Sub-base Method for Zc_nﬂ.._u,_u_nu,zw:,. 45

jcation of 311 x 296

Example 3: Multipl

= 3.
B = 100, Sub-base S
d sub-base. Base
. Choose base an
Step1: C

Step 2: Calculate deviations.

311 - (3 x 100) = 11,296 — (3 x 100) = -4

i iations.
3: Multiply devia
mnm_u HH X Al&v Hlﬁ . — _U
Step 4: Add one deviation to the other number, then multiply by
ep 4
sub-base.
(311 -4) x3=921

i lef!
Step 5: Combine results. We borrow 1 carry (i.e., 100) from the le
921 | —44 =92056

Final Answer: 92056

Example 4: Multiplication of 4017 x 3979

Step 1: Choose base and sub-base. Base B = 1000, Sub-base 5 =

Step 2: Calculate deviations.

4017 - (4 x 1000) = 17,

Step 3: Multiply deviations.
17 x (=21) = =357

Step 4: Add one deviation to the other number, :—m,s 5:5!«
sub-base.

3979 — (4 x 1000) = -21

(4017 — 21) x 4 = 15984

Step 5: Combine results. We borrow 1 carry (i.e., 1000) from the
15984 | —357 = 15983643

(78 =3) x 7 = 525
Step 5: Combine results. We borrow 3 carries (ie., 30) from 525

525 | ~24 = 5226 | .
Final Answer:

5226

Final Answer: Hm@m.wm&w

| Example 5: Multiplication of 589 x 617

Step 1: Choose base and sub-base. Base B =100, Sub-base S

_ Step 2: Calculate deviations.
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&1 46 Vedic Mathematics: Wisdom Beyond Time

Step 3: Multiply deviations.
(-11) x 17 = -187

Step 4: Add one deviation to the other nu

mber,
sub-base.

(589 +17) x 6 = 606 x 6 = 3636
Step 5: Combine results. We borrow

3636 | —187 = 363413
Final Answer: 363413

Example 6: Multiplication of 9019 x 8989

Step 1: Choose base and sub-base.
Step 2: Calculate deviations,

9019 - (9 x 1000) = 19, 8989 - (9 x 1000) = -11

Step 3: Multiply deviations.

19 x (-11) = —-209
Step 4: Add one dev;
sub-base.

(9019 — 1) x9= 9008 x 9 = 81072
results. We borrow lc

81072 | -209 = 810
Final Answer: 81071791

Step 5: Combine

71791

, Exercises

Solve the followin

589 - (6 % 100) = -11, 617 - (6 x 100) =

2 carries (i.e., 200) from th

Base B = 1000, Sub-base §=¢

iation to the other number, then multiply by |

, )
arry (i.e., 1000) from the lef

I Chapter 7
Yavadunum Method for Cubing
S
then multip,

O —

e E}f FRVEE .
l he »yavac l unum Method 1S a useful teChnlque h’l mer ltal
tl e‘ ]Y]la'l(s f() es umbers thh are Close 0 d
| math i r flndi‘ lg Cub Of n \2 ‘t 1
| ple Of b(lse (SuC1\ as 10/ 100; 1 ’ etC-)- Here are the S‘eps

ing ! \ethod
| Steps for multiplication using the Base Meth

i ated.
1. Suppose N be number whose cube is to be calculate s
. ‘ . Base
2 Lelth denotes the base (such as 10, 100, 1(.)0;), i(:tc.)
. selected such that N is very close to a multiple hICh et
3. S denote the sub base, it is the multiple of B, w
- (S x B)
4. Calculate deviation D =N — (5 x B). ae
5. The final answer consists of three parts and denote
2 2 DJ
» (N +2D)S*/3D*S/ .
The final answer is obtained by matching the numb'er Ei :elg; ;
in middle part and right part as the number of zeroes in base,
‘ d. t- caI ’ ] l -s
' ]usTlll:f keyr);o handling the Yavadunum method emc:::lt‘s):_, :e
j n
understanding how to adjust for carries. Thes«;l -ad]‘:cs,t:;l::base iy
that the final result is correctly formatted according

{
!
|
|;
I
|

g multiph'catiOns usi i

e 6 135 Bose Method: | | Rules for Carry Adjustments

2. 67 x 51 | Rules for Cz ustm

3. 1999 x 1997 57; 2(1)5 %792 3 -ight part and middle part of final answer must have the

4. 215 % 219 9. 87}5 % 1997 1. The righ npb‘er of digits as the number of zeroes in base.

5. 205 x 192 10. 315 : 223 { iy n'u: t part or middle part exceeds base, transfer the excesb;

b E i thle ff&’o 1t'\};t left part in the final answer, as a carry. Value 0
F to the inste €
1 carry will be equal to base.
_ . _ . ! k AR,
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yavadunum Method for Cubing 49

3. If right part of final answer is negative, bory,

middle part in final answer. Again, value of ope ccarri% Al 5, Right part: p? = (-9 =729
equal to base. 2 Wi [3‘ )
Next, we illustrate the base method with : e 100) . tomake
- some SXamp]eg carry Adiustmentz(: :S carry -8 tothe middle part, add 800
Example 1: Find the Cube of 23 L Right part: =7 4 as carry o lef
e Y 3 78, and s a
We use a method based on base approximation. Since 23 ; ! 1;41 ddle Part: 486 — 8 = 478, keep
20, we write: Is clos“ 2.

23=2x10+3 (Here,S=2,B=10,D=3)
Step-by-Step Calculation

3, Left part: 692 + 4 =696

Final Answer

N 71
1. Left Part: 1912 = 69678
(N+2D)x53=(23+(2x3))x22—29x4 ;
= =116 , BN Cube of 83 I
2. Middle Part: gxample 3: Find the &4
3D*x5=3x3x2=3x9x2=54 smce83isdoset080,wewnt93 5 B=10,D=3)
3. Right Part: 83 = 8 x 10 + 3 (Here, S =8, B =10,
D’=33=927 Step-bY-SteP Calculation

Carry Adjustment (Base 10) 1. Left Part:

‘12. ﬁgj:n Part: 27 — keep 7, carry 2 to the middle part 83 +(@2x3) x =8I x64= 5696

3: Lelft P:rlt’a;;654 +2=56— keep 6, carry 5 to the left part. 2. Middle Part:

. 1116 + 5= 121 3B xBo3x0x8=216
Final Answer

3. Right Part:
23’ = 12167 33 =27
Ex 1 - Fi1
27p¢ 2 Find the Cube of 191 Carry Adjustment (Base 10)

Since 191 is close to 200, we write: T 1. Right Part: 27 — keep 7, carry 2 to middle.

191=2 %100 -9 (Here, § = 2,B=10g, p 2. Middle Part: 216 ;12 =5271187——> keep 8, carry 21 to left.
Step-by_step Calculation U= ‘9) 3. Left Part: 5696 + =

1. Left Part: ‘ Final Answer
\

833 = 571787
(N+2D) x S2=(191 4+ (2 x -9)) x 2

=(191—18)X4=173x4=692

: Fi Cube of 719
2. Middle Part: Example 4: Find the Cube o

3D*x S =3 x (-9 \ Since 719 is close to 700, we write:

X2=3 |
X8l x 2= 4g6 | 719 =7%x100+19 (Here, S=7, B =100, D =19).

I
i
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yavadunum Method for Cubing 51
3 Step-by-Step Calculation \‘ —
! 1| I. Left Part

mple 6: Find the Cu T
. Exa ite:

' . 000, we wri

| +(2x 7= (719 +38) x 49 = 7 _ : 1 is close to 2000, _ _ =11).
i 719 + (2 x 19)) x ( ) 57 x 49 = 37003 since 20;(1)_3 0 %100+ 11 (Here, S =20,B=100,D )
i 2. Middle Part: =

i : 1

50 Vedic Mathematics: Wisdom Beyond Time

3x19*x7=3x361x7=7581

| grep-by-SteP Calculation
.
part: o
= ightiart |1 et I’a(?.on + (2% 11)) » 207 = 2033 x 400 = 813200
103 —
19° = 6859 Al
Carry Adjustment (Base 100)

3x112x20=3><121x20=7260

1. Right Part: 6859 — keep 59, carry 68 to middle. 3. Right Part:

, 11 =1331
2. Middle Part: 7581 + 68 = 7649 — keep 49, carry 76 to left
3. Left Part: 37093 + 76 = 37169 : Adjustment (Base 100) )
Final An : Ca1rryRight Part: 1331 — keep 31, carry 13 to middle. 7o to laft.
m SIVEE ) 2 Middle Part: 7260 + 13 = 7273 — keep 73, carry (o}
719° = 371694959 3. Left Part: 813200 + 72 = 813272
Example 5: Find the Cube of 591 Final Answer

20113 = 8132727331
Since 591 is close to 600, we write:

591=6x100-9 (Here, S=6, B = 100, D = -9).

| Exercises
Step-by-Step Calculation B solve the following multiplications using the Yavadunum Method:
1. Left Part: 1. 196
(591 + (2 (~9))) x 6= (591 - 15 ot
36 =573 =
2. Middle Part: Bl 3199
. 4, 212
s it 3"(‘9)‘X6=3x81x6=1458 I 5192
. Right Part: | 6.123
(=9) = —729 I! 7. 815
. 2
Carry Adjustment (Base 100) 1 e
1. Right Part: -729 dd | e
' . — add 800 to get 71, carry _g . 10. 307
2. Middle Part: 1458 - 8 = 1450 — keep 50 car . ;
3. Left Part: 20628 + 14 = 20642 Y Mtoleft. |

Final Answer

591° = 206425071 ‘

(3 scanned with OKEN Scanner



Chapter 8

Square Roots of Exact Square “
o ' -

To find the square root of exact s
. . quares, w -
W memn the given number is a perfect mm:%&dﬁmﬂ first 4
using the following fundamental rules: Ty
1. A perfect squareendsin 0,1, 4, 5, 6, or 9
A number is not a perfect square if it m:m_m in
Mrmr number should end in an even number o
the number ends i it
i th in 6, then its second-last digit shoulq X _
. If the number doe i i |
e snotend in 6, then its second-last E%Sro _v
. Ifthe .:cBwQ is even, its last two dj s,_
. mmm m.Zmﬂ number has n digits:
M m “ M mMM?.:m square root will have n/2 digits
0dd, its square root will have (n+ C\NM &m:m

m_.mwﬂE
erify E i

2,3,7,0r 8
f Zeros,

PPN

_ Squares of the First 10 Natural Numbers

oots of Exact mg,cw._..aw 53

square R

e can conclude that:

en the last digit of its square root will

ve »N—u_m\ w
:&m :J H\ :.—
e root will

" either b o then the last digit of its squar

" either beé 201 m:.mm in 5, then the last digit of its square root will

he square ends in 6, then the last digit of its square root will
4. Ifthes

" either be 4 0f 6.

5. If the square ends
either be 301 7-

in 9, then the last digit of its square root will

Rules for Finding Square Roots of Perfect Squares

s of two digits in the number, starting from the

1. Make group
right. ,
Determine the last digit of the square root by observing the last

digit of the given number.
digit of the square root by analyzing the

o

3. Determine the first

first group of digits.
4. We find the square of the number ending in 5 using the sutra

»Ekadhikena Purvena” between our two possible answers.

5. If our given number is greater or smaller than this square, we
can choose the correct answer from the two options accordingly.
This method is works when the given number is a perfect

square and has more than five digits, this method is less suitable.
Let us understand it with a few examples. The numbers considered
in these examples are prefect squares.

Example 1: Find the square root of 1024

Step 1: We make groups of 2 digits starting from the right. The
number is 1024, so we have 2 groups: (10, 24).

Step 2: Since the square ends in 4, the square root must end in either
2 on.m (by observing the table of squares). Thus, we have two possible
options for the unit digit of our answer.

Step 3: Observing the leftmost : Si
. group (10): Since 3* =9 and 4* =16, th
number 10 lies between 9 and 16. Thus, the first digit of our mewm:.M
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root will be 3. We cannot take 4 becatzseh'l
600 is |

1024. So, we take 3 as the first digit of our answer 8rey,

er uk
Now, our options are 32 and 38. A
Step 4: Using the sutra "Ekadhikena Purvena”:
35?=1225
Since 1024 is an exact square and is less than 127
root must be less than 35. Thus, the correct answer s

V1024 = 32

> the S‘lllav.‘.:

Example 2: Find square root of 2116

Step 1: We make groups of 2 di
have two groups: (21, 16).

Step 2: Since the s
4 or 6.

gits starting from the right. Here
. W
quare ends in 6, the Square root must end in ejty .‘
5

Step 3: Observe the |

‘ eft group number 21: i 2

the number 21 lies between g‘mese t’WZr ares T Sand
of our square root will be 4. kS

We cannottake5b
So. w ecause 502 = 2! L.
0, we take 4 as the first digit of our ig(s)IWWfUCh 1s greater than 2114
er.

s Now, our options are 44 ang 46
tep 4: Usi ” .
P 4: Using the sutra Ekadhikeng Purveng”.

=2
ares. Thus, the ﬁrstdig;

. 452 =2
; 25
e bxgce 2116 > 2025 and 2116 jg a
more than 45, Thus, the cor: e ectis
, Tect

V2116 = 4¢

quare, the square rod
answer jg;

Ex : Fi
ample 3: Find square root of 17689

Step 1: We mak =
e or .. —
have: (176, 89) = T O 2 HIgits starting

fl‘o . i
M the right. Here wel
]

Step 3: Observe
]-42 = ]96, the nu
first digits of oy

the left 8roup numbe
mber 176 lies between ¢

T square root wil] pe 13

V

square Roots of Exact Squares 55

and 137.

Now ouf options are 133
0

that:
4: We knoW 1352 = 18225

89 < 18225, the square root

ct answer is:
17689 =133

- must be less than 135.

gince 176

Thus, the €O

t of 12769 I

gxample 4: Find square roo
arting from the right. Here we

step 1: We make groups of 2 digits st
nave: (127, 69)

The number en quare root must end in either
he N

Step 2: dsin9,so thes
3or7.
Step 3: Look at the left group, 127

112=121 and 122=144
two squares, the first digits will

i 127 lies between these
Since o 0% = 14400 > 12769. Now our

be 11. We cannot take 12, because 12
options are 113 and 117.
Step 4: Using the sutra:
1152 = 13225
Since 12769 < 13225, the square root must be less than 115.
Thus, the correct answer is:
V12769 =113

Example 5: Find square root of 11881

Step 1: We make groups of 2 digits starting from the right. Here we
have: (118, 81)
Step 2: Since the squareendsin 1, the square root must end in either
loro9.
Step 3: Look at the left group, 118:
102=100 and 11*=121

Since 118 lies between these, the first digits will be 10. Now our

options are 101 and 109.

Step 4: Using the sutra:

S
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el 1052 = 11025 }

Chapter 9
T/ Since 11881 > 11025, and it’s a perfect square, the COrrect act Cubes
. is: m_gi ﬁ:—um _ﬂco\nm Om Ex
V11881 = 109 A
= = =

N Practice Problems

Mﬂmdwwmhmcma roots of the following perfect squares by My, ts of exact cubes can be found using a ﬁwnmﬂb. similar ﬁu
1. V529 | Cube nooﬁm:.m roots. Let us first study the cubes of the first natur
W ,VW.M%H@ m%%mmm to determine the last digit of the cubes.
M ’ ,\\mwm.» | Table 9.1: Cubes of the first nine natural numbers
6. “\wwmmw Number | Cube | Last Digit n ﬁ:wm L
7. V12321 1 1
8. V12544 2 8 8 L
9. V17161 3 27 7 |
10. V11881 4 64 4
5 125 5
6 216 6
7 343 | 3
8 512 | 2
9 729 | 9 =
1. If the cube ends in 1, then the cube root ends in 1.
2. If the cube ends in 2, then the cube root ends in 8.
3. If the cube ends in 3, then the cube root ends in 7.
4. If the cube ends in 4, then the cube root ends in 4.
5. If the cube ends in 5, then the cube root ends in 5.
, 6. If the cube ends in 6, then the cube root ends in 6.
_ 7. If the cube ends in 7, then the cube root ends in 3.
w 8. If the cube ends in 8, then the cube root ends in 2.
| 9. If the cube ends in 9, then the cube root ends in 9.
10. If the cube ends in 0, then the cube root ends in 0.

We observe that there is no overlapping of digits in the cube
of the first ten natural numbers, unlike in the case of squares.
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_ Rules for Finding Cube Roots

I. Make groups of two digits in the number, g¢

right. arting from, n

!J

Determine the Jast digit of the squ

. . m :
digit of the given number., rerootby o_va.S:m the

o

n
Pt
-
Q
=}
=
A
<
5
=]
=}
=]
=]
jon
C]
~

1S greater or smaller than this Ssquare, v,
o rectanswer from the two options mnnoa_.s\m; |
: s method jg effective when:

”_. 'H.._.:w m—./wm:
Number j 4
2. The numbe 1S a perfect cupe,

Example 1: Fing
. :~Q DC-DQ -
oot of HﬂNm

Step 1—Groy

— P the digijte.
three Qﬁ:m from the :.Mww. e di
root must have 2 digits i

observe:;

Number into groups off

2gr oups, so the cub¥|

rmine the unit 4
digiy.
~W:. -.:‘.Q :CU.__.VO Q m Em
I ends in 8. Wl

Hence, the unit 4 =8 |
ence, the unit digit of the Cube |
® Foo| is

Step 3—Estimag .
that: 1ate the leading gjg;y, , *

i =1 and
Since 1 Jies between 19 ang Py Bog

Final Answer: the teng g,

V1728 = 12

Cube Roots of Exact ﬂ:_unm m.m

e cube root of 13824
the cube root has 2 digits.
e recall:

Je 2: Find th

the digits: (13, 824) —
The number endsin 4. W

4° =64

ExamP

Ste
Step

p 1—Group .
»—Unit digit analysis:

So, the cube root ends in 4. -

3_Identify the leading digit: The left group 1S 1°-
2=8 and 3 =27

Since 13 lies between 8 and 27, the leading digit is 2.

Step

Final Answer:
¥ 13824 =24

Example 3: Find the cube root of 175616 -

Step 1—Group the digits: (175, 616)
Step 2—Observe the last digit: The number ends in 6.
6° =216
So, the unit digit of the cube root is 6.
Step 3: Determine the first digit: We consider 175:
5=125 and 6°=216
Since 175 lies between these two, the leading digit is 5.

Final Answer:
4175616 = 56

Example 4: Find the cube root of 681472

Step 1—Group the digits: (681, 472)
Step 2—Last digit analysis: The number ends in 2.
8* =512
unit digit of the cube root is 8.
e leading digit: Observe 681:
8'=512 and 9'=729
2 and 729, the tens digit is 8.

Thus, the
Step 3—Estimate th

Since 681 lies between 51

Final Answer:
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Chapter 10
Divisibility
o )

por-

ivi her numbers. The number 1
bers can be divided by ot ' nu
Mzs-tffr;:e?t l(;ecause it can only be divided by itself, so 1.t is ca%le.d
1.5 dilvisible. If a number has only two divisors, l'and 1.ts‘elf, it is
1r;dled a prime number. If it has more than two divisors, it is called

C

a composite number. . K
: b};’ow, let us explore how to determine the divisibility of

different numbers.

| ivisibitity by 2

Any number that ends with 0, 2, 4,6,or8is divisible by 2, as these
digits indicate the number is even.

Examples: 37564, 4566482, and 678740278 are all even numbers, SO
they are divisible by 2.
| Divisibility by 5

Numbers ending in 0 or 5 are divisible by 5.
Examples: 4985, 9263005, 54675, and 834675 all end with 0 or 5,

making them divisible by 5.
| pivisibitity by 10

All numbers that end in 0 are divisible by 10.
Example: 76850, 550500, 498070 are completely divisible by 10.

| Divisibility by 3 v KGR
To determine whether a number is divisible by 3, calculate the sum
of all its digits. If this total is itself divisible by 3, then the original

i Y681472 = 88 \
11 These methods rely on careful digj
| es git pr i
(| recognition in cube values, and mental apgr(c)):l:iﬁng-' Palter,
1 are efficient for mental math and useful for develo ‘atlon' They
1 understanding of number properties, as emphasizpelcri\g- ! deepE,
Bharatiya and classical mathematical approaches. s ancigy
lrExercise
Find qthe cube roots of the following exact cubes:
1. Y4913
2. V74088
3. V456533
4. 33176523
5. 21030301
6. V195112
7. 11092727
I Answers to Exercises
1. 4913 = 17
2. V74088 = 42
3. 3/456533 =77
4. V3176523 = 147
5. ¥1030301 = 101
6. V195112 = 58
7. ¥1092727 = 103
iy B e —— ‘

number can be exactly divided by 3 without leaving a remainder.

A&
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’ ' eyond T;
Ime

This method provides a quick way

performing full division. f© Verify iy
\vil

Example: Determine if 562984 is divisjp] b
e
ebys.

First, find the sum of its digits:

5+6+2+9-4-8+3=33
Since 33 is not divisible by 3
by 3 y 3, the number 55298 :
4is Not g, (10'1)
Visiy

Example: Determine if 52073648 is divisib] b
e
—t oy 3.

Calculate the sum of the digits:
5+2+0+7+3+
6+ 4+ 8=
Because 35 is divisible by 3, the -
by'. ’ number 52073648 i
s dj

Divisibility by 9

A number is djvisj
. risible by 9 if th
divisible by 9 yJ1 e sum of its digit
is divisible by ;TO check this, add all the digigt; i results in
¥ 9 the entire number is divisib bOgether; i

"1S1ble ) 9.

AIl alte[“.atl‘ e alld eﬂlCIEI 1t te uuque 1S t} e lIleﬂlOd
d n
kl‘lOW !
S

i tl'llS sum

Example:
ple: Is 8327451 divisible by 9?

Ren‘l
Oove S an ;
i al 9 an s Oups g tS hat d V
d a up t
oY 0O t d ’

Hence, 8327 , the lefto )
) 451 is not divis; ver d_]git is
visible by 9 4, which is no
. t0or)

Exa :
mple: Is 9241836 divisible by 9?

Eliminate all
9s and grou
ps of digits s
Umming

9 itself and ( .
2+ . .
7), (1+8). This leaves 0, 5o goy 0.0 Such k.
50 9241836 ;. " as the digit
lvisible b
y 9.

h()ul r

Divisibility 63

s of digits which sum to 9, like (5+4),
her 0 nor 9. Therefore,

which is neit

y 4 if the last two digits form a number that
4 Alternatively, you can add the last digit to twice the
: if this sum is divisible by 4, then the entire number

A 1
divisile Y >
ond-last digit;

sec
is givisivle bY %

gxample: Is 583921 divisible by 47 -
the last digit and twice the second-last digit:

Calculate the sum of

1+2x2=5
Gince 5 is not divisible by 4, 583921 is not divisible by 4.
Example: Is 76248 divisible by 4?

te the sum of the last digit an
g+2x4=16

sible by 4, 76248 is divisible by 4.

d twice the second-last digit:

Calcula

Since 16 is divi

ple:Is 135612 divisible by 4?

and twice the second-last digit:

Exam

Calculate the sum of the last digit
2+2x1=4

Because 4 is divisible by 4, 135612 is divisible by 4.

| Divisibility by 8
e by 8if the value formed by its last three digits is
er method involves taking the last digit, adding
and four times the third-last digit; if the
the entire number is divisible by 8.

A number is divisibl
divisible by 8. Anoth
twice the second-last digit,
total sum is divisible by 8, then
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" l“l.‘

Example: Determine whether 74638 is diy

~ isil\ n
Calculate the sum: = 228,
N A S+2N3+4N(1=S+6+24
Singce 38 is not divisible by A

bv 8 8, the number 74
C ) 638 ig
S oy

di\»m

| | | Siby
Example: Check if 159264 is divisible by 8§ Q

Compute the sum: e
4+2x6+4x2
X2=4412 -
Because 24 is divisi b,
€ 24isdivisible by 8, the number 159264 is g

o “PRIS divisibleyy,,

l Divisibility by 11 =

A nu is divisi

the dln;:rulxs i;dsl\;lci:jble by 11 if the difference betw
. ‘ positio > g <

Positions is either 0 or a murl‘ii;;;douk sum of the dj

en the sum
f11.

gits in itg even

Example:
ple: Check whether 9263745 js divisible by 11

Identify the digits j

3 gits in odd and i

from the ri oy onC SVen positi i

Ever o rightmost digit): Odd-Positi};r\ d digy (counting positions
en-positioned digite: 4,7, 2 ed digits: 5, 3, 6, 9

Calculate the difference: o

5+3+6+9=23
4+7+2=13

' 23-13 =10
Since 10 is neither 0
. oy 11 nor a multiple of 11, the number 9263745

E ?
xample: Check whether 48123651 ig divisible b
- isible by 1

Odd-positioned digits: 1, 3, 2, 4 € by 11

Even-positioned digits: 5
A rits: 5, 6,
Difference: 5 ’

]'*'34'2‘4'4:]0
5+46+8=19
19-10=9

Divisibility 65

1 A123651 15 jvisible by 11.
woord multipte of 11,48123651 15 not divis Y
ginee? s

ine 1 709278462 is divisible by 11-

\!x'.m\p\c: Dc.lrcn“

2,870 7
2+3+7+0+7=24
si\ioncd diglts: 6,4,9,2

0 \d-pnsl\lm\cd digit
\

fren-POTe
piferer™ G+a+9+2= 21
24 -21 = 3 N
Gince 3 18 neither O nora multiple of 11, the number 7092
‘ A . g
is not divisible by 11

\ pivisibility by Prime Numbers

To determine whether a number is divisible by a prime number, one
o u::i:‘s“:;s\igc\irztfi This method involves the following steps:
1. Multiply the last digit of the number by the Ekadhika of the
prime number. |
2. Add this product to the remaining part of the number ob
by removing the last digit.
3. Repeat this process with the new number until

the result is
a number whose divisibility by the prime number is already
known.

tained

If at any point the resulting aumber is divisible by the prime

number, then the original number is also divisible by that prime.

How to find Ekadhika: The Ekadhika of a prime number

is found by multiplying it with a certain multiplier such that the

product ends with the digit 9. The Ekadhika is then obtained by
adding one to the digit(s) before 9 in that product.

For example:

Ekadhikaof 7: 7x7=49 =

Ekadhikaof13: 13 x3 = 39

Ekadhika of 19: 19%x1=19
Ekadhika values are:

75,

44+1=5
= 3+1=4

= 1 + 1 = 2 Thus, the
13_>4/ 19 52

This method simplifies divisibility testing by reducing lar
€
numbers step-by-step using the Ekadhika mu\tip\'}'\fer. 219
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o ime

| Oiisinitiny by \
’.\m?' we use Eadhika to check divisib
- We multiply the Jast digit of the ’
it to the other .

Hity by 7
_— ’ number by
fothe digits before the last digit X’\"
we reach a number that w -

w

- mEEkad
ity Ekadhﬂz ) -U‘f7_,‘

[ k . ) I}d
e already know jg di‘ﬂep doing gy, ¢

isible by 5 M
S > Td ] 7- .‘
Example: Ix 742693 divisible by 77
Note that. Ekadhika of 7 =5 -
Laxt = ‘
| 1; cfj_ml = ’:% 3x5=15 74369, 15 =743
e m;_:f( =4 4x5=20, 7438 4+ 79 7 ¥
Lastdigit=8, 8x5= 40, 745 4 40 7 fsg
Lastdigit=5 5,5, 25, 78425 _](/)83
o y +25 =103
. LA.. digit = 3, 3x5=15, 10+ 15= 25
n Tl.rxc-_ -'_j s not divisible by 7 the 7
e 7/ the number 743693 i NOy

| Divisibitity by 13

'_ & A 4
ii'l!.’li'. !_’L.B”i?% vt'j’lrvisihlo by 137

Note that, Fiadhika of 13 s calculated

Alculated as;
13 %3 = ."9, 3¢ =4
Last dipitis 4, 50

1 | 4> d s 16, 12659 + 16 =« 12675
ANt it now 35 5 o o

& - .
D7 4= 20,1267 4

20
— S
Last dight now 15 7, wo o

/o d =8 108 4 28 156

Last digat now ie 6, no

(S

S)I‘ILL‘ T dyvjsl A 3
o i jestlale b\/ 35, the i n
¢ vy “‘l' .
d.l\".‘i'il)l(‘ i“," 13, o ]

:]d ’5 v :}-} K (V]

B8

g
" tompletely

Divisibility 67

e (non-prime) numbers, we
ample, 6 has its
y 6, it must be

ity of composit
ules of their factors. For ex
number to pe divisible b

come Rules — )
' divisible by 6 if itis divisible by both 2 and 3.

" numt;; :5< divisible by 12 if it is divisible by poth 3 and -f
i ::xr];ber i; divisible b‘y 15 if it is divisible by both 3 amcil ;;
:\ number is divisible by 18 if it is divi'sn.ble by both 2 and 8-
A number is divisible by 24 if it 1s divisible by both 3 and ©.
‘ ble by 30 if it is divisible by both 3 and 10-

A number is divisi . .
A number is divisible by 20 if it ends in zero and the second

Jast digit is even.

[FANE SR o

N oo

Example: Is 1379112 divisible bﬁl&_“” 7
then it is divisible by 24.

If 2 number is divisible by both 3 and 8,
To check divisibility by 3, we add all the digits:
1 +34+7+9+1+1 +2=24,2+4=6
Since 6 is divisible by 3, the number 1379112 is divisible by 3.
To check divisibility by 8, we add:
(last digit) + 2 # (second last digit) + 4 x (third last digit)
To check the divisibility by 8, we add the last digit plus twice
the second-last digit plus four times the third-last digit:
2422z 1)+(4x1)=8
So 1379112 is divisible by 8. Since 1379112 is divisible by both
3 and 8, it is divisible by 24.

l Exercise
Which of the following are divisible by the given number?
1 4321, 7865, 6745, 63963 by 3
2 536, 5765, 45654, 4564 by 5
A 540, 5642, 78540, 04678 by 6
L S0, T2, TE05A, 5846 by 7
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=

- 3246, 5368, 2178, 87321 by § \
. 76539, 95346, 476325, 7643254 by 9 | Chapter 11

. 675334, 56487, 39765, 648768 by 11

N oy

S o e oD SBTUSDD i to a Number onl
187632, 7564 y 15 | oli of Numbers to a Num Y
19. 876, 187632, 756432, 76546 by 18 Multlpllcatlon ;
0. 4624, 875432, 841128, 78698 by 24  Consisting of 9's
: SR

This method takes advantage of the fact that such multiplier_s afre
exactly one less than a power of 10. In other words, if the mulhphgr
has n digits (all9’s), then it can be written as 10°— 1. This method is
applicable when number being mul tiplied with 10"~ 1, have digits
less than or equal to 1.
Steps for multiplication with a number only consisting of 9's
Let N be the multiplicand and the multiplier be 10°—1. Then result
is split into two parts:

1. Left-hand part (LHS): Subtract 1 from the multiplicand:

LHS=N-1.
2. Right-hand part (RHS): Subtract the multiplicand from the
base 10™
RHS=10"-N=(10"-1)-(N-1)

Note that once once left hand side term N—11is written, the term
(10°—1)— (N —1) can be written by keeping the sum of corresponding
digits equal to 9.

The final product is obtained by writing the left-hand part
followed by the right-hand part.

Example 1: Multiplying 15 x 929

Here, the multiplicand is N =15 and the multiplier is 99.
1. Left-hand part:
15-1=14.
2. Right-hand part:
85 (sincel+8=9and 4+5=9)
Thus, the product is:
15 x 99 = 1485.
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Example 2: Multiplying 587 x 999 \

For this example, N = 587 and the mult
digits).
1. Left-hand part:

plier is 999 (Whigh hag

587 -1 = 586.
2. Right-hand part:

413 (since5+4=9,8+1=9

and 6 + 3 = 9)
So, the final product is:

587 x 999 = 586 413,

Example 3: Multiplying 123 x 9999

Here, the multiplicand is N = 0123 and the multi l" i i

bas A.ing) plhier is 9999 (whje,
1. Left-hand part:

0123 -1 =0122.
2. Right-hand part:

9877 (since0+9=9,1+8=

9,2+7=9and2+7=9)
So, the final product is:

123 x 9999 = 1229877.

Example 4: Multiplying 1406 x 999999
Here, the multiplicand i
(which has 6 digits).

s N = 001406 anq the multiplier is 999999
1. Left-hand part:

001406 - 1 = 001405,
2. Right-hand part:
998594 (since0+9=9,0+9=9,1+8=

9 =
and6+3=9) 445=9,049=9

Thus, the product is:

1406 x 999999 = 140599850,

Example 5: Multiplying 6719001 x 9999999

Here, the multiplicand is N = 6719001 and the Multip)jq,. :
(which has 7 digits). 'er is 9999999

v

PO ‘Al
rs to a Number only Consisting of 9's 7
e

b
Jhiplication of Num

M//—-"
art:
j. Lefrhand P o061 - 1= 6719000,

patt:

. t-h;md

2. Righ - +3=
3280999 (Slﬂgi69 = 9, 0 + 9= 91 1+

. 4] product is: _

s flr\2759001 % 9999999 = 67190003280999

=9 9+0=9’
7+2=9/]+8 ’
< 8=9)

Exercises

ibed above:

Multiply the following using the method descri
1. 47 x99
206 x 999
1503 x 9999
89 x 99
712 x 999
5301 x 9999
84 x 99
. 999 x 999
. 67005 x 99999

1002 x 999999 o
. EIS-(I)int: For each question, subtract 1 frorft: }t\hi\ cTu;trlflflrfm
get the left-hand part. Then subtract the left-hand p

i ight-h:
multiplier (or ensure each digit pair sums to 9) to get the rig
part.

o N U BN

S o
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Chapter 12

Subtraction Using the Vedic Methgg
e

T

Vedic Mathematics is an ancient system of calculation that
from the Vedas—Bharat's old and sacred books. One of the mo
interesting and useful tricks in Vedic Mathematics is mc_u:mnzoﬂ
using complements. Instead of doing long and difficult borrowi,
we can subtract numbers quickly using the method called: &

COmeg

“Nikhilam Navatascaramam Dasatah. ”

(All from 9 and the last from 10)

This rule helps us subtract numbers in a much easier way by
changing the subtraction into addition. This is very useful, especially
for large numbers and for doing mental math.

_ How It Works

Let us say we want to subtract two numbers:
Let A be the bigger number (minuend) and
Let B be the smaller number (subtrahend).
We follow these steps:
1. Choose the Base: Use a base like 10, 100, 1000, etc.—choose the
smallest power of 10 that is bigger than B.
2. Find the Complement of B:
o Subtract each digit from 9, except the last digit.
o Subtract the last digit from 10.
3. Add the Complement to A.
4. Subtract the Base from the Result.
This gives us the final answer.

Example 1: Subtract 4678 from 8325

We want to calculate:
8325 - 4678

Subtraction cmm:m@:w <ma_n gm:_oa.uu

s\\\\ choose the base 10000.

m_ﬁwm 4678 is @ 4-digit number, Mmpmqm
to
. Find the Complemen 5
step MEEK »All from 9 and the last from 10”:
using 9-4=5
9-6=3
9-7=2
10-8=2
So the complement is: 5322
ep 3: Add the Complement to 8325
o 8325 + 5322 = 13647

p4: Subtract the Base

e 13647 — 10000 = 3647

Therefore,
' 8325 — 4678 = 3647

om 7250 —

Example 2: Subtract 3891 fr

Now we subtract:

7250 — 3891
Step 1: Base
Use base 10000.
Step 2: Complement of 3891
9-3=6
9-8=1
9-9=0
10-1=9

noaﬁﬂmamﬁﬂ - OHOQ
3: Add to Minuend

Step 7250 + 6109 = 13359
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