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Part -1

Squares, Square Roots, Cubes and General Expansions, Cube

Roots and Higher Roots
Section-A

Squares and Square Roots (Numbers and Polynomials in One Variable)

Squares

In the current system squaring of a number or polynomial is worked om by

multiplying the number or polynomial by itself whereas in the Vadic Method different
methods are applied in general.

(1)
(2}

(3

(4)

(3)

Urdhva Tiryak Method of multiplication.

Using the Yavadunam Thavadunikrutya Vargancha Yogayet Sutram, which is
easier than the Urdha Tiryak. This makes use of deficiencies or excesses over
the bases (convenient bases) and the answer is derived from them.

Using the duplex i.e.. Dwandvavoga method,

QOut of the three, the third one ie, the duplex method and the first
method are considered to be applicable to numbers vontaining any number of
digits, and polynomials also while the second method as it is not suitable for
polynomials. The Duplex Dwandwayoga concept is explained in the text.

A number can be converted to vinculum form if necessary when both the
above two methods 1 and 3 are applicable in the vinculum form also.

Squares of decimals are also worked out on the basis of the above methads,

It is noticed that the Vedic Method is much simpler in writing down the result
as 1s very clear from the working in the above manner.

The simplicity of working by the Vedic Method of the squaring of a number is
very significantly noticed in case of more digited rumbers.

By application of Anurupyena sutram, the square of the number can be
evaluated by considering the geometrical progression, which is explained in
the text.

In the current method one can attempt to write down the given number
in terms of two, three etc., and then use the general formulaas{a +b+c¢ + )

=a’+b’+c’+ 2ab+2ac+ 2be

a b a b a b a b ¢
97% = (90 + 7Y’ 1 or (100 — 3)* = (937)* = (1000 - 63)% or (900 + 30 + 7)?
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Anurupyena Sutram

By applying Anurupyena Sutram, squares can be determined as follows. The
given number is grouped into two parts a and b. Then the Anurupyena sutram can
be applied in the following manner to obtain square of the given number. The steps
are as follows in order of three terms.

(1) To put down the square of the first group i.e., a  as the first term,

(2) This is followed by the ratio L » a’=ab as the second term.
a

{3) To write down the value of abx b b* as the third term.
a

The three terms are in G.P, or in other words these terms are worked out in

. ) . b
succession to have the same geometrical ratio — .
a

(4) To write down the three terms in order and under the second term the same
value of it is written again and added up. Finally the sum of all these terms is
the square of the number.

a.! + a1:1+1:|2
ab
a’ +2ab+ b?

Yavadunam thavadunikrutya vargamca Yojavet Sutram:

Means “whatever the extent of its deficiency from a base, lessen it from the
given number still further to that very extent, and also set up the square of that
deficiency™. (The same holds good for excess also with addition).

For every number a base is considered, such as 10 or its powers, multiples or
sub multiples. The deficiency or excess of the number from the considered base is
significant in working out the answer, The working details are explained below for 72,
187, 89%, 21% and so on including squares of many digitied numbers. At first
deficiency or excess, over the base, of the given number is shown as — or +
accordingly. The deficiency can be worked out by applying the Sutram Nikhilam
Navatahcharamamdastah where as the excess can be worked out by vilokanam in
relation to the base. Making use of these, the answer is warked out in two parts. The
method makes use of a notable point that it is easier to square deficiency or excess
over a base than the number itself.

In the first part we have to lessen the deficiency from the given number or
increase the piven number by excess over the base as the case may be. The second
part consists of the square of the deficiency or excess. Depending on the base
considered, the provision in the second part is one less than the number of digits in the
base. Any digit (s) more than the provision in the second part will be carried over to
the first part,
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Examples:

Current Method

T x7=49

89

B0

112
7921

21
21
21

441

.

("

Current Method

Current Methaod

Current Method

(18)°

|

89y

21y

Squares and Roots

Vedic Method
Mumber= 7

Base = 10

Deficiency = =3
Firstpart = 7=3 =4
Second part = (-3)* = ¢
Answer =4 /9 = 49

Vedic Method
Number = 1§
Base= 10
MNumber - base = §
Excess = 8
First part = 18 + 8 = 26
Second part = 8 = 64
Answer= 26/ 4= 324

Vedie Method
Number = 89
Base = 100
Deficiency =-11
Firstpart=89- 11 =78
Second part = {(=11)? =121
Answer=T78/ | 21 =792]

VYedic Method
Number = 21
Base = 10
Excess =11
Firstpart=21 + 11 = 32
Second part = | 1% = | 2]
Answer=32/ .1 =44]
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5.

103
—i03
309
000
103
10609

997
997
6979
8973
8073
994009

1014
1014
4056
1014
0000
10i4
1028196

Current Method

Current Method

Current Methaod

(103)°

{9@7?

(1014

Squares and Roots

Vedic Method

Number = 103

Base = 100

Excess=13

Firstpart= 103+ 3 = 106
Second part =3* =9
Answer=106/09 = 10609

Vedic Method

MNumber = 997
Basa = 1000

Deficiency = -3

First part =997 - 3 =094
Second part = (-3)° =9
Answer =994 /009 = 994009

Vedic Method

Number = 1014

Base = 1000

Excess = 14

First part = 1014 + 14 = 1028
Second part = [47 = |96

Answer= 028/ 196 = 1028196
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10.

Current Method

9983
5383
29949
79864
89847
89847
99660289

Current Method
10015
10015
50075
10015
00000
00000

10015
100300225

Current Method
99998
99993
799984
890082
899982
899082

899982
9999600004

(9983)°

Squares and Roots

Vedic Method

MNumber = 9983

Ba:n: = 10000

Deficiency =17

First part = (~17)* = 289

Second part = 9983 — |7 = 9944
Answer = 9966 / 0289 = 99660280

(10015)?

(99998)

Vedic Method

Number = 10015

Base = 10000

Excess = |5

First part = 15° = 225

Second part = 10015 + 15 = 10030
Answer = 10030 / 0225 = 1000300225

Vedic Method

Number = 99998

Base = 100000

Deficiency =-2

First part = (-2)* =4

Second part = 499998 — 2 = 99904
Answer = 99996/ 00004 = 9999600004



Vedic Mathematics
11.

Current Method

100012

— 100012
200024

100012
000000
000000
000000
100012
10002400144
12

Current Method

690982

999982

1999964

7999856
8999838
BO99838
8990838

8999838

999964000324

With Convenient Base

Squares and Roots

(100012)

Vedic Methed

Number = 100012

Base = 100000

Excess=12

First part = 12* = 144

Second part = 100012 + 12 = 100024

Answer=100024/00144
=10002400144
(999982)°
! Vedic Method

Mumber = 0G9082
Base = 1000000

Deficiency = -1§

First part = (~18)* =324

Second part = 999982 - 18 = 999964
Answer = 999964/000324 =995964000324

One can use a convenient base also. For example we can call it as a working base
(WB) as distinguished from the theoretical base (TB) which is 10 or powers of 10. Working
base can be multiples or Sub multiples of the theoretical base. The deficiency or excess are
now to be worked out with reference to the working base. In the final answer however one
hes to consider multiplication of the first part with the ratio of working base to theoretical

base, in case of multiple base or division in case of sub multiples ex 1, 2, 3, 4, 5.
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Examples:

1.

23
69

46
529

313

"“E
tad
w3

33

;

97969

Current Method

Current Method

(313)°

Squares and Roots

Vedic Method

Mumber = 23

Theoretical base is 10
Working base is 20
Excess =3

First part = 3" =9
Second part =23 + 3 = 26

The fist part is multiplied by
Where WB = Working base and
TB = Theoretical base

WB 20

PR

TB 10

Answer = 26 X 9
® 2
=52/9=520

Vedic Method
Number=313
Theoretical base is 100
Working base is 300

Excess= |3
WB _ 300
TB 100

First part = 13% = 169
Second part= 313 + 13 =326
Ans.: 326 [/ 69,

x 3/

-qu/,ﬁg

= 97969
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Squares and Roots

3. (500019)
Current Method Vedic Method
500019 Number = 500019
300019 Theoretical Base is 1000000
4500171 Working Base is 100000072 = 500000
500019 Excess= 19
000000 First part = 197 = 36]
000000 Second part = 500019 + 19 = 500038
000000 WB 500000
2500095 TB 1000000
250019000361 Ans.; 50{3&3%;' 000361
2
'. =250019000361
4, (6999984)°
Current Method Vedic Method
6990084 Number 6999984
6999984 Theoretical Base is 1000000
2799936 Working Base is 7000000
55999872 WB _ 700000 Deficiency = -16
62990856 TB 1000000
62999856 First part = (~16)° = 256
62999856 Second part = 6999984~ 16 = 6999968
62999856 Ans.: 6999968/ 000256
41999904 % ?}/
489997760 00256 = 48000776 jﬂgm 56
= 48999776000256

In case of big numbers one may sometimes get, depending on the base considered, the

deficiency or excess very large numbers. In such case the second part of the answer can be
obtained by Urdhva multiplication or by the application of ‘Duplex’ method by repeating the
process of squaring at this stage. This is shown in example 5. The Urdhva multiplication is
simpler than a number of repeated squaring processes.
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Current Method

BES670
BE5679
7071111
6199753
5314074
4428395
7085432
7083432
TR4427101041

(885679

Squarcs and Roots

Vedic Method

Mumber = §85679
Theoretical Bas is 100000
Working Base is 900000
Wg
"?-:E =9
Deficiency = - 14321
First part = {~14321% = 205091041
Second part = 885670 - 14321
= {71358
Ans: BTI358) 20509004 |
0 /

= TH4222 :|:|_1[||:} 04 |
= TRA42729104 |
(1) First part = (14321)°

By Urdhwva Tiryagbhyim
4 3 2

I 4 3 2

2 0 5 0 9 1 0 4
12 3 22 1

(14321 =205091041

(2) By repeating the above process of
Squaring.
(143219

Base is 10000
Excess = 4321

First part = {4321)* = 18671041
Second part 14321 +432] = 8642
Answer = mﬁd%m 1041

= 205091041

L]
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(4321)
First part = {321} = 103041
Sccond part = 4321 + 321 = 4642

Ans.: 4154? 1y 041
*

= IESﬁB/ 1oy 41

Theoretical Base is 1000
Working Basze is 4000
Excess = 32|

1B6T71/041
I86T 1041

(321%

Theoretical Base is 100
Working Base is 300

Excess = 21

First part=(21)" = 441
Second part = 32014 21 = 342

Ans.: 342 qu
x3

= ]ﬂlﬁ/.l‘!i
= | 03041

(21y°

Theoretical Base is 10
Working Base is 20
Excess = |
First part= 1% = |

Second part=21 + 1 =22

Ans.: 22 1

3y

—44/1 =441
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Proof:
(az by = a° +2ab+b?

= a(a £ 2b) + b

Special case
Square of Numbers ending in 5

It can be solved by the application of Ekadhikena Purvena. The answer is divided into
two parts. The second part consists of square of last digit § i.e. 25. The first part consists of

multiplication of the left out in the number, with that obtained by adding 1 to it. This is
shown in the following examples.

Examples:
1. (4sy
Current Method Vedic Method
45 Firstpart =4x({4+1)=4+5=20
_45 Second part = 58 =25
225 Answer = 20025 = 2025
180
2025
2, (165)°
Current Method | Vedie Method
165 1655 = 16 17/25
165 =272125
825 = 27225
900
163
27225
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Current Method

223

1125
430
450
50625

Squares and Roots
(225)°
Vedic Method
2257 =22%23/25

=306/23
= 30615

In case of multiplication of large numbers, the first part still consists of large numbers
inspite of deletion of 5. In such case one can also apply vinculum coupled with Urdhva (or

Urdhva Method) as the case may be.

4. (891425

Current Method

go1423
§91425
4457125
1782850
3365700
891425
BU22825
113140
T9463R530625

Vedic Method
891425 = R9142 » §9147 /25

= 7946383306 /25
BOT42 % 89143 =17 T142%1 17143
(Vinculum)

e
—_
—

—

21 476 2 5 3 0 6
2 2

121476 25306=T946385306

The same result is obtained by Urdhva Tiryak
application 89142x 89143

§ 9 1 4 2

B Q ] i 3
% 4 6 3 8 5 3 06
5 W 9 11 5 2 2
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Squaring can be processed using Duplex (D) or Dwandwayoga process. The
Dwandwa concept is defined for single digit or more than one digit as follows. This is again
explained on the basis of Urdhva Tiryagbhyam.

1. For single digit, D = Square

J S
a
2. For two digit number, D = 2(product of two digits)
a b
= Jlab
a b
3. For three-digit number,

D = 2(product of first digit and last digit) + Square of the Middle Digit.

a c
= 2actb?

a b :-.
4. For four digit number,
D = 2(product of first digit and last digit) + 2(Product of second digit and last but one
digit)
a b c d
Zad + 2be
a b E d  and soon
Examples for a few Duplexes as are given below (as per the model diagrams shown above),
D(5) = 5% = 25
D(23) = 2(2)3) = 12
D2 =2(1+2° =10
D(4289) = 2(36) + 2(s16) = T2 + 32 = 104
D(72086) = 2(42) + 2(16) + 81 = 84 + 32 + 8] = 107
D{193789426) = 2{6) + 2(18) + 2{12) + 2{63) + &4
=12+36+24+ 126+ 64 = 262
A few illustrations showing the square calculation by Duplex methad is given below.

Def: We here under explain/illustrate the concept of “Sum of combination of Duplexes” of a
number for obtaining the square.

Considering (a b ¢}’ by the Duplex method

abc

a’ + 2ab + 2ac + b’ + 2be +¢*

D{ayD{ab)/D{abe)/D(be)D(c)

a’+2abr+2ac+b*+2bc+c?
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For example take (123)

Sum of combination of Duplexes of 123 is

D/DADY/DUZRD/ D)/ DD

=1/4/10/12/9

=1/4/,0/,2/9

= 15129

Squares: Square of a number is Sum of combination of Duplexes of that number-.

In showing the final result, the provision for each Duplex calculation is only one digit where

as the remaining digits are to be carried over 1o the next lefi,

Examples:
I (247Y
Current Method Vedic Method using Duplex
247 247 =
_247 o/ b4y pRe7y DRy DY
1729
988 - .ﬁf ;4/ y&.f 49
494
61009 = 61009
2. (3143)°
Current Method ; Vedic Method using Duplex
3143 ! 3143 =
3143 D{31/ 3|:/mj3 m/nq;s:qarfnuu}f
9429 r:{-u)?( D{3)
12572
3143 = 9{}6/;5/16/12)';:4!9
9420
0878449 = GRTR449
3. (1244807
Current Method Vedic Method using Duplex
4
123887 DUJ;D[IE}’KD{IH}KD{IHE;/DH2439]
874279
124073 /D(124897)/ D(24897) /D(4897)/D(897)
999176 DE7/ D)
499588 : -
249794 Vf‘fflz/fﬂ// ﬁﬁ’fl :flﬁqfwwxlﬂ’;izﬁ'/ﬂ
124897
15599260609 = 13599260609
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One can get the square of a very big number by working out Duplex of its vinculum, as given
in example 4.

g, (98765 7R69)
Current Method Vedic Method using Duplex to be
determine the square when the number
987657869 is expressed in Vinculum
987657869
§88892082 987657869=1012342713 1
§925947214
7901262952 (101234273 1)=
di‘;;i:ﬁi“? | D(YD(I0YD(10 1YD(10 T 2)
4 | /D(10i23)/ D(101233Y D(1013333
3925947214 ?Diluiii;éi:nuuiii};i%;] o
6913605083 g TR eTTe PR EesTela
1001262952 D(1012342131 [:u{r:rm?z]jl}
288892082 /miiéiiﬁ }D;,Eii'i)i:}
075468066197621161 D j}i?[ﬁi} P[aiiinn{iiiij

D(131) D(31) D(T)
=1/0/ 3 4/ 5/ 4/6/18/ 13/12/38/6 /4
/W /W e

=1024548066197621161
=07546806619762116]1

Squares of the decimals can also be calculated by Duplex, ignoring the decimal, square of
the number is determined by Duplex. But one has to count twice the number of decimal
points given in the original number and fix up *he decimal accordingly from the right in the
ATISWET,
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5, (23.345)°
Current Method Vedic Method using Duplex
23.345 (23.345)7 =
23,345
116725 D2y D23y D233y D(2334Y D(23345)
93380 / D[3345}” D{345)” D(4sy D(5)
70035
70035 =4¢/.2/, |;"|r1’c.-"f1n39“'Ir 54!’4&"{ dﬁ/.?j
46690
544 989025 = 544 989025

Anurupyena Sutram for Squaring

Square of a two duplex number.

Let us consider (113 The two digits bear the ratio |. Starting with the square of the
first group, i.e.1, write down the Geometrical progression series upto 3 lerms with the ratio 1.
In this case such series consistsof 1 1 |

To the middle term, the same is added. (here 1). The answer for (11 is
i 1 |
|

Proaf: (ab)?, the ratio is b

&
]
1) (ab)?= @ /22 = an/ab 2 =v?)=atfan/ b
a2 7
2) Starting with a°

write down the three terms in GP with the ratio E
-]

3) Adding the same term to the middle term ab we get a® + 2ab + b®

This can be applied to write down the square of any number Let us consider 367 The
ratio between the two digits is 6:3 = 2:1.

*. 36% can be expanded as.
9 9x2 18x2

1 1
18

g 36 36
12 9 6
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(36°=1296
This can be extended to any number containing more than two digits as well.

In all these cases, one has to rewrite the number in terms of two group units so that
the above method can be carried out. For example in the case 3832, we can construct two

groups as (3} (83) or (38) (3). In both the cases the above method for two digit number is
applied. Details are as follows.

This GP is continued to the next part (third part), thus completing the three parts. Next
step is to put down below the second (middle) part, the same value of the second part as it is.
Then addition is performed. While doing addition, the provision for the last two parts is
dependent on the number of digits in the second group, All the remaining digits are carried
out to the next left part.

(1) (383
Current Method Vedic Method
383 (383)°
" a b
]-Ir;.g Grouping 1: 3 (§3)
B3 93
3064 ?. ';RT, 2493&—]&
6889 , 0 E]E
1149 T ®a\ ala
146689 (383 =9 249 G889
249
14 66 89

(383)° = 146689
ab
Gmuping;: (38) 2
a‘h

: [P
4 a

388 %3
18
@b\ 114%3
g Ja i

387,

31837=1444 114 9
114
1444 228 9

*. (383)° = 146689
One more example is given below.
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(2)

Current Method

BO7864
897864
3591456
5387184
7182912
6285048
8080776
2182912
306159762496

Squares and Roots

(897864)

VYedic Method

(897864)°

a few groupings can also be worked out

a b
Groupingl: (B97) (864)

b_ 864

a 897
a’ ab b?

ab
804609 775008 746496

775008
804609 1550016 146496
Ans= 806159762494
a b

Grouping 2:  (89) (7864)
b 7894
a 89
a’ ab b’

ab
7921 699896 G1842494

699896
861 5976 2496
a b

Grouping 3:  (8978) (64)
b_ 64
a 8978
a’ ab b’

ab
B0604484 574592 4096

574592

BOG15976 24 D6

. (B978642)° = 306159762496

Further groupings alse can be tried
(89786) (4) and 8 (97864)
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Squares of Polynomials

1) Urdhva tiryak X'+ Sx 2
PR |
Left to Right
) x* 4+ 10x" + 21%7 - 20x + 4 same when multiplied right to left also, Refer
to Lecture Notes | on multiplication
2} Dwandwayoga
X+ Sx =2
D{:rc;‘,l = x*
D (x%, 5x) = 10x™
D ix%, 5%, -2)=—dx? + 28x7 = 217
D% 2)=-20x"
D{-21=4 107+ 21% —20x + 4

2) Urdhva Tiryak
Wy +xy'+ =y + 10
Iy +xy' + w410
WY +6x'y’ + + 6xly'zt + aly 4 60xy + 20yt + 20xy" + y'2® + 20072 + 100
Dwandwavoga
D (3x7y") = 9t y®
D {31233, x}"j - ﬁxay?
D (3%, xy’, ¥’z = 6x7y'2 + 1yt
D (3x?y, xy', 72, 10) = 603y + 2xy°2
D (xy', ¥'2’. 10) = 20xy" + v*2"
D (y'z’, 10) = 2042
D1oy= 100

3) Urdhva Tiryak
KYZ — XY® + 2%y - %'z
' - 20y - dxiyz + xy' = 2nyrt - 4’y + le}r'?z + 47y — dtyz + '
Dwandwayoga
D (xyz) = &'y’
D (xyz, - Ii}-'z} =~ lxlyiz
D (xyz.- xy", 2xy} = 4x7y’z + x%y*
D (xyz. = xy". 2xy - a2} = - 2x"y2? - dxly?
D (= xy*, 2xy. = x*2) = — 2x"y z + ax?y?
D {2xy, - x’'z) = - 4::*_1;:;
D xzzj = x'z?

The Urdhva Tiryak and dwandwayoga are the most general for multiplication
not only for numbers but also polynomials for any degree and having many
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variables as well. These are much simpler and elegant when compared to the
Current Method.

XYZ - xy 1 2xy - %'z (1"row)

Xyz - Xy o+ Ixy - ¥z (2"row)
—x'yz© + x'yz -  I'yz + xz Multiplication of 1" row with a2
Wyl - 2+ ¥ - yz Multiplication of 1% row with 2xy
:-clft + oyt - wy' - vz Multiplication of 1 row with xy?
2 - x=y31 +  2x'y'z x'yz*  Multiplication of 1* row with xy*

15'112 WYL XY 2 - YL F KT+ Ay - Iy z - Ay Xy Ay

Note: It is interesting to note that in the current method, one has to pick - up the

similar like terms and add (Refer example). Where as in the vedic
methods it is, clearly seen that there is no necessity for such grouping.

For Example: Repetition of the term in the current system is clearly seen where
as in Vedic method it is automatically clubbed during the process. As such there

15 no necessity for search for like terms.

Method gives directly the result
Vedic Method x*y*z” - 2x’y’z.
This is same

—_—— e =

.
1) -‘}'IJ = X'y’
Y

i —x 3
2) xyz }"1] =_ 211},13
L X¥Z — Xy
/ ! )
e vy P =4x yzz + xhy*
Lxyz —-xp' 2xy)

4 |x}-'z ' 2xy- I=|'—1x}rz2 411}'}
avz-xy' lzy-x

3)

1 :
- 2xy -x':z
4 - I = Ix'y'z + dxdy”

)
-yt 2y -x’z)

~x'z]
6) {Ix_}l x'z “41_1,}'1

2xy -—.r‘t:J

i
- F4

7) [ xi )=x‘:’
-x'z

or in the form of Duplexes

by Urdhva Tiryak

Dxyz) + D(xyz, - xy") + D(xyz, - xy", 2xy) + D(xyz, - Xy*, 2y, - X’2) + D(~ xy?%,

2xy, - %°z) + D(2xy, - X’z) + D(- x* 2)
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Square Roots (Vargamula) — Numbers

The procedure is similar to the straight division method. This is combined
with dwandwayoga (duplex) process. A few first principles are significant in working
out the square rools.

The relationship between square root and square is that if the square root
contains n digits then the square must contain 2n or 2n-1 digits.

. . L " + -
Converscly if given number has n digits, then square root contain — or - digits.

2
Determination of square roopts:
The given number is arranged into groups of two digits from right to lefi. And

if a digit is left out, it is also counted as a single group by itself . The working details
are illustrated with examples,

Step(1):
Group the number consisting of two digits starting from right to left as 10 56 25

This group is necessary to frame the lefi hand most group. After this is over, it can be
written 10:5 6§ 2 §

Step(2):

Consider the square root of left most group ie. (first group) such that the
square of 1.2....9 which fits nearly the considered group is obtained. Thus 3
becomes the first digit in the answer, The remainder 1 is placed between the lcft most
group and the following digit. This gives rise to the gross dividend as 15,

610 5625

e

3
(21

Step(3):

Commoen diviser is framed as twice the first digit of the answer. (Q, =3)
e, 2x{J =6
With the help of this divisor, the following steps are carried out.
Step(4):
The first gross dividend 15 is divided by the divisor 6. Quotient is 2 and the
remainder is 3. This remainder generates the next gross dividend as 36
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Chr= &6 10: 5625
B
3 2
Q1 Q2

Step(5):
From the gross dividend 36, we have to subtract duplex of @Q,, the second

digit in the answer. Afier subtraction, (36 - 4) the value is 32 which is the new
dividend.

Stepi6):
Dividing above new dividend 32 by 6 we get 5 as the third digit of the answer
{Qy) and 2 as the remainder resulting in o gross dividend 22,

I: 5 62 5
-
3: 25
Q| Q: D'-.
Step(7): Q1Q:

From this gross dividend 22 we have to deduct the duplex of (2, 53, which is
equal to 20 . The new dividend thus formed is 2 (22 - 20 = 2)

Step(8):
The division of 2 by 6 gives the quotient Q, as zero with the remainder 2,

Q:Q:Qy
resulting in gross dividend 25, From this gross dividend duplex of {2, 5, 0 has to be

subtracted,

25-D250) =25 =25 =0 G 10: 5 6 2 5 0
1 3 22 0
3: 2 50
Q Q,Q,Q

The new dividend is 00,

Step(9):
This new dividend 00 is divided by 6 giving the quotient as 0 and remainder also 0
& 10: 5 6 25
1 3 220

i: 2 5 .00
Qs . Square rool is 325
We can also confirm by squaring 325 = 105625

This has three groups. Hence the sq. root consists of 3 digits.
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Placement of the decimal;

The question of placement of decimal is considered in relation to the number
of groups in the given considered number ic. the decimal point is placed in the
answer after the number of digits equal to the number of groups considered in the
given number (in casc this is not o perfect square).

oo 325,00 is the answer.
The following are some of the examples.

In the case of a perfect square afier the decimal poirit there will be zero in the
quotient and remainder also but from one particular sta ge onwards ie afler the
required number of digits in the sq roots are reached..

For the square roots of decimal numbers; the warkingz is same as the aborve but
the placement of the decimal in the answer is dependent on the decimal in the: given
number. The following are the principles that are adopted.

1) [T the number starts with a decimal then the square root also starts “with
decimal.

2) If the decimal in the given problem is after n™ group then decimeal in the
square root.Starts after n'" digit in the answer

Straight Division method:
Application of Dwandwayoga(duplex) process:

Examples:

1. iliEISﬁIE-

Current Method Vedic Method

3 105625 325
9
621 156 3] 10 : 6 2 50
24 FrErry
043 3225 13 2 20

3225 32500
0 |
- 105625 is perfect square and its square root is 325,
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2. 27415696

Current Method

5 |27415696 5236
25

2 |1 241
204
1043] 3756

3120
10466 62796

62796
0

Squares and Roots

Vedic Method

2T !-I IIIrl f ff? Ilfﬁ

10 2473330

5:236000

S 47415696 is a perfect square and its square root is 5236.

3. V602064369

Current Method
pi 602064369 24517

4
44 | 202

176
485 | 2606
2435
4903 | 18143

14709
49067) 343469

i

602064369 is a perfect square and its

4.4/236882881

Current Method
! 216882881 15391
]

S

25 136

[ R—
303 | 1188

)
3069 27928
27621 |
30761 __3078
—_0

Vedic Method
0.2 06 4316 9

“PrELE

4 24 6 8 984 40

2: 4 5 Y 7.0000

square root is 24537,

Vedic Method
2: 368 B8

T
—
s
et
— Bl
- -
-, 02
i -

1351078100

1: 539 10000
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Ry Reduction Process:
2003 6
!

b
==

- (@ -
EECBO -
QDE -

@EE® - .

=3

=

F @ 8 0 0
| &
Two digit method:
g ! 236 BB 2 B
225 11 % 9 B
! 15 3 9 1 0 0
. 236BBIRRI is a perfect square and its square root is 15391,
3./4020025
Current Method Vedic Method
2 4020025 2005 4: 0200125
4 LIS
40 (002 4 0020020
e
400 200 2:005.000
P
4008 20025
20025
0

- 4020023 is a perfect square and its square root is 2005.
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Vedic Method
81: 41 45 29
8l: 41452 9
1]

|8 0450100

9: 023000

Lare rpot is 9023,

Vedic Method
17.: 7 2 4
i z’
B i 1 0 0
4 21 00

. 17,7241 is a perfect square and its squdre root is 4.21,

6. 4/81414529
Current Method
Q 81414529 o023
8l
18 0041
o |
1802 4145
3604
1804 % 54129
— 24123
0
. B1414529 is a perfect square and its sq
7.417.7241
Current Method
4 | 17,7241 | 4.21
A6
82| 172
| 6d
E4] B4l
—T
0
B. /45240
Curreni Method
2 45249 | 212.71%
. T
4| 052
——4l
422 1149
—
4247 30500
29729
4254] 77100
—d254]
425428 34559004
3403424
0 |

Yedic Method

4 : f/szfﬂfu

4 01 3278

2: 1 2.7 1 8

: ’ /}’3 /777
@)@0)

| 2 1 1.?@%3

7. 45249 is not a perfect square and its square root in decimal is 212.718



6l

Ul

GO0

GO024

BOO2RS

AUD2909

GUR2900
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9. 9008763
Current Method
9008763
4 |
| iy |
U
087
0
8763
_6001
276200
240096 |
3610400 ;
3001425 |
BITRGT SO0
54026181
687141900
540262701
146879109

ML 32173

Currenl Method

132173
¥
17 91
189
149 L mn
3141
1583 13200
| 074G
15860 | 2451000
215196
158728 | 2990400
2869824
120576

iauuL4599

| 179368

Squares and Roots

‘ One digit method
|
|

Vedic Method

! q;,n/u/ﬂ/?/ﬁ/a/u/ﬂ

63 600 2 3

R .I. u 2 U
| 300D 450 2

! Twao digil melhod

' i

60030 0 8 27 36 21 2

aon /.ﬂ/?fh}/;" //

I

a2

30 014 6 0 1
Three digit Method
QNOKT 5. 3

F

eO0 | 90000 T 276 362

d

300 1 4 60

| Yedic Method

P4

Square root of 9008763 = 300.4601446

0

o7 3o
gf//ff ;f’//
202 K 14 15 1% 2%
79 3 6 8
§ 3 2 1 7
| SIS S
2 00 0
LB
i —
i 115
¥4
g 13
(1) 1n
| i1
10
g

3

| R T T
fooob ! /
VA A A /
1292 272 W2 404
-

(h

o
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E1.4/2736.3361

—urrent Method
5 lamea3er | 52
15
102 216
204
043 | 3233
1 .
10461 10461
10461
0
12.J0.0423
Current Method
2 0423
4
40 o
P
405 | 2300
D |
4106 27500
24636
41126 286400
246756
30644 |

sqriof (0. Mli} is 0.205669 (upto 6 d:n::lmaks}

28

20560

Squares and Roots

Two digit Method:
21 7 3 0 00 0 0
34 2189 32 21 30 % 31 28
42
17 9)03) 7 18) 3

Sartof 32073 is 179.3683 {uplo 4
decimals)

. 2736.3361 is a perfect square and
il5 square root is 52.31

Vedic Method

T 3 63 Y 61

/7T

105 232 1000

S

Y 2.3 1 00 0
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13. +/0.000623
Current Method Vedic Method
0 000623 L .024959 0006
40 0 | /
006 f 4| .00 2 2
04 : 6 11 .14
44 223 | 2 1 e 2
176 @ 10 8
489 4700 i ! @ 7
| s |
4985 | 29900 . Twao digit Method
' 24925 00062 0
49909 475000 3 /D /) e /
‘ 449181
48319 4 | 576 4 3 11 2
8
| 5
0
24 9 & 0 |
]
1
=> 0.024961 = 0.024959

14, /0.32567
Current Method Vedic Method
5 32567 S7067 32 5 6 7 0O 0 0
23
107 756 0i25 7 5 7 7 6 2
749 17 ..“5
1140 770 5 70 7 6
0
11406 TT000 @ @
68436 0.057067 is the Square root of
114127 856400 {0.32567)
798889
57511
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15. /602064369

"SSS

|2 4 & B 9 B 4 4 0

(224 5 3 7 0000
Sqri of (602064369) is 24537
2881} is 15391

16. 236882881
Il/‘/ﬁ/g/f/l/g/a/
2013 5 10 7 & 1 00
T, 5 3 9 1 0 0040
Sqrt of (23688
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Square Roots of Polynomials
The method of solving the roots can be extended to polynomials as well. Here

interestingly the squarc root of the term can be writlen in a form without remainder
and hence need not be carried to the next term.

13 V4x® +12x" 429x° + 30x + 25
It can be written in two ways, Ascending and descending order for final evaluation.
(1) Decreasing order: The given problem is to find out the square root of
4x° +12x7 + 2057 + 30x + 25
The working details are in the form of steps with the concept of formation of a
divisor, intermediate dividends, (ID) new dividends (ND), and Duplex Urdhva
Tiryak sutram,
Step |; First quotient
First quotient is square root of first terms. i.e. 2x°
In the answer (3 is the first term.
Step 2: Deriving the commeon divisor fram €,
Common Diviser = 2x Q) = 4x This is considered as the common divisor
(CD) throughout the working.
Step 3: Todivide the second term 12x* with the common divisor 1o zel the next quatient (s
F2x°

l.e. =~ = ix

4x
Step 4: From the given dividend 29x%, one has to subtract duplex of @y = ('}r{"’]l

Then the result is divided by CD 4x”, the divisor, to get the quotient Q.

20%*
G, e = a
4%
step 5: From the given dividend we have to subtract the duplex of (Qg, Q1) i.e. 20205,

0
Dividing the result by the CD 4x® we get the quotient 4 —

step & The next dividend is considered for evaluation of Q..
S
From the given dividend subtract Duplex of (Q5. Q.. Qq) (3. 5, .E.:_I_.j
The result is zero.
. 0
Dividing the result by the CD 4x* we get the quotient Qs as —
*

The square root of the given dividend is  (2x” + 3x + 5) in this example.
25 + 30% + 29x% + 12%° + 4x* + ()
Common Divisor 10 25 + 30% + 20x° + 2% + 4x*

Stepl: V25 = 5(Q))

5 is the first term in the answer.
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Step2:  Common Divisor = 2(Q) = 10
sepy: 2 = (@)

Stepd: 292" - D (3x) = 20%°
2
Steps: 12~ D (3x, 2y =0
0
50 Q)
Steph:  4x* =D (3x, 2x% 0)=0
i
- =
o (Qs)

2. {5+ 3x + 2x%) is the exact square root of the expression.

Note: If the given polynomial has got a perfect square root, the evaluation of square
roots in either ascending power series or descending powers series, gives the
same result. Otherwise it is different as seen in the examples 5 and 6

(2) o™ 6%+ X" +12%" +4x° +36%° +16%" + 24%° 1 36

6 | 9x'" 4+ 6" + b 412+t 360 16010 + 242 + 0 +36

+ (3 +x* 200 + 27 +0x +6
Square root is * (3x° +x* +2¢° + 6). This is an exact Square.
Stepl: Wox'" = 34 Q)
Step2: Common Divisor = 2 % 3¥° = 6x°
L

stepd:  (h= 15:-'._5 = x'

fx
Stepd:  2*- D(x*)=0

0
Pier 70

Steps: 12X -D@.0)= 12%

12x?
Q= Gx®
Stepb:  dx® -D(x*. 0.2 =0
= 4x" - axh
= 0

= %!
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(3)

0x®

Qj:ﬁx” =0
StepT:  36x° - D (x*, 0,2, 0) = 36
I6x%*
Q’&: ﬁx-‘ =
Step®: 165" =D, 0.2, 0.60=0
I E
@ Gx® x
Step®: 0-Dx'+0+2x7+0+6+0)=0
_ Dx* 0
O T
Stepll: M4’ -D(*+ 04272 +0+6+040)=0
0 _
Qﬁ—'ﬁ';; =0
Stepll: 0-D(x"+0+27+0+6+0+0+0)=0
0
6 ¥ =0 (Q)
Stepl2: 36 -D(x"+0+ 2" +0+64-0+0+0+0)
= 36-136
= 0
6’ = 0(Q)

Square root + (3x° + x* + 2x7 + 6)

VAt =10% +29%° —26x° + 3%’ —12%x+ 0

2 = 10x + 20x' - 26x7 +34xF - 2% 4+ 0

T ¥ -5 + 2 -3 +E +-.n-=..+u{13.
X X X

This is an exact Square and its square root is x° — 5x° + 2x - 3
Stepl: x' e i Q)
Step2: Common Divisor = 2 x Q,
= 2y
H
Step3: ”;ﬂf— = — 55 (Q )
X
Stepd:  29x° - D (-5x%)
=20x* - 25

Squares and Roots
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= 4yt
dx* .
Steps: - 26x’ - D (=5x?, 2x)
= =26x" ~ (-20xY)
= _ﬁxs
-6 3
—E?’f,— = -3(Qy)
Stepf: 3dx' - D (=527, 2x,~3)
= 3dx® - 4%
=
0
P = 0(Qs)

Step:7 - 12x -D( =52 ,2x,-3.0)
= =lx+12x =0
0

— =0(Qg)
2
Step8: 9-D (-5 ,2x-3,0,0)
=9_09=
0
2T =0(Q4)

;. Square root is + (%" - 5x% +2x - 3

(4) Obtain Vax® +2x? 4 x? 4 2x + 6 as a power series in x (decreasing)

4 [dx' + 27 +x + 2 +6

+ '1;115 LoV, 3,29, 14
2 16 64x  1024x%°

Stepl:  Vax' = 272 (Q))
Step2:  Common Divisor = 2 x 2x* = 4x?

2x°

1
Stepd: m=£If‘Qz}
Stepd: f*n[%x]
= Il_' ,:l;:
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3
4
Ix? |
—_— 3
k3 - e =
4 dx 16 '[":h:l'
StepS: 2%-D | +x >
. 27716
=gy 3% 29x
5] &
29% | 29
16 “ax’ eax Q4
I3 29
Steph: 6-D|=-x,—,—
| 2% 76 6ax
-6 125
256
_ 141
256
1411 I 1411

- - _
256 " ax?  1024x? 2

The given expression has an imperfect square root -
20 | 441§
— + e N
2 16 64x 1024x°

(59 Obtain 'u'r‘il""_x‘ +6x7 4 5xF +3x 44
in decreasing power series of x.

i’ Ox' +ox +5x° +3x + 4
1[3331.},;1-—2.1.-._5- +Ll___'3l,-'?“ﬂ_+”j
18x  2x* 162%° J

Stepl: V9x* = 3£ (Q))
Step2: Common Divisor = 2 x3x? = 6

53
Step3: 'ng:"{QEI
Stepd: S - D (x)
= 57—y’

- 47
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4:~:"' 2
?5? 2‘3' (Q4)
Steps: da —D[I.-_f-)
= 3“._ 4_“
1
3
Sx I 3
: TR TPARL
2 5
o 4=-D — ——
Stepé ( Z, .st
= 4..1 = 3
3 1
a’; = E [Gj}
2 5 |
m; ﬂ —E" | T =
[ 3 18x 2.1:1]
- p - 3T
27x
. -7
27x
-37 1 -37

27x 6x7  162x
The square root of the expression in decreasing power series in

irEx"+.r+—1-+ I B L +J
L 3 18x 2x 162"

increasing power series of x

41 4+ 3x+ 5 + 67 4+ o9y
3 7Ix?  555x*  25163x*

+ |2+Z%ns + I 4 —
4 fd 512 16384

Stepl: V4 = 2(Qy)
Step2;  Common Divisor = 2 x(Q, =2 x 2=4

Ix

3
Stepd; ik Q2)

. Stepd: ﬁx?-ﬂ[%x)

Squares and Roots
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_ 555x

Stepb: 9x*

The Square root of expression in increasing power series is

S T | P

iii 2+—=x+

128

555x7 1 555x°?
3= (Qu)

128 512
2 3N
D‘[lx Tix® 555x° )

i
1 1 I

64 ' 512 )

11700x*
4096
25163

X
40094
25163 , 1 _ 25163

'x — o — .
4006 © "3 1e3sa Q)

= gy -

25163x" ]

+
4 512 16384

Squares and Roots

This is evidently different from the square root obtained from decreasing power series

6) Obtain vx* +6x" + 1357 +14x + 16 in decreasing power series of x

2

Stepl:
Step2:

6 + 1387 + 4% + 16

3 11

i{x’ +31+2+l+—-—-—+—

x x' x?

x* = %! (Q))

Common Divisor = 2x*

53
2x !

,,]
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]

5 .
Stepd: = = 3x (Q)
X

Stepd:  13x° - D (3x)
[3x® - Gt
= 4x°
2
25 =2(Qy)
teps: 4x =D {3x . 2)
= ld4x - 12x
= Ix

x 1
2x? x Qq)

Steph: 16 - D [Ex.l.i}
x

Squares and Roots

The square root of the expression in decreasing power series is

= 16=-10 =6
6 k)
w x99
Step?: 0-D (31.2,1,—3:J
W A
- -22
X
- 22 1 i
A !211 3-:."_ E{}ﬁ}
i I 3 11
Siep8 I}—DL:‘-.:.I.—.--H—-—J
x ' x
53
e
53 1 53
o 2 Q7)
t[x’+3x+2+l+i—ll+5—3;+
x x* x' 2x

increasin wer series of x

8

164+14x + 138+  6x°

1592 423"
e

Stepl: 16 = 4(Q,)

{ Tx
Tid+—= + - —x" +
4 128 2048 131072
J16
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Step2:  Common Divisor = 2 x4 = §

1dx Tx
Step3: 5 - Q)

Stepd:  13x° - D 1 3:]

= 3 49y’
16
159x7
16
159x* 1 _ 159x*
6 8 128 Q)
Tx 1597
Steps: 6x - D -
kg [4 123}
_ LLES
256
423%°
256
423xY 1 4230
el =TT (0y)

156 B 2048
4 3 ]
Steph:  x'-D t?f.qux a2
4128 2048
. 37125,
AP
16384
20741
— ._a x
N
131072 (Qs)

The square (o of the expression in increasing power series is

i X 3
ii4+?_x+159x +_42Etx _ 20741 o
L 4 128 2048 131072

7} Square Root of x* + 8x + 16
2x | %P+ Bx+ 16

X+44+0+0
Qi Q2

1) ¥ =x— Q

2) Common Divisor = 2x
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3 X g4 —>q,
2x
4] 16-D{d)=16-16=1
0

B)

9

—_— =0 —* ()
dx

5) 0-D{Qz Qa)=0-0=10

f
- =0 —* ()

2x

oA A Bx 16 = & (x+4)

Square Root of 5x* + 7x + 9
7 5% 8P +7x +9

7 i3, u7

x4 e

; x
| 295 4p.5 4004s
Ly 2z s (4

1) v'r;.'i;:-=:t'.'r§r —*
2) Common Divisor = 2 J5x

| 7
3) {?x}w[m]=2f§“" Q2
7 49 131 | 131

4 9-p I DL L O P L L I R ——

: ['ﬂ*s',l 20 20 285x 4045 Qs

7 917 131 Y

6) 0- Ly, Q) =0- - al P

) 0-D(Qs. Qs Q) [szTI o J oF" ]

L B4 o V6L L, 5258 L 1 2629
8000 8000 8000  2.5x 800045
713, 917, 2629

+ x - X+ x
245 4045 BOOYS 80004
Square Root of dx® + 126" + 17" + 12%% + 4
] At I il + 4

-'l__.'r-‘j.'i

*. Square Root = + 5x +

?' 2 F I A2+ 0+0+0+0
\ Qv Q Qy Qu Qs Qe

1} V4x* =2¢' —

2} Common Divisor = 4x*



Vedic Mathematics Squares and Roots
| .
W o2 e — =3y —— .
PR Q;
R R L G T T AC A B I,
4y’ '
) . . )
)02 - D{Qs Q= 1257 - 1240 --m}x| L= —
'-L""I"- J

6) - D(Qs. Q. Quh=4-203x) (1= (2 = (0) x 4',} — O,
X

71 0=-DiQy, vy Q. Qsh=0-203x%) (00— 22 (0)= (0) x | .4_'_4 =TT,
L ax

B 0= D(Qa. O Qay Qs Qo) =0- 20355 (0) = 22 {0y~ (0F = {0) x l -‘-1’.; < u

Ay
Sguare Root = + (2x' + I+

o Qa Wse L O are all zeroes it is a pericel squary,

I i) = 5"+ 3x ¢ 20 o' wt + Ty = 2

L P P O S PO

Tl T 2s L SRAIG Al BEE]]
| = '\'JI.' L ...-'| q r-' i o i | - . T
1A N T TV I A X AV OO0 & FI00mMESs L
o i (s i) () (), b )y
I -.,'I-f‘lr" .__1,'-‘1 R (O
M Common Divienr = 308y
o0 ; LA
B e e o gt =
V2SSt 1S Q:
. 5 r
Do) an | 3J R Lo L.} 3
245 20 200 ) kld@x au}f
i Ilx a3 [ay .
5) % =D{Qy. ) a }[ ==
xz-.r 40-!’ 2000 200
07, 1 .

200" 2d5x 40045

1 fon7 {11
6) —x* - D(Q;. Q). r}*=—f-1[--——x~‘1 ]
o 245 L4005 ) Laogs "
P 320 9B L 10245 L 0 10245

D Sy L L

= X
20000 8000 ROOD 2450 1600045

Qs
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5) 2 -D(0r. QU= 2% 2NN (0) =2k % —, = o e 0,
2x x
6} 4-[‘![{3-'_1.U;.{M'-#—E{x}[”-[t]f#!x el Qs
vl Iy !
2 + fog ¢
DO Qe Qi Qa2 f ] - 20 -’-] “0y - —s
LR LT 2

| . i .
R) e = D=L O Qo Quy Q) s = M)y - ?_ﬂ]]_[ !i . [ | 'TES
X LY L I\.T {

ﬂx—l—-,- = ) =+ (),

Ty
I'.:' 2 [ : i | i1y r Y
] :_'n - }lu:- Ul- U-‘I- {J:- Ch._ {_‘]‘7] - 1[-.""“”_ lrn}[“} 2 | 1 I ] |:'|
. A [ T LT

|

HES - = [} = Ur:
Ty
<

I | i i -
i) i DO O W O Qe O Dl = . 2000000 20090y - 2 Hm - ! '_] )
¥ (R Lv

-

I
= —
(1 x 3 il (O

1
||]{:x7— Q= Ohe Qo Qs Qe Qo Oy Qo) =l '1 = 201 {0 = 2(0W)
J LY

A ey +
Vi) L X

A
II
N

}{u: =)

|
0x j_r: 0T D

ISR) Sguare Roo = EI voa v+ l_ + iT |

X

- . ! 2
DISRY ="+ 2" 40 12 b 2424 7y lﬁ 2,0

12) Squarec root of x° + Ix + 2
Eﬁ.: S S R |
i | 3
- . I ___I_4 e
Ty 2yt Ry
Q@ Q O O
Verification:

DG Qs Qi)

2%

o+ | 4
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= D) + D(Q: Qz) + D(Qy Q1 Qs) + D(Qy Qa2 Qs Qu) + INO, Q2 Q3 Qy Qs) +
D(Q2 Q3 Qu Qs) + D{Q3 Qa Qs) + D(Qq Os) + D(Qs)
D(Q1) = Qa x°
DiCH Q) =2 QnQ; = 2x
D{Qi Q:Q5) =201 Qi+ 0y = 2(x) [L] +1=2

2x

i
DIQ Q: Q) =2Q: Qu+2Q; qwl{x}[-i]ﬂ“i'L =0

2xt ) (2x)
D Q: Qv QaQs) =201 Qs +2Q Qu+ Q= -—3-1-—..‘?-# 'r =
dx° x dx
DIQ: Qs Qi Q) =2QrQs+2Q3 Qs = o ==
4x" 4x"  4x

3 | 5
D r] =
Q1 Qu Qs} Er*+dx' gx*

-1y 3 =3

D{Qa =204Q=12
{Q QE} Q Qf— _2.1.'2 ,.I”-.,EIJJII Exq

D(Qs) = Qs* =

x

A few points to be noted:

If the given polynomial has n terms then the square root will have g {or)

1
f—-;— (even or odd respectively) terms, if it is a perfect square. After completing the

i 1 H+ . .
working of the square roots 5 ar terms, if the square root contains non-

vanishing terms continuously, then one has to treat it as an imperfect square. If it
shows continuously vanishing terms after the required number then it represents a
perfect square,

If it is a perfect square. the square root will be the same whether it is worked
out either in ascending or descending series of x. It is not s0 in case of imperfect
Square.

1 Perfect square
a) If (a) DQ’s (Duplex of quotients) gives the given expression exactly.
Without any additional term
b) Following enbloc Duplexes are vanishing, then the given expression is
. a perfect square
2) If the condition ‘b’ is not satisfied i.e. enbloc Duplexes are not vanishing, then
the given expression is not perfect Square
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3) In case of imperfect square one can proceed to obtain the square root of the
given polynomial to contain terms having x™', x™%, &7, ... elc uplo a desired

inverse power of x.(descending order) or incase of increasing power series
square rools contam increasing powers of x.

4} Correctness ol the terms of the given polynomial including the zero
coefficients of the other terms

1301+ 2x + x*

Ascending order
2x ] 1 2w 4w
I o

Square root = | + x

Desecnding order

Square root x° + 2x + | n=3 . Square root will have {
p S S P B I o ferms 100 is o perloet sguare,
i1.0 0 0

2x 2! !
Qi & & Q Qs
Verification:
D{Q1 Q203 Qu Qs) = DIQ:) + DD, Q3) + D(Q1 Q2 Q3 + D(Qy Q: Q1 Q) + DIQ, Qz
Qn Qe Q) + DHQ: Q0 Qa Qs) + D{Q3 Qa Qa) + DD Qs) + Q)
DIQ)) = Q= x?
Q) Q=20 Q- =2x
D Q:Qy) =201+ Q=0+ =
N Q0 Q) =200 20Q: =10
N Q2 Qa) - 200 Q0 1 200+ Q) =0
IHO O Qay = 20 0 0 20,0, =0 (ascending order)
DG, Qu Qs) =2 Qs (Qu + (u” = 1)
DiQu Q) =20Qu0s =10
D(Qs) =2 Qs =0
D(Qs) = Q" =0
i4) Consider the Square Root o 9x7 — 12x" < 2067 + 16x + 16
ox 9% - 1257 — 20567 + 16x 1 164 0% 5 Ox2 0 Ox”
W = =4 A+ 0 P00 010
Qi Qs Qi Qs Qn O On

Stepl: vox' =3x%(Q)
Step2: Common Divisor = 2 () = hx”
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Stepd: — 12 x —— = 2x (Qy)

6x 2
Stepd: ~ 20x” — D(Qy) = - 20x% — 4x? ; - 24x° ;?l = —4(s)
StepS: 16x - D(Q: Q) = 16x -2~ 20-4):0 | L 0@

Stepb: 16x — D(Q; Qs Qa) = 16 = 2(—= 2x)(0) = (- 4} : 0 x [ﬁ_.IrT] = 0{0s)

o The Square Root is (3x" - 2x - 4)
Suppose we continue the problem considering 0x™', then

Step?: 0x™' = D(Q2 Qs Qu Qs) = 0x™' = 2(= 2x)(0) = 2(= 4)(0) ; 0 o =00Q9)

Step8: 0x" - D(Q2 Qs Qu Qs Qu) = 0x™? — 2(— 2x)(0) - 2(- 4)(0) + (01 ; 0 [é} = 0{Qn)

$tep9: 0x-D(Q2 Qs Qu Qs Qo Q7) = Ox'= 2= 2%)(0) — 2(= 4)(0) -2 (0.0)% 0 ;L

0{Qg) Onrie can see that all Qs are becoming zeroes, This is a clear indication that the

Biven expression is a perfect square one can also verify by squaring the answer (by
duplex method)

Q Qz (h Qq Qs Qs Qs Qu

W -2 -4 0 0 0 0 0
Q; = 3x? Qr=-2x Q=4 others are zero
DO} = 9x* enbloc terms
D(Q: Q2) = - 12%’ D(Q: Q3 Qa Qs Qs Qs Q) = 0
D(Q, Q: Qa) = - 20x° D(Q1 Qe Qs Qe Q: Qy) =0
Q) Q: Q3 Qq) = 16x D(Qa Qs Qs Qr Qg) =0
D{Q Q2 Q:QuQs) = 16 D(Qs Qs Qr Qg) = 0
DI Qe Q Qi Qs Q) =0 D{Qs Q1 Qu) =0
DO Qs Qs Q=0 D{Qr Q) =0
D Q Qi Qe Qs Qe Qu) =0 D(Qg) =0

o (3n? = 2x - 4)" = given Dividend.
15) Now let us consider the of 9x* - 12x” - 20x* + 16x + 13
el on! = 12:7 — 2057 + 16y +

- -4 o+ 0 --'i.x
i @ Q;

Stepl: v9x* =3x° (Q))
Step2: Common Divisor = 2 Q, = 6x°
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;

N
Ilr[ﬁ} =~ 2x (Qa)

Stepd: — 20x* ~ Q1) : - 24x° (E—I-W = — 4{()
X

Steps

165 - DIQ; Q) : 0] ;5:7, | = 0(Q4)

.II" 5,
Stepb: 13 - D(Q2 Oy Q) :-au-'--J = 21 (Q4)

1
X

Now al this stage if one starts verifying the result then it is as follows

- -d+0 _lx'*
: 2

Q Q0 O Qs Qe

Enbloc terms
D(Q:) = 9x* D(Q2 Q3 Qa Qs) = 25~
D(Q: Qa) =~ 12x" D(Qy Qu Qs) = 4x7°
D(Qr Qz Qu) = - 20x° D(Qs Qs) = 0

D{Qy Q: Q1Qq) = 16x D(Qs) = | e
= ~x
DIQ1 Q: Q5 Qe Qs) = 13 Y
All these enbloc terms clearly show thal the given expression is not a perfeet square
Lontinuing further with the cvaluation of syuare root one gels the Tollowing resulis:

By’ - Y 2 4 +13 + Ox '+ gnls 0x~?
W - -4 o+ ﬂx'l~lx'1— .i.;'-"_ E;*.. Eﬁj-i
2 3 g 27

':I'I. Q;r ':}1- C"d Q‘ﬁ Q'h ":""' ':'H
StepT: Ox ' - 103 Uy Qe Q)= 0 ' = 2(- 2“[‘ ;" tlo2x e oax !
/

af 1 I,
- — T - X [
i X {ﬁx 3 v Q)
4 ¢
Step8: 0x™ - D{Q; Q3 Qs Qs Qs) = 0 = 2(- 2x) [1%.{’} ~2(-4) L~ %;'*1 + (07"

= - -ﬂ I-l‘_ d.x_l i Ex-r[ LJ = .--H__l:'-'I
3 3 bx? 9

Step9: 0x~-D(Q7 Q3 Qe Qs Qe Q) = Ox7" - 2(- Ex}[u gx"J -2~ 4}[- %x"] - 2(0x7"y [- %:-*
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Problems from British Authors Book

i6) Find the Square root of x*+ 3 + dx* + 27 + 8% + §x + |

27 k% + 3+ At o+ 4 XX+ 5x + |
X'+ E.l:t"" z.t -2 + E - 435 - 843 —— x4+
2 B 16 128 156 1024

Q s Q Q4 Qs Qs Qs
One can extend the square root to any required power of x in case of imperfect
squares.

Stepl: Vx* =’ (Q))

Common Divisor = 2%’

3
Step2: ux*}fﬁ] = 5:’ (Q2)

2
Stepd: 4x"- D(Qy) = 4x* - [%:*J = %x‘

Ty LT
e sz]'s”{m

Stepd: 2%°- D(Q; O5) = 2 Lz( ]f ];, 3 3}(LJ=:_5
oteps Q3 Qs) = 2x" ~(2) E |73 >y e (Qa)
_ =yl ol 2 ERN 1,19, 89, 15
StepS: x- D(Qz Q> Q) = x m[ :I ﬁ] (E] cxt B B B
75 ;[ Iy 75
Pl vl RATrLA
3 Y T5 Yo7 5 225 35 485z
Stepb: Sx— D =8x=2| = x* "= e |= x-Sy s =
B 5%~ D(Qa s 0u Qs) = 3 (f 128 2[ I m] 128" T 128
485 1 485
iEE XX 11._1; - zfllfl-x EGII-}
3 .Y 485 5
:—D = ()| 2 a2 x? - _J
Step?: - D(Q: Qs Qs Qs Q) {2}[11 =, ) )L B, ] [ 2
1455 525 25 2973
T256 S12 256 S12
2973Y 1 Y 2973
511}[1::‘]' 02 (@
one can extend the square root to any required power of x in case of imperfect

squares.
Consider the increasing powers of x
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2 Ll 4 Sx 4 o 4 2t 4 oyt 4 3t 4 e
5 21 7, lz_lx‘+ 125‘0_51.+ 18491 , 6?403

I+ —x - —x

- 2 8 16 128 256 ¥ SFE
Q) s Qs Q4 s Qs (o}
Stepl: 1 =+ 1

Common Divisor = 20, =2

Stepl: {ﬁx}[%} = %x {Qa)
/

-D =yt -y o iyl 5
Stepd: x* - D(Q;) = ° y X it 3 x° ()
Stepd: 2% = Q2 Q1) = 287 - E[EII"‘ -E—lx’] =2x'+ -I--‘Ex:':Ex" L EI-J:"’ (Q4)
2 B g 8 2 16

2
$tepS: 4x* ~ D(Q; Qs Qu) = 4x° -1[%1]{'21 ] {-?ﬁl;] caxt 805 a4l
2605 , 1 2605
¥ oM =

64 73T g T QY

-

i i I'rq Y q . i,
Stepe: ' Q3 Q1 Qe Q) = 3 2| 7 J[ l:t;f;: . ] 1[_%].x‘}[ ll‘i’ x

=3x + Eﬂiﬂ-x" + 254!15; 18491 .1'"[1 ] - IE'“ ' ()
128 fd |28 2 256
" 5 Y8491 Yy . 21 2603 121
StepT: x"' =D =f‘_2[_ I_ . - ,_._[.!I___Il] [ X
atep ! (Qz Q3 Q4 Qs Qu) 5" %6, § T =
455 -
-yt 92433 O 5j?£*§:a _ 14641 5 268385 I xl _ _ 268385 #(Qn)
236 al2 256 312 2 1024
Square Root = [! Oy e 52603 | 3082 5t - 208383 ) ﬁl
27 8 6~ 128 256 1024 J

17} Find the square root of 9 + 12x + dx”
6x L9 + 12x + 4x°

3 + 2% + 0
Qr Qs

Stepl: 9 =+3(Q)
Divisor=2{(y )= 6

tep2: {liu}(—é-] = 2x (Q2)

Step3: 4~ D(Qz) = 0 £=0(Q)
Square Root is (2x + 3)
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18) Consider the example where the powers of x are written in the descending order.
fix) = 3x7 + 20* + 5" + 4x7 + Sx + |

I” step: is to obtain the square root of the first term 3x° = 1x’ =4 ﬁx’!’i
This is the first quotient Q.

23x

o+ W o+ o+ e o+ 5x +
{Divisor)

Sk s }; . X/ l?x K N 50x 7 _ S53x 7
:w“" 2743 16243
Q0+ ':'2 + Ot Qd + Qs + Qs

2™ step: is o write down the divisor i.e, 20, = E-.l"l::”

3" step: is to divide the second term 2x* by the divisor to get Qa.

2x° .\:}J;
—— —= = Q!
Ivrlx V3

4™ st step: From here onwards the duplexes ol the guotients starting from Oy, are taken

in order and subtracted from the correspending terms of the f{x) to pet the new
dividends ND.

gg From the third term x* subtract (=)
Where D denotes duplex

1! [
oD S I D R N ELHD
X' =D (Qa) = x [ﬁj -5 =5

The ND is divided by the Divisor to get the quotient Q;.

2’ * "'Ir | w| xH
— = Divi ) —— '
3 ivisor [ l\z\."_;*- ] 314"_ =}

5t step: From the 4™ term 4x? subtract duplex of {Q5. Q).

2y iy z:ﬁ 34x
%' = D (Qs. =4=ﬁu— % - = =ND

ND is divided by the divisor to get Qq

3457 [ Y 17x %2
— + Divigor = = 1=
Q 9 zﬁxﬂ ‘}ﬁ

6" step: From 5™ term Sx subtract the duplex (Q2.07.04) Sx~{D (Q2.Qq) + D(Q)]
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[ TS -
’*: “
- [1.:{_ 17x %) x| _100x
L w3 O3 27 27

Now NI s divided by the divisor 1o get Qs

wox[ 11 s0xs

27 | 3 faxt J TN

7™ Step: From the constant term | subtract D of (94.05.Q4.Q4).
1 — Duplex of (Q2.05.Q4.Qs).

= L}._

= 1 = [ 00 Q61D {0Q5.Q4))

x| 51::;'_‘_-‘_] 20 12| o5y
Bl G ad ) el T

When ND is divided by the divisor we get Q..

53 | \ ~83 s
— - = . X oo .-:"I
“'[ 2L 16243 -

= ]

Consider the dividend terms o be extended as 0x° ' + 0x ¥ = Ox?

consider the 0x ' 1o obtain O,

8" step: Ox ' = D (Qr. Qa Q. Qs Qg)

- __‘_Jx"’ [=s3\xr {2yt } 5071 | 289x"!
J3 ez J NE) L}L ) ETﬁJ 243
(2Q: Q) (20Q5 Qs) (Qq)?
ot 53 _100x " 289 rixt
243 243 243 81

MY is divided by the divisor to get ;.
-112 x' -56 oH
81 1.,."’}}’1 B3

™ step: Similarly 0x D (Q2.Qs. '34 Q. 0n.Q1)
x" (-se)x 2 2 X (=53) o [”:H

= Q.

= Ox7 =2

N T N T

Squarcs and Roots

Let us

2?33

50x 71 J

(2Q2 Q) (2 Qs Qs) (204 Qs)

H2x7 537 (34)(50)x" _336x7 1700x7 537 1311

=0x"" + ——

x*ND

243 7249 720 729 729
MDD is divided by divisor to get Qs

129 725
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_ZIn o _43|=|,u~"*‘5{:J
729 |\ 3fack | 1ase3

10™ step: To getaq-m*—'::-mz Q1 Qs Qs Q6 Q7 Q)
- i A
' -2 ( __”i - ]__2! - 5'5 '.-fl 2{
Qo= Ox Nl imsﬂf L3

- T I!'-. { o “'.:II
{_.fi. - {520 R . -
16243 2741 11K7 720" 3877 e
48 oy 24 -t
= X x X t= =X
2187 2.3 218743
~Sguare Rootof 3x"+ 2+ ' 4 a4 o+ 5y 4+ |
E [ * — ,.3,-"
1 ¥ +x 2 !?.1:’ 51}11:" 53x? -ﬁﬁr o131
“i['ﬂﬁ:']"' — + ']‘—,—
NG W3 93 2703 16245 BIY3 145843
o) O o] s 0 Qs (n s

Verifving the Square Root by Duplex Methad:

Q, = ijh Q; = .-i_._,-‘:! Q; = —J',-—.l.'h
v 33
17 [ S0 .2 -53 s
Q = x 1 . = — 1 - !
N 2743 16243
- 56 .. 131 % 24 -1
B o—— i1 ‘:’ = .. 2 Gq= x
O ah Y lasea 218743

Note: 1f the given dividend contains n terms, for a perfect square, the sguare root

should contains g or E;—l terms depends on n is even or odd respectively. In

the present case, i is a perfect square, the Square root should contain only 3
terms and 4" onwards should vary. The fact that the 4™ term is existing,
clearly indicates that the given expression is not a perfect square. Hence one
can extend the evaluation of square root to any order of our choice for

example an extension Lo six quotations will give the following results.

Verification by taking 6 terms
DIQ QD Quds Qo) =

DQy +D{Q1 Qz) + DIQy Q2 Qs + D{Qy Q2 Qs Q) + D{Qs Q2 Q3 Qu Qs) + D(Q) Qs
Qs Qs Qs Qe+ DIQ2 Qs Qi Qs Qs D(Qs Qu Qs Q). D(Qu Qs Qe), DYQs Qg), D(Qs)

1" term = B(Q1) = Q,2 = (ﬁx%\la =

_}'
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2% e = DIQ: Qn) =201 Q2 = 2 Yix ~1—-¢ t =y

3 e - 100 Qs Q) - 21y 2|: Jix II -A'I"‘ + X =X
33
A term = DO Q2 Q1 Q1 =201 Q:+20: Qo= 2 V3 | 1w h g Lo L oh g
Jo 3" Vi33
Frerm = DO On Oy Qs Q) = 20 Qs + 20, Q0+ Q=
ETRR L N N B A T
2[‘43‘]’ :T-E:;I +2:"I_;I q."l_lli X +——.'E—5H
6" term = (O, Qn Q0 Oy O Qi) = 200 + 205 Qs+ 20, Q=
EFISB} o 50 1 | P I A
2 W3x? T sw =Ty Tl eyt e
\ 16243 ViTo2743 Wi 93

Iinblock Terms

DO O Q0 Qs Qu) = 205 O+ 205 Qs+ Q4 =

53 ' 'i ) S0 L 289 2
R T L ¥ | -
16243 S R I 1243 Kioox
D0 Qu Qs Qu) = 203 O + 204 Q=
3 4, il s =106 |'mu] 6l
W37 L1623 ﬂI L 1458 729 1 27

PO Qs O = 200 Oy, + 067 =

17w [ 53 et 2500 [ 1802 zsnu] 398 533
2y 1 o R B R il S -~ : =
943 V16243 ) 2187 4374 2087, 4374 7397
500 .1 -53 5300 ~ 2650
D{Q =} . + = - —— X = ee———
+Qu) =205 Qc 17437 1123 3122 6561
2809
MO =0 = )
() =0 = s

Similarly an extension of nine terms will give the following. 11 is also seen thal in case
of perfeat the Duplex ol the number of guotients is equal to the number of terms in the
Elven expansion.

Duplex of
Qr Qa Qs Qg Qs Qn Q7 O (e

lerm=0Q,° = r u'rixﬁ ] = 3x’

; [~ B 4
1"" [ernm =E‘::|| 'D} = 2[&)3:{ ?IEI};} = Ix
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T
&

qrd =2 + ()t = 3}'11 ! IH] [ L % =E 3.!..'_ Vo
term = 20 Q3 + Qs 1['4"_1' m + ";Ev.f ] X +-x X
4" term = 20, Qu + 20, q3

= If-\‘lﬁj":‘i][ ) llk_,_.__[l ] _l_x.t11=,_.._._r ot = 3_ﬁ|_xi‘= qll
WiT )9 9 )

5ih term = 20} Qs + 20 Q4 ""l;"'s

= -!*"'z!r 50 ! + | 'U F ! K
(5 g A o)

1030 34 I !'H
= - Nk LS

1wy so Ly
6" term = 2 + 32 +2 =2( [y _53_ Hl az)( Ay
(h Qu* 20 Qs + 2004 Q4 Vv 3x JH 2\13:?1 I?ﬁx |
z[ | "1’” %Y. :EL'_‘JLE 8l _
343 o3 ) 81 81 81 8l

7" term = 20, Qy+ 20, ':"ﬁ 22 Qs + QS
2 [ " I P I__i -}
3["'_‘ :F' ] [ 16243 ]+

2 s i
S ] x-!“=J( 50 ;"fz] (17 _}f] N2 53, 100 L 289 L o

33 27 L9473 3t T3t TIm
B term = 20 Qs+ 203 O + 205 Qs + 204 Qs = g[ﬁ;ﬁ][l;;zl 13 -4
o o )oof b [_E‘_ %), {25 -
3 ) 16243 93" T
L A L P 1700 o
720 ° Ta3% T3ttt =W
O term = 2Q1 Qo+ 202 Qs+ 20; Q1+ 2Q4 Qe +Qs” = 2[4'37 s{)[ _WJ
218743
SELERS A ELL %, { E ] [ f} - 53 ] [_._Sﬂ |
e 145843 ; Wi laa 16243 2743
48 13N 12 901 2500 L, -48 oL 48

=0x"

: i 1
EIE? EIET '.-'2‘;' 2187 313? IIE? 2]3?
and so on

Verification by Urdhva Tiryak Multiplication Using Left to Right Method:

Q1 Q2 Qs Qa Qs Qs Q7 Oy s

Q102 Qs Qa Qs Qs Qr Qs Qe

A(Q) +(2Q1 Qo) +(2Q; Qs + Q27 + (2Q) Qa+2Q2 Qs) + (2Q) Qs+ 2Q2 Qu+ QY +
(200 Qs+ 203 Qs+ 203 Qu) + (2Q) Q7 +2Q: Q7+ 203 Qs + QF) + (20 Qe+ 20: Oy
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+ 205 Qs + 2Q4 Qs) + (200 Qo+ 20, Oy + 205 Oy + 20 Qp 4 Qsz} + B and enbloc
terms {see blow)
These will give rise to the terms given in the EXPrEssion as

I+ T F aT45x 41 0x F x4 Oyt

Q0 Q@ Qi Qs Qn Q0 Oy Qa

A 0 e T skt s _see® L3 o 2
X et Bt L1 L B . T
Vi3 edn 213 16203 8143 145843 218743

Sguaring ol Qi Qz Q3 Qa4 Qs Qs Qv Qp O

O,

D Qo)

DOy Q2 Q)
A ({0 Qa2 0n Q)

D0 Q406 Qs

DOy Qi Q4 Q4 Qs Qs

(0 Qp Qs Qa Qs Q, o)

D {0 Qn O Qu Qs Qn Q7 Q5

g0y Q0 Oy Qu Qs O Qr O Q)

11
x -

r D Qv Qs Oy Qn O Q. Qu)
(0 Qa Qs Qs Qs Qs Qo)
D{Qs Qs Qn Q7 Qu Qu)

J D(Qs Qv Q7 Qx Qa)

B9 D 0 Qs Qu)
130 Qa Q)
D iQa Oy)
. D (Qg)
.1': ,‘:i:'ll.ln:-i
. =% x:
D Qs Qs Q4 Qs Qq) Xl
L,
50x X
2 = W —
Qs Qs) 2743 343
. _ 289x"
Qu 81%3

D{Q:0Q:QaQs Q) = 0

The sum of the terms of A will answer the given dividend in case perfect or imperfect
squares. But in case of imperfect squares, the terms of B will also exisl.

If Q7 onwards are all zero, Then it is a perfect square.

1t were to be a perfect square then all Duplex

DO Qr)e D{Qs Or), DI Q). D(Qs Qy)  should vanish



56
Vedic Mathematics
As applied to this problem
DQ:Qe)=2QQe+20QuQs +Qy = 0
D(Q:Qe)*2QuQe+20QuQs 2 0
DiQe Q) =20Qs Qe = 0

Sguares and Roots

Al Quotients beyond Q,
should vanish if the given
expression is a perfect square

1} Ifthegiven expression is sum of Duplexes of the Quotients taken in order for example in this cass
D{Quy + D(Qy Qa) + DIQ Qz Qa) + D(Qy Qa2 Qs Qud + DIQ Q2 Q3 Qa Q) + D{HQ205Q4Q5Qs)

2} The other enbloc duplexes vanish for example

D{Qa Q Qu Qs Qe (s Qu Qs Qa) DIQu Qs Qi) DDy Qu), DIQ) =0 1Fit isa

perfect square
Ascendipg Powers of x
EL] + S8k 0+ 4 o+ X+ ot o+ W
U, s 9, s, 0l 6403
2 B 1 [28 256
Qy 2 O 7 Qs Qs
4::?—E:I--Ex’xl=——x’ —
4 P
: F )
h:.}— 2[5_.:: _gi = I'.I - _ﬁx:l 51'11 ;i;-.!.- = EI" {}_‘
] ] 2 14
sxlsj ,] ¢_ zss_ﬂ]x‘_lzs-mﬁu-m
16 64, 64
|ﬂlf34 | o
*xc—: —
128 Qs
| 45 ) 1
J’[ m3x. z-E;f Ef]z[hiﬂﬁﬁ_‘_ﬂ?‘ ) 6403 L 1603
128 E 16 128 64) |28 2 256
5 g 33 1013 6403
Square root of (1 + Sx+dx’ + ' + 2 + i) = 14 Sp Sty 2 10 (DT s
L f e R R TR Tr T
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Section- B
Cubes, Expansions and Roots
General Introduction

A_general metheod of cubing, The method that is conceived by Swamiji can be

easily extended:ito expand any expression containing any number of terms to any
positive power,

This expansicn czan be also worked out if the number is written as (abed, ....)
Where a is the higghest placement (refer Table B)

The same table @an also be wsed for the decimals as =~ bede
107", cisin 107 ais the integer part.

......... where b is in

Swamiji has vipllained the evaluation of cube roots by two different methods.

In both the mctthods he has grouped the number into units, each contains three
digits from the BEHS, any lefl out in the final group comntaining less than 1 is also
considered as ome group and the method developed is explained.

1} The first methiod makes use of Argumenta nal Character (... JKL) and

2} The Second mnethod making use of Straight Division for both the perfect and
non perfect 1@ the required decimal, are explained.

Second methwod has a modified version by considering the first two groups as

one unit, thus is called two digit method which gives a result in a more elegant
wWay,

Swamijis method is workable to the cubic equations also with a re—orientation
of the concerned expressions as explained in the text. It is seen that the general
method explamed by Swamiji can be used for working out the roots of any
degree (the imeger) equation.

The British Authors have explained the cupe roots and one solution of the
cubic equation by using a re-arrangement of Taylor's expansion and
introducing the solution as a.bode.. we noticed that the method developed by
Swamiji is extended to equations is simpler.

The method suggested by Swamiji leads to developing such a methed to any
degree equation whatsoever and also the construction of the relevant
expansion tabies which are considered 10 be novel of this work, So far, no one
has given ali the solutions of cubic and higher degree equations but Swamiji
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Suggested 2 method called Argumentstion for obtaining the remaining

solutions making use of Sutras Adyamadyena Antyamantyena, coupled with
Argumentation process.

It is surprisingly significant and interesting to note that the result can be tested
by the Simple Sutram called “Gunita Samuccayah Samuccaya Gunitah”, Both
the procedures developed by Swamiji and later by British authors have been
exemplified through working out a number of problems in cubic 4™ degree, 5"
degree, 6" degree, Seventh and 8* degree equations.

The elaborate working details are shown with a view to extend similar
working for other problems as well,

The method of finding out the roots, Square, Cubes, far polynomials i also
detailed. While doing so. an atterpt is made 10 workout the roots both in {a)
descending and (b) escending powers of x.

If the root is an exact one, then both the a and b methods should give the same
result. Oin the other hand a non perfect root gives two different results one for
the descending order and the other for ascending order,

These are also shown in the examples. One can proceed to work out 1o any
powers of x of ones choice.
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N Cubes

Method I: Yavadhunam Sutra for cubing;
The following steps are worked out for finding out the cube of a number
1) A base of the nature of 10" is chosen so that it is the nearest value to the given
number
Z) The excess or deficiency of the given number aver the base so chosen is
determined
3) The answer of cube is worked out in three parts.
Part | consists of the given number plus / minus twice the excess or deficiency.
Part Il consists of product of new excess/ deficiency and original excess / deficiency
respectively.
Part 1Tl consists of cube of original excess / deficiency
In the 1T and I11 parts provisions of digits is as per one digit less than the base.
(Refer Lecture Notes | on multiplication)

Example I

(103)° Base = 100 Excess = + 3,
Part 1 =103 + 06 = 100

Part [I = (09) (03) = 27

Part [1] = (03)" = 27

(103 =109/27/27= 1092727

Example 2:
(994)°
Base = 1000 Deficiency = = 006
Part | =994 - 0]2 = 082
Part 11 = (018) (006) = 108

Part [11 = (- 006)* = 216
(994) =082 / 108/ 216 = 982107784

Example 3: (10009
Base = 10000 Excess = + 0009

Part 1 = 10009 + 00018 = 10027
Part 11 = (0027) (0009) = 0243
Part [11 = { 0009)° = 0729
(10009)’ = 10027 7 0243 / 0729 .

"It is interesting to note that one need not always aim at 10" base. Instead, one
can use multiples and sub — multiples as working base (WB) of such a theoretical
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bases (TB). The following are few examples. The working details for such bases are
i
that one has to modify 1T and | pants by multiplying with ratios wa and [E}
TB T8
respectively

Example 1: (396"
Theoretical Base, TR = 100
Working base, WR = 400

Deficiency = 04

Part! =396+ 08

Part Il =(12)(04) =48

Part Ill= (04’ = 64

(396)" =3BR/48/ 64 =620R/92/ 64 = 62099264 = 62099136

Example 2: (2998
Theoretical Base, TB = 1000
Working base, WB = 3000

Deficiency = 002
Part] =2998+ 004 = 2994
Part Il =(002)(006) =012
Part [f1=(002) =008
(2998)* = 2994 /012 / 008
= 26946/ 036 / 00§ = 26946035992

Example 3: (5012)°
Theoretical Base, TB = 10,000
Working base, WB = 5000

Excess = 0012
WB _ 5000 _ 1
TB 10,000 2

Partl =35012+ 0024 = 5036
Part Il = (0012) (0036) = 0432
Part 1= (0012Y = 1728

(5012) = 5036 /043271728
WL |
4 2
=1259/0216/ 1728 = 125902161728
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Example d: (39998)
Theoretical Base, TB = 10000
Working base, WB = 40000
Deficiency = 00002
Part] =39908 + 00004 = 39994
Part [1 ={00006) (00002} = 00012
Part 111= (00002)* = 00008
(39998)° = 39994 / 00012 / 0000 8

x |6 =4

= 639904 / 0048 / 0000 8 = 6399040047992

A few more examples

Let us consider 109",
Original Excess of the given number over the base 100 is 9. The answer is
written in three parts. The last part of the answer consists of cube of the excess. ie, §°

= 729. The provision for last two parts is dependent on the base and is one digit less
than the base. The first part is calculated using the formula.

"Given Number + Twice the excess "
e, 9+ (2x9) =109+ 18=127
From this a new excess 27 is derived.
Now the second (middle) of the answer part is obtained by using the formula,
* New excess x Original excess ” (27 x 9)
Is also equal to{3 x 9) x 9 =243 “Thrice the original excess x Original excess”
ie. 27x9  or (3x9)x9=243 109 =127/243/729
Applying the provision principle, it is written as
(109 = 127, 43/,29 = 1295029
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1) 109
Current Method
109 11881
« 109 x 109
OR | 106929
000 00000
109 11881
1881 1295029
ar
(100497 = (a+ b)Y = 1007 + 3 = 1007 =0
+ 3 100%9° + g
a’ + Ja’b + Jab? + b’
Examples:
2} 126

Current Method

Cubes, Expansions and Roots

Vedic Meth
109* = 127/,43 /129
= 1295029
First term =Given Number +Twice
the excess

Middie term = New excessx original excess
{or) Three times the original excess

% original excess.
Last term = cube of the original excess
Placement is only two digits for the
last and middle terms as the base is
100 (3digits)

Vedic Method

126 1267
w126 Base = 100 excess 26
756 Thearetical Base = 10
252 Working Base =2 x 10
126 =20
15876 33/”]3 IIE'
x126 ®d x
05876
31752
15856 =1 Safil 7111 6
2000376
Y= 17576
(100+20+6)*
126° = l?%ﬂ 1%,5 % = 200376
(100 + 20 + 26)
(a+b+¢)

g’ + b + ¢’ + 3a%b+3a’c + 3ble + Ibe?
Jab” + Jac’ + Gabe
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Current Method
10000013

% 10000013

30000039
10000013
00000000
00000000
00000000
00000000
00000000

10000013
100000260000169
= | 0000013
300000780000507
100000260000169
000000000000000
0O000000000G000
000000000000000
000000000000000
0000000C0000000
100000260000169
1000003900005070002197
(10000000+13)"

Current Method
639

639
5751
1917
3834
408321
%639
3674889
1224963
2449926
260917119

Cubes, Expansions and Roots

3} 10000013

Yedic Method by one step!
1000001 3* = base is 10000000

I Dﬂﬂﬂﬂﬂ'}/ﬂﬂlﬂﬂ 5[!3/1]0[]1 167

Provision for the last and middle
terms is 7 digits.
137 =2197

Vedic Method (Yavadhanam)
Theoretical Base is 100

Working Base is 600 excess is 39
The result is multiplied as clearly

shown by 26, t:j & of the first and

middle terms.
639 =
N7 4553

o Ei
Ilfznﬂ'ﬂfmlﬂ

=260917119
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In case the number consists of any digit greater than 5, then the number is converted
into vinculum form, and the same procedure is applied.

5) 9993
Current Method Vedic Method using ¥
9903 99860049 9993 =1001 3
— 2993 x9993 10030/ 0267 /1757
29979 299580147 = 007901469657
89937 BOB740441
89937 89874044 | -
89937 898740441 ‘.1_993‘+ 26=99.79 10039
99860049 997901469657 913
267
Also as or (1000 - 7 (13 =1757
Cubin nurupyensg Sutram:
(a+b) =a'+ 327+ Jab® + b
a8 ah ab® b are in GP
2a%h_ 2ap’
g 3'b  3ab® b’

Let us consider 117 The two digits are in the ration 1 : 1. Starting with cube of the
first digit, one hast to write down Geometrical progression series of four terms {which
include first term) with the Geometrical rationas 1.1 1 1 1 1. The two middle terms are
multiplied by twice the value of the middle terms and then add up.

Current Method | Vedic Method
1 1" =
-4 .
i I
—JdL 22
121 13 3 1
—x1l
121

12l
1331
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] 1} 17 (ab)’
Current Method Vedic Method
b:a
17 The ratio between the two terms is 7: |
=17
119 1P7=17 49343
17 14 o8
289 49 1 3
x|7
2023 17' = 4913
289 a’ H£=ﬂ'1b =7
4913 a
a’b x 'E-i = gh? = 49
(10+ 7, (20 - 3)° ?
107" = (100 + 7)° ab?x 2 = b’ =343
1007 + 3(100)° % 7+ 3 x 100 + 343 a
100° + 3(10)% + 3{10)49 + 343

2’ + 3a%h + 3ab® + b

A few more examples are given helow

2) 26°
Current Method Vedic Method

26 The ratio between the two terms is 311
x26 26°
156 =8 24 72 26
32 — 48 144
676 17 5 7 &
%26

4056 26° = 17576

1352

17576

(20+6)°



67

Vedic Mathematics Cubes, Expansions and Roots
3) 34°
Current Method Vedic Method (Anurupya)
34 The ratio between the two terms is 4:3
_ =34 34*
136
102 = 27 36 48 64
1156 7296
_x34 9 3 0 4
4624
3468
39304 347 = 39304
(30+4)*
4) 65°
Current Method Vedic Method
65 The ratio between the two terms is 5:6
w6 65
325
3190 = 216 1B0D 150 125
4225 360 300
65 274 6 2 5
21125
25350
274625 65°=274625
(60+5)*
5) 83?
Current Method Vedic Method
83
_x83 The ratio between the two terms is 3-8
249 83*
664 = 512 192 72 27
6889 384 144
«83 571 7 8 7
20667 §=512
23112 512 x> =192
571787 B
3
30+ 3) 192 IE- T2
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Proof is as follows,
Proof:
(a+b)' =a’+ 3a%h + Jab? + b
g+ a'b+ ab*+b’ The Successive terms are in GP [E]
a
3 !l - th‘z

g’ + 3a'b + Jab® + b’ ’

This method of Anurupya is applicable to cube of any number of digits pravided the

number is written in terms of two group units. For example consider 383. This can be written
in two different sets.

. (38)3
1. 3B

In applying the above method, the answer is shown in four parts. In the first part one
has to write down cube of the first group. In the second part the ratic of second to first group
is applied to the first part of the answer. This is continued till we complete four parts which
includes first part also, Next Step is to put down below the second and third parts twice their
respective values. Final addition gives the answer, While doing so one has to consider that
the provision of the last three parts is dependent on the number of digits in the second group
(right hand most group). And hence care is taken to see thal the remaining digits of each part
are carried over to the next left part and then complete the addition.

This is illustrated in the above two cases.

383
Current Method Vedic Method
183 183
3 Ratio between th
1149 | Grouping 1: 3 (83 10 Nl the
1064 i @) two groups is §3:3
1149 183 = 27 747 20667 571787
146689 1494 41334
_x 383 S6 IR 18 87 :
440067 Ratio is —
1173512 Grouping2:  (38)3 3
440067
55181887 g = 27 T o192 512
144 384
54 & 7 2

3= 54872 4332 342 27 Rariois -
8664 684 38
56181 B 8 7
s 3837 = 56181887
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Some more examples are given below,
Examples:

Current Method

127
%127
889
254
127
16129
w27
112903
32258
|6]29
2048383

69
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1y 127°

Vedic Method

Grouping:1 127 is grouped | and 27,

Katio = -IEE
127 =127

1277 =100 +27 = 1127).

I 27 729 19683
54 1458
2 04 83 83
127%=2048182

Grouping2: 127 is grouped as 12 and 7
The ration between the two groups is

T:12
(127 = 1728

7
1728 x — = 1008
* 12
1008 = l = 588
12

588 x — =343
12

are in GP
12P =120+ 7=12(N

1728 1008 588 343
2016 1176

2048 3 8 3

127%= 2048383
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Current Method

3456

x 3456
20736

Tib

2) 3456

1456

(i) Grouping = 3 (456) Ratio=456:3=

Cubes, Expansions and Roots

Vedic Method

6

17280
13824

10368
11943936

x 3456
T1663616
59719680
47775744

33831808
41278242816

27 4104 623808 94818816
8208 1247616 _
41 278 242 g6

1456°=4 1278242816

. 56 28
Ratio 536:3d = — = ——=38'17
4 17

(ii) Grouping = (34) (56)

39304 64736 106624 175616
129472 213248

41278 24 28 16

34567=41278242816

(iii) Grouping = (345) 6 Ratio 6:345
5
|
27 405 6075 91125

BI0 12150
4| 06 36 235

145'= Ratio 45:3 = 15:1 =

145%=41061625
1456°=

41063625 714150 12420 216
1428300 24840

41278242 B |

14567=4 1278242816
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This method can be extendable to work out for higher powers as well.
The grouping method which is applied for squaring and cubing is also applicable to

higher orders as well. The proof for fourth power on the basis of Anurupya method is given
below.

Proof;

(a+by=a' + a'b+ a’m® + ab’ + b* the Successive lerms are in GP

3a'b + 5a%h* + 3ak’
a' + 4a’h + 62’0 + dab® + b
When applied w 11°, it can be written

Current Method

Vedic M
ik

b4
e
=
o fad

Fod
i

LAM;J;:
Lk Lad
— aam

(But the terms in between the first and last are different in evaluating different powers
of a number. This has to be first obtained as is clear from the proof. Consider 15%. Which is
written in five parts. The First part consists of 4™ power of the first digit 1. And then the ratin
is followed completing the five parts. The provision is one digit just as in the case of powers
of two digited number, where as lor a number consisting of more than two digits, the
provision for all the parts excepting the first part is dependent on the number of digits in the
right hand most group unit. while working out the value of any power of the given number,

. Thus 159 = | 5 25 125 625
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2™, 39 4™ parts take additional quantities 3 times, 5 times and 3 times respectively of the
original parts. Finally the summation gives the value 506235, considering the provision of only
one digit in every part and carrying aver the remaining lo next left part.)
1y 15*
Current Method Vedic Method

i 5 15¢
®x15
75 1 5 25 125 625
1§ 13 125 375
225 5 0 6 2 5
%13
1125
225
3375 15*=50625
—x13
16875
50625

(The similar procedure can be adopted to 4™ power of any number provided we
partition the given number into two groups and then apply the Geometrical ratio, and
additional quantities are supplied.)

2) 36

Current Method Vedic Method

36 16" =
_36
216 Bl 162 324 648 1296

108 486 1620 1944
1296 167 9o 6 | 6
® 36
7176
JBRE 16'=1679616
46656
x 36
279936
139968 l
1679616
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A further extension to the 5™ power clearly shows the additional quantities
that are to be supplied on the basis of binomial expansion. The method is self

explanatory for the fifth power by an example and is further extended to the sixth
power by another example.

Examples:
113’
Current Method Vedic Method
13 13 =
x13
39 1 3 9 27 8243
13 12 43 324
[69 371 2 9 3
%13
507
169
2197
x13 13°=371293
6591
2197
28361
x 13
85683
28361
371293
Proof:
(a+b’ =2+ a'b+ a'b?+ &+ ab' +b°
4a'b + 9a°b’+ 9a’h’ + 4ab’
a’ +5a‘b + 102’6’ + 10a%b’ + 5ab* + b’
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Sixth Power:
Example:
24"
Current Method Vedic Method
24
%24
96 24" =
48 64 128 256 512 1024 2048
576 640 3584 9728 14336 10240
x 24 191 l 0 2 9 7
2304
1152
13824 24% = 191102976
x 24
55296
27648
131776
w2d
1327104
663352
7062624
x 24
31850496
15925248
191102976
Proof:

(a+b)=a"+ a'b+ a'h®+ a'b'+  a'b'+ ab®+ b
+ 3a'b + 145°b% + 198°b* + 14a’b* + Sab’
a® + 6a’b + 15a'h? + 20ab” + 15a%b" + Gab® + b°
(A general expansion is also clearly shown taking a and b as two digits and n"
power is worked out.)

In general,

[’a+ b:l‘=an + H-n-lb-l- Hﬂ‘-lb]_'_ L+ albﬂ-2+ a-hﬁ—l _'_hﬂ
+(n, = Da"'b+(n, -1a" %"+ .. +(n,_ -1)a®" +(n, —I)ab™" +

a" +ncia™'b +nca™*  + ... +ng,,a'b™? + nc,ab™’ + b"

In all these, current method working details are also shown.
Readers can try any power with the help of this for a two digited number and
also for many digited numbers.
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General Expansions

Swamiji’s method makes use of symmetry in working out the various terms in an
expansion. This can be extended to any digited expression and also to any power.

I} 1t is alse interesting to note that from a general table containing expansion of
higher powers, one can pick out the expansion terms of lower powers, From
the (d ¢ b a)® expansion one can read out the expansion of sixth power having
less number of digits ie (c ba)®, (b a)®.

2) From the Symmetry considerations (c b a)’ can be made use for obtaining the
additional terms of (¢ b a)* by multiplying the former terms with (c b a) using
Urdhva — tiryak Sutram. The same method can be made use for obtaining
higher powers by Urdhva tiryak method. Eg: Starting from the expansion
terms of the square, we can get terms for cube, and similarly from the
expansion terms of cube we can get the expansion terms of any power
provided, one can take the corresponding expansion terms required and
multiply the former by Urdhva tiryai:.

The terms of (c b a)’ = a'. b, ¢?, 3a’b, 3ab?, 3a’c, 3ac?, 3b%c, 3bc. 6abe
If we wani the expansion of (c b a)® we gel the corresponding terms by multiplying (c
b a)’ terms with those of (c b a)* by applying urdhva tiryak sutram,

If one wants (¢ b a)", duplex of (¢ b a)’ can be used. If one wants 1o get{c b a)’
the duplex terms of (a b ¢)® are 1o be multiplied by the (¢ b a) by application of
Urdhva tirvak and so on.

Table A
Terms of (a be)® =a’, b’, ¢, 3a’h, 3ab?, 3a%c, 3ac,3b%c, 3be?, Gabe
fabe)' =
a b ¢’ 3a’® 3ab® 3a%c 3ac® 3b%c  3Ibe®  6Gabe
a b e 0 0 0 0 0 0 0

a' 4a’d 4ab’ 4a’c 4dac® b' 6a®b® 4b'c  dbe? ¢ 6a'be
12b%ac  6abc® Gae?! BbiC?

a’ b o da’d  dab’  da’c  dac’  db’c  4bd®  12abe
12ab’c 12abc® 6Ga’h?  6a’c?  6bic?

All these are well comparable with the general expansion terms using,
symmetry. (Refer Table C)

Mow it is interesting to note that the table so prepared, for any expansion
containing any number of digits together with their placement is useful also for the
evaluation of rools of any order. For example, if we want to get the cube root, it can
be evaluated using the cubic terms of the expansion table consisting of the required
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terms. Similarly if one wants 10 have & 7" root or 12™ root, in general, any root, one
has to prepare currtsp-um:[mg expansion table to the required power so that, the
corresponding terms which play an important role in the evaluation, are made use of,
It is further interesting to note that decimals also can be worked out using the
same table. But placements are to be read as 107, 1072, 10, ... ... It's also that the
following example shows that naming of terms when reversed i.e. occupying the total

different positions (in the reverse order) can also be worked out, starting from the
reverse order,

Table B
I} (abe)’
2} {cba)’
i¥ Case {cba) 2™ Case {abcy
Tk a* ¢
10’ 1a’b Ibe?
10° 3ab’, la%e {Ehzc]
(3ac?)
10° b', 6abc (b, Gabc)
10 Jac?, 3b%c {3:1:1:}
(3ab®)
10 Ibe? Ia’b
10® e’ a’

From this, one can easily notice that the corresponding placement has to be taken care
of in the evaluation, and working from R to L and L to R as the case may be.

The expansion terms are conceived in groups, each making use of symmetry and
homogeneity, The terms each group will have the same coefficient.

1} thgfedcba)

2) (dcba)®

Table C
3 (gfedc ba)’ ! 7 digited expansion to the power of 4 concern with (3)
Eg, Preparation of the expansion table making use of symmetry is as follows. That the

1} group a®. b*, c*, d*, &*, f*, g* (7 terms). This group has the coefficients as n_=l

ﬂ:il*.-. n:'lE’

2) Second groups consists of a’h, a'c, ale,
(By reduction by one degree and

maintaining  homogeneity  and

following symmetry)

(two digit combination) b'a, b'c, b'd,
Where in 4 is the power of ¢’a c'b. o', Number of terms

txﬁansiun 7T x6=42
d'a, d', d, |
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e, e'h, €' ...

ffa. h fe

ga p'h gl
Thus Second Group has 42 terms. The cocflicients are e, n=-lg =4, % |, =4
3) Third groups consists of again  a’b’, a’c®, %% &%’ 2P, &%l
reduction by one more and
maintaining the homogeneity and
symmetry (two digit combination)

bl bid?,

cdt. ot L

R Number of
s . g; terms 21

e’
Third group has 21{terms) The coefficients are n., n - 2o, = 4, %2 =6
4} Fourth groups consists of three  a’be, a’bd,  a'be, a’bf, azbg_
digit combination with the same
square term used in the third
group (three digit combination)
a'cd, a‘ce. a'cf, azcg. a’de,

a'df, a'dg. a'ef aeg. alfg. 7= 15 = 105 terms

b'ac, blad, ... 15 terms
c’ab, c’ad, ... "
d'ab, d'ac, ... "
¢'ab, bac, ... "
Fab, fac, ... "
glab, glac, ... "
Coefficients are ey A=2g -3y =4, x2 %1, =12
3) Fifth groups consists of abed. abee, abef, abeg, abde, abdf, abdg, abef,
4 digit combination abeg, abfg, acde, acdf, acdg, acef, aceg, acfg, 20 terms

adef, adeg, adfg, aefg

bede. bedf, bedg. bedg, beef, beeg,

befg, bdef, bdeg, bdfg, befg, 10 terms
cdef, cdeg, cdig, cefg 4terms

defg _lterm
33 terms
Coefficients are ng n— lg, =2 n=3 = 4o, ® Jg x L w le, =24
mim <+ 1 m + 2)(m -+ 3)

This expansion has a total nf 210 terms = a
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Where m is the number of digits, and n is the power = FxBx9x10 =210
4x3In2nl

After this preparation a table is to be prepared for the placement of Individual
terms as per 10°% 10", 107, ..,

The placements of various combinations are also given in the table.

From these tables one can get the value of expansion as the sum of all the
terms with powers with the respective placements
For example (7356)", (356)" (Ref. Table C for the terms)

10° 1296 (7356)" = Duplex of (7356 =
10" 4320 % 10 DID(7356)]
10° (2592 + 5400) 10° = 7992 D(7) =49 D(73)=42 D(735) =79

107 (6048 + 3000 + 6480) 10° = 15528 | D(7356) = 114 D{356) = 61
10° (625 + 1944 + 15120 + 5400)10° = | D{56) = 60 D(6) = 36

23089
10° (1500 + 9072 + 12600 + 3240)10° =" 49| 42{ 79| 114 ] 61| 60| 36

(26612) 10° = 54110736
0% (648 + 3500 + 10584 + 1350 + D{54110736)=25| 40| 26| 18] 9| 72

15120510% = (31202)10°
|B7[oB[ 68| 18|61 |42|93]36]36

107 (540 + 6300 + 4536 + 17640)107 = | = 292797175046 1696
(29016)10°

10% (81 + 7350+ 3780 + 10584)10%=
(21795)10" -

10° (8232 + 756 + 8820)10° = (7808)10
10'"  (B60 + 2646)10'% = 9506

10" dn16y10"

10" (2401)10"

1296
43200
799200
15528000
230890000
2641200000
31202000000
290160000000
2179500000000
17808000000000
95060000000000
_411600000000000
2401 000000000000
2927971750461696 = (7356)°
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(356)*
0% 1296
10' 4320 % 10
10% (2592 + 5400)10° = 7992
10* (3000 + 6480)10° = 9480
F0* (625 + 1944 + 5400110 = 23089
10° (1500 + 3240)10° = 4740
10% (648 + 1350110 = 1908 D{D(356)]
107 (5400107
o* ot = 16062013696
The above examples can be verified by duplex also
Note: The table so prepared is also useful for the evaluation of the roots as well.

Seven digited expansion to the power 4 with the placements
Let us consider the expansion of (214735 6)*

gfedchba (Part of Table P)

Using the expansion table

(2147356

gfedeba

10 at

10! da’b

10¢ da’c + Ba'b?

10* 4a*d + 4b*a + 12a°bc

10* b* + 4a’c + 62%c* + 12a°6d + 12b%ac

10° 4a’f + 4b’c + 12a%be + 12a%cd + 12b%d + 12¢%ab

108 4a’g + 4b%d + 4¢%a + 6a’d® + 6bc? + 12a7bf + 12a%ce + |2b%ae + 24abed

10’ db’e + 4¢™h + 12a%hg + 12a%cl + |2a%de + 12b%af + 12b%d + 12¢%d +
12d%ab + 24abce

1o* ¢!+ 4b'f + 6a’e’ + 6b°d” + 12a%(cg + df) + 12b%(ag + ce) + 12c¥(ace + bd)
+ 12d%ac + 24ab(cf +de)

10° 4ad’ + 4b’g + dc’d + 12a%(dg + ef) + 12b7 (cf + de) + 12¢? (af + be) +
12d%bc + 12eab + 24 ab (cg + df)+ 24acde

10'® 4bd’® + 4c’e + 6a’F + 6b%e® + 6c’d” + 12a%eg + 12b¥(cg + df) + 12c¢%ag +
bf) + 12d%ae + 12e’ac + 24abidg + ef) + 24acdf + 24bcde

o' dbd” + 4¢° + 12a°fg + 12b%(dg + ef) + 12¢? (bg + de) + 12d” (al + be) + °
12¢(ad + be) + 24 abeg + 24 ac (dg + efi+ 24bedf+ 12f%ab

10'2 d* +4c’g + 6a’g’ + 6b°F + 6ce’ + 12bleg + 12c7df + 12d%(ag + bf + ce) +

12e’hd + 12fac + 24(abfg + aceg + adef + be (dg + ef)

To be continued till we get e’ (10') £(10°°) and g* (10*) and the corresponding terms
of 10" upto 10** following the Symmetry and Homogeneity as per the choice.
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(2147356)" = 21262591725153678927421696

To Verify this by duplex method which is as follows.

Consider evaluation of square of (2147356) by duplex and then the result is
subjected to the duplex again thus (2147356)" is evaluated
D(2147356) = Sum of all the following duplexes.

D@) | D21y | DEI4) | DRIan | DEI4T3) | . DEI4T3S) | De2147356) |
D147356) | D47356) [ D(7356) | D(356) | DYS6) | De6)

| 4| 4 [1?|3ﬁ142|31|1m|94||z?[1|4|ﬁ| | 60 | 36 |
4611137790736 = 4611137790736

D(461137790736) = Sum of all the following Duplexes.

D) | D@6) | Deast) | Dasiy | pasin | pesingy | pusin |
D@6I11377) | D@61113779) | D@6i1137790) | Deas111377907) |
D(461113779073) | D(4611137790736) | D(611137790736) | D(11137790736) |
D(1137790736) | D(137790736) | D(37790736) | D(7790736) | D(790736) |

D(90736) | D(0736) | D(736) | D(36) | D(6) = 21262591725 153678927421 696
(2147356)" = exactly the given number form the duplex concept

Table D
(a+b+c+d)* n=4 s = the number of elements a, b, ¢, d
Combination Method (Expansion in groups)
a a’h a'h’ a'he abcd
¥ ac alc? a’bd
¢ a'd ald? a‘cd
d* b’a he? blac No. of
3 1.3 2 0. of terms =
:J: :zj; :1:: s(e+ s +2)s+3) 4567 .,
; 2 ni=24 24
c'a c“ah
¢’b c'ad
c'd et
d’a dab
d’b d*ac
d’c dbe

1 Coefficients of each-term of the groups by combination method.



Vedic Mathematics Cubes, Expansions and Roots
a* = 4,
a’b = g x(n-1),=4
b’ = ng,x (n-2),=6
a’be Mo, % (M= 1) x (n=1=1),=12

abed = ng (- D Q0= 1= 1), (n-3), =24

2) Coefficients by Derivative Method

a’ a’h a’b? a’be abed
1 'I: = 4 E_;_‘l={,, E:f.: =17 !1_:_: a 14

By Derivation

To get the coefficient of terms of the group a’b type.

Derivative of a' is 4a” and in order (0 maintain the homogeneity another
variable (supposed to be b or ¢ or d) is to be considered and the power of borcord is
"1". Theretore the coetlicient 4, is to be divided by the power of b or ¢ or d which is |
Coefficient of a°b” terms of the group

This is obtained from 4a’® term, the coefficient of which is 4. As the
coefficient of terms of the group a’b?® term is required, the differentiation of 4a’b term
is 12a°b, Bul the required term is a’b®. Hence we have to consider the derivative being
multiplied by b to get the required term a®b®. As the power of b is ‘2" we have 1o
divide 12 by 2 in order 10 get the cocfficient corresponding to 0°h® Thus the
coefficient is 6.

Coeilicent ol a’ b

in order 1o get the cocllicient of 2°be term, from 65°b° one has (o reduce b
through derivation, keeping 6a” as it is. By this operation, one can gel the coefficient
of a’bc term as 12. As the power of ¢ is ‘1" division by the power of ¢ is uneffected.

Coefficient of abed

In order to get the coefficient of abcd term from 12a’be term. one has to
reduce the a’b by derivation, which gives the valuc 12 x 2a = 24abc but the term now
15 incomplete, unless d is also considered. Therefore the coefficient of abed is 24.

The similar argument applies to all the elements coming under the same group
for the determination of the coefficient

Table E
(a+b)* = a% + 6a’b + 15a*h” + 202’ + 152%b" + 6ab® + b°
1) Binomial method
6,a°+ 6, a'b+6_ a'h’+6, a'b’+6, a’h'+ 6, ab®+ 6, bt

a® + 6a°b + 15a*b? + 202 + 152%" + 6ab® + b
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2} Derivative Method
s 6a'h 6x5a‘'h’ 15xda’h  20x3a'h' 15x2ab’ b
a + - < * + +
1 2 3 4 5 6
3) By Combinations Method
8 = 6, =
&b = b (6-1), =bx1=6=6 6-5;
' 2 6 (6-2), = 15« | =15=6; 6-4,
a'h’ = 6, (6-3), =20x1=20=6 6-3
' > 6, (6-4), D 15x1=15=6, 6-2,
' = 6, (6-5k, o 6x1=6=6,6-5
b* = G, =] '
4) Derivative Method (a+ b +c+d +e)
Term 'y a’h a'h? a'be b’ a’be
Coelt Sep Bl X2y IS 2093 g
| 2 | 3
Term  a'bed a’b'c a*ble? a’b’ed a'bede
Coeff m”:];n 15H4=m ﬁ[l':-r3=mj 'E"Hxl=lm 180=2 _ 0
1. i 2 ]
5) Combinations Method
Term a’ a'b a'h*
Coeff Ba = | 6o, x6=1;, =6 6e, x6-2; =I5
Term 2'be a'b’ a'bc
Coeff 6., % 6~ 1., x 6-2,, =30 Be, % 63, =20 b, x 6-1¢, =60
Term a'be? a’bed a*bede
Cﬂlﬂﬁ 6:1“'5‘2;1?:5"*:;1"_'?'} ﬁglrﬁ"tplﬂ ﬁ—l—lltl“ 'ﬁ;rxﬁ—lcl“ E-!-]f-lxﬁ_'q'f
6-1-3, = 150
Table F
A methed for writing down the expansion of a+b+c+d+e+____ )" nbeing
any positive integer on the basis of symmetry and maintaining homogeneity the
following steps are to observed.

Step ]: To write down the n" power of individual terms for example a”, b", ¢" ......
e1c. These will form a group.

Step 2: To consider products of two terms, wherein one of the terms is raised to the
power of (n = 1) and the second raised to the power of ‘one’. A complete exhaustion
of such combinations is to be considered. For example 2™'b, a%'c, a™'d, a™'e, b™'c,
L R Along with each term a reverse combination such as ab™', ac™'



B3
Vedic Mathematics Cubes, Expansions and Roots

ad™', ...... follows indicating a pair of terms as with 8™'b, ab™', ..... and so on.
These will form a group

Step 3: (i) To consider a reduction in the power of *a’ by “1° than in the step 2 ie, a™>.
[n this case one gets the following two types of combinations of a™2 with other
lerms in groups as

(iy a™*pf 2™ e am

(i) 8™ be, 8”7 bd, a™ b a7 ¢d, 8™ ce a™ de, ach™2, abc™?, a™ b, a'b™, etc
These will form two different groups.

Similarly we have to write down the series starting from b" and taking the
products of square of other terms which will form one series. This procedure is
continued with other terms both to have type i and ii type as well.

This procedure has to be continued and completed with each term separately,
Thus a series of terms starting with b, another starting with ¢, d. e .... and so on each
giving rise to two sets of terms different from one another. Terms starting from ‘b’
will form series in similarity with the terms starting from ‘e’ 1o form scries: These
form the elements of groups i and ii of step 3.

Step 4: Starting from 8™ 10 write down all possible combinations with other terms
(maintaining homogeneity) For example combinations such as

iy a™ bt a™ et it group
(I a"*be.a™ b’ a8 "be. ...........  group
2™ bet, 2" bdoa't e, (These are the symmetrical reverse
combinations)
(Hya™ *bed. a™ bee, ... Briups
a"‘cde, 2" el ... groups

Similar terms have to be written starting from b"*and completing the
combinations with other terms under group 1 as

Iu™ e’ ™dt
11 hn-.‘la:c {h"_'qﬂ'::']. |'I"'1El:d- {h"_gﬂdzl _________ l'l"_'-lt.‘.':d {hn-}m!}' hn-_'l:?t" {b“_JI:{:}]
veverenen and so on unbl with the combination with the last term.
1} b™*acd, B ace, b 'acl ........,

b"ede, b™cel L
b def .........
This process is to be conflirmed starting from ¢"™, d"7, ¢™', ....... etc and so

on. This reduction in the power by one each time stepwise and to continue to write
down the various products maintaining the homogeneity is to be completed. The final,
series of terms will be the last series in the expression raised to power n.

How to write down the coefficients of each term belonging to various proups.
From symmetry considerations, the result consists of symmetrical groups such as.
Group | a,b’ " ... etc
Group 11 a™'h, b™'c, ... e1c
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Group I a™ %, b™c?, ... elc

Group IV a™%bc, b™bd, b™*be ........ elc

Group V ab? ........etc

Group VI a" bk ........ etc

Group VII  a™’bed ........ etc and so on

In all these cases the coefficient of terms will be same in each group and may
be different from group to group. But all the terms belonging to the same group will
have the same coefficient. Two formulae could be suggested to arrive at the
coefficients of each term belonging to different groups. '

Table G
To find out the coefficient of the terms belonging to the three
1} The higher power of single numbers as coefficient
2} Derivation of the first gives 3a’b
3) The derivative of 3a’b in 6abe moking homogencous
(& + b+ ¢+ d+ e)®
I Group a% b%, c*, df, ¢
Coefficient 6. = 1
Il Group a’b, a’c, a’d, a’e
ab’, ac’, ad®, ae’
b’c, b'd, b’e, e*d, e, d%e
be', bd®, be', cd®, ce®, det
Cocflicient 6. 5, =6
I Group a’h?, a'e?, a'd? a'cl. b'e?, b'd?, bie?
a’h?, a%c". il 0. bict, bid". bl
', e’ d'e?
c*d?, c?et, dle®,
Coelficient 6, 2., =15

IV Group a'bc, a*bd, a'be, a*cd, a’ce, a'de
ab’c, ab'd, ab'e, ac'd, ac’e, ad'e
abc’, abd®, abe®, acd®, ace’, ade*
b*cd, b'ce, b'de, c'de
be'd, be'e, bd'e, cd'e
bed®, bee®, bde*, cde’
Coefficient 6., 2, T, =15

V Group a’t’, a'c!, a’d’, 2’2, b7, b, be?, PP, i, ded,
Coefficient -ﬁ-” 3., =20
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V1 Group a'b’c, a’b’d, a’b’e, a’cld, a'cle, a'd,
a’bc?, a’bd?, a’he?, a’ed?, a’ce?, a’de,
a'a’c, b'a’d, b'a’e, b'eld, b'cle, bid e
b*ac’, b’ad?, h'ae’, b'ed?, blce?, bide?
c'a’b. ¢'a’d. ¢’a’e, £’bd, o'be, ¢ide
c’ab?, c’ad®, c'ae’, c’bd?, c'be?, 'de?
d’a’b. da’c. d'a’e, d’ble, d*ble, dicle
d*ab?, d'ac’, d'ae’, d’be?, d*be?, d’ce?
e’a’b, e'a’c. e'a%d. e’bc, e’b7d, e'cid
e'ab’, e'ac?, e'ad®, e’be?, e'bd?, e’cd?
Coefficient 6, 3e, e, =60

VIl Group  a'bed, a’bee, o’bde, a’cde,
ab'ed. ab'ce. abde, ne’de
abc'd, abe’e, abd'e, acd’e
abed’, abee”, abde’, acde’
bede®, bed'e
be*de, hede’
Coelficient 6 3o 2e, 1o, =120

VI Group a‘hic’, a‘hid?, a‘hie?, azczdi, a::::::. sz:cii bicid?, bzcztz. b d%e?, cid*e?
Coefficient 6, ey E._-] = ()

|X Group a’b’cd. a’hice. a’bide
aheld®, abe'e’, abd®e?
a“c’bd. a’c’he. a’c’de
ach*d®, achb’e”. acd®e’
adb®e?, adb®e”. ade?e?
a‘e’be, a’e’bd, a‘e’ed
aeb’c?, aeb’d’, aec?d?
b'c’de, bed®e?, bid'ce
bdc’e, c’d’be. edb’e?
Coefficient 6 5¢,3c, 1c,= 180

X Group a’bede, ab’cde
abc’de, abed’e
. abede®
Coefficient 6. 5. 4. 3¢ 2:,= 360

1.'| i
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The number of combinations in the expansion (a + b +c+ ........)" where m is

mn+1)(n+2)...m terms

positive integer is 1
m!

where n stands for number of terms a, b,

¢ in the given expression.
F mple :
(a+b+c willhavem=3n=3

. Number of combinations = 3':"5 =10

(a+b+c+d+e willhavem=6,n=35
5.6.7.8.9.10
|

. Number of combinations = =210

A few examples
i} (a + b)Y’ will have three combinations Group | a’, b® with coefficient
2. =1 '

3

Group 11 ab with the coefficient 2,1, =2
ii) (a+b+c) will have 3—; = 6 combinations

I Group a’, b, ¢ Coefficient 2. =1

Il Group ab, ac . be with the coefficient 2, 1, =2
i) (a + b + ¢ +d)’ will have i;.—ﬁ = 20 combinations

| Group 2°, b’, ¢, d with the Coefficient 3= |
Il Group a’b, a%c, a'd, ab®, ac’. ad’. blc. b%d, c’d. b, bd’. cd? with the
coefficient 3,:‘,_ If[=?-

T Group abe, abd, acd, bed with the coelTicient 3, 2, e, =6

(a+b+c +d)’ = sum of all the combinations a® + b® + ¢ + d® +3(a% + ab® +
a'c +ac’ +a'd + ad’ + bc + be? + b7d + bd? + ¢’d + ¢d?) + 6(abc + abd + acd
+ bed)
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Table H
Expansions use of terms in roots

(2 53) using (cba)’ expansion. A is in 10° b is 10', ¢ is in 107 s place

10° — 2’ = 3 = 243 320000000000
10' — 5a'b = 2025 400000000000
107 — 10a’h® + 5ca’ = 6750 + 810 = 7560 224000000000
10" —— 108%” + 208’bc = 11250 + 5400 = 16650 1$970000000
10— Sab* + 10c?a’ + 30a%% = 9375 + 1080 + 13500 = 23955 2152500000
10" — b* + 20b"ca + 30c%a’b = 3125 + 1500 + 5400 =23525 239550000
10° —— 5b%c + 10ca® + 30b%c%a = 6250 + 720 + 900y = 15970 16630000
10" —» 10b%? + 20 ab = SO00 + 2400 = 7400 ?ggggg
10° — 10b%° + 5¢* = 2000 + 240 = 2240 243
10% — 5bc* = 400 1036579476493

10" ¢* = 32
Note: (253)° = D(253) 4{20 | 37| 30 9
(253)° = 64009 — [A)

D(64009) =36 [ 48 [ 16| 0| 108] 7200 811 = 4097152081 — (B)
(4097152081 x 253)

) ] (4097152081)
using urdhva tirvak | P = 1036579476493
T, 000000253

(253)° = (253)B. B = D[D(253)] This can be carried out using urdhva tiryak

method. This is also seen equal to evaluating by the duplex.

8|20 30| 59[64[36]32]|25[22|72]29] 3=1036579476493

Note 1: Fifth power can be evaluated by using duplex concept also. This is shown
below (253} can be written as [(253)*]* 253. (253) can be
expanded...... using Duplex.

Note 2: (253% is abtained by considering the duplex of (253%)

It is interesting 1o note that the same table is used for obtaining the fifth power

and fifth root. Similarly one can attempt for sixth root and so on with the
corresponding terms in the expansion.

Table I
(@+b+c)® =a°+6ab+ 152°b” + 200’0’ + 15a°b* + 6ab® + b + 6a’c + 15a%c? + 202’ +
158’ + 6ac’ + ¢ + 6b% + 15b'c? + 20b%% + 15b%* + 6be® + I0a'be +
30b*ac + 30c*ab + 602°b%c + 60e’be? + 60b°a%c + 60b’cla + 60c’ah +
60c’b’a + 180a%b%c® (28 terms)
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One can also get the fourth digit contribution to the table and similarly any number of
digits provided one takes care of the additional terms consequent on the additional

digit.
10" a®
10" éa’h

I* éa’c 15a'h?
10°  6a’d 208’ 30a%be

10t 15a°" 15a%' 60a’b'c 30abd
10° 6ab’  60a’c’d 60b'a%c 30a'sd  60a’bid
16 b* 20a°c’  30b%ac  15a'  60b%a’d 120a’bed
107 6b’c  60b'c’a 60c’a’> 180ab%? 60a’bd® 60a°cd  360abicd
10* 15a%c" 15b%* 60c™®a 30b'd  60a’cd’ 1802°b*® 120ab’cd  360a’cihd
107 200°c" 30c'ab 208’4’ 6bd 60b’ad® 60c’a’d  360a’d’bc  3I6Dadbict
10" 6ac’  15b%c'  15b'dY 30b'cd  60b%d  180e°C’d’ 120abc’d  I60achid?
0" 6bc’  30ac’d 60d°a’s  60d’a’c 60b'cd®  60c’hid  360ebd’
10" ¢’ ad’ 20b'd*  60d'ab’®  60c’ad’ 60dbe®  180b%cld!  120abcd’
1o Mibe'd Mabd®  60d%c’  60c’bd?
Tk R I0acd” 60d°v’c
I s 10bed’
Ik hd®  o'd
10" e’
o't g ed’

Table J
The total number of terms in the expansion (a+b +¢ ...)" I 2) ...uplo m terms

the last term being (n +m - |)
n = No. of elements in the mprm.iun for expansion, m = power

fa+b+ ... . .F= m: AL erms

fa+h) =a +3a’h+3ab + b

(a+b+c)’ =a’ +3a’b + Jab? + b” + 3a% + 3ac? + ¢’ + Ib’c + Ibe? + Gabe

(a+b+c+d)y =a’+3a’h +3ab® + b + 3ac + Jac? + ¢ + Ja'd + 3ad® + d* + e +
3be? + 3b%d + 3bd® + 3c%d + 3cd” + Gabe + 6abd + 6acd + Gbed

(a+b)y = f%t-ll where n is the number of elements and this can be extended to any
number of elements

{3}

Fm* two elements n = 2 = —— = 3 terms in the expansion
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For three elements (a + b + ¢)* = HB = 6 terms in the expansion

a2
4(5)

For four elements {a+ b + ¢ + d)'= 5 = 10 terms in the expansion and so on.

From this one can have an idea about the number of terms in the expansion,

{H - hJ_‘ =

a4 [ We+2)

3 where nois the number of elements, This can be exiended 1o

any number ol elements

For two elements (a+ b)Y =
For three elements (a + b+ ¢)’ =
For four elements (a+ b +¢c +d)' =

{a+ b'_i“ =

4 .
E{—?E—l = 4 terms in the expansion

3(4XS)
N

4(5)(6)
B

= 10 terms in the expansion

= 20 terms in the expansion

nin+ 1R +2}|{n +3)
ar

If m = 4 for two elements, 5 terms 3 elements 15 terms for 4 elements 35 terms
Similarly

nin+1)(n+ 2)n+ 3)(n +4)

fa+h) = : ——= 1 is the number of elements

51

For two elements, & terms

for three elements, 21 terms. 4 elements 56 terms and so on in the expansion
Similarly

fa+h"=

nin=1)(n + z}u[tE XA+ AN+ 3D where 1 is the number of elements

for two elements 7 terms, 3 clements 28 terms and so on,

The procedure we adopted here for finding out the various terms in each

expansion is different from the usual binomial expansion.

The methad makes use of the following salient points

1)

2)

3)

The expansion consists of homogeneous terms which represent combinations
of its elements. For example if it is a square as (a + b)? all the terms in the
expansion should be combinations of the elements maintaining homogeneity
such as a*, b°, ab. If it is a sixth degree expansion then the terms will satisfy
that homogeneity.

Exhaustive products of the elements through all possible combinations is
aimed at maintaining the homogeneity as well.

To place each term under 107 place where a i5 0,1,2,..... One has to designate
the units place (10%, 10°s place, 10" ....., 100's place 10 and so on

For example

e te+h+a



90

Vedic Mathematics Cubes. Expansions and Roots

1)

3)

# is in units place.ie 10"

b is im 10°s place e 10

¢ is in 100's place ie 107

Product of ba is in 105 place

Product of ca is in 100°s place

Similarly any combination of abc.. is to be identified in their respeclive places
tor example ¢* is o be found in 10 place. abe in 100's place. ac? in 10%s
place and s0 on.

After obtaining a particular expansior. for example

(¢ + b + a)’, if one can add another element *d’ also in the expansion by
making suitable additions of the element ‘d’ in combinations with a, b, ¢, d
into the table aiready obtained for (¢ + b +a]'1 (Table K}

If d were to be introduced in thousands place then in the table K, terms marked
in the circles are to be added which is equal to (d + ¢+ b + a)® Refer Table L
From the same table K intended for (c + b + a)", one can read and also (b + a}l

Terms in the expansion are (o be eliminated if they don't satisfy the rule
concerned with that of homogeneity of the term in relation to the power of the
exXpansion
This expansion table is useful for finding out not only n™ order expansion but
also n™ root of a given number which is demonstrated in the problems
(section).

The uscfulness of such tables explained by Swamiji is really signilicant and novel,

wherein a most general expansion and Tinding out the roots of the numbers, can be

obtained is possible

How to write down the expansion without using Binomial expansion is demonstrated

below.
This is obtained
17 From symmetry consideration
2) Homogeneity
3) Number of terms in the cxpansion from the formulac

4) Placement of each term against o particular position in the final expansion.

5) Grouping diflerent 1erms along with the determination of the coctficienis
of each term coming under diflerent groups (lerms belonging to one group
have the same coetlicient).

It is illustrated as

{e+h+a)......(Table )
The readers those who are interested can try different combinations of clements.
(e +k+j+ . +d+ec+h+a)"
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It is seen that the cocfficients worked out by this method are same as the coefficients
in the binomial expansion of iwo elements.

Table K
Binomial expansion

a+b)'=3 a'+3 a’h+ 3 ab’+p'
=a' + 3afh + 3ah® + B
2} By considering a as one element and (b + ¢) as the second element.
(a+b+c)  =(a+(b+c)
=8 +(b+c) +3a’(b+c) + 3a{b+c)
= a’ + (b +c)’ + 3a’b + 3a’c + 3a(b® + 2bc+ )
= a' +(b+c) +3a’b + 3a’c + 3ab® + 6abc+ 3ac?
= a' + b’ + ¢’ + 3ab’c + 3bc” + 3a’b + 3a’c + 3ab? + Gabe+ Jac?
1) Symmetry consideration Maintaining homogeneity
| [-:I[I a:|-
10' 3a’b
10° ia'c Jab®
ik b Gabc
10* 3b'c 3ac’
Bl
108 ¢’ 3be?
107
Note: Needless to say thal Swamiji's method is more elegant and easier even for
substitution and finding out the sum.
Symmetry considerations in writing down the expansion
(e +b+a)
ais in 107 place
bis 10 place
cis 10? place
in the cubic expansion
Step 1: a’ will be in 107 place
Step 2: Reduce the power of a’ by | and keep the coefficient equal to 3 the power in
the first terms ie 3a® to make this term homogeneous it will be 3a’b and is placed in
10" place
Step 3: Reduce the power of ‘a’ by one more so that the term contains *a’. In order to
maintain the homogeneity it will be ab®

The mcﬁ?aicni of the term ab® is obtained % {3 is the coefficient of a’b

term, 2 is the power of *a” in the term) divided by ‘2" i the power of b in the
term ab?, Thus the third term in the expansion is 3ab®
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Step 4: Further reduction of one more along with the homogeneity concept leads 1o b

the coefficient of b is % (3 is the coefficient of term containing a in the third term)

dividing by *3" representing the power of b.
Step 5: The second combination will be between a and c. the coefficients are exactly
same as obtained in the combinations of a and b and in the same order

3a’c is to be placed 10° place

lac’ is to be placed 10" place

¢’ is to be placed 10® place
Step 6:The third combination is between b and ¢ and the terms are

3b%c is to be placed in10* place

3he® is to be placed in 10° place
Step 7: Last combination will be abc the coefficient of which is 3 = 2 {3 is the
coefficient of a’ term, 2 is the power of a) is to be placed in 10° place. This method of
finding the coefficient is also similar to the derivative method. Now the following is
the consolidated table. Showing the terms in the (c + b + a) expansion,

Table L
10° a’

10! ia’b
10# la’c
10 b’
104 Ibe
10°
10° ¢

0’ D
10° Ged? )
Iiy

I lel

Table gives the necessary terms required for working out the cube of a number a +
10'b + 10% + 10"d. One can extend this table to any digit in any position of the
number even more than d.

Same tables are useful for finding out the roots of numbers.

For the determination of the coefficients of the expanded terms is attempted on the
basis of symmetry grouping of the terms and general formale applicable for each
group is developed and is explained

Let us consider the number 253 (cha) = a + 10'b + 10% (Refer Table K)
cba =3 + 50 + 200 = 253

10° a’ =27

10f Ja’b =135
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107 Ja’c =54  3ab’ =125

10° b* =125 6abec = 180

i 3b'c =150 3ac’ = 36

10 Ibe? = 60

10° =8

10

1o

27 + 135(10") + 279(10%) + 305(10) + 186(10%) + 60(10%) + 8(10°) = 16194277
(253)" = 16194277

Example

(23.23)' = 1253567227 for cubic expansion terms (Refer Table K)

a = 23 which can be taken as in 10° for the purpose of expansion in decimal numbers
bisin 107 andcisin 10 hereb=2.c=3 (a.be)’

al = 12167 10

3a'h = 3174 107"
Ja’e = 4761 10°*
lab® = 276 107
b = 8 10
6abe = 828 10-
b = 16 10
Jac’ = 621 0
3be’= 54 o
g' - 27 1"

12167.000000
3174
47.61
2.76

D08
K28
0036
0621
00054
000027

12535.672267

D(23.23) = 539.96329
By Urdhva — Tiryak 3396329 Or 5396329 6 decimul poinis 10 be
___00023,23 2323 counted from RHS

12535672267 12535.672267
For verification, the working of the cube root of 12535.672267, Refer Cube roots Eg 7
using Swamiji's Method.
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Cubing Using Series Multiplication

Series multiplication (Refer Lecture Notes - | on Multiplication). This can also be
expanded using the symmelries in a general way as shown below,
serics Multiplicatior (n .
(...c+b+a)
a b c d
0 I s il
a b ¢ i

k|

Units a

Tens Ya'h 10
Hundreds ibfa + Ja'c 10?
Thousands 3a’d + 6abc + b 1o’
Ten Thousands 3b’c + 3c’a + Gabd 101
Lakh Abe? 4 3 1 Gacd 10*
Ten Lakhs 6bed + ¢ + Jad? o
One Crores 3cd + 3bd? 10’
Ten Crores Jed? o
Hundred Crores o’ 10°

General expansion of (a + b + ¢ +d + ¢ + f + g)? with the coefficients
a+da’(bretd+e+f+g)+dabrc+d+e+f+gl+b’+3b7 (c+d+es+f+
gl+3b(crd+et fr+pl+c’ +3c (e +T+g)+3c(d+e+T+pl+d° +3di (e +
feg)+3d(e+frgl+e’+3e?(Frp)+de(f+gf+F+3Ffg+ 3!+’

Cubing of Polynomials

Eg(2x + 3y +z +2)°

By given expression.

(2x+ 3y +2+2) = 4x7 + 12xy + dxz + Oy + Bx + byz + 12y + dz + 4 +7°
(2x+3y+z+2) = Duplex = given expression by Urdhva Tirvak

(A + 12xy +dxz + 9y  + Bx + 6yz + 12y +dz+ 4 + 2 Ax + 3y +2+ D) =
S4y*x + 24x7 + 27y + 6x77 4 30xyz + T2xy + 27y%z + S4y? + 2457 + Oyz? + 2dx +
36yz + 62° + 36y + 122+ 2" + B + 12x%z + 36x’y + 8x°

Series multiplication for (2x + 32x + 3z + 2y

2% 3y z 2

2%y s 2

Py S Y A 2
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By using Series multiplication procedure

(2x) + 32390 + 32x0(z) + 2D+ 303y + IR + IR +
3E)H2XY + 320 + 3N + 32U + 32H3YF + I+ (39)' + 2 # 2 4
G(2x)3¥)z) + B{3¥NZN2) + BI2XNINND) + B(2X)HZND) = Bx + Ity + 12x%z + 242
+ Sdxy’ + 6xz’ + 24x + Ixyz + T2y + 24xz + 279 + 2Ty'z + Sdy 4 Oyt 4 6y +
Myz+z + |22+ 625+ &

By using the general expansion 8x® + 1252 (By+z+D+ox(Iv+z+2) + 27y 4
I 2+ D+ v (z+ 2P + 2 + 1224 627+ B =B 4 36’y + 12x%2 + 24x% + Sdxy® +
Gxz’ + 24x + Ioxyz + Tduy + Mxz + 27y + 2?}«'21 + 54y + 9yz’ + 36y + vz + 2t +
12z+62°+8

En the series muitiplication the coefTicient is autemaltically obtainable
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Cube Roots And Higher"nnnts (Numbers And Polynomials in One Variable)
Cube Roots

On the basis of Vedic Sutras determination of cube roots is explained (1) with
the help of the methed of straight division for both exact and non exact cubes adopled
by Vedic Mathematics and (2) an indirect application of Lopana Sthapanabhyam
Sutram, in addition to the application of well-known first principles which is also
based throughout by inspection and argumentation. (for the equation of cube roots of
exact cubes). The methods explained for cube roots are most general in the sense that
they can by applied to any digited numbers. This method is also paving way to the
roots of higher powers. A few examples for the determination of roots of 4™ and 5*
powers are also attempted,

By Argumentation — for cube roots of cxact cubes,

We starl with well-known basic principles
Cube roots of exact Cubes

(1) Cubes of 1.2, ... 9 are given below

1'= ]

=g They all have their own district endings
and there

V27 no possibility of overlapping as is Tound in

4' = 64 Squares,

57 =125

6 =218

T =343

B =512

¢ =729

{2} The last digit of the cube root of an exact cube is as given below.

If (1) Cube ends in
() Cube ends in
{3} Cube ends in
{4) Cube ends in

-(5)  Cubeendsin Cube root ends in
{6) Cube ends in 6. Cube root ends in
(7) Cube ends in 7, Cube root ends in
(8) Cube ends in &, Cube rool ends in

. Cube root ends in
‘ Cube root ends in
Cube root ends in
Cube root ends in

o om da e R e
B O WA A s B —
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I.4.5. 6.9, 0 repeat the cubes in the Cube endings. That means Last digit of the
cube and the last digit of cube root are same.,
2. 3.7, 8 have an inter - play of complements from 10. This is to be understood
as: if cube ends in 2 cube roots ends in 8 and vice versa

(3) The given number is grouped into 3—digit groups from right to left. While doing
su if the Left most group contains one or two digits as the case may be this is to he
counted as one group. The left most is counted as first group from which the cube
root starts (1) The number of digits (n) in the cube root is the same as the number
of groups. The number of digits, the first digit and the last digit of the cube root of
an exact cube are the data with which we start working to extract the cube root.
For preliminary work on the above factors few examples are given below This
grouping is necessary lo frame the lefi hand most group, From this we can
determine the first digit (F) in the cube root, Examples are given below.

(1)

(ii)

(iii)

(iv)

The Algebrical principle ultilised is given below.

79507

Grouping: (79} (507

n =12 1e. there are two digits in the cube root

Since the cube ends in 7, cube root should end in 3. This is designated by
L L = 3 consider the Cube root of left most group (79) trying the cubes
of 1-9 which fits and should be <79 nearly the considered group. (79).
Therefore in this case first digit (F) of the cube root is 4, F = 4. The data on

i, L. F are thus oblained.

A few more examples for oblaining n, 1., F

22188041

Ciroupings 22 [RE 041
n= 3, L=1 F=2

487443403

Groupings: 487 443 403
n=3 L=7F=7
80677568161

Groupings: 80 677 568
n=4, L=1, F=4

161
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Algebrical P le

Any number JKL can be written in algebrical form as
Lo+ 10K + 100J + 1000H ete..

Consider a three - digits number JK1..

Algebrical form is L + 10K + 100).

This means that the studies of 1K and L are JKL stand {Mundreds, Tens, and
Units) respectively. consider its cube ie (L + 10K + 100JY. The cubing of JKL.
A Series multiplication of JKL
JKI.
Je1.
(1) Uinits Place is 1.
(23 Tens Place is 3L°K
(3} Hundreds place is 3LK* + 312
(4} Thousands place is K' + 6LKJ
(5} Ten thousands place is 3117 + 3K
(6) Lakhs place is 3K J?
(7) Millions place is J'

The method adopted by Swamiji is 1o consider the given cube for extraction of
the cube root us starting Trom Ponits place digit moving towards lefl. For this purpnse
the letters desipnated are T, *in Units * place, K in len place , Y in hundreds’ place and
H in thousands™ place and so on.

The analytical sorting of the above parts in the algebrical expansion into their
respeclive places results in eliminating letter aller lelter and determining the previous
digit in the given cube. The amounts 1o working of the elimination of the digit in the
units place. tens’ place and in the hundreds™ place of the given cube which are

algebrical expansion parts L', 3L°K, and 3LJ + 3LK? whose values are to be first
obtained.,

(h) {1} From Units place of the given cube we subtract the value of 1" and that
climinates the last digit in the cube. It Bxes the digit in the tens place,

{2) From such fixed tens place digit. the value of K can be determined, We
subtract the value of 31.°K and thus ¢liminate the penultimate digit tens
place. This procedure when extended to the digit in the hundreds place the
value ol I can be determined. In case where J is to be the first digit of the
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(c)

cube root, J can be thus independently determined without recoursing to
the above procedure.

(3) From the hundreds place. we Subtract the value of 3L + 3LK? and
chminate the pre penultimate digit (Hundreds Place) and so on.

The wvalues of L, K, J in the Cube root are determinable from the exact
expression and the values of the expansion parts of the given cube concerned
with units, tens and hundreds.

If it is more than 3-digits such as L, K, 1. H also in the Cube root, then one
has to go into the expression for thousands and so on.

Knowing the value of L, which can be determined clearly from any given
cube, one can evaluate the tens” digit value K and similarly by substituting the
values of L and K. the value of J can be determined. The method of such
determinations are clearly explained in the following examples.

The Lopana sthapanabhyam sutram is applied by eliminating successively the
digits in units. Tens. and so on in the cube and simultaneously establishing the
penultimate digits.

From the hundreds place, we Subtract the value of 3L*J + 3LK? and eliminate
the pre penultimate digit (Hundreds Place) and soon.

Argumentation

(1) 79507

Grouping: 79 507
n=2,F=41L=3

Stepl: L' =27

Subtracting L” from the Units place, which eliminates the last digit from the

given cube

79507
27

7948

Step2: 3L’K = 27K (as derived from 1™ Step)
27K should end in 8 for the elimination of the tens place digit
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By argumentation, this is achieved by multiplying 7 by 4 only
L R=4 o AT79507 =43
{2) 22188041
Grouping: 22 188 041
n=3 F=2,L=1
Stepl: L'= 1]

Subtracting L' from the units place and thus eliminating the last digit from
the given cube
221RR04)

2218804
Step2: 3L7K = 3K

3K ends in 4 as shown in step |
By argumentation this is achieved by this multiply 3by 8 - K = §
Subtracting 3L°K from tens places and thus eliminates the penultimate digit.
LK =24
2218804

24
221878

Step 3: 370 + 3LK? = 31 + 192 ends in 8 as shown in siep 2
[y argumentation this is achicved by making 3 end in 6 ie. J should be 2

“ 3)endsin 6 L l=2 o 22188041 =281

(3Y 487443403
Groupings : 487 443 403
n=3 F=7 L=7

Step 1: L' = 343
Subtracting L’, from the given cube
487443403

343
48744306

Step 2: 3L*K = 147K ends in 6 (step 1)
By argumentation it is achieved by multiply 7by 8 . K =8
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LK =1176
Subtracting 3L°K from the result of Step |

48744306
1176
4874113

Step 3: 3171 + LK = 1471 + 1344 ends in 3 (Step 2)
L1470 ends in 9
By argumentation 7 has to be multiplied by 7
S 1=7 o VaR7443403 = 787

(4) 178453547
Coroapang © 178 453 547
n=l F=5 1.=3

Step | -1 = 27
Subtracting L", from the given cube
| 7H453547
27
17845352

Step 2: 3L’K = 27K ends in 2 (Step 1)
By argumentation it is achieved by mulliplying 7bv 6 . X = 6

3LK = 162
subtracting 3L°K, from the result of step 1
| TR45352
162
I 784519

Step 3: 3127+ 3LK" = 27) + 324 ends in 9 (obtained in Step 2)
S2Tends in 5
By argumentation it is achieved by multiplying 7 by 5
DS V78453547 = 563

(5) 1089547389
Grouping : 1 089 547 389

n=4, F=1_1.=9
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Sigp 1 : L =729
Subtracting L°. from the given cube
1089547389
729
108954666

Step 2: IL'K = 243K ends in 6
By argumentation this is achieved by multiplying 3 by 2 -~ K =12
ILIK = 486
subtracting 3L*K, from the result of Step |

108954666

— 486
10895418

Step 3: 3170 + 3LK? = 2431 + 108 cnds in 8 obtained in Step 2
o243 ends in O
By argumeniation this is achieved by multiplying 3 by 0
=0
370+ 3LKY = 108
subtracting 3171 + 3LK® from the result of Step 2

IOB954 1 K
|08
1089531

Step 4: 3L’H + 6LKJ + K’ =243H + 0 + 8 ends in 1 obtained in step 3
S243H ends in 3
By argumentation this is achieved by multiplying 3 by 1

S H=1 o V1089547389 = 1029

{6) BOGTT56816]
Gmupirtg B0 /77 56K 161
n=4, F=4 [ =]

Step 1: L' =1
Subtracting L°, from the given cube
80677568161

RO67756816
Step 2 : 317K = 3K ends in 6 obtained in Step |

By argumentation this is achieved by multiplying 3by 2 -~ K =2
LK =6
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subtracting 3LK, from the result of Step |
8067756816
806775681

Step3: 3LK®+3L% = 3] + 12 ends in | obtained in step 2
3] ends in 9 By argumentation this is achieved by multiplying 3 by 3
I=3
L%+ 3LK? = 21
subtracting 3L°J + 3LK?, from the result of step 2

806775681
21
ROGTT566

Stepd: ILH+6LKI+K'=3H + 36+ 8
3H + 44 ends in 6 obtained in step 3
3H ends in 2 By argumentation this is achieved by multiplying 3 by 4

H=4 S MBOBTISERIG] = 4321

(T} 1RINRSO43000687
Grouping - 183 0BS5S 941 000  6R7
n=5 F=5 =3

Step 1: L' = 27
Subtracting I.' rom the given cube
183085943000687
27
18308594300066

Step 20 ALK 2 27K ends in 6 obtained in siep |
By argumentation this is achieved by multiplying 7 by 8
K=8
LK =216
subtracting 3L?K, from tesult of step 1

| BI0R5943000006
216
1BINR5Q4299R5

Step 3 : 3L'J + 3LK?=27J + 576 ends in 5 obtained in step 2
271 end in 9 By argumentation this is achieved by multiplying 7 by 6
=T
LT + ILK® = 189 + 576 = 765



104

Vedic Mathematics Cube Roots and Higher Roots
subtracting 3L%) + 3LK®,  from the result of step 3
1830859429985
765
183085942922

Stepd : 3L°H + 6LKJ + K* = 27H + 1008 + 512
27H + 1520 ends in 2
2TH ends in 2
~H=6
3L*H + 6LKJI + K* = 162 + 1520 = 1682
subtracting 3L H + 6LKJ + K2,

183085942922
— 1682
8308594124

Step §5: 3L7E + 3L + 3JK? + 6LKH
=27E + 441 + 1344 + 864
= 27E + 2649 ends in 4 obtained in step 4
27E ends in 5 By argumentation this is achieved by multiplying 7 by 5
E=5
. V183085943000687 = 56783

%) 13278548255430401
Grouping : 13 278 548 255 430 401
n=6F=2 L=]

Step 1: L7 =1
Subtracting L, from the given cube
1327854R8255430401
]
1327854825543040

Step 2: 3L°K = 3K ends in 0 obtained in step 1
By argumentation this is achieved by multiplying 3 by 0. K=0 3L¥K =0
subtracting 3L*K from the result of step 1

1327854825543040
0
132785482534304

Step 3: 3L%J + 3LK? = 3] + 0 ends in 4 obtained in step 2
7 3 ends in 4 By argumentation this is achieved by multiplying 3 by 8
=3
I +3LK =24
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subtracting 3171 + LK’
F32TR34R2554304
24
FPY27RA4B25542%

Stepd: 311+ 61K+ K =311 2 0+ 0 ends in 8 obtained in step 3
- 3H ends in § By argumentation this is achieved by multiplying 3 by 6

S e
subtracting 3171+ 6LKI + K, from the result of step 3
13278548255428
18
1327854825541

Step § 0 371+ AL+ K + 61LKH
- IR o0 Gends in L obtained in step 4
- 3E ends in 9 By argumentation this is achicved by multiplying 3 by 3
LB =
AL+ 3L + 3K + 6LKH = 201
subtracting 3L°F + 317 + 31K® + 6LKH, from the result of step 4

1327854825541
201
1327R5482534

Step 6: 3L7D £ 3K 1 IKTH £ 6LKE + 61011
= 3040+ 0 e 0 v 288 ends in 4 obtained in step §
CO3D ends i 6 By argumentation this is achieved by multiplying 3 by 2
=12
~ VI32783548255430401 = 236801

If the cube is even:

(1) 262144
Method 1: Grouping : 262 144
n=2 F=6, [L=4¢

Step 1: L* = 64
Subtracting 1", from the given cube
262144
64
26208
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Step 2: 3L°K = 48K ends in § obtained in step |

By argumengation this is achieved by multiplying 8 by | or & byé. . K=lorég
But we know that first digit is 6

- 4262144 =64

AT =1 cube roots of unity, 1, w, w*
5 V262144 =Ex B x 1 =64

2} 2299968
Methodl: Grouping: 2299 968
N=31TF=11.=2
Siﬁj‘.l'_l_‘. LJ- . E
Subtracting L' | from the given cube
2299968
g

229996

Step2:  3L’K = 12K ends in 6 obtained in step 1
By argumentation this is achieved by multiplying 2 by 3 or 2 by 8
SK=3o0rk
(i Suppose K =13
3L’K =36
Subtracting 3L*K from the result of step 1
229996

—_36
22996

(ii) Suppose K =8
3L’K = 96 subtraction from the result of step 1
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Method 2:
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220944

96
22990

LY+ aLk?

Suppose K =3

3L+ 3LK? = 12) + 54 ends in 6 obtained in step 2 (i)

12] ends in 2 By argumentation this is achieved by multiplying 2 by
1or2by6

I=1lor6

Suppose K = 8

3L%J + 3LK® = 12 + 384 ends in 6 obtained in step 2 (ii)

12] ends in to By argumentation this is achieved by multiplying 2 by |
or2by 6

LoT=13 R

8) 2299968
8) 287496

15937
Grouping : 35 937
n=2, F=3, L=131

step 1:

Step 2:

L} =27
Subtracting L*, from the given cube

35937

27

359]
3L’K = 27K ends in | obtained in step |
K = 3 By argumentation this is achieved by multiplying 7 by 3
- 435937 =133
Cube root of 2299968 in 33 x4 = 132

958585256
8) 958585256
119823157

Grouping : 119 823 157

Step 1:

n=3 F=4 L=3
L? =27
Subtracting L°, from the given cube



108

Vedic Mathematics Cube Roots and Higher Roots

(4)

119823157
. 27
11982313

Step 2: IL*K = 27K ends in 3 obtained in step 1
By argumentation this is achieved by multiplying 7 by 9
K=9
LK = 243
subtracting 3L°K, from the result of step 1

11982313
243
1198207

Step 3: 317 + 3LK? = 27J + 729 ends in 7 obtained in step 2
-.27] ends in & By argumentation this is achieved by multiplying 7 by 4
J=4
. cube root of 119823157 is 493
cube root of 958585256 in 2 x 493 = 986

2461468662008

24614686620083
307683582751

Grouping : 307 683 582 751
n=4, F=f, L=1

Subtracting L, from the given cube
307683582751

30768358275

Step 2: 3L°K = 3K ends in 5 obtained in step |
By argumentation this is achieved by multiplying 3 by 5
K=5
LK =15
subtracting 3L’K, from the result of step 1

30768358275
15
3076835826

Step 3 : 3L%J +3LK*= 3J + 75 ends in 6 obtained in step 2
7. 3J ends in 1 By argumentation this is achieved by multiplying 3 by 7
J=7
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(3)

IL*T + ALK =94
subtracting 3L"J + 3LK?, from the result of step 2

3076835026
06
F0T6RISTI

Step 4: 3LH < 6LKJ) « K'=3H + 210 + 125
= 3H + 335 ends in 3 obtained in step 3
3H ends in 8 By argumentation this is achieved by multiplying 3 by 6
H=6
- cube root of 307683582751 in 6751
cube root of 2461468662008 in 2 x 6751 = 13502

42920806803352434936
8) 42920806803352434936

33651008504190541367
Grouping: 5§ 365 100 850 419 054 367
' n=7F=1,L=13

Step 1: L' =27
Subtracting L”, from the given cube
53651008504 19054367

27
536510085041905434

Step 2: 317K = 27K ends in 4 obtained in step |
K = 2 By argumentation this is achieved by multiplying 7 by 2
ILK =54
Subtracting 3L*K from the result of step 1

336310085041905434
24
53651008504190538

Step 3: 3L%J + 3LK? = 27] + 36 ends in 8 obtained in step 2
27] ends in 2 By argumentation this is achieved by multiplying 7 by 6
I=6 LA +3LK? =198
Subtracting 3L2) + 3LK? from the result of step 2

53651008504 190538

198
5365100850419034

Stepd: IL*H + 6LKJ+ K =27H + 216+ 8
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=27H + 224 ends in 4 obtained in step 3
27H ends in 0 By argumentation this is achieved by multiplying 7 by 0
H=10
IL’H + 6LKJ + K* =224
Subtracting 3L H + 6LKJ + K* from the result of step 3

53651008504 10034

224
53651008504 1881

Step 5: 3L?E + 3LJ% + 3JK* + 6LKH

=27TE+324+72+0

=27E + 396 ends in | obtained in step 4
Z7E ends in 5 By argumentation this is achieved by multiplying 7 by 5
E=3
3LPE + 3117 + 3JK? + 6LKH = 531 from the result of step 4
Subtracting 531
536510085041 881

231
53651008504135

Step 6: 3L*D + 3KJ? + 3K*H + 6LKE + 6LKH
=27D+ 21640+ 180+0
= 27D + 396 ends in 5 obtained in step 5
27D ends in 9 By argumentation this is achieved by multiplying 7 by 7
D=7
IL’D + 3KJ* + 3K®H + 6LKE + 6LJH = 585
Subtracting 585 from the result of step §

53651008504135
383
3363100850155

Step 7: 3LXC + 3LH? + 3K*E + J* + 6LKD + 6LJE + 6KJH
=2TC+0+60+216+252+540+0
= 27C + 1068 ends in 5 obtained in step 6
27C ends in 7 By argumentation this is achieved by multiplying 7 by 1
C=1
-, Cube root of 5365100850419054367 is 1750623
Cube root of 42920806803352434936 '
is 2x 1750623 = 3501246
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A few more examples

1} Find the cube rootof N = 8157016197
(8) (157) (016) (197) = N
The number is grouped intod4 . n=4
Therefore the cube root contains 4 digits as HIKL

From the first group F one has to determine the nearest cube root of the group
value,. F=H=2

As the given number ends in 7 L = 3 (Refer Table U)

L=3 n=4
B 157 016 197
LY =127 -t - 27
3L’K = 27K ending in 7 L K=1 01617
- 27K - 27
(1159
3L} + ILK  ending in @ = 3LY1+ 9 -9
271 ending in 0 I=0 0150
—-27] =0
3L?H + 6LKJ + + K ending in 5 157015
27TH + 1
27H ending in 4 S H=2 157014

. 2013 is the cube root of ™.

Z) Find the cube root of N = B 464295375
(81) (464) (295) (375)
The number is grouped into4 . n=4
Therefore the cube root contains 4 digits as HIKL
From the first group F, onc has to determine the nearest cube root of the group

value. F=H=4
As the given number ends in 5, L = 5 (Refer Table U)
H=4 n=4 L=35

Bl 464 295 37§

L=5 125 —_— =125
3L*K ending in 5 295 25
75K ends in §

L K=1,3,5 Let K =3 —225
2930

LA+ 3LKE= 755 + 135 =135
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75) ending in 5 2795
SI=1,3,5 Let]l=3 =225
IL*H + 6LKJ +K* 464 257
T5H+270+ 27 = 75H + 297 - 297
75H endsin0 463960
SH=0,246 8 H = 4 is already fixed

. 4315 is the cube root of N,

Another method
5 81464295375
5 16292859075
5 3258571815
651714363
Now find the CR of 651 714 363 = N. This is grouped into 3 as 651 714 163
J'= 8 Being the nearest cube root of first group N=3 L =17 as the number ends in 3.
651 714 363
-1 ~ 343

o e e —

3L°K = 147K ends in 2 71402
K=6 - 882
7052

ILA + 31K = 1475 + 756 - 156
147) ends in 6 6296
= J=8
S (B6T) is the Cube Root of 651714363
Multiply (867) by 5 = (867 x 5)= 4335
Note: In all such cases where there is ambigu:iy one can remove it by dividing

the given number suitably, so that the ambiguity can be removed.

3)  Find the cube root of N = 21001731479
(213 (001} (731) (479)
The number is grouped into 4 . n=4
Therefore the cube root contains 4 digits as HIKL
From the first group F one has to determine the nearest cube root of the group
value,. .. F=H=2
As the given number ends in 9 L = 9 (Refer Table U)

: 21 001 731 479
- - =729
21 001 730 75
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4)

ALK = 243K ends in § 21001 730 75
__=1215
- K=35 21 001 7186
3L + 3LK2= IxB11+3x9x25=24314675 =675
21 001 6511
243Jends in 1 1701
J=7 21001 48 |
;. CR=HIKL = 2759

Verification

ILH + 6LKJ + K?

=3 w BIH+6 % 9 x 5x T+ 125
=243H + 1890 + 125 = 243H + 2015

21001481
243H + 2015 — 2015
21999466
243Hends in 6 S H=2
2759 is the cube Root of N.
Method I: (using first principles)

The given number is made into n groups where each group contains 3 digits. n
denotes also the number of digits in the cube root whichis ......J,K,L. L, the last
digit is found by using the first principle of cube roots from the table U,

A general method to find the Cube Roots (perfect cube) of any digited nuuber
(Here 4 digits are given but can be extended to any digited number).

Find the cube root of N = 9261,

(9) (261)

The number is grouped into 2 Son=2

Therefore the cube root contains 2 digits as KL
From the first group F, one has to determine the nearest cube root of the group value.
F=K=2

Ag the given number ends in 1

L = | {(Refer Table L)

9261
-1? -1
K = 2 (It is the nearest cube root of the first group) 9260
To verify the value of K
Consider 3L’K = 3K ends with 6
LK=2

. The cube root of the given number is 21
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3} Find the cube root of N = 1442897
{1} {442) (89T
The number is grouped into3 . n=3
Therefore the cube root contains 3 digits as JKL
From the first group F one has to determine ths nearest cube root of the group value,
F=l=]
As the given number ends in 7, L =3 (Refer Table L)

L=3 1 442 897
— 1.3 - 27
Now IL*K = 27K ends in 7 1 442 870
S K=
-3L%K 27
To verify the value of | 14426
AL+ 3LK =271+9 -9
ie27Jendsin? .. I=] 1441 7

. Cube root of the given number is 113

6) Find the Cube Root of N = 76 928 302 277
(76) (928) (302) (27T
The number is grouped into 4 Son=4
Therefore the cube root contains 4 digits as HIKL
From the first group F one has to determine the nearest cube root of the group value.
F=H=4
As the given number ends in 7, L = 3 (Refer Table 1)
76 928 302 277

~ 13 -27
- 3 L*K = 27K ends with 5 76 928 302 25
L K=5
-3LK =135
3L+ 3LK? =271 + 225 769283009
-3LK? - 225
271 ends with 4 769282784
s =2
' -3L7%) =34
Verification of H J692827]
IL3H + 6LKJI + K?
=27H + 180 + 125 = 27H + 305 | 305

3L?H =27 H ends in 8 " 76928968
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. H=4 .. Cube root of N iz 4253
Verification by Urdhva Tiryak D = Duplex
(4253° D (425 3) 18088009
4253

T6928302277 =N
3287676242

7} Find the Cube rootof N =1 B30 623 053 31317
(1) (8307 (623) (053) (337
The number is grouped into 5 Lon=$§
Therefore the cube root contains 5 digits as IHJKL

From the first group F one has to determine the nearest cube root of the group
value.

F=1= 1
As the given number ends in 7, L = 3 (Refer Table U)
Consider grouping of 3 digits from the right side of the given number. The first
group (from LHS) even if it is incomplete it should be taken as a group
There are five groups. Therefore number of digits in cube root are five. n = §
1 830 623 053 337

L = 3 Since number ends in 7(Ref. Tab.) - L* -27
IL*K = 27K ends in | LK=3 623 053 31
- 3LK — 81
3L+ 3Lk =271 + 8] 623 0525
~ 81
As 27] ends in 4 =12 623 0444
~3L7 ~ 54
3L'H + 6LKJ + K*=27H + 108 + 27 623 039
- (6LKJ + Kh - 135
Since 27H ends in 4 622 904
L H=2
To Verify the value of | -3 - 54
3L + 6LKH + 3LJ* + 3K3 = 271 43141 + 622 85
108 + 36 + 54 =271 + 198
- 198
271 ends in 7 620 87

soI=1 . Cube Root of the given numberis 12233
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8) Find the cube root of N = 2200068
(2) (299) (968)
The given number is grouped into three as 2 299968 .. n=3
. Therefore cube root contains 3 digits as JKL

From the first group F, one has to determine the nearest cube root of the group
w value '

F=]=]
As the given number ends in 8, L = 2 (Refer Table U)
2209968
-1’ —8
3L’K = 12K ends in 6 996
~K=3o0r8
IfK =3 LK -36
3L21+ 3LK?ends in 6 86
. 1217+ 54 — 54
127 ends in 2 932
J=loré
J = 6 is not valid since the first groups cube root value is I ., 132 is the cube
root of N
ifK=8
2299958
- 17 -8
LK = 12K 996
IfFK=8, 12K — 96
3L+ 3LK? 990
12] + 384 — 384
12J ends in & 616

= J =18 is invalid

. 132 is the cube root of given number

9) To find out the method by which one can locate the non — perfect cube nature,
Find the cube root of 2298968

(2) (298) (968)
The number is grouped in 3 Son=3
Therefore the cube root contains 3 digits as JKL

From the first group F one has to determine the nearest cube root of the group
value. '

F=]=]



17

Vedic Mathematics ! Cube Roots and Higher Roots
As the given number ends in 8, L = 2 (Refer Table U}
2298958
-1 =R
ILK=12Kendsin6 - K=3,8 896
IfK=3 LK ~ 36
3L+ 3LK  ends in 6 B6
121 + 54 54
12] ends in 2 932
=lor6(J=6isinvalid) .. J=1, -12J — =12
To show that H= 0 92
ILHHELEI+K = 12H + 36 + 27=12H+63 — 63
12H ends in 9 is invalid 9

”. given number is not perfect cube
Test (132) = 2299968 = N = 2208068
For the decimal working refer Taylor's Series Method (Eg 2)

10} Find the cube root of 1860867
(1) (860) (B67)
The number is grouped into 3 . n= 3,
Therefore the cube root contains 3 digits as JKL from the first group F one has to
determine the nearest cube root of the group value,

F=Jl=1
As the number ends in 7, L = 3. (Refer Table U)
~L=3
1860867
-1} =27
1L2K = 27K ends in 4 84
K=2
~-3LK — 54
3L +3LK? 603
271 + 36 —3LK? - 36
27) ends in 7 67
J=1
To show that H= 0 =27
SLMH+6LIK+K® = 27H+36 + 8 = 27H + 44 64
=4
-27H ends in O 20
. H=0

123 is he Cube root of given number

11} Find the cube root of N = 2905841483
(2) (905} (841) (483)
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The number is grouped into 4 =4
-, Therefore cube root contains 4 digits as HIKL

From the first group F ofie has to determine the nearest cube root of the group value,
F=H=1
As the number ends in 3, L = 7 (Refer Table U)

2905 841 483

=343
IL’K = 147K is ending in 4 . K=2 2905841 14
~ 147K — 294
3L+ 3LK?  endingin 2 29058382
=31 x49]+3 x 7T = 4=147] + k4 -84
3L is ending in & 29058298
= 147J (ends in 8) 21=4
— =288
IL*H + K' + 6LK) 771
= 147H + 344 ~ 344
3L°H = 147H ending in 7 427
 H=]

1427 is the cube Root of M.

12} Find the cube root of N = 277205358761
(277)(295) (358) (761)
The number is grouped into 4 . n=4
Therefore cube root contains 4 digits as HIKL
From the first group F one has to determine the nearest cube root of the group value
F=H=68
As the numberendsin 1, L = | (Refer Table U)
277 295 358 761

(L) | =1
(K) 3L'K ending in 6 27729535876

L K=2 -6
(1 3L+ 3LK ending in 7 2772953587

-12

3L%) ending in 5 2772953575
L J=5 ~ 68
Verification of H 356

“(H) 3L + 6LKJ + K ending in 6
3L*H + 60 + 8 = 3LH + 68 — 68
3H ending in 8 U288
~H=6

s (6521) is the cube root of N
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13} Find the cube root of N = 8, 303, 765, 625
The number is grouped into 4 on=4
Therefore the cube root contains 4 digits as HIKL

From the first group F one has to determine the nearest cube root of the group value
F=H=2
As the number ends in 5 L = 5 (Refer Table U}

8 303 765 625

-1 — 125
IL’K = 75K ends in 0 76550
L K=0,0r2
IFK =0 -3L°K 0
3L%] + 3LK? = 75] ends in § B3I037655
s I1=51
IfJ=35, 3L =375 ~3L%) - 375
ILPH+6LKI+K' 75Hendsin 8 728
Let us consider J = |
7655
3L =75 ~3L%) _=175
3L°H + 6LKJ + K° 7680
3L*H = 75H ends in 8
15 not valid
Hence Let us consider K. =2
76550
ILIK = 150 -3LK — 150
7640
3L%) + 3LK? ending in zero _—60
L2 + 60
I endsin=0 758
I=0,5
Ifl=0 ~3L% =0
758
3L2H + 6LKJ + K7 _-8
3L*H + 8 '
* 3L ends in 0 750
75Hendsin 0
S HisQ,2
H =2 is valid

- 2025 is the cube root of M.
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14) Find the cube root of N = | 2732581112551
(12) (732) (581) (112) (551)
The number is grouped into § ., n=35
Therefore the cube root contains 5 digits as GHIKL
From the first group F, one has to determine the nearest cube root of the group value
F=G=2
As the given number ends in 1, L = | (Refer Table U)
12 732 581 112 551

-L? -1
3L*K is ending in 5 1273258111255
= 3K ending in § S K=5
- 3K - 15
3L + 3LK® ending in 4 127325811124
3+ 75 -75
3LJ ending in 9 nJ=3 ....811049
-9
3L*H + 6LKJ + K .....2581104
IH + 215
-215
3H ending in 9 2580889
wH=3
3L'G + 3L + 3K + 6LKH ...258088
IG+27+225+90 — 342
3G + 342
3G ends in 6 5 G=2 257746

Thus G is confirmed from the value of Cube root of first group.
- (23351) is the cube root of N.

15) Find the Cube root of N = 3463512697
(3) (463) (512) (697)
The number is grouped into 4 . n=4
Therefore the cube root contains 4 digits as HIKL
From the first group F, one has to determine the nearest cube root of the group value
F=H=1
As the numberends in 7, L=3 (Refer Table U)



121

Vedic Mathematics Cube Roots and Higher Roots
3463512697
-1} - 27
3ILYK = 27K ending in 7 1267
S K=1 -3LK =27
3L + 3LK? ends in 4 1214
271 +9 - 3LK? -9
27T ends in 5 35115
i=5 3L - 135
IL*H+6LKI + K  ends in 8 3498
SL'H+ 00 + 1 (- 6LKJ - K*) — 91
= 3L + 91
3L*H isendingin 7 3407
27Hendsin 7 = H=1

:. CR of (3463512697) is 1513

16) Find the cube root of N = 248 B58189
(248) (B3B8 (189)
The number is grouped into 3 . n= 3

Therefore the cube root contains 3 digits as JKL

From the first group F one has to determine the nearest cube root of the group value
F=l=68

As the numberends in 9, L =29 (Refer Table U)

L=9 2488 SR189
~1? _ ~ 729
3L =243 Kendsing K=2 24885746
-3L%K _ — 486
LT+ 3LK*=243] + 10B ends in 6 2488526
- 108
=243 Jendsin& .. I =6 2488418

S 629 is the cube root of N

17) Find the cube root of N = 105823817
(105) (823)(B17)

The number is grouped into 3 . n=3

Therefore the cube root contains 3 digits as JKL

From the first group F one has to determine the nearest cube root of the group value
F=]l=6

As the number ends in 7, L = 3 (Refer Table L)

L=3 105 823 817
- ! —27
ILIK=3(3’K=27K ends in 9 3L?K=189 10,582,379
~EK=7
IfK =7, 3L = 189 -3LK — 189
1,058,219
3L + 3LK? = 27) + 441 - 3LK? ~44]
27] ends in 8 oo J=4 1057778

- 473 is the cube root of N
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18) Find the cube root of N = 192100033

(192} (100) (031)

The number is grouped into 3 . n=3

Therefore the cube root contains 3 digits as JKL

From the first group F one has to determine the nearest cube root of the gEroup value

Fmj=35
As the number ends in 3, L = 7 (Refer Table U)
192 100 033

-L? — 343

IL’K = 147K ends in9 - K =7 19209969
-3LK ~ 1029

3L + 3LK? 1920894
= 1477 + 1029 -3LK? - 1029
1477 ends in § s 1=5 1919865

S 577 is the cube root of M.

19} Find the cube root of N = 642715647
(642) (735) (64T
The number is grouped into 3 . n=3
Therefore the cube root contains 3 digits as JKL
From the first group F, one has to determine the nearest cube root of the group value
F=]=8
As the number ends in 7, L. =3 (Refer Table L)

642 735 647
- -7
IL*K = 27K is ending in 2 642 T35 62
=SK=5
-3L%K - 162
642 7340
Confirmation of J
3L + 3LK? ending in 0 440
271 + 324 - 3LK? ~ 324
27 Jending in 6 J=8§ 116

o, 863 is the cube root of M

20) Find the cube root of N = (2) (307) (660) (544) (340) (523)
The number is grouped inthe 8 .n=6
Therefore the cube root contains 6 digits as IGHJKL
From the first group F, one has to determine the nearest cube root of the group value.
F=l=]
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As the given numberendsin3,L=7 (Refer Table U}
L) Li=343 2 307 660 544 340 523
- L7 - 343
K} 3L°K = 147 K ends in 8 oo 34018
L K=4 =388 —* _ 4k
3343
1) 3L +3LK? 3136
= 147J + 336 ends in 3 1007
oo d=] 544286
H) 3L%H + 6LKJ + K’ a2
= [4TH+6 x7 x 4 x | + 64 204 s — 147K
I4?H + 232 ends in ﬁ 543?5
147H ends in 4 _ﬂﬂi
-'-EH =2 I 53971
Gy 3L°G + 6LKH + 3L + IK*T ends in 6 _ 441 —_— 147G
147G + 6= Trdn2 + 3xTxl + I [6x] 5353
1e. 147G+ 336+ 2] + 48 = 147G + 405 — 696
147G ends in | L G=3 4657

21}

Verification
3L+ 6LKG + 6LJH + 3K*H + 3KJ?
14N +6743+67.1.2+3.162+34.1
1471+ 504 + + 84 + 96 + 12 = 1471 + 696
1471 ends in 7 sol=
132147 is the cube root of N

Find the cube root of N = 194537321140807
(194)  (537) (321) (140) (807
The number is grouped into 5 -, n=§

Therefore the cube root contains 5 digits as GHIKL
From the first group F one has to determine the nearest cube root of the group value.

F=G=3§

As the given number ends in 7, L =3 (Refer Table U)

L} =27 140807

- 1! 27

ALK = 27K ends in § 14078

o K=4 =108
- 27K 1397

3L +3LK? -144
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=27] + 144 1253
27] ends in 3 - 243
=9 ) -277 321101
3L + 6LKJ + K? _ =712
3LH + 648 + 64 = 3L2H + 712 389
27THends in® -~ H=7 ~ 189

- I7H 32120
3L3G + 3L1% + 3K* + LKH = 1665
276G+ 729 + 432 + 504 20455
= 270G + 1665
27G ends in §
. G=5

22)

37943 is the cube root of N,

Find the cube root of 12450388553011648

(12) (450) (388) (553) (011} (64B)

The number is grouped into 6 .. n=6

Therefore the cube root contains 6 digits as IGHJKL

From the first group F, one has to determine the nearest cube root of the group value
F=I=2

As the given number ends in 8, L = 2 (Refer Table U) =8
011 648
-1} -8 —» -LL=2
LK =12K endsind . K=Tor2 55301164
Consider K = 7
-3LK = -84 —a12K(K=T)
ALY+ ILK?2=34] +3.2.49 5530108
12] + 204
- 204
12Jendsind .. J=2or7 5520814
Consider ] = 7
—84 — —12I(J=T)
3L™H + 6LKJ + K? 552973
12H + $88 + 3143 = |2H + 93] - 93]
12ZHendsin2 .. H=1oré& 552042
Consider H=1
3LYG + 6LKH + + 311 + 3K -12 —*_12HH=1)
12G +6.2.7+ 3.2.49 + 3.49.7 55203
12G + 84 + 294 + 1029 = 12G + 1407
= 1407
12 Gends in 6 531796
T G=3or8 =36 — 12G(G=13)
Consider G= 3 .
5376
3L + 6LKG + 6LJH + 3K*H + 3KJ? - 1512

121+252+84+147+1029=]21+1512
121 ends in 4 3864
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= I=20r7
But I =F =2 is already fixed S (231772) is the cube root of N.

. Cube of (231772) is exactly the given number.

23) Find the cube root of N = 14377 925503802791853
(14) (377) (925) (503) (BOZ) (791) (853)
The number is grouped into 7 . n=7
Therefore the cube root of N contains 7 digits as MIGHJKL
From the first group F, one has to determine the nearest cube root of the group value F
M= 2
As the given number ends in 3, . L =7 (Refer Table L)
14 377 925 503802791853

- L -343
3LK = 147K endsin | = K =3 79151
~ 147K —44]
3L+ 3LK? = 147 + 189 8027871
— 189
147]endsin2= J=6 8027682
~147] — BR2
ILH + 6LKJ + K = 147H + 756 + 27 802680
= 147H + 783 - 783
[47THendsinT=>H =1 801897
— 147H - 147
LG + 6LKH + 3L)% + 1KY = 147G + 80175
126 + 756 + 162
= 147G + 1044 1044
147G endsin | = G =3 50379131
- 147G — 44]
ILM + 6LKG + 6LTH + 3K*H + 3K)* 5037869
= 1471+ 378+ 252 + 27 + 324
= 1471 + 98] —= 981
147l endsin8=>1=4 5036888
~ 1471 — 588
3L°M + 6LKI + 6LJG + 3LH® + 3KG + 503630

6KJH + PP = 147M +504 + 756 + 21 +
Bl + 108 +216=147M + 1686

—=1686
14TMends ind4 = M=2 501944
Cube root of N = 2431637
The same Argumentation Method can be applicable for finding out the Square Root
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13 Find the square root of N = 141376
(14) (13) (76) -
The number is grouped into 3
Therefore the square root.contains 3 digits as JKL
From the first group F one has to determine the nearest square root of the group

velug. F=J=3
As the givén numberendsin6 L =4 or6 (Refer Table L)
Let us consider L = 6 141376
. 12 _36
(2LK =12K ends in 4 14134
S K=20r7 IfK=2 .
- 2LK =24
LI+ K =12)+4 1411
-4

12J ends in 7 (is not valid) 1407
As J # ] as determined in the beginning '
. Let us consider the other value for K as 7

L=§ K=7
141376
-1 =36
14134
2LK = B4 — 84
2T+ KA=121+49 1405
-K’ =49
12 ends in 6 ' 1356
SoJ=3arB
J KL

The square root is 3 7 6. One can continue to show the exactness of the root as
follows.

L has two values 4, 6.

IfL=4
Then 141376
~ 1t - 16
2LK=8Kendsin6 14136
K=7or2,if K=7
~2LK ~ 56
ALT+K =81 +49 1408
. =49
8lendsin 9 1359

This is not valid. Hence consider another value for K =2
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IfL=q4 K=2
Then 14136
-2LK =16
LI+ K =8l +4 1412
-K? -4
8lendsin 8 1408

J=1 which is not correct as J is 3,
" 376 is the correct square root of the given number.

Method I1
Let us divide N = 141 376 by 4 successively thrice
141376 _ 35344 _ 8836
4 4 4
Square Root has two digits say KL. K =4 (- 4 is the nearest square root of 22)
The number ends in 9, .. L = 3 or 7. (Refer Table U) Let us congider L = 3
K L
(22) (09)
12 —9
LK =6Kendsin0 . K= 0.r5 22 0
This is not valid
NowLet L=7 22 09
12 - 49
LK = 14K endsin6 .. K=40r9 21 6
Square root = 47
Hencesquare root =KL = 2 x2 x 2=47 « 8 = 176

= 2209 Since 22 09 is divided into two groups the

General Theopy (Straight Division)

The theory for the cube roots determination is explained by Swamiji in the
following manner. Depending on the number of digits in the cube root, the cube iz
written as expansion of the linear combination of digits occupying units, tens,
hundreds, thousands etc as the case may be.

For example 27" can be written as
(a+b)’ with a=20, (i.e.a=2in tens place)
b=7
(a+byY=a’ +3a’b + 3ab’ + 1’
a’ is in thousands
3a°b is in hundreds
3ub’ is in tens
b’ is in units
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For the cube rn-ul determination of (a + b)’, the following is the pmm&ure
Considering a’ + 3ab + 3ab® + b’,
One proceeds to work with digit by digit.
Step (1) : Put down the cube root of the term a® which is a. This is the first quotient
Step (2): To consider 3a® as the divisor throughout the work., These can be shown
a* 3a’b 3ab? b
3a’

i a

The next dividend is 0 + 3a’b= 3a’b
Dividing this by 3a*, we get b as the next quotient and 0 as the remainder

a’ a’b Jab? B
ﬂ/ o

Ia b.

3a®

Az we are considering a two—digited number in the cuberoot, the decimal
starts after the two quotients i.e. after b.
Step (3):The dividend now is 0 + 3ab® = 3ab?
From this one has to subtract 3ab®
(Refer the expansion of (a + b)*)  (Table B}
New dividend = 3ab® ~ 3ab* = 0
Dividing by 3a® we get 0 as quotient and 0 is remainder

. a . /3&111 . /anz 3)3
0

FE b.

Step 4: Now the dividend in 0 + b* =1?
From which one has to subtract b’
(Refer the expansion of (a + b)*) (Table B)
We get as the new dividend
Divide 0 by 3a” we get 0 as

Quotient and 0 as remainder
a’ 3a’h ab? B}:’
3a? o u/
N 0 1]

We have worked out cube root of a petfect cube (a+ b)Y as(a +b). Itisto be
clearly seen that after the decimal point, the quotient should be zeroes,
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General Method (Straight Division)

(1) 14706125 (Reduction Method) _
Following similar programming as in exact cubes (ref. argumentation) the
given numbers is grouped as - 14 706 125

Step 1: Consider the Cube root of left most group as the first quotient digit in
the answer by trying the cubes of 1,2, ... 9 which fits nearly {5} the
considered group (14). Therefore in this problem first digit of the
cube root is 2, with first remainder we represent 6. This quotient is a.

. a=2 The first remainder (R,) 6 is placed between the left most
group and the working is carried out digit by digit. After obtaining
the first quotient the operation is carried out with next digit of the

Biven cube.
14 : T06 125
/
: &
2:
a

This gives tie first gross dividend 67,

Step 2: Divisor is framed as thrice the square of the first quotient digit, (a) as 12.

12 14 706 125

/

Step 3: First gross dividend 67 is divided by the divisor, which gives second
quotient digit b as 5 and second remainder R; as 7. Second gross
dividend is 70.
12) 67 (5(b)

60
7 Ra

12 7.0 6 1 2 5

/,f

I : 5
a b
a=2 b=5
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Step 4: From this second gross dividend subtract 3ab? to obtain new dividend
ND=70-3x2x5
=70~ 150=-80

To avoid negative new dividend, we reduce the quotient b by 1. This b
becomes 4 (modified)

12367 (4 (b(m)) m = modified
48
19 Raf{m)

14 : 7 0 6 1 2 5

i
12 : 6 19 10
2 4 (modified)
a=2, b=4

Thus the second gross divided in modified to 190.
ND = Gross dividend — 3ab?

=190 - 3 x 2 x 4°
= 190 - 0956
= 04

Step J: Divide this new dividend 94 by the divisor 12, which results in the
third guotient , ¢,
digit as 7 and remainder as 10.
12) 94 (7(c)

84
10 Ry
14 : 7 0 6 1 2 5
VA S
12 6 19 10
R Ra Ra
7.

a=2, b=4, c=7
Third gross dividend in 106.

From this subtract 6abc + b to obtain new dividend.

ND=106-(6x2x4x7+4%
= 106 - 400 = - 294
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To avoid negative new dividend, we reduce the quotient ¢ by 1. Thus C
become 6 (modified).

12') 94 ( 6 (Ca(m))

72
22 Ra(m)
14 : 7 /'D ; 1 2 5
12 S 1 19 22
— R| R: R—]
2 4 6.
a=2 b=4 c=4§
MNow gross dividend is 226

New dividend =226 —(6x2x4x 6 +4%) — [6abe+b’]
=226-352=-126
. we further reduce the quotiemt 6 by 1 i.e. C= 5§
12 ) 94 ( 5C [modified]

el
34 R; (modifizd)
14 : /? } ; 1 2 5
12 © 6 19 34
s
2 4 5

u=2 b=4 c=5

Gross dividend = 346

New dividend =346 -(6x2x4x5+4%). (Gabc+b?)
=346 — 304
=42

Step 6 : Divide this new dividend 42 by 12
Thend =3 Ri=6

12342 ( 3(d)
36 :
6 Ry
Gross dividend = 61
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14 r/‘_? /IEII/ ‘/ﬁ/ /1 2 5
12 6 19 34 &
R
2 4 5. 3.
a b c d

From the gross dividend we have to subtract 3ac? + 3b%c.
Jac’ +3bfc =3 x 2% 5%+ 3x 42 x 5= 390

ND =61 = 390 = - 329 (~ve value)

-, we reduce quotient d by 1, modified to 2

12342 ( 2 {(d(m)
24
18 (Ry(m))
. Gross dividend = 181
14 : 7 0 6 1 2 5
O A A
12 S 19 34 18
2 4 5. 2
ND = 181 - 390 = — 209 (-ve value)
. we reduce quotient d further by | is d = 1 modified
12342 (1 d(m)
12
30 Ra(m)
Gross dividend in 301
14 5
ANV
12 .19 34 30
2 : 4 5 1
ND =301 - 390 = - 89 (—ve value)
We reduce quotient d further by i.e. d = 0 modified
12) 1:}2 (0d(m)
42 (R4 (m)
Gross dividend in 420
14 : / /I / / 2 3
12 : 19 34
R...
2 4 5. 0

ND =421 - 390 = 3]
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Step 7 : Divide new dividend 31 by 12,
12) 31{(2(e)
24
7 (Rs)
14 . 7 /O 6 1 2 5
/ /S
12 S 15 34 42 7
Rs
2 4 5. 0 2
a b c d e

Gross dividend = 72

To obtain new dividend, we have to subtract 3be?
3bc’ =3 x4 x 57 =300
ND =72 - 300 = — 228 (—ve value)

" weteduce e by 1 then e = 1 (modified)

12331 (1 e(m}
12
19 Rs{m)
14 : /? /'U' /ﬁ ] 2 5
12 . 19 34 42 19
2 4 5. 0 1
Gross dividend = 192
ND = 192 = 300 = —108 (-ve value)
" we reduce e further by | then e =0
12331 (D elm)
0
31 Ry(m)
14 : / } 6 1 2 5
12 - 6 19 34 42 31
2 - 4 5. 0 0
B b = d e

Gross dividend = 312
ND=312-300=12

Step B : Divide ND 12 by 12
12y 12¢(1
12
0 Rs
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14 : /? } /El 1 2 /5
12 S ' 19 34 42 31 0
2 4 5. 0 0 1
a b c d e {

Gross dividend = §
To obtain new dividend, we have to subtract ¢’ from gross dividend.
e’ =125
ND =35 -~ 125 = -120 {(-ve value)
Soowe reduce by 1 ie. =0 (m)
12} 12 (0 fim)

_0
12 Re (m)
14 : 7 } (4] 1 2 5 ]
/ A A
12 S 19 34 42 31 12 0
Rs
2 4 5. 0 0 0 0

Gross dividend = 125
ND=125-125=0

Step 9 1 If we divide this new dividend 0 by 12 we get quotient g as 0 and
remainder as 0, resulting next gross dividend as 0.
<. 14706125 is exact cube
and its cube root in 245

Swamiji's General Method of evaluating Cube Roots (CR) for numbers

1) The given number is grouped from the RHS end. Each group contains a
maximum number of 3 digits to the extent possible. In doing so if the first
group ends with 1 or 2 digits it is still considered to be a group.

2) The cube root then consists of number of digits equivalent to number of
groups.

For Eg: 1| 860 867. This umber has a CR containing 3 digits (¢ b a) where a is

in units place, b is in 10s place, ¢ is in 100's place.
If one writes the number from the position of the division s
(c+b+a) isequal => a x10°+b x 10' +¢ = 10
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2*(10%  3a%b(10") | 3abi(10%)

B(10%  3a%e(10%) | 3ac¥(10Y

c’(10%)  3b%e(10% | 3bc?(10%) | 6abe(10%)

In the bracket, the placement of the term is given. The straight division method is
applied in finding out the CR. It is illustrated as below.

Consider the number 557441768 [This is grouped into 3)

357 441 768 whose CR s o be determined.

Following are the steps. (Straight Division Method)

1} Nearest CR of the first group 557 is 1o be considered by Vilokanam. It can be
shown as 8, (8 = 512) - ¢ = 8. This is less than 557 by 45. This acts as a
remainder and to be tagged with 4 as 45 % 10 + 4 = 454 which is the first
Intermediate dividend ID

33754867 = 823.0492592

3g* = 192 ‘ 557 4 4 1 7 6
CcD , 45 70 32
8 2
| c b a

3¢* = 192 is the common divisor (CD). The first ID 454 is to be divided by

CD{192) to gel the value af b with the remainder 70, b =2
This 70 will form next ID as 704 from which one has to subtract 3cb® = 96. The new
dividend ND = 704 - 96 = 608. This when divided by CD will give the value for u,
with the remainder ic 32 0 = 3. The next ID is 321. Onc can stop al this ns one will
have only 3 digits in the cube root of this number. A confirmation is attempted by
cubing the Value 823 and comparing it with the given number. The cube of §23
comes oul exactly as 357 44] 768. If it is not so, then further extension of this
procedure leads to finding oul the decimal points, which is the case of imperfect cube.
Let us consider the number. 557 541 867 whose cube root is to be determined.

Following the above procedure.
1) Nearest cube root of 1® group 557 is 8 this is ¢, Cube Root
237 5 4 | B G 7 0
ICCD=192| 512 45 71 42 125 46 g8 161
Jeb® 3bc’ b'+6abc 3ca’+3b'a 3ba® o
8 2z 3. 0 5 0 7 11
¢ a a b' ¢!
d e f E

The cube of 823 = given number.
Hence one has to extend the weorking to get the decimal after 823.
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The steps are as follows
IDis42] —(B+ 28B8) =125
s ND=125; 125 + 192 = the 1" decimal as 0 with the remainder 125
leading to 1258 as the next D

1258 - (216 + 36+ 0) = 1006 ; 1006 = 192
3ac’ + 3bc’ + 6abd e = 5 with the remainder 46 leading to 466 as the next ID
466 - (3ba’ + 6cbe + 6cad) = 68
68 when divided by 192 mves [ = 0 with the remainder as 68 leading to next ID as
68 7= 673
466 — (54 + 480) = 6R; 68 + 1921
673 ~ (a® + 3ed® + 3b%e + 6ebf + Gace + Gbad)
673 — (27 + 0+ 60 + 7207 = 1480
1480 = 192 = 7, Remainder = 136
Upto 4 decimals The cube root of the given number is 823.0493
Swamiji’s method can be applied to find the square root, cube root, or higher order
roots as well. In each case one has 1o prepare a table for the expansion of the terms of
the second degree, third degree or the fourth degree or higher degree respectively as
the case may be. This expansion can be made use of not only for integers but while
preparing the table, one can put it in the form of (a +b+ ¢ + ...) where the position of

“a’ is the highest and confirmed in descending order as b next c, the next to it and so
on. .

The same expansion terms are applicable in the ascending order also where a
happens to be in the units place and b in the Ten's place and so on. But care has to be
taken to consider a proper placement.. Expansion of Swamijis method is also useful
for the expansion in decimals. But only thing is that one has to count the decimal
placement as 10~', 107 .... b.c etc This aspect is illustrated in the example.

CR s are evaluated by two different methods as well by swamiji for perfect cubes
LKJ..... method

This method is laborious for bigger numbers in the sense that one may have to
work out sometimes many probabilities before one arrives at the correct value and
hence one can say that the most general method as described by Swamiji ie Straight
Division Method is considered novel in the sense that one can adopt the same
principle to find out the higher order roots as well.
For Eg: higher order roots to be given. Ex for 5* root
Besides, we can even say that Swamijis method of finding the roots is general in the
sense that it can be also applicable to imperfect cubes, perfect higher order roots,
where one can attempt to work out to any required decimal point of ones choice
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A comparison between Swamiji's method and Taylor's method as explained by
Britisk: authors is attempted and is exemplified in the following working details.

The straight division method that is applied by Swamiji to find the Square

toots, Cube roots, Higher order roots can be easily extended to finding out the
different roots of a polynomial as well. Here it is of interest to note that ong Can
attempt to find out the roots in the ascending or descending order by adopting the

same working principle. A number of examples are given in this section for finding
out the different roots of pulynomials

L. Find the cubic root of 131.8
x' - 131.8=0
CD=3"[13l. 8 ¢ 0 0 O
125 6 68 5 50 gz
S0 9 0§ 3
fja b oo d e f
Upto {'{5 decimals) = 5.0909 5 = 5.08905
2, Find the Cube Root of 9.5
x'-305 =N=y' =305
Solution x = a.bede ...
From Vilokanama =3
=3a'=27| 39 50 0 0 0
27 i2 17 26 7 2 v
" o 304 B6+11S2 5
=816 &
lab*  bM+3a2be 3blc+3a2bd+3acl 3b*d+3bc*+3a.2be g
+3a.2cd £
3. &0 7 v 29 7
A b ¢ d e f

upto 5 decimals x=3.4 07 16 29 = 1.40649 = 3.40569
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’f‘aylur‘n Expansion Method

We consider the cube root of 39.5 which can be writien in the form of cubic
equation as E =x* - 39,5 = 0. Thik is same as finding out Cube root of 39.5
The working details are as follows.
E=x'-395=0 fix)=x'=395

The solution of this can be represented as % = a. bedef

which means in the expanded decimal form

x=a+ |07+ 107% + 107%d + 107% +
I......9or Q.

...... where a, b, ¢, d, e are decimal digits in

In this procedure (table) the first row deals with the number, whose cube root
is to be determined written in the form including the decimals. For example 39.5 is
written as 39.50000. .. to as many decimals as is required to be evaluated.

Stepl: The first step is to workout the nearest cube root (CR) of 39 which is 3 (4
onwards will have the cube as higher value than 39). This nearest CR of 39 is
‘a’. 80 CR is in the form of a.bcde. ... where b, ¢, 4, e, . are 1=, 2%
decimal digits.

Finding out the CR tentamounts to finding the cube root of 39.5

This is explained by British Authors using Taylor's Series expansion and the
recurring relations of Taylor's series.

fix)=fla+bx 107" +¢ x 107 + .....] ON TEAITANEINE

107 + 107% + 107

= — f{a) --;—f”fa} (107" + 107% + 107%. ...

1 M@0 b +10 e +107d +.... ]
6 fa)

Now the entire problem is worked out as a function of multipliers of
differentials £, £, #” ...

The expressionx=a+b x 107" +ec = 1072 ... s expanded to have
1} Square terms.

2) Cubic terms as follows. The square term is [107'b + 107% + 107d...... ] ie b?,
2be, ¢ + 2bd, 2be + 2¢d..... depending on the decimal requirement. This
congists of square terms, Product of two digits, which give rise to
contributions to 2" third, fourth, fifth decimals and so on. Similarly [107'b +
107%......]" gives rise to contributions to various decimals depending on the
products. For example in this expansion b°, 3b%, 3bc? + 3b%d + o* +.....
Contributions to third, fourth, fifth, sixth decimals and so on. The
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contributions in the square terms can be obtained using Swamijis duplex

concept ie ‘Dwandvayoga® which was adopted by British Authors in the
working details in combination with Taylor’s Series.

A Systematic evaluation of decimal point is worked out by considering the various
contributions from the square, cube terms higher order terms also. These are

formulated in Table upto 12" order equation and for 12 decimal points along with
the corresponding differentials

Taylor's Expansion (TE)
107'h+ 107+ 107 + 107% + .

1 _,_"T:H{ﬂ}[]ﬂ__l_.?:]ﬂ'?{‘+-._.L
6 [ {a)

=~fla) - - f'ta) [ 107b+ 102+ 107d + _J? -

The contribution to various decimal points pertaining to the square terms in the

expansion are 0 be multiplied by the second differential coefficient %f”{x‘:at x=1.
These are to be placed under their respective decimal points. For example b’ in
the 2" decimal. 2be in the 3" decimal, 2bd + ¢ in the 4" decimal, 2bc + 22¢d in the
5" decimal and so on as contributions of duplex terms. (Refer Table M) Similarly the
contributions from the cubic expansion in TE are to be multiplied by the third

differential :_} f“{x) at x = a and the values of b, 3b%e, 3hc’, 3Ibd etc.. .. are to bhe

placed under 3", 4" $" decimal contributions and are to be placed under their
corresponding decimal points (Refer Table M) The method makes use of the
multiplication of second, third differentials with the respective contributions arriving
out of the square cubic expansions of the TE (duplex and triplex terms) respectively.

The same procedure can be adopted to the evaluation of the roots of any
degree equation provided the corresponding differentials as multipliers can be worked
out and together with the expansion of decimal contributions to that degree

The duplex terms which need to be multiplied by the Second differential

[; I {a}] are read from the expression,

[0+ 107 + 107, ... )" b.c. d are the 1™, 2™, 3" decimal points
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. Decimal
* Contribution

Duplex (b) = b — 2"

Duplex (bc) = 2be —_ 3™

Duplex (bed) = 2bd+¢® — 4"

Duplex (cd) = 2cd — 5t

Duplex (d) = - 6"

This table is to be worked out for any range of decimals to find out the
respective contributions. These will be forming the Second Horizontal setup (Table)

The Triplex terms are evaluated using the duplex terms b?, Zbe, ¢ + 2hd, Zbe + 2cd, 47
Thiz needs to be multipli&] by bed......

b? The 2bd + ¢? 2ed d?
b c d 0 0
b Ib’c Ib'd + 3b%e  Gbed + ¢’ 3bd? + 3c%d

Triplex terms contributions to decimal points

b’ —_— 3"
ib'e — 4
3b’d + 3be?  — 5
¢* +6bed - &
3b'd + 3c’d - 7" position

These depend on the required decimal points to start with ie b, ¢, d and also
the required decimal in the final answer (value of x). These are all to be multiplied

1 J " (a) and considered for subtraction under respective decimals.

6
These will form the Third Hurizontal set up. (Table)
The first Horizontal setup consists of the following details.
Step 1: To write down the problem in the firm of a.bed. ...
(The decimal points to be extended as per requirements.)

If the given problem has one or no decimal solution, then the working can be
extended to any number of decimals. Then accordingly we have to write
down the decimal o the required extent.
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For example: 39.5 is the given number required for evaluation of cube root say to 5

decimal points. The given number is written in the 1* horizontal line is 39.50000, The
cube root is in the form a. bedef.

Evaluation of *a’ is considered by finding out the nearest CR. of 39 which is 3. - a =3,
The values of f{x), f'(x), ix)at x =18 of fix) = x" are 10 be calculated,

The values are shown in the table.

To proceed to evaluation of b, e, d, e, f

We have to frame the intermediate dividends (1D} and new dividends (NI} from the
first decimal point on wards.

1y %' =395

The value of x” at x = a = 3 is 27. The differcnce between 39 and 27 is 12
which is to be coupled with the 1* decimal point of the given number 1o
enable the formation of 1™ [D. This is obtained as (12 x 100+ 5 = 125 {shown
in the Tahle) This is also new dividend (ND) in relation to the 1" decimal
point.

21 A common divisor (CD) is derived from the first derivative (%) al x=a ie at
x=3=27} .. CD=27

3) The evaluation, of successive decimal points, starting from ‘b’ through
determination of IDs NDs, and by dividing the latter by CD is as follows.

4} The 1* decimal point b:

The 1% ID which is also the ND is divided by CD to get b and corresponding
remainder.

125 + 27V =4=bh17=R

R is multiplied by 10 and coupled with the next decimal dividend to form the
next [Das 170

To Evaluate ‘¢"
1
The ID is 170 from this . one has to subtract bIE Flia) =16 » 0= 144

ND =170~ 144 = 26
ND is divided by CD giving the value c = 0; R = 26
R is to be multiplied by 10 and coupled to the next decimal dividend to get next ID as 260
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W,

The ID is 260 from which one has to subtract the duplex term (2bc) and triplex term

(b”) contributions as [l [% - }]+. ‘{lﬁ M ]D ie 260 - (0 + 64) = 196 (ND)

ND when divided by CD gives the value for d as 7 and 7 as the R.

R is multiplied by "10" and coupled with the next decimal dividend to get the next ID
as 70

L. |

W =
The ID is 70. From this one has to subtract the duplex terms (2bd + ¢?) and triplex
term (3b%c) contributions as (2bd + %) [é— i Ea}] +(3b ‘c){% T (a}]

ND =70 [504 + 0] = - 434

ND + CD=-434 - 27 = 16 =eand R =2

R is to be multiplied by 10 and coupled with the next decimal dividend to getl next ID
is 20

To Evaluate ‘[

ND is obtained by subtracting the duplex terms (2be + 2cd) and triplex terms (3b%d +
3bc’) Contributions as (2be + 2cd) [% f "’[a}] + (3b’d + 3bc%) {.IE )

ND=-20~[- 1152+ 3115]) = 794
ND + CD gives the value of ‘" as 29 as 13
The cube roots is a. bedef

=3407 16 20
=1 40569
Table
f=fla)CD f(a)=27 39 5 0 0 o 0
12 17 26 7 -2
Tad 0 =04 1152
% #'(ay=o 144 504
b 2be 2bd+  2be+2cd
3
[
L fay=1 64 0 336
6
b ib’c  3bld+3bel
3 4 0 7 16 29
a b c d e f
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* Refer Table M for Duplex and Triplex Terms used in the Taylor's Series.

Step 1:
Step 2:

Step 3:

Step 4:

Step 5.

Step 6:

39-27=12, ID=125isals0 ND
12§ + 27=4=h R=17 ID=170

L
170-b°71(a)=170-144=26 26+ 27=¢=0 R=26 ID=260

! |
260 - (2bc)3 F(a) - % f'(a)(b)  260-0-64 = 196 ND

196 + 27=7=d,7=R ID=70

70 - (2bd + ) %f‘f{a}— ‘Ef”“{a}ab"c 70-504 -0=~-434 ND
-434 + XV = - 16=eg, R=-2 ID=-20

=20 - (2be + 2cd) % f'(a) - éf’ﬂraj (3b%d + 3bc?)

=20+ 1152 -336= 796 ND
796 + 2T =29=¢ R=13

CR of 39.5 upto fifth decimal is 3.40 7 16 29 = 3.40569

This method can be extended for the determination of the roots of any power of x,
The following details are to be first worked out.
1} Required decimals should be clearly noted.

2}

i} The duplex terms in case Square roots

1) Duplex, riplex terms in case of cube roots

iiiy  Duplex, triplex quadruplex terms in case of 4™ root.

vl Duplex, triplex guadruplex terms and quintet terms in case fifth
roots, and soon ...,

For still higher order roots, additional 1erms such as Sexlect, Meplel ¢le lorms ns
contributing to the decimals are also to be considered depending on the power of the
equation.

These are clearly shown in the Table M for 12" arder equation upto 12" decimal
points along with the corresponding derivative multipliers.

Letx=ab.e.d e ...........
x=a+ 10"+ 10%+10%d+. ...
flat 107+ 10% +......)

Iia)
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1. Find the Cube Root 131.8
= | ° 8 0 —
% flay=15 | 0 0 1215 0
PN ; 3 ;
: fla)=1 | 0 0
il = =
| 5 0 9 g 5
Step 1: Nearest cube root of 131 in | Step 5: Intermediate dividend = 500
§5.a=35 New dividend =
Remainder = 131 -5 = 6 5001 ¢ ,
Step 2: New dividend = 68 2 (aX2db+ <)
75)68( 0 . #(3b’c)
0 6
63 =500-15x81= - 715
Step 3: Intermediate dividend = 680 75) 7154 9
New dividend=680- % f'{a)b* E—?
75)680( 9 . e=9
675
_3 Step 6: Intermediate dividend= -400)
re=9 New dividend =500 -2 #/(a)
Step 4: Intermediate dividend = 50 2
New dividend = (2be + 2cd) - % £'(3bct+ 3%
50— ]Ef“{a}b‘ 2be ~ ]E f'(a)b’ = - 400
=50 75) 400 ( 5
75)50( 0 375
u _— -
Ly 5 o f=35
50 = -
- d=0 . cube root = 5.0909 5
= 5.08905 -
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Z. Find the Cube Root of 2298968
%' —220B968 = 0 = x* = 2708968

a=131
f=3a’= 51483

1
Sp=)ga=1a=10
2 T3

1 f"” = |
6
ﬁ 0 0 0 0 0 0 0
51483 S0B77 45423 10533 48009 41130 44082
393 31833 56502 25152 56502
1 729 1944 1728
131 9 8 0 8 6

a b ¢ D g f g h

131.98088

The CR of 2298968 upto 5 decimals is 131.98086

Finding out the Roots using different methods

1. Find the Cube Root of 999997600019199948%
Swamiji's Method (Straight Division Method)

CD=3a’=243 | 999 9 7 6 0 0 0 I 9 1
720 270 36 97
! 279
' 3ab®  b'+6abe
R

| & b C

i 0
Reduction is necessary Hence an attempt is made with two digit method.
CD=3a’ | 999976 0 0 0 ] 9 I 9 9 9 4 8§
=29403

970299 29677 2740 3343
Jit43 32746 13990 6737 4109

24057 48843 743158 631BO 40338

oG 10 10 9 2 0 0
a b c d - f g

9 9
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Duplex Method
CR 995902

999992 Duplex,

(CRY 999984000064

999984000064

146
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——000000999992 By Urdhva tiryak

999976000191909488

Argumentation (1IGHJKL Method)
Here L=a, K=bJ=cl={G=eH = d Refer Cubic expansion Table N for the

subtraction terms.
LetCRbefedcha

F=9
N=6
L=2
C00976000191999488
. B
Q0048
la’b=3x4xbh=12b 43
(h=4)
12bends in &
Sob=4dor9 LYaa)
leth=4 = | 2h=48
i2cendsind=Tc=2o0r7 96
Lete=2
b'+3a’d = 6abe 9804
=64+12d+96 24
0870
=]2d+160 __160
12dendsin 7 hence b+ 4 B27
We consider the other value of b b=9
a=2 999488
3 g

b=9 00048

I2b 108
Jaci+3ab? 9984
12c + 486 _ 486
Lete=4 Q0408

12¢ _ 48
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[2¢ ends in 8 =c=4or9(c=4) 191945
Letc=4 1161
Ja’d + 6abe + b 190784
=12d + 432 + 729 12d 24
12d+1161 12dendsin 4
d=2or? 19076
Letd=12
3a’e + Jac’+3b¥c+6abd _1284
12e+06+972+216 17792

12e 12
ldeendsin2=e=1|, ¢4 17780
Lete=1
3a’f+3b*d+Ibc +6abe+6acd _122
12f+486+432+108+94 0656
12f+1122 12f _36
2fendsin6 .. f=3,8 6000062
Letf=3
CR =312492
Let us consider ¢ = 9
a=2 h=g

1919984

Ja‘c+lab’=12c+486 486
12¢c ends in & 1919498
=c=40r9
Letc=9 _108
b*+3a’d+6abe 191939
12d+729+4972 1701
12d ends in 8 190238
=d=4dor9 48
Letd=4
3a’e+lac’+3b’c+6abd 19019
| 2e+486+2187+432 _3108
12e ends in 4 15914
e=2or7
Lete=2 24
Ja'f+3b’d+3Ibc’+6abe+6acd 15890
12f+972+2187+216+432 _3B07
12f ends in 3 is ruled out 2083
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Hence d =9
190238
108
Ja'e+3ac’+3b’c+6abd 19013
12e+4B6+2187+972 _3645
12e ends in 8 15368
e=or9 _48
Lete=4
3a’f+3b’d+3bc’+6abe+6acd 1532
12f42187+4324072 2778
12fends in 4 5744
=» f=2 or 7is ruled out as f = 9 is the nearest CR of 1* group
Hencee=19 15368
_108
3a’f+3b’d+3be’ +6abe+6acd 1526
12(+2187+2187+9724+972 6318
12f ends in & 5208
=f=2ar 9

. f=9 as already fixed as the nearest CR of first group
. CR of given number is 9999452

Taylor's Method in grouping

243 999 | 9 7 6 0 0
729 | 270 36 237 23 57
27 3267 6534  {p3gs 21978
1 1331 3993 {340
9 11 1 12 s 52
a b c d e f
243 | 999 | g 7 6 0 0 0 0 0
729 | 270 522 853 1246 1525 1642 1597 176
27 . 2187 4374 6561 8748 7533 5346
! 729 2187 4374 7290 9234
g I 12 14 K E 6 5
a b c d e f g h
10 1 13 14 7 5 4
10 12 13 b 4 3
‘ & G) 125 3 2
o4 2 :
3 1 (o)
o @) (©

Cube Root of N is 999992
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Difference between Swamiji method and British Authors work.
In both methods one should prepare general (a + b + ¢)’ expansion table

h10 " c10°? d10°* has be reckoned

2.

Find the cube root of 37349123

Swamiji

17 To determine the ncarest cube root of
the number preceeding the decimal. If
the number has more than three. The
number has 5 depits preceeding the
decimal. This can be grouped into 2
groups as (37) (349) 1* group 2" group
Finally to consider the number whole 1o
determine the cube root with the help of
expansion table consider nearest cube
root of the first group which is 37; as 3

2)  Remainder ie .37 -B' =10

3) 1" Intermediate dividend (10 = 10} +
1103

4) 1D = 103 this is divided by 3a® = 27
P0G + 27=3,  R=22

2 I =(22 =100+ 4 =224
Subtract 3ab” = ¥ from this is ND 224 -
BE = 143 Divide NI by 27

c=fR=8
1D = g0
(b + Gahe) (original)
27+ 270 = 297
As the results Reduction can be
attempled .
. c=4 =§

It needs reduction at every stage. Hence
two digit method is to be attempted

CD=13a° | 37249 1 1 3
1267 1412 1053 2414
1584 1648

| 33, 4 2 6

| a b c d

This is applicable in decimal evaluation also when a is first number b,c,d are the a +

Taylor
1y A should be 3 as the nearest cube
aof 37

x? = 37349.123

a=13
fla) = 35037
| 1 2 3
(CD) f(a)=3a® | 1412 1053 2414
= 3267
'Ef‘”{a}ngg 1584 1584
P &4
cM@=1
T 33, 4 2 6
a b c d
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A comparison of these two clearly shows that Ewam.iji‘s result is just the same as that
obtained from Taylor's series. Coe
i1 A detailed comparison shows that while multipliers of differentials are to be

considered in the Taylors-giving rise to a number of terms for subtraction, the

Swamiji's method makes use of a single subtraction as per the terms derived

in the cube expansion

Both the methods are extendable (0 any root but with thiz difference
maintained in point 2

In both the methods general terms in the expansion Table concerned with the
required power upte the required range of decimals are to be concerned. In the
Taylor’s method in addition 1o the above on has to get all the differentials in
consonance with the given power. Eg if cube root is required then 3 differentials are
Necessary 0™ root 10 differentials are to be considensd
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3 Fdingtheenbe rot o 971 with the comparisn

Swmaji's Method Taylor's Method
S O T T A I O (T T T I O
O LM 20 6 05 M U6 BB MM W8 % 6
el | Wow o
W fw 05
- % 0w Vi

Wm0
/
6

D

902®8f bt doe [ a b
3§§ | ¢ 9 )
Y 0

Newed g et ;49

moDogom o

=]
= R =«
[— o
L=~

G

(=== —

=D A =

1 <3 ) WI=mm s )=
01114 e e it ividnd RHS = 42 g e ividnda 40
(71T 240

3t sthe ommon i )
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Swamij
1) 1% step [g.lmup Lhe given number intp 3 digits each)
(371) i one group
The nearest cube root s 3= 9
8=9, The common divisor = 34« 23

(¢l)
) Mg (Sublracting the nesrest b v

e from the given Nugher
891092049
The dividend is 2420 (ND)
.3) Dividing the N by CD we get 9 s fhe quolient for b, the
Temainder being 233

4) The Dividend (ID) i 3%, on subracting from s te value of
30, we get ew dividend 5 730 -87=143

3) Dividing 143 by (D we Bet 0. cand te remainder i 143, iy
the Dividend ID is 1430

ﬁ)' To ge the ND we have ty subirae v
i

o 1430-(19)= 01 Np

ND=1701

DiﬁdingNDbyCD, We getd= 2 and the remainger (5

* Gae) form the above |

Cube Roots and Higher Roots

Taylor's Series
1) Nearest CR of thegivey nuber 97] jsa =9
the common diviso CD) s go o fl)= 3= s
=14

) The same is procedure g Swamiis to get the firg
dividend .. 2420 (ND)

3 ND Dividend is divided by the common Divisordo e

the value of b and the remainder, giving (he next dividend
b=9  R=)y;

4) The next ID dividend i 130

Zlfﬁ(a)n.E =218

on Subtracting the velue of

From thisdividend we BetND as 143 (2330 218)
43+ (Dgivee=0, =143
Note |

Y= Elff(a) = 32 hence both have same Stublzaction term,
3) Togetthe next ID ND ye have o subiract

%F’(a}{!hch él’”{a}b]

1t 3ax0+] x 79
1430-729 =71
The values of d = 2 and (he

remainder 215 are obtaiped by
divding 701 by D
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Note: New Dividend i 150
109 s contbte by o e
lﬂf(ayzhw lf”(a)b]ﬂl?
D
Next Dis 150, | 1
D= 150 -t} - P
ND=080- (b = 1 2 e b &
ND 15 e at of vt hs i ilfeent s
iving il e same sl |78
D gwsesd W6 178+ D gt e g 260
e=4 26(R)
D - 1060~ (e + o) lf”(a) - 1fw(ilfd Hc) s
ND=200-{Gatet '3 df)- v o
Heee o cared o om0 vl e  edcon n e vl of o ¢ 403 g
e = |0, wilhthe emannder = 16, The e
D40 = }%m‘fégt ook Ik

1340+ 249=10asf 1168
These o mehods v e s resl, e prceues ein et
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4. N=179856214027

Letus consder bigger number for finding the Cube Root

IT9BSE14027 (179 (856) (214) (027) N s grouped o4

From 179
30 =CD=75

b5 6 2 |

IS TR I

% 145 U s
il

i

288

—

b ¢ d e f

6 @) 5 9 4

@) s 3

(1)
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:
16
9l

160
A
316

L . ™ L T+ — T~

0
8
133
208
283

358

L I~ W = e - o

2
04
139
214
29

Jod
439

Il

T

6
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Following Swamiji's Method

1) a* =125 170 - 125 = 54
1™ Dividend iz 548
2} CD =35’

3) 548 = 75 bh=7.23R
4} Dividend is 235

ND =235 - 3ab? (735) - ve

Hence reduction of b to 6 with the ID dividend as 985
5) ND = 985 - 3ah® = 445

445 = 75=¢c=5, TOR

Dividend i 706

ND = 706 - (b" + {abc) - (216 + 900) - ve result

Hence ¢ is reduced to 4 with Nividend 1456

ND = 1456 - {216 + 7200 = 520

520 « 75 =d=6. 70R

Dhvidend is 702

ND = 702 — (3ac® + Gabd + Ik'c) gives — ve value

Hence reduction of d to 5 leading to the d 397 as 1452

1452 — (240 + 900 + 432} - ve value

Hence further reduction d to 4 leading to Dividend as 2202

2202 — (240 + 720 + 432 = 810

Bl10 « 75 =g = () R =60

next 1D = 601

ND =601 -7 — (6abe + 3bc® + 3b%d + 6acd) gives - ve result
Hence reduction of & to 9 with dividend as 1351

1351 — (1620 + 288 + 432 + 480) -~ ve result

Hence reduction of e to 8§ with the Dividend as 2101

ND = 2101 - (1440 + 288 + 432 + 480) Still - ve

Hence further reduction of e to 7 giving rise to a Dividend as 2851

S ND = 2851 - (1260 + 288 + 432 + 480 = 39]

39] « 75 gives [ = 5, R=148

Dividend = 164

ND = 164 — (3ad” + 6abf + 3b%e + 6bed + Bace + ')

— we result given to Division with reduction of f 1o 4 from § and the next ID is 914
ND =914 -is - ve and needs further reduction of f 1o 3 with Dive = 1664
ND = 1664 — ( ) — ve hence reduction of f to 2 with Division as 2414
ND = 2414 - (240 + 360 + 756 + 576 + 840) - ve hence f is reduced to 1 with
Division as 3164
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WD = 3164 — (240 + 180D + 756 + 576 + R40 )
508+ 75g=6 R = 58
Next ID = 380

ND = 580 — (6abg + 3bd” +3b’f + 6bce + 3c’d + Gacf + 6ade)

1080 + 288 + 108 + 1008 + 192 + 120 + 84D
a=5b=6c=4d=4 ¢=7 f=1 g=2 h=8

SEQ — g=6
1330 ——— g = §
2080 =4
2830 —r — =3
3580 g=2

For the values of g = 6,4.3; ND gives -ve values
Henee g =2

Mividend = 1580

ND = (3580 - 2916) = 664

=664 + 75

h=8§

ND =662 - (3ae” + 6abh + 3b%g + 6bef + 6bde + 3cd® + 3c%e + Gacg + 6adf)

Cube Roots and Higher Roots

=042~ (T35 4+ 1260+ 216 + 144+ 100% + 192 + 336 + 240 + 120} - ve resuli

Iis redoced (o 3

Jac® 6abh 3Ib'g 6bef Gbde 3cd® ek Gacg Gadf
ND = 4392 - (735 + 440 + 216 + 144 + 1008 + 192 + 336 + 240 + 120)

Where h = 8.7.6,5.4 the ND gives -ve value, Hence h =3
ND = 4392 - 3531 = 861 gives i =1 and R = 36

This method leads to laborious in the sense that at every step it appears to have
reduction process hence considering two digit (two groups being considered one unil).

Ja'=0408 | 179856 | 2 | 4 0 2 7
| 4240 4770 7381 2518 3484 4746
(3ab’) (b'+6abc) (3blc+lac®  (IbPd+Ibe  (c+ladbe3ble
+6abd)  +6abe+bacd) +6abf+Gace
+6bed)
| J688 (24+5376) (19242688  336+192  (64+R232+4R
= 5240  +9408)=  +134440408 +2688+1344
12288 =11280  +672)=13048
56 4 4 7 | 2 3
a. b c oo d e f E

Upto 4 decimals the CR. of given number is 5644,7123
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5. Finding out the cube root of 16194277

by using JKL method,
I6 94 277

given number has divided into three groups. 1 lence CR contains three digits. JKL
J = 2 beings the nearest CR of first group
Number ends in 7 .

L%k = 27K ends in
S K=35

L%+ 3LK?

27l ends in 4
L J=20r7

5

L=3

But J = 2 as already considered
S Cube root of (16194277) is 253
Single Digit Method (Swamijis Straight Division method)

- 27K

271 + 225

Cube Roots and Higher Roots

16 194 277
- 27
16 19425

~ 133

15929
-~ 225

1704

16 1 9 4 2 7 7
CD=3a B 9 9 17 13
=12 21 21 29
i 2 6 ‘_m{]
a b
205 5 2
M [
i- 4 1 0
| G o
CD = 3a’ 6 1 9 4 2 7
ar
=12,15625 & 21 9
2 6 8 0
a b 3
S ¢
Requires reduction and leads to a complicated working
Two Digit Method
CD=3a" 16194 2 7 7
=875 15625 569 a7 2
675 27
25 3 0 0
a )

CR of N = 253
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These methods of working are applicable in general for determination of n™ root and
for determination of n™ power of a number.

This method is applicable for imperfect n™ roots cubes and n™ power of a number
having decimals,

Example of imperfect cube

6. Find the Cube root of 16195277 Two Digit Method (using Swamiji's Method)
CD=3a"| 16195 2 7 7 0 0 0 0 0 0
=1875| 15625 570 77 102 1000 625 250 1465 1471 310

570 675 27 0 2250 1035 34 3025

A=23 3 0 0 5 2 0 7 5
b ¢ d e f g h i
Cube Root of N upto seven decimals = 253.0052075

1. Find the Cube Root of 12535.672267 (using Swamiji's Method)
CD=3a’| 12535 6 7 2 2 6 7
= 1587 12167 368 512 90 66 5

276 836 657 657

| a=2] 2 3 0 0
i b ¢ d e

. CRof (12535.672267) 15 23.23

B. Cube root of 61.9
Swamiji's Method

61 9 0 0 0
27 34 25 T 16

1296 6480

1 12 3 232
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This is not desirable for further work as it regquires lot of reduclion process as shown

helona
X =69
il £ 25 0 0 0
27 27 34 106 196 286 421
' A, 17 12 15 22 27
| i Il I
[} L
(@) 9
b g
7
6 129
&
d &

This u;1ﬁ|mnlim: ol reduction s complicated and Laborious

Apphied ~ higher nearest cube root value of 61 ie 4

one can iry the higher value of nearest cube root of 61, i.c. 4.

Letx' =610

a = 4 be the nearest CR of 61.9 CD=3a’ = 48, 3a= |2
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Taylor's Method

b d
o4 g TR

TR R -0 .0 _
21 |3 36 H!]E] 4 1 § 50 ”0 30 U

)l
f(ui):lz - - i o _ 3_031_6
) b Bosois oG p 849 305
6 b0 g g 466 1w M 16
0 T (T T

ERTI
ghijkl

f
Mepl:  f19-g4-39

o e )i b
() 00

3 0=

(¢ 4ﬂ)§i_ﬂ(i[:) o=l

Step 4 1208)=x0x 4122
D 1ph=10=
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BERTIST
StepS: 12(2bd+¢')=12(0+16)=192
() ind
1(3b%) =0
160+192 =557
) 552 (1le) i1
8
i =24
Step: 12 (2be + Jed)
() =10+2x4x3)=288
| (3bd +436Y) = 100+ 0)=0

——————

48) 528 (11() . f=1
52

2
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Cube Roots and Higher Roots

StepT: 12,20+ 2ee + )
@ =10+2xdx1l)+9

=12 (88+9)= 1164

and
0be+bbed + )0+ 0+ 64) = 4
1164 +64=1100
B)100(22 (g g=12

i

N s

Step 8: 12(2og + 2ef+ 2de)
) =10+Qx 4 1)

+[2x§xii]]
= 11(88+66)= 12(154) = 1848
d

13+ Bbee + 3"+ 43¢k
[D+0+0+(x16x 3))= 1
440+ 188 + 144 = 144
48) 2144 (44 () - h= 4
1i
]

|- |
]
P | b2 1]

|



Step 9:
(i)

3cd?)
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Step 10: 12 (2bi + 2ch + 2dg + 2ef)

12 (2bh + 2eg + 2df + cl‘]

=12[0+(2x 4 x 22)

+(2x 3x11)+ lli']

= 12176 +66+121)=12 x 363
= 43156

part1=4356
|(3b’g + Bbef + 6bde + Icle +

=[0+0+0+(3x16x 11)+
(3x 4 x9)]
528 + 108 = 636
part 2 = 636
320 + 4356 + 636 = 4040
48 ) 4040 (84 (i) .i=8 4
4032

Step 11: 12 (2bj + 2ci + 2dh + Zeg + )

(k)

=12[0+(2x 4 x §4)

c i

iy

+(2x3x4d)+(2x 11 x 32 +121]
e g F
=12(672+ 264 + 484 + 121) =12 x 1541 = 1B492

part 1 = 18492
and

1(3b% + 6bch + 6bdy + Gbef + e’y

+ 6edf + 3ee? + 3d%)
=[0+0+0+0(3x16x 22)

+(Exdx3xI)+(3x4xI120)

c d f ¢ e
+(3x9x 11}
d e
= 1056 + 792 + 1452 + 297
part 2 = 3597

Co 50 + 1R492 + 3597 = 14945

=12[0+(2x 4 x44)

+(2x 3x ﬁ}+(2:ﬁ: ﬁ:{ﬁ]

=12 (352 + 132 +242)

=12 % 726 = 8712

. part 1 = 8712

1{3b%h + 6beg + 6bdf + 3be? + 3¢’

+ 6ede +d7)

=[0+0+0+0+(3x16x 11)

+(6x 4 x3x11)+27]

= 528 + 792 + 27 = 1347
part 2 = 1347

oo 80 + B712 + 1347 = 7445

48 ) 7445 ( 155(i) ..j= 155
7440

3597
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48 ) 14945 ( 311(k) ~k = 311
14928
17

Step 12 : r’{a = 2cj + 2di + 2eh + 2fg

(N £"(a) = 3¢’h + 6edg 3d + 3de? + beef
12{2x 4 x155)+(2x 3 x &)+ (2x 11 x 44)+{2x 11 x 23]
C d i e h f g
12(1240 + 504 + 968 + 48) = |2 x 3196 = 38352
1 part = 38352
1[{3::15;:441 *(6x4x3x22)+(3x9x D+ Ix 12D+ (6x & x 11 x 11
¢k c d g d f d ¢ ¢c e f
= 2112+ 1584 + 207+ 1089 + 2904 = 7986
© 2™ part = 7986

170+ 38352 + 7986 = 30536
48) 30536 (636 1= 636

30528
1
Step 13 : 12[(2bl +2ck +2d) + 2ei +1ﬂi+g‘}]
(m) 1200+ (2x 4 x 311)+(2x 3 x155)+ (2x 11 x B4) + (2% 11 x 44)+ (23 + 22]

12 (2488 + 930 + 1848 + 968 + 484) = 12 (6718) = 80616
. ]“PN‘T*M"“—“""
1(3bk + 6bj + 6bdi + 6beh + 6bfig + 3c%i + 6edh + Geeg + Jeff + 3d%g + bdef + ¢
=1[(0+0+0+0+0+3x16x84)+(6x 4 x 3 x 44)+(6x 4 x
3 22)+ (x4 x120)+(3x 9% 22 ) (6x 3 x 121)+ (121 x 11 ]
= [(4032 + 3168 + 5808 + 1452+ 594 + 2178 +1331)] = 18563
. Part 2= ]§563 ——

R+(1D)+(2)= 80 - 80616 + 18563 = 52133

48) 62133 (1294 -m= 1294

62112

21 Remainder = 2]
a b ¢ d ¢ f g b i j kX 1 m
40 4 3 N }® @ B4 155 31 636 1294

—————————

= 4, 044237433754 = 3, 955762566246
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Vedic Mathematics

Step 1

Step 2

(e}

Step 4
(d)

Step 5 :
)]

fix )-fla)= 6l+64 =1
39 =3]
48)21(0 [.b=0
A
21
12xbf =0

ag)210(4 [ c=4

192
_18

12 (2be)=10
» Part1=0—2 (1)
]Hblﬂﬂ*—hG)
48)180(3 d=3
__]_.1'1._&
36

12 (2bd+ =12 x 16
=192

- Part1 = 192— (1)
1 (3b%)=0 " —»
360 + 192 = 552
b=0, c=4, d=3,
e=11, f=11, g=122
48 )552( 11 e=11

228
24

12 (2be + 2ed) = 12(2 x

4% 3= 288

». Part 1 =288— (1)

1E3b1d+3bc=j=ﬂ—l-G

288 + 240 = 528

48)s28( 11 f=11
228

168

Step1:

()

b=4,
g=122,

Step B
(h)

Stepd
(1)

Cubes, Expansions and Roots

12 (2bf + 2ce + d’) =

i2(0+@2x4x11)+9)
c e d

1164, Part1= 1164

1(3 b'e + 6bed + c¥)

=(0+0+ 64)

o Partl=p4 —»

1164 @

4

1100

48)1100( 22 g=22

1036

—44
c=4, d=3, e=11, f=11,
h=44, i=84

12 (2bg + 2¢f + 2de)
=12[0(2x 4x 1)+
(2x3x 1)) = 1848
- Part 1 =1848
| (3b*f+6bce+3bed’+3c%d)
= [0+0+0(3x16x3)] = 144
; Part2= 144 —»
R+1+2=440 + 848 + 144
= 2288 + 144 = 2144
48 ) 2144 ( 44 - h=44
2112
32

12(2bhe+2cg + 2df + ¢7)

=12[0+(2x 4x22)+

(@x3x 1)+ 121]

=12 (176 + 66 +121)

=12 (363) = 4356

o Part 1 =4356—=( 1

1 (3b°g + 6bcf + 6bde F 3c%e + Jed®)

=iﬂ+ﬂ+ﬂﬁx1ﬁx11]+ﬁx4x9;]
2 e d

¢ e
= 528 + 108 =636
. Part 2= 636 —*

- R+ +Q= 320 + 4356 + 536 = 4040
48 ) 4040 ( 84 ~i=84

4032
8
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Step 10 : 12 (2bi + 2ch + 2dg +2ef)
0 =12[0+(2x 4x44)+
¢ h
(2x3x22)+2x11x 1) ]
d e

=12 (352 + 132 + 242)

= E x T2 = ﬁﬁ

o Part 1 =8712—*

1 (3b%h + 6beg + 6bdf + 3be’ + 3c?f + bede + d°)
=[0+0+0+0(3x16x11)

+{Exdx3Ix11)+27)
¢

=528 + 792 + 27 = 1347
 Part 2= 134?—*@
SRHDD =80+ BT12 +

1347 = 7445
48 ) 7445( 155 ..] =155
7440
_—
Step 11 12 (2bj + 2ci + 2dh + 2eg + %)
(k) =120+ (2x 4x84)+ (2 xIxd4d)+(2x 11x 22) + 121 ] ’
e i d h e g P
=12 (672 + 264 + 484 + 121) = 12 x 1541
= 18492 . Partl=18492 —=

1 (3b% + 6bch + 6bdg + 6bef + 3c’g + Gedf + 3ce? + 3d%)

=[0+0+0+0+(3x16x2)+(6x4x3x 1)+ (3 x4x 121)+ (3 x 9x 11)]
¢ g c d f e e . de

= 056 + 792 + 1452 + 297 = 1597

o Part 2 = 3597—»

SRHD+@= 50+ 18492 - 3597 = 14945
48 ) 14945 ( 311

144
54

48
65
48
17
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Step 12 12 (2bk + 2¢j + 2di + 2eh + 2fg) o
(1) =12[(2x 4x I155)+(2X 3 X 84)+ (2 x LIx 44) + (2 x 11 x 22)]
= 12 (1240 + 504 + 968 +484) = 12(3196) = 38352

o, Part | = 38352 —»
1 (3b% + 6bci + 6bdh + 6beg + 3bf* + 3c?h + 6edg + Geef + 3d2f + 3de?)

=[0+0+0+0+0+(3x I6xd)+(GxdxIx2D+(Exdx 1Ix 113+ (I x
Ox 1)+ (3Ix3x121))
= 1{2112 + 1584 + 2904 + 297 + 1089) = 7984
~. Part 2= 7986~ (2)
~R+HP+Q= 170 + 38352 — 7986
= 10536

48 ) 30536 ( 636

30328 S 1=636
B

Remainder = §

Step 13 : 12 (2bl + 2ck + 2dj + 2ei + 2h + g?)
(m) =12{0+(2x 4% 31D+ (2x3x 155)+ (2 x 11x 84) + (2 x 11 x 44 + 484)
= 12 (2488 + 930 + 1848 + 484)
= 12(6718)
= BO616

. Part ] = B0616 -—i-Gj
I (3b%k + 6bcj + 6bdi + Gbeh + 6bfg + 3¢ + edh + 6eeg + 3of + 3d’g

+ 6def + e”)
=10+0+0+0+0+(3Ix16xB4)+(6xdxIxdd)+(6x4x 11x22)+ (I x

4x 12N+ (3 x9x22)+ (6xIx 1211+ (121 x 11))
= 1(4032 + 3168 + 5808 + 1452 +594 + 2178 + 1331)

= 18563
. Part2 = Isiﬁ:!—*@)
SRHDHD =80 + 80616 — 18563

=62133 -
48 ) 62133 ( 1294
__ﬁll_zl% C.om= 1294
Remainder = 2]
a= b c d e f g h i i k ) m
4. 0 4 3 11 1T 22 " 44 B4 155 311 636 1294

= 4 (044237433754
= 3 .955762566246
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Cube Roots of Polynomials

The method of solving the roots can be extended to Polynomials as well. Here
interestingly the cube root of the term can be written in a form without remainder and

hence need not be carried to the next term. Thus the working of the problem is
simpler.

Swamiji's Straight Division Method

(1)

Find the Cube root of 8x®+ 12¢° + 42x* + 37 + 63 + 27x + 27

125 [Bx®+ 128 + 42" + 37 + 63%° +27x + 27

25 + x 43 +E +£, +i +i
o X x* x’ x*
[ Y9

Stepl: Cube root of 85" =2x* (Q,)
Stgp2:  Common Divisor =3 xQ, ! =3 x  dx' = 12

Step3: 12x°
' 12%*

Stepd:  42¢" - 3Q,0Q,

=X (sz

= 42x* - 3 () (¢®) = 36x"

3:“ =3@)
Sweps: 37¢ - (6Q,Q,Q, + Q})

~ 37 —l{ﬁiflrz}{x)(31+xl—-—- 0(Q,)
Stepb:  63x° - (6Q,Q,Q,+3Q, Q! +3Q!Q,)

= 637 = [6022%) () (0) + 3 (2% (9) + 36D} = —2
StepT: z?x—{:ﬁq.qlq,wq,q}qﬁm Q})

=27 - [0+0+ (N () (F]= —27 =0(Q,)

= =0(Q,)

0
27 - (Q})= ——— =0
(Q,) Ty Q;)
. 2x* +x + 3 is one cube root and the other two roots are obtained by

1145

multiplying with cube roots of unity,
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(2) Find the Cube root of x® +3x%+ o' + 13 + 182 + 12x + &

I ] a3 o 13 18 +12r + 8
f+x +2 + 2 . 0,0, 0
X x? x' x

Stepl: Cube root of x%=x* (Q )
Step2: Common Divisor = 3Q? = 3"

5
Step3: i‘—.ﬂ X (Q,)
Stepd; %' -3Q,Q!
=0x" =3 (x) (x) = 6x" = T: =2(Q,)
X

Steps: 13:1—{&!}.0;':?;*@1]
=132 = [6 (D) (x) 2 + )
=]31‘3-“1¥J+I]}=5‘ET EB{QJ}
M IM_{5Q|Q1 Q4+3Q|Q;+3Q§Q: ]
=18x* = [0+ 3 (xN) (4)+ 3 (*)2) ]
=18 — (124 + 6x) = —0_ = (Q,)
ax
Step7: 12 -(6Q,Q,Q, +60Q,Q,Q, +30Q,Q0H
=12 - (0+0+3()4)
=12x-12v= —2-=0 (Q,)
Ix

Steps: 8-(Q))= 32. 0(Q,)

“.x? +x +2 is the Cube root and the other roots are obtained by

multiplying cube roots of unity i.e., =123

L]

(3) Obtain Cube root of x* + 6x? + 15x + 27
In decreasing power series of x,

Ix* 2+ 6 +15x+ 27 + 0

X+ 2 = = +L" 43

x? I’

Stepl: Cuberootof x¥* = x(Q,)
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3x
Ix?

Vedic Mathematics
Step2: Common Divisor = 3Q/ = 3x
2
Step3: *:-:T= 2 (Q,)
Step4: 15x - 3Q, Q1
= 15¢ - 3(x)4 = le—lh—ix-HF~(Q:?
StepS:  27- (6Q, Q, Q, + Q})
= 27 - {ﬁ[x}[l}[ )+E} 27 - (12+8)
= 27-20=7
7
F{Qa‘}
Stepf: 0- (6Q,Q,Q,+3Q,Q} +3QiQ,)

- [ﬁ{xu[ ]+3(:};'T +3{4}x%] - _:

8,1 - - —%3 Q)

x Z‘rm:1

Increasing power series of x

29x’

27[27+]51+ﬁx= + 3
1 3
3+£§ . 290x _3511
9 243 6561
Stepl: Cuberootof 27=3 (Q,)
Step2: Common Divism- = 3x 3 = 27
15x%
3 ==
Stepd: = = = Q1)
Stepd: 65 - JQ.Q,
25x? 25x?
= ﬁxi-as[ ]=5=_
(3) T X 5
29x° 29x?
ox27 243 B

StepS: X' - (6Q,Q, Q, + Q})

9
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1 - 1
- o iﬁﬂﬂ |15 _ g [95x } _ —266x
243 129 729
- 2661 -
X 266x° - Q)

729 % 27 19683

4) Cube Root of 8 + 36x + 66x7 + B7x* + 93x* - 21’ (ascending order)
a) Swamijis Method

CD=3a*=12| 8 +36x +66x° +87x* +93x* ~21y°
L S iy e sy W (O M g SR (P C I
=— 63’ = _ 105x" - 36x° + 24x%)

==5]y°
3ab? b +6abe Jac’ + 3b% + 6abd  3b%d + 3bc* +
_ Gabe + Gacd
S N & +2%° " —6x°
a b c d e f

Cube Root of (8 + 36x + 66x" + B7x + 93x* - 21x%) is (2 + I+ x¥ + 2’ = x* = 6xh)

Taylor's series with duplex and Triplex terms
Ascending Power Series of x

3a° = 12 |8 +36x +66¢F + B7F + 0%t — 31

ANSWET: T+ +x + I - % -6 T,
Ja=6 9 6 13 -1 (Duplex terms)
1 2727 63 (Triplex)

Stepl:  Cuberootof 8 = 2 (a)
Step2:  Common Divisor = 3a* =13 x2*= 12
I6x

Stepl: —= Ix(b
ep 3 (b)

 Stepd:  Duplexterm = b= (3 = oF
lab® = St = |20

ND = @6x® - 54x
12%?
=5 2 ()
Step5:  Duplex term = 2bc
=2 (3x) () = 6
3a x 2bc = 36

Triplex term = b* = (3x) = 27¢'
Ja (2bc) + b = 3627 + 276" = 6347
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ND = §7x* - §3x* = 245
24x%°
2 2% (d)
Step6:  Duplex term = 2bd + ¢?
=2 (3x) (2" + (*)?
= 12x* + x% = 3¢

Triplex term = 3b’c = 3(3x)* ¥ = 27
3a(2bd + ¢y = 782"
3a (2bd + ¢? ) + 3b%c = 105x*
ND = 93x* - 105x" = = 12¢*
-12x*
12
StepT:  Duplex term = 2be + 2¢d
=2(3x) (=x") + 20 (2¢%)
= = fx* 4+ 4’ = 2
3a(2be + 2cd) = - 124
Triplex term = 3b%d + 3bc?
= 3(3x) (2¢%) + 3 (3x)(xY
= 54x° + Ox" = 63x°
3a(2be + 2cd) + 3b?d + 3bc?
= - 12* + 63" = 514
ND= - 21x" - 51x° = = 724
-T72x%°

= —x'(e)

= fx°
T (f
3 rootis 2+ Ix + xF + 20 —x¥ - 6x° +
5) x*+ 12x* + 48x + 64
Swamiji's Taylor's
3 [ %0 + 12+ 48x + 64 3|2 + 12x% + 48x  + 64
- 48x - b4 Ix m 0
x + 4 L 64
i
3x Ix X + 4 T 0+ 0
(x +4) is the CR ™ !
. : a b c
(x + 4) is the CR.
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6) x®+ 6 + 3" — 28x7 — 9x? + S4x — 27
Swamiji's i
[ x® o+ e o+ 3 2B - 9x* o+ S4x - 27
- 12x' - 28 - 9} + Sd4x - 27
X'+ 2 - 3 0 0 0 0
x Ix? Ix? Ixt
a b C d e f E
(%% + 2% — 3)isthe CR
Taylors
3:-:: X + & + 3 28 - 9 o+ S4x - 27
Ix - T2x* - W - T2+ 0 - 0
1 g% 36’ Say + 27
XX + Ix - 3 0 0 0 0
ix Ix? Ix’ 3x*
, 18 b < d e f £
(x"+2x =3)is the CR
T Vx' +12x% + 48x + 64
Swamiji Method
CD=3a’=3%" | X' + 12x* + 48x + 64
48 x 64 +0
-4
— Jab? b +6abc
X + 4 + 0Ox + 0
—_ = —_—
Ix? 3x? 0
Qi 8} Qs Qs
|| a b C d
Taylors Series Method
o+ 12t o+ 48x% + 64
f(a)=CD=3a’=3x* — 48y 0
2
% (a)=3a=3x -b ~ 2bc Duplex Terms
% #a) = 1 64 Triplex Terms
b?
x + 4 + 0 + 0
Qi Q:
a b c d

Note: Duplex terms are multiplied by —]Ei"’(x} at x = a and shown directly in the table,

Triplex terms are multiplied by é—f"’[x}ltn-tlndshuwndimmlrinﬂwuhh.
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Taplor Series Method
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Swamiji's Method
8 64 4x I ¥
-1 - )
dH x gt gy
)

(4 +x)isthe CR

It the given polynomial has the perfect cube root, then it will be the same either we
proceed in the ascending order or descending order on the other hand it is not a

perfect cube the CR obtained from descending order is different from the CR obtained
In ascending order.

For example:

(Ascending Order)

8] 64 41 X
48 13824

Jab’ b’ + Gabe

'Y a7, - 0970,

—X — —
2 48 663552
(Descending Order)

8] ¥ 1 4 6

#Bx 67

3x 3t
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Higher Roots of Numbers

All the methods used for finding out the Cube Roots can be extendable for higher
roots as well

1) Find the 4™ root of N = 331776
(33)(1776)
The number is grouped into2 .n=2
Therefore the 4™ root contains 2 digits as KL
From the first group F one has 1o determine the nearest 4™ root of the group value.
F=K=2
As the given number ends in 6, L =2, 4, 6, B (Refer Table 1)

313 1776
LetL =2 -t - 16
417K = 32K ends in & 176

K=3or8.. itisinvalid
". The 4" root is KL nearest 4™ root of the 1% group 33 is K =2
Letustry L=4

3131776
-4 — 256
4LK = 256K ends in 2 33 152

K=2or7
Since K = 2, is valid, 4™ root of N is 24

2) Find the fourth Rootof N =28 4739 6321
The number is grouped into3 . n=3
Therefore the 4™ root contains 3 digits as JKL
From the first group F one has to determine the nearest 4™ root of the group value.
F=]=2
As the given number ends in |
L=1,3,7, 9 (Refer Table U)

LetL=3 28 4739 6321
-1t - Bl
4L*K = 108K ends in 4 39624
K=3,8 fK=13 - 324
- 4L%) + 6L3K? 3930
- 6LIK =~ 486 -~ 486
108J) ends in 4 444

J=3,8is invalid
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Trial with K = 8 39624
4K = 108K . -4L’K — 864
4L%) + 61L.2K? ART6
108) + 3456 ~ 3456
108] ends in zero 70420
o1 =10,5 not valid
LetL. =7 28 4739 6321
~L* - 2401
41K ends in 2 39392
1372 Kendsin2 -~ K=1.6
LetK =1,4L'K = 1372 39392
- 4LK = 1372
4171 = 6L*K? 3802
1372]+ 294 — 294
1372} ends in & 3508
J =4, 9 is not valid
Trial with K =6 7393192
4L7K = 8232 — 8232
417 + 6127 73116
= 1372] + 10584 ~ 10584
1372] ends in 2 62532

I=1, 6 (invalid)

LetL=9 28 4739 6321
~-L* — 6561
413K = 2916K ends in 6 738976
K=1loré
Trial with K=1 -2916K  ___ 2016
4L'T + 6L7K? 731606
= 20161 + 485 — 486
2916 Jends in 0 73120
J =5 not valid
K=6 738976
—2916K — 17496
4L’ + 6L*K? 72148
=2016] + 17496 — 17496
2916 J ends in 2 54702

= J=2or7

Cubes, Expansions and Roots
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J=2is valid
But (219)" = N
Hence one has to try with

IR 4739 6321
~ L —

41K = 4K ends in 2 9632
" K=30r8 Letk =3, — ALK - 12
4L%) + 6L7K? ends in 2 962
—6LK? —54
4] ends in 8 908
ThisresultsinJ=2or 7
1= 2 is valid 4" root is 231

o 4" raot of N = 231

3} Find the fourth root of N = 2927 971750461996
Given number is grouped into 4 .n=4
(2927 (9717} (5046) (1696)
Therefore the fourth root contains 4 digits as 1KLL
From the first group I one has o determine fourth root of the group value F = 1 = 7
As the numberends in 6. L=2or4 or 6 or 8 (Refer Table )

IfL=2 L =16 50461696
~-L* ~ 16
4L'K = 32K ends in 8 K=4o0r9 5046168
If K = 4 then 417K = 128 - 41K 128
504604
4L+ 61L7K? = 12] + 384 - 61K — 384
12l ends in O 29 504220
s l=0ors
IFI=0321=0 ~32) ~0
4L°H + ALK + 12L3KI=32H + 512 + 0 29 50422
=32H + 512 -512
32H ends in 0" 29 49910
H =0 or 3 Both are not valid as H is already shown as 7 L=2,K=4,]=5
Ifi=5 504220
32) =160 - 12] — =160
4L’H+4LK® + 12L2KJ=32H + 512 + 960 50406
= 32H + 1472
_ 1472

I2H end in 4 48934
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H=2or7

4" root of N is 7542
This is not giving the exact 4" power of N.

H = 2 is invalid becausc the ncarest fourth roat of first group is 7

B0 el us agam start with Stage If with K =9, [.=2

250l ends 1in B

5046168
41K = 288 - ALK - 288
4L + 617K? SN4588
=320 + 1944 6LIK* - 1944
320 ends in 4 502644
J=2or7 325 - 64
Let J = 2 then 32 = 64
AL H+4LEK + 12 K 1= 32H+5812+RAd 50258
= 32H + 6696 — 6696
I2Hoendsin2 o Hl=1gar2 15652
But H =7 by the first group. This is not valid
Letl us again start with [, = 4
L=4 S4G169G
LY = 256 -LF - 256
41K = 256K ends in 4 50461 44
K=4o0r%9
K =4 256K = 1024, - 256K _ = 1024
S04512
4L + 6L2K* = 2561 + 1536 — 1536
6l endsins L T=1orh 502976
IFr=1
~ 256 — 256
AL HHLK + 120 K= 256H <1024+ 768 50272
= 256H + 1792 - 1792
256 01 ends 0 4%480
S = 0or 5 s invahd
Now let us start with
I=8a . 750 2976
2561 = 1536 —- 1536
AL H+H4LK + 120 KJ=256H+ 1024+4608 750144
= 256H + 5632 — 5632
- 256H ends in 2 744512
H=2or7
ITH=7then 256 H = 1792 - 256H - 1792
ALM+6L P+ 120 K H+ 1 2K 4 74272
28GRI+ 34 5645376+ 460842 56
2561 4+ 153696 — 13696

60576



184

Vedic Mathematics Cubes, Expansions and Roots

Kol ends in 0 ix absurd

s b= D oréoas invalid sinee | does not exist
Let us try with
L=4 K=9 .
5046144
AL'K=256K = 2304 - 4L'K ~ 2304
4L') + 6L7K? 504384
=256] = 7776 - 6L°K? - 7776
256l endsin8 =J=3uor R 496608
Ifl=3
— 256] - T68
41 HH4LK 41212 =250H+1 1 664-+51 R4 49584
=256H + 16848 — 16848
256H ends in 6 32736
H= I or 6 is invalid
Now letus try with L =4, K =9 and ] = 8
496608
- 256] - 2048
AL H=4LK + 121K I=256H+1 1664+ 13824 49456
= 256h + 25488 2548R
256H ends in ¥’ 236K
H=3or&isinvalid
Sovone has w ey with 1, - 6or 8
Let us apain start with 1. = 6
50461696
-L* ~ 1296
4L7K = 864 K ends in 0 50460410
K=0or5
IfK=35 864K = 4320 = 4320
7504172
4L + 6LIK? = 8641 + 5400 — 540
864 ] ends in 2 7498772
I=3or8
irl=3 Bhd] = 2502 _=25392
471 + ALK 4+ 12L7K) 749618
=864H + 3000 + 6480 = 94EQ
B64H ends in B L H=20r7 740138
"ITH=7 RHdH = 6048
: _~ 6048
AL 6L 2K 12K R 73409
“ROA] + 1944 + 151200+ 5400 + 625 - 23089

50320
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o Bodlends= I=00r5
I =0 automatically satisfies condition that 1 = 5 cannot exist as it cannot have 5
digits as the fourth root
!, 7356 is the 4™ root of N,

Note : The number contains 4 groups one should expect a 4 digited 4™ root. On this
scare existence of | is not valid. The value taking 4 digits B to be considered. When
one expand the 4 digits it comes out to be exactly the given number

The table so prepared for expansion is also useful for the evaluation of the roots
as well.

Working out the 4" root using the corresponding table D. (Swamiji's method)
15 shown below

Swamiji’s one digit method,

2927 0§ 7 I 7 5
CD=4a’=1372 | 2400 526 1153 659 1131 498
2031 2503 187043242

2646 0576 31795 29016

6a’b®  4ab’+]2Zabc b'+6a’c’ 4b°c+12abe
+12a%bd+12b%c  +12efed

+12b%ad
+12ctab
7 @ 6 7 2
a b c d f

2
e
® © 5
On the basis that it is a 4" root, the number is grouped such that each
containing 4 digits, the 4™ root consists of only 4 digits it is a perfact one. One can
still proceed to show that from ‘e’ onwards all the coefficients vanish, which is a bit
laborious.
The four groups are

2927 9717 5046 1696 _

1" Step: The nearest 4" root of 2927 is 7 which is a value of 2’ 7* =2401 giving a
difference of 526 from (2927) as such 526 with ‘9" forms the 1™ dividend
as 5269 which is the first 1D and is also ND

2" Step: Common Divisor CD =4a’= 1372

3" Step: The 1" ND when divided by 1372 gives the value 3 for ‘b, with he
remainder 1153 forming the next 1D as 11537

4™ Step: From 11537, 6a’b” is subkracted to get the ND this is divided by 1372 which

gives the value 'c’ as 6 with the remainder 659 and forming the next ID as

6591

Lk
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5" Step: Fiom 6591 (4ab’ + 12a%bc) is subtracted which gives a negative ND (-
4749) and hence c is reduced by 1 to give 3

6" Step: Consequent upon the remainder is (659 + 1372) = 2031 the modified ID is
20311 from this onc has to subtract the value (4ab” + 12a%bc) to give the
WD which when divided by CD gives the value 7 as ‘d". with the remainger
1131 which gives the ID as 11317 proceeding in the same manner one finds
a number of reductions in cach value. At this slage Swamiji has suggesied
that a better working details are possible when we considers the first two
groups as a single unit to start with which is called as two digit method.
From the above results it is easy to get the nearest 4™ root of the two groups
put together. This can be easily read as 73 which is designated as the
starting point *a" with this one can proceeds to work, out the complete
details and it can be easily seen that 7356 are the four digits representing
the 4™ raot. At this stage one can verify (7356)" is exactly as the given
number in the same manner. If not one will have to procesd to get the
decimals of our choice.

(29279717) (5046) (1696)
29279717 5 0 4 6 | &

For the first group 73 is the nearest 4™ root which can be taken as a
proceeding in the above manner the following is the table,
29276717 | ! 0 4 6 1
CD=4a’= 1556068 | 28398241 | 881476 1034425 208492 129984 16757

799350 1954540 1283089
(6a*b%) 46’ bi+galct

| +128'be  +12b%ac
T 7 5 6 0 0 0
i a I b c d - f

This very clearly shows that two digit method gives the 4" root with less
working details for a Still larger number one can work out with first three groups as
one unit and get the value of “a" and proceed 1o evaluate the required root. We can call
11 as three digit method and so on

British authors have solved the cube roots of numbers using the Taylors Series
together with Swamijis concept of duplex and triplex terms and expressing the root in
general asa. bcdef..... where b, c, d, e .... are the first, second, third... decimals.
They have used the three differentials in case of cube, They have sxtended also the
samfe method to fifth order and 7" order equations as well. In each case all the
differentials up to the order of the eguations are used muplm; with the Taylors
expansion.

A comparison b-m-.w the method followed by Swamiji and the method that
is given by British authors is given.
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The present work on general expansion table.and their use in evaluating the

powers and also the roots is considered to be novel. It is further applicable to non
perfect roots leading to any required decimal of ones choice,

Example Find the 4" root of 2126259172515367892842 1 696
1) Divide the entire result into sub groups consisting of 4 each from RHS. Here

the first group has only two digits ie 21 the following sieps are worked out
Complete 21 262591725153678092847 1696
Single Digit Method:
The nearest 4™ root of first group is 2.
Let this be a then subtract a* from the first group ie 21. We get remainder (27
— 16 =35). Next dividend is 52,

2) Common is divisor is 4a’ = 32

3) Divide 52 by 32 we get quotient b as 1 leaving the second dividing as 206

4) Subtracts 6a’b’ from 206 leaving the next dividend as (206 — 6(4) (1)) = 182.
Dividing 182 by CD, 32. We get 5 as the value for C leaving the next dividend
222,

5) Subtracts (4b’a + 12a%be) from 222 gets a negative value not, desirable which
complicates further calculation.
Swamiji Suggested, that in all such cases when the CD is of a Small value then
one can considere first two groups as a unit. With this one can proceed to
evaluate the root. Hence our status point is 212625 which constitutes the first
two groups. Starting from this one could upto 2lasa
We come upto 2147 and further working is complicated (reduction is found

necessary).
CD = 37044 212625 9 1 7
194481 18144 33273 31087
T TTa=m 4 7 4
b C d

While evaluating e, we come across a negative dividend and hence either to the d
value is to be reduced (or) better extend the concept of Swamiji's two — :imlt method

to triple digit method.

We have adopted starting of working with three groups as a unit and 214 is the value for *a’

CD=12126259172 2 5 | 5 3
2097273616 28985556 15445930 23391153 26070457 3409118
a=214 T 3 5 6 0
b c d e f

At this stage one can stop because it is satisfying Seven digits (seven groups) as the
4" root one can try the verification with this seven digits by working out the
expansion of its 4™ power.
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If its 4™ power comes out to be exactly, the number with which we have started, then

it is a perfect root other wise one has to work out in continuation to obtain the
required decimal points.

4) Find FifthRootofN=693439057

(693) (43957) |

The number is grouped into2 .. n=2

Therefore the 5™ root contains 2 digits as KL
From the first group F one has to determine the nearest 5 root of the group value.
F=K=3

As the given number ends in 7 L = 7 (Refer Table L)

69343957

~L* - 16807
SL*K = 12005K ends in 5 6932715
SK=1,3570r9 ButKis already worked out as 3
:. The 5" root of N is (37)

3) Finding out the fifth root of 1036579476493 using Swamiji's both Methods
j k |

103 65794 76493

I=2(2%=132)

Since 2 is the nearest 5™ root of 10°

The last group is ending in 3 (Refer Table U)

L L=3 9476493
L* =243 — 243
SL'% = 405 ends in 5 947625
S K=laorlorSor7or®
IfK = 1 then 5L = 405 — 405
047220
T0LYK? + SL*) = 405 + 270 - 270
405] ends in 2 94452
This is absurd

. K =1 is not valid
Letustry with K=3

947625

SL'K = 1215 _=121%
) 94641
10L'K? + 5L*) = 2430 + 405) — 2430
405]) ends in 1 92211

This is absurd
s K =13 is not valid
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Let us trv with K =5

947625
SLK = 2025 = 2023

94560
10L7K* + 5L = 6750 + 405] = 6750
405) ends in 0 . 87810

ol =010r)2 (or) 4 (or) 6 (or) 8

I'=10is not possible as | is concerned

With here digited number and J being in the Hundreds place | cannol be zero on the
other hand J = 2 is more probable

To confirm J = 2 lei us continue with the problem with H.

TOLKC + 20L°KJ + SL'H = 11250 + 5400 + 405} RTRIN
— 16650
405 Hend= in 0 _ 71160
S H=n
. IKIL = 253
103 n 3 T 0 4 TH403

-’iﬂ! 27T 6 g5 ST
M
2 R .:-.'4 Biry

s =
|

| a b C d
Twao digit method

CI | 1036794 7 6 4 9
1953125 | 9765625 600169 142322 16976 1014
St 600169
- 3 - .
::J b C d

As the single wmpgit method is leading to a complicated working details, swamiji
suggesied i all such cases thal one can attempt two digited (groups) method where in
the first two groups arc (o be considered as one unit for starting the work

6) Find the sixth root of 148035889
{148) (035889
The number is grouped inta 2 . n=2
Therefore the 6" root contains 2 digits KL from the first group F one has to
determine the nearcst 6™ root of the group value, F = K =2
+ As the given mumberends in @ 1. = 3 or 7 (Refer Table g

K L.
148 DISRRG
sl v T .
et 3 79

6l K = 1458K ends m 6 516
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K=2o0r7
. Sixth root of 148035889 is 23
IfL=7 # 148 0315889
- L° = 117649
6L'K = 100842K ends in 4 791824
K=2or7 — 201684
If the 6" root is 27 59014

(27 = N .23 isthe 6" root of N

7) Find the 6" root of N = 3297303959104
{3) (297303) (959104)
The number is grouped into 3 . n=3
Therefore the 6™ root containg 3 digits as JK1.
From the first group F. one has 1o determine the nearest 6" root of the group value.
F=J=1
As the given number ends in 4
L =2 or B {Refer Table L))
3297303 959104

Trial with L = 2 -1 — 64
6L K = 192K ends in 4, K=27 5004
Trial with K = 2 - 6LK — 3184
6L + 15LYK? 9552
1921 + 960 ends in 2 — 96()
192) ends in 2 E592
I=1,6 - 1921 = - 192
LetJ=1, 192}

840

We can further extend to show that H =0

6L°H + 30L*KJ + 20L*K" = 6L°H + 960 + 1280 = 6L°H + 2240

192H ends in zero H = 0, § But there cannot be 4™ digit  Hence H=0
o 6" root of given number is 122

8) Find the 7" root of 410338673
{41) (033 8673)
. The number is grouped into2 . n=2
- Therefore the 7™ root contains 2 digits as KL
From the first group F one has to determine the nearest 7 root of the group value.
F=K=1
As the given number ends in 3 L = 7 (Refer Table U)
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K L
41 0338673
Numberendsind, . L =7. - = R231543
TLAK = 823543K ends in 3 40951513
=K =1
- TLK _—B23543
. Seventh root of 410338673 is 17 1012797
To show that ] =0 7L + 21L°K2 — 352947
7L ends in 0 1=0 50

9} Find the 7" root of 2054210978157184
(207 (5421097 (8 I57184)
The number is grouped into 3 - n=1
Therefore the 7 root contains 3 digits as JKL
From the first group F one has to determine the nearest 7 root of the group value.
F=1=1
As the given number ends in 4, L = 4 (Refer Table U)
20 5421097 8157184

-7 ~ 16384
LK = 28672K ends in 0 B14080
= K=0or5 Trial with K =35
7L+ 21L7K? - 71K — 143360
109767072
2BGT2] + 537600 ends in 2 = 33760
BT endsin2 . I=1.64 109220472
154 is the 7" root of given number
IfK =10 814080
7LK Q6
28762) ends in B = 1 = 4 (or) 9 is invalid _B1408
154 is the 7" rool of the given number,
To show that H=0
WhenL=4 K=51=1
109220472
—18672
TLMH + 421°K° + 3504k 10920080
28672H+215040+1 120000 ends in 0=>H=0 1335040
2B6T2H + 1335040
28672H ends in O - E9SRS040
= I=0prs

There is no 4™ digit in the seventh rooi
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Higher Roots of Polynomials

1) Fifth root of 243 + 810x + J0B0x" + 720" + 240x* + 32x° (ascending order)
a) Swamiji Method

CD=5a"=405 | 243 +810x +1080x° +720%° +240x" +32%°
~1080x* - (720 +D)=  —(240x° +0) - (32x" +0)
— 7200 = - 240 =~ 325%°
10ad® 102’ +10a2be  Sab*+10a%c? b*+10a"2be
+10a2bd  +10a'2cd+5a 4h'c
+10a Iv'e +10a% 36°d
_ +i0a’ 3bc’
3 + 2x +0 - +0 « 0 + (]
a b d & f

[
Fifth root of (243 + 810x + 1080x% + 72007 + 240x* + 32x%) = (3 + 2x)
2) Find fifth root of 1 + 15x + 90x + 205%" + 70087 + 1541y° (ascending order)
a) Swamiji Method

CD=5a"=5 1 5x B 205y 700%" 1543x°

-90x" - (270x" 40) - (405xT 0+ — 243y . G0

= 270x° 300x" + {I) 0+ 13505

= _ T05x = - 1533%°

102"’ 10a°h"+10a"2be  Sab*+10a%c? b+ 10a 2he
+10a" 2bd +10a*2ed+5a.4b"c

+10a? 3b'c +10a%.3b%d

+10a%. 3he®

1 + Ix +0 + 5x7 - + W+

8 b e d e

, r
Fifth root of (1 + 15x + 90x" + 1295x% + 700x" + 1543xM is (1 + Ix + O + 55" = x* + 25 + .

3 %+ 5t 10x7 4 10%% + S 4 ]

Swamiji's

sk lxt o+ st o+ 10kt o+ 1o+ 5% + l
_ - 10" - 10 - Sx - ]

Jx + 1+ 0 + 0 + 0 4+ 0

;.';i- F 5-:.:: 5x°
a b c d € F

{x + I}is the fifth root

Tayvlors

s It o+ st o ok ¢ o o+ sk o+
10w - 0] 0 0 _
0 — - 10x! 1 I —
ax -— —_— = Sx —
! — — - - ]
x + 1+ 0 ¢ 0 + 0 + 0
ax Sx? ix' 5x*
Bl h d [ f

ix + IYis the fifth roo
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&) %" - 10" + 40 - 8 + B - 32

Cubes, Expansions and Roots

Swamiji's
Tl R || "R, WL 80x" + BOx- - 32
+odlx' o+ B - Rx o+ 32
!x - 2 o+ 0 o = 0+ 0
| S W W
a b ¢ d ¢ r
(% = 2} is the 5™ ool
Tavlors
Sk -t o+ a - oBmd 0 Bx - M
10x* + ' - -
10 - B -
5x - R -
l - - 32
X - 1 o+ 0 o+ 0 o+ 0 + 0
TR P P,
a b £ d e [

(x - 2115 the 5™ root

5) Find the fifth root of %™ + 15x% + 80x™ + 150- 95" - 477" - 190x* + 640y’

600%” + 240x - 12
Swamiji
o0+ Rt s 0t 4TS 100 o 60 - 600 1 T4l
~ oy’
I o= 2 o+ )+ o
T
b c d ¢ f B h i i
Taylors
+1sY 4 B0t ¢ 150K - 0 - 4% - 19 + 60k’ - 600K + 240% -
- 9"+ 120x
- o
Ix 2 4 n i
T

2

32
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6 b) Find the Seventh rool of 128 + 44By + 672+ + 560x" + 280" + &4 »° + 145® + 7

Taylor's Method
Common Divisor = 7a*

448 |
ANSWer: 5 T4 ox o+ 0xF 4 0+ Oxd + Ox5 +0x6 + 0x7
a a b ¢ d g f B h
21a’ 672 ' 0 0 0 i 0
l b Zbe c*+2bd 2be+2cd 2bfrd®  2bgt2de Duplex
+2ce +2cf
352 = 360 %" i i 0
b 3% b+ blesc®  Ib'fedc’d Triplex
b’ +6bcd +Ibdsfhes
i5a' = 280 it 0 0 0
b db’c 4bld+eblc’ 12b%d Quadruplex
+ibe +4b'e
212’ =84 1% 0 0
b st 10k’ Quintuplex
+56'd
Ta = 14 1yt 0
Iy 6b'c Sextets
1%’
b’ Heptets

JooAnswer= x4+ 2

All Seven roots arc given by multiplying by the roots of unity, ie., 1,

seventh.

Stepl:  Seventh root ol 128 = 2 (=)
Step2: Common Divisor=Ta"=7 x2%= 44§

448 x
- 0T = ih
Slepd: 248 % (h)

Stepd: 21a°h = 672

ND =672 - 672 = L =0 (c)
248

StepS:  21a’(2be) + 35a'b’ = 560’

ND = 560x" - 560x° =

0
s 0 (d)

Step6: 21a’ (¢’ + 2bd) + 35a" (3b%c) + 358’ = 280x"



197
Vedic Mathematics Cube Roots and Higher Roots

ND = 280x" - 280%° = =0 {e)

i
448
Step?.  21a" (2be + 2cd) + 358" (36%d + 3be?) + 358" (4b°c) + 21a%b" = Bdx’

ND = B’ - 4x° = 0. =0(f)
448

StepB:  21a” (2bf + d° + 2ce) + 350" (3b%e + Gbed + c¥) + 35a° (4b'd + 6b7c) +
21a* 5h'c + Tab® = 14x"
. 0
ND =14~ 14xf= — =
o Tt

Step®:  21a’ (2bg + 2de + 2¢f) + 35a* (36 + 3¢%d + 3bd? + Bbce) + 358°
(12b%cd + dbc’ + 4b'e ) + 2127 (1067 + 5b'd) + Ta (6b%c) + b7 = &’
SND=y —yT=0
0
44
7" root is (2 + %)

" =0 (h}

Tb) Obtain Seventh root of

2187 + 25515% + 132678 + 405405x° + 818559x" + 1228122 + 171311 7% +
2907322y

Taylor's Method
in increasing power series of x.

CD
7a"= 5103 | 2187 + 25515x + 132678x% + 405405 + B18550x" + 1228122x° + 171311 7" +2007322%
Answer: I 0+ S o+ ¥ s0x + 2 o+ 4+ 0. + 1:35? x
1
212’ 5103 25%" 0o % 20% 44x® fx’
358" 2835 125%° 75x° 5% 151x° 360y’
158 945 625 S00x* 150x® 10204
21a% 189 312587 3125 12507
Ta 21 5625x°  18750x
TR125%

LoAnsweris 3+ Sx+ i+ It v dnt H x4

Stepl: Seventh root of 2187 = 3 (a)
Step2: Common Divisor = 7a® = 7 3% = §103

25515
Step3: =5
5103
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Stepd: 21a’b" = 127575x

5103x°

ND = 132678 - 127575%* = 5103x% =
- 5103

=x'(¢) c=1

stepS: 2be = 2(5x)(x%) = 10x’
202’ (2be) + 35a'° = 405405’

ND = 405405x" - 405405%' = ——  =0(d)
5103
Siep6: 21a’ (¢! + 2bd) + 354" (3b%c) + 354° (b*) = 808353x"

i
ND = 818539x" - 808333x" = 10206x" m::];: =2 (e)

Step?: 21a* (2be + 2ed) + 350" (3% + 3be?) + 358° (4b° ¢) + 21a%b' = 1207710x°

204128 204128 20412x
!

ND = 1228122x" - 1207710x° = =4%* (f)

Step8: 21a’ (2bf + d’ + 2ce) + 35a’ (3b%e + ¢’ + 6bed) + 35a° (4b%d + 6bich) + 214"
(%) + 7a (b%) = 1713117
ND = 17031 7" = 17131175
0

={
3103 ®

Stepd: 212 (2bg + 2de + 2cf) + 35a° (3% + 3c%d + 3bd? + Gbce) + 35&° (12b%cd +
4bc’ + 4b%) + 21a? (106 + Sbd) + Ta (6b%c) + b’ = 2733449
ND =2907322 - 273344%" = | 73873x]
173873,
h
5103 -

Seventhrootisd - Sx+x' + 2 +4dx’ + ] :E} .



PART -1I EQUATIONS (Contd.)
Section - C  Swamiji’s Method for Cubic and Higher Order Equations

Notes on a method adopted to solve the equations by using Swamiji’s Method (Cubic).

1) The given equation in 'x” is written as f(x) is equated to the given number.

2) By using Vilokanam method, the solution of it s the nearest integer ‘a’
satisfying the equation, is to be obtained.

3) In order to get the nearest solution with the decimals of required extent, the
following procedure is adopted.

4) For a cubic equation the terms of the expansion (a + b + ¢ is made use of
wherein the placements (Reler Table B) are shown The Same table is
applicable to the decimals as well, treating that b is in 10™", ¢ is in 107 and so
on in the selution, where 'a’ is the integer obtained from the above Vilokanam
method. As such the solution will bea. bed......

5) A few evaluations have to be first carried out in order to proceed to get the
solution

The method is similar to Swamiji's Straight Division method (Lecture Notes — II)

1. Evaluation of Commeon Divisor (CD}:  In case of a number in the
form of x’ =N the common divisor will be only 3x* at x ='a' but in the
Cubic Equation the 3a® represents the first differential of the fix) at *x
= a' as such it is called 3a° representation.

il. In order to get the Intermediate Dividend ID; the difference between
RHS and the LHS with (x = a) is to be multiplied by 10 and added 1o
the existing Dividend. This is the first ND.,

ii. The first ND is divided by the common divisor which gives the
quotient ‘b” with the remainder ‘R’. The Remainder is multiplied by 10
to get the next intermediate dividend. From this dividend one has to
subtract *3ab®' 1o get the ND.

But in case of an Equation, ‘3a’ is represented by the Second
derivative. In order 10 identity this expression with ‘3a’, we have m‘
divide the second differential at ‘x = a’ by ‘2", The value of this ‘3a’ is
then multiplied by b? to get the * 3ab®.
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iv. (Intermediate dividend — 3ab®) is the new dividend and this is to be
divided by the CD to get the value ¢, and the remainder R is to be
multiplied by 10 and added to the next dividend to get the 1D,

v. In order to get the value of *d’, the third decimal point, from the table it
is clear that one has to subtract (b” + 6abc) which can be written as b* +
3a (2bc). The value of 3a is already obtained (as representation) in the
above step which is to he made use of, where as b® can be obtained
from ‘b’ value. The ND thus obtained is divided by CD to get the value
of d and corresponding R.

Care is to be taken in case of terms of 3a° or 3a in a cubic equation
which are to be read directly from corresponding differentials followed
by the Substitution of x = a in the entire differential expressions

vio Inoewder too et the next 1) which lends (o the next decimal point, e,
from the table, the following expression is the subtraction. 8 = (3a)c’ +
3a (2bd) + 3bc.

Same principle is adopted for the substitution of 3a. The S value is
subtracted from the ID and the result (ND} is divided by CD 1o get the
value ¢ and so on. This procedure is continued to get the corresponding
decimals and remainders which leads to the ID and when the
respective combinations from them are subtracted and the result ND's
are divided by the CD to give the corresponding decimal points of
one's choice.

Eg %' +29%x-97=0
fix) = x’ + 20x = 97
Solution x = a.bede. . ..
From Vilokanam x = 3
ifx=3 - LHS = |14 RHS - LHS =97 - 114 = — 17, x = 3 the nearest
integer (a) for the solution.
The Common Divisor (CD) = (X )ymp=; = 3% + 29 = 56
LHS RHE RHS-LHS

x=1 30 o7 &7
x=2 . &6 . - 31
x=3 114 7 .7
f"'rE:ﬁ =fmatx=73i518 but 3a repre:sentaﬂn_:m is needed

18

Hence 3a representation at x = 3 is -1— =9
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0 0 0 i 0 w
0 F 3 B % 7 &
31 27454 9+432+27  6A8+1444216+9 £
Ja(b") b+3a(2bc) 3a(ch+3a(2bd)  3a(2bey+a(led) E
+3b'c +31:~FE_+ b’ 3
3 3 i 8 12 E
a b ¢ d e f

I} The first decimal b is obtained as » coefficient by considering the first 1D as
ND and the same is divided by CD

2) The successive decimal values are to be obtained in the usual manner, je ND
+ CD where ND = 11 - corresponding subtraction terms

3} Values of subtraction terms contamning 3a are to be worked out in terms of
representation value 3a. For example Jab’ =9 » % = §1

Upto f(5 decimals)x =3, 31 £12 15 = 2.68065

Eg: x'-3l+17x-52=0

fx)=x"=3x'+ 1Tk =52

Solution x = a.bede ...,

From Vilokanama =3

Letx=3= RH5-LH& =1

lazﬁﬂpm::cnla'linn =(D= fxjptx=3= {31{1 i+ 1T atx=1=26

Ja Representation at x = 3 = 2 ["(x) = | é{ﬁx—ﬁj Ax=1=6
L
CD=26, 0 0 0 0 0
I 10 22 12 14
0 0 54 288 Subtraction
jab’  b'+3albc Ib'e+da2bd+dac? IWPd+3bc+3albetdalce Terms
3 0 3 8 2 3
a b & d e f

1] The first decimal b is obtained as a coefficient by considering the first ID as

ND and the same is divided by CD

2) The successive decimal values are to be obtained in the usual manner, ie ND
+ CD where ND = [D - corresponding subtraction terms

"3) Values of subtraction terms containing 3a are to be worked out in terms of
representation value 3a.. For example Jab*=6 x 0=0

Upto £ (5 decimals) x = 3.03825 = 3.03815
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A few more examples

) E=23+87¢-001x=52,

=20 +870¢-x=520  Soluionx =abode .
LHS.  RHS.  Dif:RHS.-LHS

=0) M 520 +H3579
=05 M55 45
=] 1099 -5 j
(=) 318 4708
1=} 14037 - 13517
x==05 1895 +33075
=-08 494 +§0.16
y=-] Bl -1 ]
K=- 1642 -1
==3 16 -1103
x=- - 796 +1316 ]
X=- - 6995 +7515

Threeregions of soluton ave indicted, Stating with one o then .. with =~ | alsluios ave caleulated, An atemptsalso made

calculae independently strtng with x = - 4. The results are compared with a furthr reinement of x o - 3.6,
From Vilokanam a =~ |

Letx=- 1. then RHS= (- 230+ §10+ 1 = 520) RHS - LHS = {21
CD = 4’ Represetationis (230 (311)+ 70 2) - 1) Atx == it 1051 - efctve = 1051 =CD

3a Representation is = % (230 (6K) + 70 )] Atx=-1itis 180 effective Ja = 180
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Equaion (Cont
0 0 0 0 0 0 ) 0
D6 2y B B W i
TR W0 g D40 840
W R R0 445545
WF 1M 47
000 41754000
WD DY+ ) 000+ 3
0000 2w DY) k4 i)
34 2be43a Jof 20Bbed) b+ et
dt 4
Judbf
_ | Hhle
l 1 l 7 ] 12 34 %
i b ¢ d ¢ { ; h
) Thcﬂmdacimlbisullaimduamfﬁcmtbymns|d¢1inglheﬁmIDasNDandmesalmis:ﬁvidrdby(?ﬂ
) mmiummmhumwmmtwmm ND +CthcreND=lﬂ-c&ncspummgsnhtmﬁmm
3) Values of subtetiog ems contining 3 e o be o o terms of

=L 11630= 0g
E=(x+ 0821370 A A shouldcontin ' and opsg o

App]yingAdym]m Anlyumanryenaﬁndby Argumentation
S E=(er08213m) mwm-sw.mseaz)
Comparing coeficinty of ike terens om oth s

1310

epresenaon vl . Fo exagle o= 5 =1}
Uoh 1o x =-1,117717 3« I

Subtraction Terms
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= 894775982+ 0.88213 700 =~ |

LSS p—
08

E=(x+0.8821370) (230 + 667, 1045407y - 80.4775982)
Applying Gunita Samucaya for verification

S ()= 579~ 578.99604%4

This is satisfied

The Quadratic expression (30" + 647 145407 - 589.4775982)
Can be further factorized using Differential elation,

460x + 6671045407 = 1Jhsnzu.4asz+s4zm,m3=i993,;5537921

; t ;;.6] 0344202, 0.7098896 77 E =0.00051470, 0.00001999 Respectively
._ : (x +0.8821370) (x+3.610344202) (x-0.709889677)
fication by Gunitha Sarycca a8

5e=579=(23) 1.88215) (4 361034420 (0.290110323) = 5 789960278 - 579

Purang Apuranabhyam Method ean als be applied for SR |
3000155220 —@LLPMLM%,W_"_

33+[E),h(@ 3 =0
23 \uf )

Given equation '+ 37826 - . 0434784~ 2 200720 1
We have Y
(x+1.261}37); (s:andard)=f+3f(1.zﬁusn+3x(1.zsos:ff+(1.mn‘
(126080 =X 30t 4 20000 )
meﬂacgiveneqlmﬁan(ljwehave

:’+3.?3261x’=(ﬂ.0043473x+2,2ﬁﬂ37)
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using bis () i e writenss o+ | 2608) whichis
= D004 T8 + 226087+ 476938 + L0
or i+ 1 6087) = 478 + 426538
I+ 126087 =y = x=(y - L26087)
Theny'= 75728y - L26087) +426539
ory =477y - 6019050+ 426339
ATy + 175366=0 e ()
Considering upto 3 decimals
E =y -4 70Ty + 175366 =0
fy)= - 41Ty =~ L1536

S RHS  RHS-LHS
sl - -L7se 20T
y=1 -1 -ﬂ.mﬁ;:]
y=-1 370D 55079

3 vepesenaion =1 = 3y -4 T7373) ty =23 12060
|
iar:pmwwnatrlﬁi(ﬁy)atrhﬁ
D=1060 | 1 W& 61676 64 830 187549
) 04050 gag+=N 04040+ =192 G40+040+ 100+ 042 68
ol Pl Werlldiad b Pihel 4 3adbe ¢+ e Good ¢ Jadb + Jadke

, , L ~ . — +33.2Edl . +3ﬂ.d1
el |01 b i 3 ]
l'.l ¢ | d g { g
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(9= 1970789)isa acorof

= E1=(y-1970789) A. A should have v, y and constant terms.
Applying Adyamadyena Antyamantyena and Argumentation
Ey= (y- 1.970789) (' + ay - 0.88982638)

Comparing y-coefficient on both sides

-0 889826358 - 19707894 = - 417373

~3.883903642
(1 = == = | §70735397
~1.970789

. By =(y-1970789) (¥ + 1.970735397y - 0.889826358)
The Quadratic expression (y + 1970733397y - 0.889826358) is further factorised by using differential elation

29+ 1970735397 = £/3 883798004+ 3,559305432 = £2,726205168
y=-2,349470282, 0.378734885

Ey € (y~ 1.970789) (y + 2.349470282) (y - 0.378734885)

Applying Gunita Samuccaya Sutram for final verification

3¢ =~ 2.02007 = (- 0.970789) (3.349470282) (0.621265115) = - 2.020123603 ~ .
y=x+1.26087 = x=y- 126087

y= 1970789 = x=0.70919

y=-2.349470282 = x = - 3.610340282

y=0.378734885 = x = - 0. 882135115

These are almost same values which are determined by solving the equation, directly.

Straight Division Method Purana Method
- 08821370 -0.882135115

- 161034 - 1.610340282
0.70992 0.709919
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EFxJ-Tfﬂ[lx-}H. f[mtuhsz;?

qolution x = Lbédé-.
fx)  RHS RHS - LHS

y value
iy
| W Ik
7 W 11
7 M 13
TR §
;i : H]

0 0 0 0
(D=1l 5 2 0 §
AL g WS
¢ Hﬁ FE

pt thl
—— T+ 3 I 5 |
¥ d ;

Terms

Su
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) The it deimal i obined s coefficen by considerng first 1) s ND) and the same i ividd by CD

) The sl vles o e he e i e, O 0w ND = 0 - comendingcion
3) Values of ubrcton ems conning e o e worked ot intermsof epreseataion value Ja Forexample o' x =80
Upog el = 4 4511 34681= 44 41127= 4390

o l(deimy = 445113 46= 444 116= 4396

The valus etween , and 3y comprable with espect 01y g

43906 E=000122

R4 E=-000

Cousiderngpto § deinals

{x-4359lﬁ)isa[aclume,Applyingﬂdmwdymﬁntymmwmmﬂrgummﬁnm

- B #{1-435006) " x+ BATTBTI1 0 comparing - ot o b i

el B40TETIRLL- 435006020

0=~ 264090713

(- L6407+ S TATR

- 2GH000T13 = G TAGTIIO- 33965049804 =5 1939509

= | ML £ LSO
B k-4 3500) - LIS+ SIS - 3215 - 1)

Aopling Cunit Semuce
-2 =- 230000647~ 00
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D E<RO- b 8=0,f)odg sy gy

Solitionx =abede,.
fix) LHS
=l ]
=l
S
== %
x==1 5
k=3 ]
=4 %
k== 6
X*-f 0
k==1 -l
From Viloksnam 3= - §

RS RHS- L
-3 -}
-4l
-15 -116
-4l
0]
-116
13
- 100
-3
-} u

Le1x==6 3 IS~ LHS =5
CD=3n’H¢prmtuﬁunalx=-6is[20x2}+9(21)-IE]AtFuﬁ,itisM

]aqu’.mumﬁunauhﬁiF% [2068)+ 9 atx =61 27

3= 0=(D

=1

]

il
Equatons (Contd)

3
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0 0 0 0 0 0 0
05w 7 4 3 TR -
WM i W 6 vl
=10 il = 0 KT
W)+l 0+ 208) 200+t 2 WION) + ) E
_ | _ ] Sabieadt ke @

%07 5 9 ] n b

1|h ¢ i ¢ f :

) The irst decimal b is obained s  coefcient b consideing the fist 1 s ND and the same s civided by CD

J) The successive decimal values ar 1 be obtained in the usual manner, e ND + CD where ND = D - comesponding subtraction
terms

3) Velues of subractiontems contining 3 aefo be worked out i e of representaion vlue 3. For example 3ot 1 x9=08)

Ulog (decimals)x = 6.3 6933243 =6.369023= 6.350077

Upto 3 decimals x = 3510

Considering § degimals

(x+635100) isa acorofB = -+ 635102, A should have ? . and constant ems

Applying Adyamadyena Autyimentyena and Argunentaton

G B =(cHB35000) '+ e S510925804), Comparin coeficiets of ke tems

3510923804 +6.35102 == 18

a=-3 70191333

E =4 63510) - 0913963+ S SI0D3B0)= 2 3510) - SORSARD 554240
The QF s further solved by using differential relaton
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Ix- 1850956481 = 4 SO e = $ 27560498851
= 092547831 £ 1 78004003

E=2(x +63510)) (x~ 0925478341 + LIT80249433)(x - 0. 92547834, - 1378024943
28=28,00012664 ~ 28

Considering 6 degingl

(x+6.350977) is a fetor of .

* E= (35097, A should have X', X and constat g
By Adyamadyens, Anyamantyeny
E=(x+s.aﬁwv)(u’+ux+s.slu963115)
Comparing x copfcienton hth Sides

SI10963116+ 6350977 4= 13

0 =-3.70194430

5= 0 G35097) 37098430 5001
The QE i fctorised by diffet) ey

= LESI2 = £ 7545 1 g 756083136
x=0925486 £ | 3780mgs

. B=(c+63509m) (x~0325486 + 137807 1~ 0925486~ 13780073
1ng Gy a Gunitaha Sutam for fng verification

=2+ 350977) - 1 a5ty 42755 55
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) E=2-15¢-8+166=0 fix)=20- 15¢ _gx = |6

Solution k = a bede...,

f{x) LHS
x=] -2
x=2 - 60
x=} - 105
x=4 - 14
X=5 - 165
x=6 ~156
x=T - 105
x=4§ 0
x=-] -9
X=-) - 60
X=-]3 - 165
X=-4 -336
x==5 - 585
From Vilokanam a = §

Letx=5 = RHS-LHS={

CD = 34" Representation at x = § s 2 (36)~ 15(2x) - 8] Atx =Sitis -8

RHS. RHS - LHS
~ 166 - 145

- 106

- 61

170
419

3qumentnliunatx=5is% [2(6x) - 15(2)] Atx=5itis 15

Probable

Probable
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b0y l u n E
D41 7 0 ] : .
5 140013 W50+ M= 0 114+9"E+3Tzo+ﬁs'u=ﬁ g
) Z(b P 200+ 3a0b 430 20+ 2043 ;
TR m T —
i b d ; f

1) The firt decimal b Obtaned a & coefFiciet b considering e frst 1) g5 N ind the same i ivided by CD
2) The Suceesive decirnal Values are g he {:-Iminad i the usua) mammr, eND

FmvalumufxaredmthnmisMuMhyMnsideringmuth:rvamblezasx— ;I%l_;ﬁ ol time. The value of y
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fz)  RHS-LHS
=58 " -D00M8 1008
=50 -B061 486l —
=50 <9000 -20M—
From Vilokanam 8 = 53
3¢ eesenaton 2= 30 = (37 - 1502 - 40000) at =330 = 770

. l
Sa representation at 2= 530 = 2 (6z-1500) at 2= 530 = §40

'
b : “ ; E
D=0 | 0 0 i = 5 3
DO B+ 20060 =000 T+ 20060 + 040 = 038 E
N W e Wi 2
e
( b ¢ d E

1) The fist decimal b i obtined as  coefficent by considering the ist 1) as ND and th same i divided byCD
1) The successive decimal values ar t be obtained in the usual manner, i ND + CD where ND =D - corresponding subtraction
3) Vahes of subtaction tems contining 32 et b worked out i teasof represetation vlue 3.
Uptoe (4 deinals), 2= 5302 6 6 13 =530.2 § 7 3= 07107
!
=x= —=5 0717
T

For 2 fctor of B = 3¢ - 154" B =- 166 =
From Vilokanam a =-3

3a’rqmeuta1innalxﬂ—3=[2(311)-15(21)—E)atx=-3:;136
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hrﬂprr:ﬁf:nmim:tx=~3=%[2(6:4)-3[!]atx=-]:~-33

0 ( | ( 0 0 0

0
06| i % i i 19 )
D 0-10=0 0+040=0  0+0+0  040+0+  D+0+0+0+0+ 0+0+0+0+0
0e0 16174040 0+1386=1386  +0+0+ 20+
=617 297 = 2607
Wbl el Weemd deier Wt e ides
it thde Gwdéladt +het Il 6;;'::*6'!;&:
fadd Télade kf+iade la.lcgf-Jade
e
e300 7 - T R T
b ¢ d ¢ f : h oo

1 The it decmal bs obtined e  coefFiient by cosidering the vt 1D a5 ND andthe seme s divided by CD
1) The successive ecimal vaues are to b obtaned in the usuel mamner, ie ND = CD where ND =D - comesponding Subraction terms
3) Values of subicton trms contining aare tobe worked ut i temsof epresenttion vl D

B=(x~5.2077327) (x + 3 00733985)A

A should havex term and constant, Applying Adyamadyens Antyamantyena and Argumentation
E=(x' - 129039285 15.93086259) (2 + o " 0= 1042002589

', Thethidfacor i (2 - 1042002585

B = (- 229039285 - 5.93086259) (- 1042003585

Applying Gunita Samuceaya Sutram for final verifcation
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5e (E)= (1 - 229039283 - 13.93086239) (2 - 10.42002385)
145 = (= 17.22125544) (- 8 42002585) = 145.003416 ~ 145 fE= o SIOTRAT w43 TRIORS)(x 0.42002585

§ Esx-det]=0, fix)s £ -due- )

Solution x =2 bede....
LHS RHS | 8-LHS
fi)=x'- x
"
X= - - 1
1=] ) | -;] *
X= 1 -| -1
§=-] =] -1 o
From Vilokanam a = -
Letx=-=1 = RHS-LHS=1
(D= % Representatonat=-2 = [()- 1] afx=-2=9
Ya Represeniation at x =~ =%[[6x)]atnf—2=~ﬁ
0 0 0 0 0 0 0
D=9 | 1 l ] 0 3 0 2
: L4 3080 T T lMel08 436454435
=] =11 =) + 1444 486= 875

W Pl W W e Werddt

dad tadethald  abfthlet
- : — f
b ; i T ;
:

1 b ¢ d c f

Subtract ionTerms
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1) The it ecimal b 1 obined as  coffien by cosidering he rt 0 s N and e stme i v by CD
1) The scoesivedecimal values are o be obaned i the s manne, i ND + CD where ND = 1) = comesponding subiraction femns
3 Vlues of suiractontermsconining 3.7 o be warked ut i terms of epresemation vl 3o

......

Upog O decmal)x = 2. 11912 2897= 21205771, §794 713
== 187420 (1 87042 o of B
. E=(x+ LA
A shoukd conan ', xand constant ems
Applying Adyamadyena, Antyamantyena and Argumentation
B=(r+ LETAZ) 0+ ax + 053207819
Comparing x coefficients on both sides
=0.53207819 + 1879423 ¢ =-3
a:;ﬁmﬂbl.ﬂgﬂﬂ%
L840
B (et L9000 - LG+ 05507019
The uadratic xpresion ('~ 191796+ 052008198 e cored by s e et el
- LA = 3 SOIOS5H6- L0124 = £ 118474166 = | SY2041728, 047300068

= E=(+ L419423) x - L. S2041728) (x- 0.347300068)
Applying Guita Samuccaya Suram for final verification
5= - [ = (1879423) (- 0.532041728) (0.652699932)

b 0.9999137% e |
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Vel Mabents Bt Con
6 rHid-lix-8s0 )= ¢4 6 - 11y =1
~ Soluonx =abede..,
k=l fig)=4
fr=d  f0)=10  Thisisnearer RHS value
L 0= cnbeoibed
Letx=1 = RHS-LHS=1
From Vilokanam 3 =]

(D=34 Reesenationst =2 =5 (346 1]atx=2229
32 Representation at x= 2 # % [fx+ 12 atx=1= 1]

0 0 0 0 0 ( | 0 0
D53,y 0 0 i 55 M 1 il
0 0 ey M SI2ADHHM () OSTO0S0HD 13440 OHA0512420600
A TR0 0D b il T
— _ e e 1115524
=8 =3 O+10800  +3040=1560 T

=4555) i
W PRk Wed' MR dhe Wl ey ddbh 6
AN Akt e e o g ;& m
Wl WM Ao A ko
Auledad Ml gl SR e sbig o
lfvde gl Ml ale
e
R T RN R /I
N ; f ! h i j k

btracticomn 1T ermes

o




it
Ve Mot Eqons (o

1) The i dcchm]hisnbtajnedasamcfﬁcienth}mnsidenug e first 1D a5 ND and the same 8 divided by (D

1) The scoesive decie vales et b chtined 1 e sl mamer, 1eND + (D whee ND = D~ comespondingsubracton tem
3) Values of subragion terms contaning 32 0 be worked out i ferms of tepresentation value Ja

l-l——m.h—-—‘ - om -

Upok(Wimx =20 80307 2162080 1652083307045 - 1914692001
E can be fctorized a5

E=(x- 9166920154, A shoudconttin  a onstt s
Aplyng Adyamadyens Atyamantyena s Arpunenain

=i 16920908 "o 1 ST

e e determine by comparin ke e o bt e

ITRSTER- LOIGGMMISu=-11 : o=0166300)

B - LBE18) 6 416k 44 i

The Quaatc Epressionis e o by v il el
D TOUGENSD = JGSTINSIB - SHSANT =4 VRS =4 6
w=- 110858, - 06797y

< =  UGE90) 0 36570m9) 4T 34715

Appyng Gt Seccp S

(- 0166520915 | 6T900739) (8 4871956%)=- .00~ 1
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Vedic Mathematis Equ ons (Contd

) BB 00 =0 gd-260=- 0

Soldioh x=8hde,.
B RES i
fi)  -400  RHS-LHS
(-0 1%
0 -1 254
) »m -6
) 0 -610
) -m -1
) -15% 1
From Vilokanam g =- 3
L#tx=-3 = RHS-LHS=109
D=3 Repesntionat == 5 [0H) ¢ 800 WTtx=-3209 ey
iakcprﬁmminnmxﬂ—3=%[4l(ﬁx]+ﬂ(2)]:ﬁ B=Tl
00 0 u u u n
O i3 5 W T 546 657 14
M0 B8 i e 1634315042520
T e T

1800 =344

W)k oy ooy Qewaly  prd)
Wt OO Hhediad e

aded

adb+ade  +lalbgt dalel+ e

- —

| E ] i
1 b ¢ d ¢ f g h

2 7
L=

Subtraction Terms



1l
Vedic Mathematics Equations (Contd

1) The fistdeimal s obined a5  coeficent by consideringthe fst 1D a5 N he smeisivided by (D
2) The suucessvedecmal velue e o b otined nthe sl manner e ND + (D) where ND = D - comesponding subtrction e
3) Vabues ofsubtractontemscontining 3a et be worked out i temsof represetation value S

U (desina)x =312 541339= 3.17§5309= 3.1 2 44709

SE= (et L1AT000A, Awill contain !  ad contant s,

Applying Adyamadyena Antyamantyena and Argumentafon

¢ B . 004709) (0 e 4128016750

Conaparing the coeffciens of ke tems on both sides,

R Coeff =3 80216756+ 3124100 =- 357

u=- |20

Ba(t+000709) (42 - 1 208001+ A I6756)

Verfation o coef= (3 OO 1 27801 = 99997~

Dy =k 3207801 L8SIB0T- 205 41

1= L0606+ L M6600R1

E= 0+ 10409 .- 669762 OSMBR0RL: s - 46699760 L 60021

Applyng GunithSamuecaya Sutam for il veification

E= 0412670) (- 069976 0 Hgdt

=0 SSSLTTS61)= D9UOTTS ~ 193 =S, = [0




Vedic Matbematic Equations (Contd
) EXtH-91=0  fi)= K +M=0)

Soltion x = g bode ..

fix) [H§  RHS  RHS-LHS

k= Wooon -

x=) b 0 jl

k=] 114 ] -1

From Vilokaar o= -

Letx=) = RHS-LHS=17

(D=3 Repesengionstx=3 5 (34 W]atx=12%  ¥=3§=0D

3&qumnt1innalx=3=%(ﬁx]alx=3:? 1=y

b0 n ﬂ 0 ) u

ni ¥ ) g f % ]
T T YT TR T PO R et o

W] 4206 S TR TSR

L D e —

=00 +260+D6=116

WV Wi W Cfeed ke Werorled

Hade  alfthde  thedally  4icfébderiadh

A Y 1 V. B VY.
- e
11 I 5 30 W
¢ ¢ [ L h i

1 Thefistdecima i obained a  coefficin by conidering e st ) s ND a the sameis diidd byD

fenrr Terrms

=



1
Vedie Mathematics Equatons (Contd

) The swvessive e e e e oined e vl e, N ¢ (D e ND< - comspodin sbecon e
3) Values ofsubractontems mntaiuingiaare o be worked out i erms of epresetation valueJa.

Ui (B dcial IS4 6h=3319383 34268061666
\& .ﬂ%lﬁ%}lsﬂfmtoruf E.

B (- 680616664, A sould contain . andconstnt tems

Appying Adyamadyens Antyamantyena and Arumenatin,

B (u-D6M6IGE) '+ ax+ 3850569

Comparng - coeffiient on both ide

36,18570363 - 268061666 =29

MLt

-6t
B - LI X+ 605096 8506

The Qudrtc Expression (¢ + 268061506+ 3 18370363) i futher fctorsed by sing ifferentilrelton

4 D680615096= £ TISSTOISRL-TAATORIE = 411 TRdTu
n=- L40307048 005

A B= (c-26061666) 1+ . 40307948 - 8642572250 (4 | 0NOTOAR 4§ 6k f)
Applyng Gunity Sumuccaya Sutram o final veriaton

- 07= (- L 6R061666) (. 40307048 - S 840372250 (2340307948 + 5 8642372251 = 7.0000007 ~ 67




!
Vedic Mathematics Equations (Contd,

O B=X+WIB20=0 f)=R+0+ ==

Solution x = a.bede ...
LHS  RHS RHS-LHS
Diff
k¢l B Y
x=1 i - 108
el ] 4 Try=225,-25.-275
x==1 -16 -4
x=- =11 ?:|
From Vilokanam a =~ 3

Letx=-3 = RHS-LHS=7
CD=3&1R2pmsmtatiﬂnatx=-3:~[2(3x1)+9(31]+|8]=-1tn=~3:*.=13 Effetive 3= §= CD

3a Representation at x = -3=% [2068) +9) atx= -3 § =9
) 0 0 ) 0
(D=1 1 1o 1 [ 1
- _ Subaction
B s 0650905 Tt
— W Wit Il
3 ] 1 ) H
A b ¢ . d ¢

1) The fist decimal b s obained a  coeficent by considering hefrt a5 ND andthe same s divided by CD
2) The sucessvedecimal valesar tobe obtined i the wsualmanne, i ND + 1) where ND =D - corresponding sublracton terms
3) Vaues of subtraction tems conaining 3 are to be worked out i temms of tepresentation valug 3,



25
Vedic Mathematics Equations (Contd)

For the value of x, a reduction pocessis adopted by considerng another variable 2" a5 x = % substitted. The value of x is determined

and finally the value obtained for x with x = % 5 considered for finding ou te roos, The working detalls ae shown under Taylo's
serie Section. However Swami's method alo can be adopted for this subsitton method s well,
On Substitution of x = %,Thr: given equaton becomes 2'+ 97"+ 362+ 0=

LHSf2) RS- LS

2=] i - 126
7=) 16 - 1%
1=-1 -} -4
1=-] -4 -3
==} -y -1
1=-4 -4 - 16
1=-§ =M 0

L=-5isasolution: xf§=-2.5isasnlutiﬁu

. B=(x+ 25) A, A should bave 1. and constat tems

Applying Adyamadyena Antyamantyena and Argumentation

B=(x+25) (2" +ax )= 0 Conprin the coefficientson both sies ¢=4
B2 25) (O +4x 4 B)=0), Salving the Quadratic Equation by Differential -laion
(X+29) 24 k44

Ntl=4 m K=-] i\@i

E=2(et25)(x+ 1+ i) (x+1-43)



Vedic Mathematics

5:=49=2(245)=49

Applying Gunita Samuccaya Sutram for final verification

Se=09=205)2+3)2- Bi)=#

10) ©-2-51x-110=0 = 8 -2¢-51c=110

Solution x = .bede ...
L
x=1 -1
X=2 -102
=} -14
x=-] 48
X=-1 86
Xx=-} 108
Xx=-4 108
X=-5 80
X=-6 I8

From Vilokanam a =~ 3

Letx=-3 = RHS-LHS=)

R
110

R-L
162
212
254

62
A

) —
2]

30
)

226
Equations (Contd

effective 3a*= 12 = (D

CD=34" Representaionat x = - 3 = Bé-x-Sljatx=-3310  effctiveda=11

3a Representation at x = -3=% [ox-4]atx=-3= 1



iy

Vedic Mathematics Equations (Contd)
0 ) I 0
=i | E ! ' Sttt
1l I +134=153 Terms
i 7+ e
1 -i . e
i b ( d

1) T fist decimal bis obined s  coeficient by considring he frs D a5 ND athe sme’s dividd by CD
2) The successive decimal values ate to be obtaned in the usul manngr, i¢ ND + CD where ND=1D - comesponding subtraction terms
3) Vabues ofsbtactontemscontining Ja e tobe worked ot erms f repeseaation value 3o

Uplod () decimalg)x = 3.1718=-3,188

For vaues of v,  reducton proces s adopted by considering another variable 7 a5 x = ; ,% ata time, The value of X is determined

and finally the value obtaned for x withx = 1% 1 considered fo finding out allthe roats, The working detals are shown wider Taylor's

seris section, However Swamif's method als cambe adoped for tis subsiution method s well
B=x'- 3~ Slx- 110
i

2
!
Lm:i:g; E__zi_gihll[);g

0 100 100 10
+1(2)=2'- 202~ 5100z= 110000
f)  RHS-LHS

== 109 4
=8 U -5

From Vilokgnam e = - 37



0
Vedic Mathematics Fauetions (Contd,

3¢ epresetatonat 2= - 0= (37 - .- 5100)at 2= - 12 - T4g
Jampmmmﬁanat;=-31=%[ﬁz—4ﬂ)=-]lﬁ

0 0 o n 0
=78 | 4 ® vl 0 m o
D0 QROHAITGRAITE 0040+ 5568= 5568 ?ﬁm ‘,
WVl e+ dald+dee I+ 3t adbe s daded
] T
b ¢ d ¢ f

1) The firs decimal b obtained s  coeffcient by consideingthe ist D s ND and te same s divided by CD
2) The suseseive decimal values are o be obtained inthe usual manter, e ND + CD where ND = D - corresponding subtracton
3) Values of subtraction terms containing 34 are to be worked out n terms of representation vilue 3a
Ulo £ ecmals) 2= - 32..0 6 4 7 10 =- 306480
(= —=- 32060
10

B2+ 2008)A, Awill contain’,  and constant tems

Applying Argumentation, Adyamadyena and comparing ke terms on both sides,
B=(x+3.2068) (¢ + k- W 305531
(-5 20647635% - 34.085315)Soving the quadratc equaion wsing

f(x)=+ y Disriminant
D=5, 20674835 =1 {27.1071681 + 137221252 =+ 1281910847
X+ 0012793411, - 3. 80631506 B (x4 3.20048)(x - 01279341 1) 1 + 3 00631506)

Applying Gunitha Samuccayah Sutram for final verificaion
8,=162=- 1619999083 ~ 1)



9
Vedic Mathematics Equations (Contd

1) X -20=31x+1609=0 = ¢~ 20w~ 31x=- 169

Solution x =abede ....
xvie  LHS  RHS  RHS -LHS

L =50 160 - 1509
2 -1 - 1475
3 M6 - 1363
TR 1) - 1229
5 -5 -1079
6 -6% -919
T -85 =755
o] 10 - 1619
-2 =) - 1583
-3 i - 1495
-4 -0 - 1349
-5 400 -11%9
-6 =750 --$59
=T <1106 503
-8 15 -6
-9 M 46

From Vilokanama = - §

Letx=-8 = RHS-LHS= 65 effective 48] =CD

CD =34 Represettionat =~ § = (34l 31)ax = 8 W4 <D

EaRepresematian&txhh%- [6x-40)atx=-§ = 44 o4



Al

Vedic Mathematics Equations (Comd
b0 0 0 u 0
D4 |5 ® W 7 46 19 Subution
U M5 RI0eI06=000  GwT+I0=1208 Tems
Wbl Wedadbae Wb dabe el
T B
i b ¢ i ¢ f

) Theﬂratdcumalh1suhta|nedasameiﬁmmtbymnﬂdmngﬂwﬁrstiDasNDandmcsanmsdmdadbyCD

1) The sooesivedecial values e 1 b obned inthe uualmanne, i ND + (D where ND =1 - - comesponding subracton ferms
3) Vs of sbiracton erms containing 33 ar o be worked out nterms of represeatation value .

Upof(dkeimalf)x = -8.13350 = -4,133%

E=(x+ 1399, A vwillontinx  and constnt ems

Apoying Adyemadyens Aoty tnd Arention

L B2 8338 0 4o+ 197.8238151) comparing te coeficients o ke tenns

xeoelf. 19782815 +8.13%50=-31 0 =-281304991]

B= (e 81395 (¢ - 281334991 1k + 1978238151) Quadrate expression i urher fatorized using diferental rlaton,
f()=t {Disriminan
D-DRIBONL =4 TOLAOSTIL- L2020 =4 04455469
L= 10052065, 1 8439766
B (c R1355) (- 4289008 o - 1 430005
Applying Gunits Samuceaya for final veification
1559=1559.000001 - 1559




2l

Vedic Mathematic Equations (Contd
1) B=r-6¢+1k-10=0 )= £+ 11x=10
Solution k= abede ...
vl [HS  RMS  RUS-LHS
£ b 10 !
x=] b 4
x=} b D
x=4 12 -
From Vilokanam g = 4
letx=4 = RHS-1HS=) effctive
(D= 3¢ Represetationatx=4 = (3¢ - 12+ ) x4 ] W=11=(D
31R¢prmuﬁnnm=4=%[lix—12]atx-4:~ﬁ b=t
00 0 0 0 0 0 0
(Rl g i 10 ) § 5 1
6 W6 WIE s ST DM s
-5 =50 R T +54W%
e e
= ‘ WM 2
=189 - L
a7
=203 11T
WPl W Wi cifed zbf+3|x|1 Watieeriod
Julbdea e Hald Sl 13 thtbee Hobof+Gbde
ke alighalf 4 +;,2b|r+m:g
; _ ik i
T 1 5 17 695 206 10670
d | b ¢ d : f g b |




Vol Mt b .

| Thcl]mduim]hisubmiuedasameﬂicimtbymmidedugwﬁmmmNDﬂndlhesamcisdividﬁdhyCD
) Msmmmsmmbeﬂmmlheummmicm (D e ND= ) - oesponing st
) Vhesof o st a1 e Wk iy s of represnttion vl .
Uwifbsis =418 15870 5 208 06433373 e
 ={e-3 D6, Ao ot oot g
UL TR —
(158 o ST ot b
LEMTSI0- = |

0=-J060) SewmifwtmufE=(f-2.203647952x+2.6340759ﬂ2)hmmmdiﬂmnﬁalrdaﬁon
F(x)ﬁM

X-LIH950= 1 VO ASEOA- 0S6S0 = e

K= L O3 166265
E=(x-3.796397770)(1-1.10101826796+],191662665i](x~«1.101823976-1.I91662665i]

AppyingCunt Sy St e v

-4 L OMSES -4




Vedic Mathematis

A
B oo o

OB +3 %420 figs e etye-]

Solution % = a.bede ...
HS  RHS  RHS-LAS
1= ] 8 -] -
x=] W -3;]
x=-] -1 l
=) =% 3
x=-03 0
From Vilokanam g = - |
Letx=-1 = RHS-LH§=1
CD=3¢ Represnaonat=- | = 3¢} 4 ]t -1 effecive 3¢’ =3=(D
]nRtpuseutatinnalF-l=%[2[6x)+ﬁ]atx=—1:¢§ =)
00 0 0
] I I 1 1
TSGR SR 0T Sl
. =348
WO el I el
T TR
i b ¢ d ¢ f

Suptraction Terms



i
Equations (Co,

Vedic Mathematis
1) Thnﬂrstﬂuimnlbinnbuina:lmoocfﬁuimtbymwidﬁingmeﬁrsHDasNDandthcsmuiudiﬁdndbyCD
) maucmsivedecimalnlmsmmbemimdinlheusualmmw,ieND : CDuthDﬂD—mmswrdingsubtmﬁnnm

) W]mufmbmﬁunmnqmiuing}amtﬂbewurkudummtmmf reptesentation va 3y
Uplof (S decimals) 5= LIT25120 1119= 1 5156920, 4§75

Far the value ufx,nmdmioupmcaaaisadnpted b consderinganother variale ' g = ~;~ Subttte, The value of x i e

and finely, the vale obained for . i 3 % s considre fot fnding utthe i, The Working deil e shown wer Tylr'

seriedsection, However Svamii's method canbe adopted for this subsition e a5 well,
B}'Sllbﬁlimﬁmt?fﬁ-"; th equation becomes

LUy I
E=-S—+T+7+t~0:az’+3z’+6z+4—0:ﬂ{z)-z’+:z’+ﬁzw4 2 74346

zvalie  [HS RHS-LHS

1 10 -4
I 9 -3
ol Y 0
o 1==]3ya % =~ 05 is one solution 2 (x+0.5) s factor of B

S LC T S —
Brﬂmlﬁnaﬂdwmwmﬂnmmmemwﬁrmmmﬁﬂu

' I:'=(x+ﬂ.5](2xz+ﬂx+2]nomparingtheonefﬁtientwﬂiketenns
xmﬁm%ﬂ: 0=}

E=(x+09) 06+ x4



25
Vedic Mathematics Eq s (Cond

XH =ty = 4 *'Eiﬂ "'EEZ[H“](H_ﬂl{ lﬂ]

JV 2 2] 12
Applying Gunita Samuceayah for fnal verification

e

E=x+ W +0+ 1120 fi)= o4 T4 k=- 1|

Solutionx = a.bede ...
LHS  RHS  RHS-LHS

" x=l 7 -l -1
x=1 M 65
x=] 17 128
x=- -3 -§
=-] 2 -13
x=-] 9 -2
x=-4 12 -2
== ) - 16
x=-6 -1} 1

x==T -6} !



13

(edic Mathematies Equatons (Contd)

From Vilokanam a =- 6
[etx=-6 = RHS-LHS=7

effecive 3a"= 33 = ()
(D =3¢ Represetaionaty = = B+ M9 aty=-g 33

Jas-1]
laRepmmﬁnnam-ﬁt%[ﬁﬁlfﬁ]atx!-ﬁa-ll
00 0 0 0 0 0
BT ¢ g % % I { 1t
Hm Ui WM 688 Hem WA D053 356018
MW g 900567 m=n
WP W Ot i 6 3albg
Hae! | Ha.2bet3a 2ed +la2bf+3a Jee 430 ¢° Hadea e
-6 |1 1 7 T Bl m
i lb ¢ ¢ f g h

) Te i deoinlbi e efcnt consdeng e 1) 5N e sumeis e by

1) The succesive decimal valus e g beobtined inthe usal manner, i D (D where ND = 1D~ comespanding subtrcton e
3) Values of sublraction et containing 32 ar 0 be worked out i frms o representation value 3o

Upoh (1 deimal)  x=-6227 183781 24— 6 014 5 77 186

E=(c+ ST7I8) A, A shoudonin . adconsant

Applying Adyamadyens Antyamantyena and Argumentaton

E= 1+ STI07286) (" o+ 0617177 compring the ke terms on oth sies

ooeff L 906171779+ 5 7007286020

o= 1290774



i
Vol Mtbenat Batons (Con

Considring fctoiatonof Quadratc expressio

(x’+1229277742x+1.906mm)

()=t Divrimnan

I LIBTH =+ 511768601 TS = 4 0emm0 0

=~ 061636871 1 3608101 :,Ew(x+5.T!l]7286)[x+I].ﬁl463ﬂﬂ7l+I.Zlblﬂli)ili](x+i].6l463887]—IMBIOS

By Gty Semuceaya for el verietog
28 =28, 00000635 ~ 8
) EMeSh-10  fynestege [f
Solution x = bede ..
B RHS  RES-Ing

X 31 151
X=1 i 116
x=) 117 4
x=4 i) —68]

From Vilokanam a=4

Letx=4 3 RHS- L1 =
(D3¢ Repsetionaty=4 = 20+ g =4 14

efetive= "= 4)=()
aRepresenttionat x = 4=%[2(6x)+l[l]atx=4:s29

=Y



At
Equaons (Contd

g 00 ) 0 0 0 0
wl g 2 m 1% ) 16 TV
MO s

W 056416 Wﬂ%
HI+! 14 ] T6+% +1'}456*95351+905%

TR oL Al i
<916 =558 iR
fa ] 2 A yr'eed

4 falethld

[
s
=L
=
=
=
g
T
w o=
Subtraction Terms

W Il 100

Finally thwnlwobmmﬁifnrmmx-— s cons
However Svami’ smclhndnmlalmbcndﬂplad urtlussubslmmmmzlhudaswell

seel
Enzx’m’ +ix- 16420

i
5 58 e e il 18

Lﬁx-=9Er-+
R )
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Vedic Mathemstic Equtions (Contd

From Vilokanams =7
CD=34 mpresentint =7 17410+ )t =7 29

3nupm1atimutz=7=%{ﬁz+m)alz=7;~lﬁ
P 1

- 0 0 ( 0 0 0 0
D=5 i 1% I8 i i
U0 B 000+ TR U6HOHOLD 040400404 E
0 PTG+ 6=
T
WO et Wi oder it 31+ 0 + g+
| W o PR et b e
| | ) | .I “ Jalu+3;dj +30.2de
T T T
I I ¢ f i g

1]ThﬁﬁdechuﬂbhnhﬁmduamﬁicimthymmwingtbeﬁmmﬂNDaudthesamisdivi{ledbyCD
2) The succesive decimal vaues re tobecbtained intheusul e e ND CD where ND = ID - comesponding subtrction terms
3) Values of sbiracton e containing 4 i 0 be worked ot it of tepresentaton value Ja

- =

Uploh (7 dsimalsh 2= .06 9 1220 24 5770704 7 97 = 609573

X= % 2346478515

" B= (- 34607851 5)A. A shouldcontain . a4 corstan e
ByAdyumetlqunmmammandemmiun



effective = 35
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Vedic Mathematics Equations (Contd)
3achmiﬁiuunIx=-4=%[100(63]+756]a1x=-4ﬂ_ﬁ =il
o0 ) ) ﬂ
ol m o m 0 0 1

0 D 0SS0 OO TRO2=TH012 T
W 1000k 10008 e I00CHE ) Tamy

Hadbetlaled
R 3 B W B
1 b ¢ d ; f

) Theﬁmdmima]hisuhlaimdasamfﬁuimbycmwideringlheﬁmtIDusNDandﬁmmisdividﬁdbyCD
1) The sucesive deciml valuesar to be obtined i the usel manner, e ND + CD where ND =D - cormesponding subiaction teves
3) Vaues ofsubracio trms contaning 304 0 be worked out i tems of representation value |

Uptof(Sdecimals)  x= 4.06820% = 4.07084=3 9791 §

For the vaues of 1, & reuction proces i adopted by considering another varizble ‘7' a5 % = %, i at & time. The value of x is

determined an inaly th value obtained for x with x = % 5 onsidered fo inding outthe roos. The working et are shown wde
Taylor's eres section However Swami'sebod s canbe adopted for this substttion method s wel

E= 100+ 8¢ -x + 206 =0

zﬁ]tﬂr’ W'

KE =2 e 4 D=0 = 10+ 3807 100 - 226000
0o W

= 10+ 382 - 10z =- 2600
Solution ¥ = 2 hede



' W
Vedic Mahematis Exquaions (Contd)

[vie fi) RHS-LHS
N1 -4
-0 -0 10
From Vilokanam 2= - 39

(D=3 eyesenionatz =~ 9= (024 160 29 L
Jarepesenaton gt 7=- 3 = %[601+756]91x=-39:~?92

) The ft deimal s oz s ooty consideing be st 1D o5 ND an th sume s ivded by (D

1) The sucessive decimal values ae o be obtined inthe g manne, e ND + CD where ND =10 - omesponding Subtraction erms
3) Valesofsubractionferms contiing Ja et be worked ot i ems of repesentaton value 3

Unoe (4 dinal) 2=-30.2 905= .74 05 = ﬁamzws; (ct 39089 sa o B

" E={u+ 392895, Ashouldhave . x andconstat e

Aplying Adyamadyen Autyematyens and Argumenttion
E=(x+3.92395)(100f+m+57.52172972)mmparinglhelikc s
Byconpeing xeoef 1520797030095 =- | = 45006
=+ 392898100 4 39500496+ 7529
D-OSS006 =t DOIAGIT- 23000019 = Lo
=0 0MISA 054765




243
Vedic Mathematics Equations {Contd.)
-~ E=100(x+3.92895) (x~0.074475024+0.754765372i) (x~0.074475024-0,754765372i)

Applying Gunita Samuccayah Sutram for final verification
703 = 702.9999951 ~ 703

Note: Similar procedure is workable for any higher order equation provided the
corresponding Common Divisors from first differential of the respective
equations.

1) In case of 4" degree equation the respective subtraction terms wherein 6a*
representation and 4a representation as derived from second and third
derivatives respectively

2) In case of 5" degree equation the respective subtraction terms wherein 10a’
representation 10a® representation and Sa representation as derived from
second, third, fourth derivatives respectively.

3) In case of 7" degree equation the respective subtraction terms wherein 212’
representation 35a’ representation 35a° representation 21a’ representation and
Ta representation as derived from second, third, fourth, fifth and sixth
derivatives respectively.

For full working details refer Part 11, Section ]
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Section — D Solution of Cubic and Higher Order Equations Using
Taylor's Expansion Method

) Cubic Equations

One can obtain the roots of a cubic equation by adopting the procedure for
finding out the cube roots of numbers which is described in the Section B as the
procedure adopted is direct digit by digit solution.

Let us consider a cubic equation

E=x"-3+17Tx-52=02fx)=x’-3 + 17x =52

One of the solutions can be similarly written as x = a.bede. ..., .

Step 1: a can be identified as equal to 3 since f{a) = 51 which is the nearest

value.

Difference between RHS — LHS = 1 = first dividend is 10

Step 2: f'(a) = 3a’- 6a + 17 = 26 (common Divisor CD)

1 ]

~ (@) = = (6a—6) = 6

5 (a) 2[ )

1 6

Lpray= 8-

6 (®) 6

the working details are

f'(a) = 26 | s2. 1" 10° 22°  12* 140
%f' @y= 6 6 0 54 288
1 - - -
1el@y= g 0
r (a) 0 0
- i . -

. 3 8 2 5
a b c d e f
Step 3: Dividing the first dividend i.e. 10 by 26, the quotient b = 0 and
remainder is 10, leading to the intermediate dividend 100.

Step 4: Subtracting % f'!(a)b* from 100, one geis 100 as new dividend

Step 3: Dividing 100 by the divisor 26, quotient ¢ = 3 and the
remainder is 22, leading to the intermediate dividend 220.
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(2)

(3)

Step 6: Subtracting % £'1(a) Zbe + é £'(a). b* from 220, we get 220

as new dividend.
Step 7: Dividing 220 by 26, we get the quotient d = 8 and the
remainder 12, leading to the intermediate dividend 120.

Step 8: Subtracting J'E f''(a) (2bd+c?) + % f''(a). 3b%c from 120, we

gel 66 as the new dividend.
Step 9: Dividing 66 by 26, the quotient e = 2 and 14 is the remainder,
leading to intermediate dividend as 140.

Step 10: Subtracting % £'(a) (2be+2cd) + %f‘“m (3bc?+3b%d) from

140, we get ~148 as new dividend.
Step 11: Dividing — 148 by 26 ; we get the quotient £= 5 and
remainder as 18
The solution can be simply written as
X =3.03825 = 3.03815

After getting the first solution one obtains as the other two solutions by

dividing the given cubic equation by the first factor i.e. (x — 3.038 15)

one can follow the straight division, method also obtain the quadratic

expression as

x* +0.03815x + 17.1159]

writing the factor as

(x—3.03815)(x"+0.03815x+17.11591) = 0

is the given cubic equation

Solving the quadratic equation, one gets x = + 4.13751 — 0.019075

Now the three solutions of given cubic equation satisfy the given

cubic equation,
When duplex and triplex corrections (subtraction termis) become larae when
compared with the common divisor, one can transform the given equations
suitably into another variable z. so that z = nx. The derived equation will have
a constant larger than that of the given equation. The procedure adopted is the
same as in previous working. After obtaining the value of z, one can obtair .
the value of x. This is called refinement.
One can extend this method for directly solving, in general higher—order
equations as well. The method applied to cubic equation.can Lz gengralized
for this also, where one has to go for the corresponding derivative, derivable
for the function, (Refer Table M), P



246
Vedic Mathematics Equations (Contd.)
The problems worked - out using the Swamiji's method are attempted using
Taylor's Expansion Method

1) E=23+8.7% - 001x =5
230 + 870:* - x = 520
Solution x = a.bede .....
fx) = 2300 + 870x% — x = 520
The solutions lie between 0.5 and 1; - 0.8 and - 1; -3 and - 4.
Refer details of Vilokanars Method, shown in section
From this it is clear that one can try for the three values, for the ranges shown above.
fix) = 230%° + 870x° = x =520
f(x) = 690%* + 1740x - |
£'(x) = 1380x + 1740
f'(x)=1380
Takingx =-1
From Vilokanama = - |
f(-1) =-1051

Yoy =
zf’{x} 180

Yoo o -
EF{I} 230

x=abedef........
0 0 0 0 0 0 0 0

CO=f-1) | 1051 | 121 159 719 423 263 578 16 a5
1 .
—if"’ 1) 180 180 360 2700 5040 15660 34200
lffj'.f
P (1) 230 230 690 5520 14720 56580

-1 1 1 7 7 12 4 90 B

i b c d € f g h
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Stepl: R=121 StepS: 180(2be + 2cd) = 5040 —> 5040(i)
10R = 1210 () 230(3b%d + 3bcH)=5520 — 5520(ii)
10s1) 1210 (1 1OR + (i) + (i) ——» 13190
‘1—%1 13190 + 081

g=1=12, R=578

Q=b=1, R=159 Step6:  180(2bf + 2ce + d%) = 15660

. I 2 Ton .
Step2 : “:EE E:}si]cll_%wu B P 0
s 30(3b%e + h=
(1770) + 1051 230(3b’e Ebcd:rc:r 14720
q=¢_=|:1 R:ﬁ 14720 "_.'1:|1'_I
Btep3: 1R0(2bc)= 360 — 360(i) IR+ (i) + (i) = 36160
(d) (230bY) =230 — 230 (i) 36160 + 1051 -
10R + (i) + (ii) —» 7780 g=g= 34, R=426
7780 + 1051 Step7:  180(2bg + 2cf + 2de) = 34200
q=d=7, R=423 (h) s 34200 —— (i)

230(3b*f+6bee+3bd>+3c?d)=56580
56580 — (ii)
10R + (1) + (ii)— 95040

Stepd:  180(2bd+c?)=2700— 2700 (i) |
(e) 230(3b%) =690 —* 690 (ii)
LOR + (i) + (ii) — 7620

i e 05040 + 1051
7620 + 1051 . 0 =h=90, R =150
g=e=7, R=263
a b c d e f g h
-1 1 1 7 7 12 34 =0
-1, ] ] 7 g & 3 0
0. 8 8 2 1 3 7 0
x = (8821370 E ~-0.0000307327
Toal Withx=-4 to confirm the value in the i...:oval (- 3, - 4)
E=23%"+87x" - 0.01x =52
=230%* + B70x* = x = 520 L
fix) = 230x + 870x° - x
From Vilokanam a = - 4
i &= A0 4+ 174 el ———p  ANTG W
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Er;—q;-lm.n‘.rnw m——— by
%f""{-—#}tliﬂl} — 23
0 0 0 0 0 0 0
CD=1f{a) 4079 1316 923 1766 1989 995 2421 3167
% (@)= 18% 17010 68040 283500 1168020 4889430
Lo ay=230 6210 37260 192510 925290
E
-4, 3 b 19 65 241 977
(] b c d e f g
Upto 'f'  =3.612200 E=- 50093775
Upto ‘g’ -3.611113 E=-20335888
Applying substitution method, another solution is attempted x=%
z=-36 f{z)= 547920 Dif-27920
z2=-37 f{z)=263810 Dif+ 256190
h]
130z 4__3?{1:-" NER
1000 100 10
230z° + 87002° - 100z = 52000
From Vilokanam a = - 36
f(— 36) = 690z° + 17400z - 100 = 267740
%f"{x}-1331}2+1'?4ﬂﬂ-r32230=—midﬂ
EI-I.,M——-LJU
0 0 0 0 0
CD=f\a) 267740 -29920  -11460 - 18460 181150 - 108220
%f”{a]=—1§l4ﬂ 16140 0 96840 193680
% 7 (a)=230 130 0 2070
-36 -1 0 -3 -6 -3
a | b ¢ d e f
z=-36.10363 ; x=-3.610363 E = 0.0005176

ifx=-1 - 3.610344202 is one solution
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ifx=-4 —3,611113 which is further refined
with:uhaﬁmtiunnfx=i%
= -3.610363

2) E=x’ -7 +20x-37=0
fix)=x'- T + 20 = 37
Solution x = a.bede ...,
The solution lies between 4 and 5;
Refer details of Vilokanam Method, shown in section
From Vilokanam a = 4
fo=3"-14x+20 (@) =12

f{x) = 6x - 14 % f'(4)=5

fx) =6 %f'f“{4}=1
0 0 0 0 0 0
CD=f(4) 12 5 2 0 4 g 0
% fidy =5 5 30 200 3g5 1470 3505
.]ﬁ.f'”{.q} =1 1 64 240 g7 2549
4, 4 3 11 7 46 87

a b c d e f

x=444116 = x=4.35916(upto 5decimals) E=0.0012296977
The value lies between x| and x; comparable with respect to x; and x;

x;=4.35916 E=0.00122

X2 =4.358899 E=-0.002

The value lies between x; and x; comparatable w.r.t. x; or x;
S Xx=4.35916

DE=2+m - 18x +35=0

fx) = 20" + O — 18x =~ 35
Solution x = a.bede .....

The solution lies between - 6 and - 7
From Vilokanam a =-§
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f(x)=6x*+ 18x - 18
fix)=12x + 18
i(x)=12
0 0 0 0 0 0 0
CD =f(a) 90 35 30 7 46 28 20 55
% ) =17 243 972 486 3402 6399
1 #1(a) =2 54 324 162 1674
6
a b c e f g
x=6.36902 x=6.35102
S Xy =—635102 (upto decimals)  E=-0.0051079

x3=6.350977 (upto 6 decimal) E=-0.000391173

4) E=2x" - 155" - 8x +
e} - 15%% - 8x =— 166
Solutionx = a.bede .....

166 =0

The solutions lie between 5 and 6; - 3 and - 4
Refer details of Vilokanam Method, shown in section
Multiple substitutions are attempted

From Vilokanama =5
fix) =2 - 15x -

8x

fix) = 6x’ - Wk -8
f{5)  =6x25-150-8=-8

1) = 120-30= 2(60-30)=15

1

- 1
— = 12=2(12)=2
6 (x)= &[ }

1 0 0 0 0 0 ¢
CD=f(5) -8 -1 -2 1 0 5
%fﬂ’ﬁ] 15 15 120 810 5400
éfw{j} 9 2 24 210
3 1 4 19 101 703
a b c d € f
X =35.17643 E = (.0664568
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Lﬂxni
2

Then the equation is

22 - 307 - 32z + 1328 =10

Z - 152 - 162+ 664 =0

fi(z) =32 =30z 16

f(10)  =300-300-16=-16

f'tz)  =62-130 f'(10) = % (60-30)=15

f'zy =6 #(10)= é M)=1

From Vilokanam a = 10 (a)
(101 - 15 (10%) - 160 = - 6564

1000 - 1500 - 160 =~ 664
variation is— 4 RHS RHS - LHS
fla) = - 660 - 664 -4
0 0 0 0 0
CD=f(10)- 16 -4 g 12 0 8
ll’ﬂ{]ﬂ] 15 E ﬁ iﬁ-ﬂ 21600
2
L o 8 06 240
— £ (10)1 !
_E 1
10 | 2 8 18 208 1407
a ‘ b c d g f
z=10.35287
= x = 35176415
5.176435 E=0.066444 = 38
Lctx=£
5
2 &z
2= -15—-—4166=0 =2z’ - 752 - 200z = - 20750
125 °25 %)
LHS fx) RHS RIS - LHS
z=25 ~ 20625 - 20750 -125
z=26 - 20748 -2
z=27 - 20700 Y —
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f(z) = 22 - 7528 — 2002+ 20750 = 0 f(z) = 62 - 150z - 200
Leta=26
f Ty W
%@--u, f'(z) =122 - 150, f§5}=m, z)= 12, %rzﬂ:z

0 0 0 0 0 0

CD f(a) =44 3 20 24 2 0 28

%f”{a}ngl - 0 0 129 3240

0
%r‘”{ajn: 0 0
26. 0 4 5 14 73
a b ¢ d e f
z=26.04913 x = 5.209826
x=5209826  E=0.00027225
Lety= —
10
22 1527 3§z
= o = 328 — 150z - 400
1000 100 10 66 f S0z
37 - 15022 - 800z = — 166000 ' =6z 150
Z =752 - 400z = - 83000 =4
LHS RHS RHS - LHS
fix)
z=52 - 82997 - 83000 -8
z=53 —§.2998 -3
z=54 - §2836 - 164
i 0 0 0 0 0
CD=1(a) 77 2 20 46 75 8 66
%fﬂ{a}_ 24 - - - 336 1630
1 - - - - -
—ftay=1
. (a)
53. 2 5 14 22
a c e f
5302662
7= 5297318

%x=13.297338 E =0.00001953
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Letx=
" 100
7157 B _ 166
1000000 10000 100

22 - 15002 - 80000z = - 166000000
Z' - 7502 - 40000z = - 83000000

Equations (Contd.)

f{z) Diff
-z=528 - 83010048  + 10048 f(z) = 32° - 1500z - 40000
z=529 - 83004861 + 4861 - f'(z)= 6z - 1500
2=530 - B2998000 - 2000 — f'tz)=6
0 0 0 0 0
f(a) 7700 2000 4600 3060 5552  &4m
%fﬂm_:m 3360 20160 50400
lfml={a;]=l E ?I
6
530. 2 6 6 13
a b ¢ d e
= x=5.297327 E = 0000003576
2™ factor 2 - 15x - 8x =— 166
0 0 0 0 0 o 0 0 0
CD-f@B6 | 1 10 o @ n @ 18 %
i ( - - - | T
% fl)=-13 1617 1386 260
I - - - - - 0 0
_fl'l =7
: (a)
370 0 - 3 T g8 19 25
a b ¢ d E £ h I

x=-3,00733985 = 0.000001787
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5) E=x"-3x+1=0
fix)=x'-3x=-1
Solution x = a.bede ...,
The solutions lie between | and 2; — 1 and - 2
Refer details of Vilokenam Method, shown in section
From Vilokanam a =-2
f=3¢-3, fm=6x, fx)=6
Leta=~2
0 0 0 0
CD=f(a)9 | 1 1 7 0 3 0
11"’{&}=-ﬁ 6 12 114 252 966
2
1 ey =1 1 3030 9]
6
-2 1 ] 9 12 28
a b c d - f g2
2.120577
1.879423
X==1.879423 = E=-0.00028683113
for second factor
as=32
0 0 0 0 0
] 3 3 3 3 3 3
CD=f(2)=9
L oy= 4 34 1782 10182 CoADD 3OS
7
1 Py e 27 43 1T 11259 M
6
1] 3 9 36 174 o2 412 3332
a| d f g h
1.5566 0.115985966
1 541708 0.039305561
upto h: 15383759 = E=0.02559335 » - e

E=yx'oiy+1

LY R e
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LHx:E

2

2 =3z

3 =0

z-12z+8=0

f(z)=2' -12z=-8

g=3 = RHS-LHS=1

Froza Vilokanam a = 3

f(z)=32-12 f(3)=15

'(z) = 6z

® ~¢®)=9

f'iz)=6

@) Loay=1

6
1° 1w’ 10®  10® 130 g ¢

CD=f=15

1 fitay=9 0 0 324 648
2

l1’“”[4&};-] 0 0

6

3. D 5 & 14 52

a b c e f
3.0659 2

1 NAEANR = 2 _ 306408

T2 2

x=1.53204 E=-0.00019758177

6) X +6x°-11x-8=0
fix)=x>+6x> - 11x =8
Solution x = a.bede ...
The solution lies between 1 and 2
Refer details of Vilokanam Method, shown in section
From Vilokanama=2
S a=2 can be considered
fix)=3%+12x-11  £{(2)=25, the common divisor
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fiix)=6x+12 -_!; =12
f(x)=6 %f’”{z]-i
| 00 0 0 0 0 0 0 0
CD=f(a)=25 2 200 0 1§ 5§ 23 um 17 20
L =12 0 0 768 0 5760 1344 51312 16944 504060
2
1 0 0 0 512 0 5760 1344 62112
~f
= (a)=1] 3 -
=210 § 0 30 7 211 6 1831 630 17685
b ¢ d e f g h i i k

RHS - f(a) = 8 ~ f{2) = 2 is the first remainder

Step2:  Tofind*V’ Sep7:  Tofind ‘g’
20 +25 = b=0; R=20 50 — 12(2bf+2ce+dY) -

Step 3 : To find ¢’ 1(3be+6bed+c”)
200-12(b*)=200- 0= 200 = 50-12(2x8x30) 1((8)")
200 +25 = c=8;R=0 = 5798

Stepd4:  Tofind ‘d" 3 = 50 - 57C0 + 512 = 5298
0-12(2bc) - 1(") = 0 5298 + 25 = g =211; R=23
0+25=d=0;R=0 Step 8 : To find ‘h’

Step 5: To find ‘¢’ 230 - 12(2bg + 2cf + 2de) -

0~ 12(2bd + ¢*) -1(3b) = 1(3b% + 6bee + 3bd*+3c%d)

0-12(64)~0 =768
768 + 25 =»e=30;R =18
Step 6: To find *f

=230 - 12 (2x8x7)-1(0)
= 230 - 1344 = 1574

180 — 12(2be + 20d) - 1574 + 25 = h=62;R= 24
1(3b%d + 3bc?) ' Step10 To fird \j’
- = 180-12(0+0)-1(0) = 180 170-12(2bi + 2ch+2dp+2ci)
180+ 25 = f=7:R=35 — 1{3b’h + 6beg + 6bdf +
Step 9 : To find *j" 3be’ + 3¢’f + bede + oY)
240 -12(2bh + 2cg+2df +¢*) =170-12
2 .o
—21{3" g + 6bcf + Gbde + (2x8x62 +2x30x7)
3ce + Jed?) =3 =
45792 = 45792+ 25 ~1 Gu(8)x740)
v = 15770
i=1831;, R=17

=15770 +25=2j=630;R= 22
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Step 11 1 To find &’
200 - 12 (2bj + 2ci + 2dh + 2eg + £)

- 1 (3b%i + 6bch + 6bdg + 6bef + 3c’g + 6odg + Joe? + 3d%)

200-12(0+2xBx1831+0+2x 30x 211 +49)
~{0+H0+0+ 0+3x64x 211 +3% 8 x900+0)

Equations (Contd.)

- 1[(3xBXE X211 )+{6x 8 x8x30 +(3x0x 30)] = 442148

442148 + 25,

a b c d e
2. 0 % 0 30
x = 1.9166920915 is a solution of E
. (x - 1,9166920915) is & factor of E.

R=17685;

R=23

g h ]
211 62 1831 630 17685

Variation of f(x) with variation in number of decimal points

Considering x = 2.0
fix)y=10 —»
Considering two decimals e,

x=2.08 = 192, f(x) = 8.0762 — 2

Considering three or four decimals
x=2.08030=19170

fix) = 8.007 — (7
Considering five decimals

x= 208030 7 =1.91693

fx) = 8.00548

Considering six decimals

x= 2080307 211 = 1916719
fi(x) = B.000626086

7) E=42x° +8x* - 25T + 400 =0
fix) = 42x° + 8x* - 257x =~ 400
Solution x = a.bede .....
The solution lies between — 3 and - 4

Considering seven decimals

x= 2080307 211 62=19167128
fix)=8.000483353  —(6)
Considering eight decimals

= |.91669449

fix) = B.00006]1824

Considering nine decimals

x= 2080307 211 62 1831 630

=1.916693860
fix)=8.00004732 ——>

Considering ten decimals
x=208030 7 211 62 1831 630

17685 =1.9166920915
fix) = 8.000006593 ~ —— (T)

Refer details of Vilokanam Method, shown in section

From Vilokanam a= -3
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f (x) = 126x" + 16x - 257 =829
f(-3)=829
x) =252x + 16
] 740
_flr_j = =_
3= - ==
f'(x) =252
lf’”{- 3)=42
6
5 0 0 0 0 0 0 0
CD=f (x)=829 109 261 358 153 586 657 145
% #) =370 30 1480 5180 4440 &0 36260
%f‘”{mu 2 252 113 152 2016
a, b c d f h
-3, i 3 5 4 13 TS

8)

258

=3.1255309 = 3.12 4 4 709 (seven decimals)

E =0.00021808

X +29¢-97=0
fix)=x"+29x =97

Solution % = a.bede .....
The solution lies between 2 and 3
Refer details of Vilokanam Method, shown in section
From Vilokanam a =3

Fx)=3+29 f(-3)=56

Loy
Ef”{x} = Ix

') 6

x=-3

-9
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0 0 0 0 0 0 0 0
Co=f=6| 17 3 & 3 3m @ B 7
%fam:._;._ 81 54 441 792 1602 3510 6498
Ils'f”m:] 27 27 225 469 1221 2982
3. 3 ] R 12 15 28 47 64
. b c d e f E h i

X = 2.68061666 E = 0.000005494

The value of x and the errors considering different decimals.

Uptoe: 33192 =2.6808
E=9274906 x 10}

- .

Uptof:3.3193 5 =2.68065
E=16910772 » 107}

Uptog:3. 319378 = 2680631
E=2.754692 x 10°*

B e s

Uptoh: 3. 319382 7 =2.6806]73
E =3.78505 x 107"

When 7 decimals are considered x = 5.6806173
When 8 decimals are considered x = 2.68061666

On substitution of x = %

Lﬂx=§
flz)=2 + 116z= 776
LHS
z2=5 705
z=6 912

From Vilokanama= 3§
f(z) =32+ 116

3
E=1.2_g

8
RHS LHS - RHS
776 N —

- 136 =

Fi5)=75+116=19]

f'(z) = 6z %f“{i} =15
£'z) = 6 é £(5) = 1
0 0 0 0 0 0 0
BT 71 137 89 132 146 176 164
15 135 540 630 360 645
1 27 162 351 378
5. 3 6 1 2 3 3
a b C d e f g
Uptog: z=5.361233 x = 2,6806165

E =-2.5952x 107% = - 00000025552
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9) 2 + 9’ + 18x +20=0
The solution lies between — 2 and — 3
Solution x = a.bede ...
Refer details of Vilokanam Method, shown in section
fix)= 6" +18x+18 f(~3)=18
fix)=12x + 18 %f"’[—a}hg
%) = 12 % i 3)=2
0 0 0 0 0
CD=f=18§ 7 16 7 16 7
% flay— o 81 702 3627
%f’."l'-[a:’=1 54 '?1]2
-3, 3 13 39 171
a b c d e
(four decimals)
== 25139 E=-0.14711
3 3
L:*t:-t‘—“-z- 2z +9: +132=_2ﬂ
2 B 4 2
Z’ + 97° + 36z = - 8D
z==15 is one solution
sox=-2.5 15 one solution
10) ' -2x = 51x-110=0
Solution x = a.bede ...
The solution lies between — 3 and — 4
Refer details of Vilokanam Method, shown in section
] 0 0 0
CD=f(a)= 12 2 8 7 o
%fﬁ,{a}mu 11 154
1 ftay=1 !
6
=3 i E T
a b c d
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x=-3.188 E=-10.139428672
x#i

2

2
L2 Sk
8 4 2
z' - 42" - 204z = 880, fl- 6) = 16
flz) Duff

z=-4 688 112
z=-6 864 16
z=-17 R8Y -9
z=-8§ -1376 2256
From Vilokanam a=-6

f(z)=37-82-204 - -‘fi{—ﬁ}=—43

1, 44
f'(z2)=-6z-8 R O ERSA, |
(Z)=-6z E{} >
f'(z) =6 %f‘”{—ﬁ}-l
0 0 0 0 0 0
CD=f(a)=48 16 16 2 19 17 1 21
% fay= 2 198 924 4246 20064 100848 532092
1 fia)=1 27 189 1089 5959 32796
6
-6. 3 7 24 9% 444 27T 1172
b ¢ d 13 f g h
z=-6.4114442 X =-13,2057221 E=-10.005
i
g=Z £ 2z 513:1]{]
10 1000 100 10
flz) =2’ - 202* - 5100z = 110000
L R R-L
z=-12 109952 110000 48-

z=-133 110583 - 583~
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0 0 0 0 0 0
CD=f(a)=— 748 48 480 312 128 220 288
4176
% flay— 116 0 0 5568
1 0 0
~"a)=1
5 (a)=
- 32 6 4 7 10
a b ¢ d e f
72=-3206480

x=-3.206480 E=0.00001696

11) % =20 - 31x + 1609 = 0
Solution x = a.bede ...
The solution lies between — § and - 9
Refer details of Vilokanam Method, shown in section
From Vilokanam a = - §
fix) =" - 20x° - 31x =~ 1609

-
£ =37 - 40x~ 31 = 4 f@ns]um
il
£/(x) = 6x - 40 (8 _-8 _ 4
2 2
"-8) 6
Py =6 I 8
) 6§ 6
0 0 0 0 0
65 169 203 312 46 192
CD=f(a)=481
1 4 264 660 1232
~ (@)= 44
zfﬂF—
L I 9 36
6
= 1 3 3 3 0
a b c d e f

x=-8.13350 E = 0.000058277
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12) E=x’-6x*+11x-10=10

Solution x = a.bede ...

The solution lies between 3 and 4

Refer details of Vilokanam Method, shown in section

flx)=x"—6x"+11x =10

From Vilokanam a = 4

Fx) =3 = 12x + 11 f(d)=
) =6x -1
e 2 1e4)=6
2
'r -
=6 Ltay=1
ﬁ
0o 0 0 0 0 0 0 0
2 9 § 10 2 5 5 7
CD=f(a)=11
: _ _
Eﬂa}:ﬁ | 6 96 564 2136 0006 35484 149496
1F”{a}=1 | 1 24 237 1406 6861 32193
6 |
41 1 8 IS 58 174 695 2606 10670
a b ¢ d e f £ h i
420360230 - x =3.79639770 E = 0.0006579

INE=2"+3+3x+1=0
Solution x = a.bede ...
The solution lies between 1 and - |
Refer details of Vilokanam Method, shown in section
From Vilokanama =~ 1
flx)=2x"+3x* +3x =1

Fx) = 6x" +6x +3 Yeny=3
1
Fix) = 12x + 6 1
(x)=12x Ef“[—x}=- Try~-0.5, -0.75
f(x) =12

Lan 4o
ﬁf’ =2
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0 0 0 0 0 0
CD=Ff{a)=3 1 1 1 1 1 1
216

% oy 3 27 1458 9018
1 pay=2 54 &8 5670
6

-1 3 12 57 273 1119

a. b c d e f
~1.51549=0.4845] E=0.0232
Lﬂx.—-i

2

3 4
P=2i4.3_'z_+3_=4_1=[l

8 4 2

r+3r+6z+4=0
flz)=z' +32 +6z=-4

The solution is - 1. Refer details of Vilokanam
2= ] = x=—0.5

14) X"+ Tx"+9x+ 11 =0
Solution % = a.bede .....
The solution lies between — 5 and - 6
Refer details of Vilokanam Method, shown in section
From Vilokanama=-11
fix)=x'+ I+ 0 =-11

fx)=3x+ 14x + 9 %f’(— 6)=133
(%) = 6x + 14 %f”—ﬁ]=~11
fx)=6 -éf“"'{— 6)=1

0 0 0 0 0 0 0 0
CD=f(a)=33 7 4 18 29 24 11 4 18
% #lay—11 44 88 352 1100 2959 7954

%fw{ﬂH 8 24 10B 392 1254

-6 2 2 7 .18 37 81 204
b c d e f g h
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~6.22917=5.77083 uptof, E = 0.003
~6.2292714=5.7707286 uptoh, E = 0.000211

2+ 5+ 6x - 164=0

The solution lies between 3 and 4

Refer details of Vilokanam Method, shown in section
From Vilokanam a = 4

fix) =2 + 5x* + 6x = 164

fix)=6x"+10x+6 Lliﬂ =142
£00= 12% + 10 I—i{“—} =29
»
()= 12 f—;'” =2
0 0 0 0 0 0 0

CD=f(a)=142| g 112 22 88 125 2 16
1 gray=29 464 2552 7685 23548 75516 240236
2
1 Py 128 1056 4632 17158 61932
6

4. 4 1 18 52 142 411 125

a b ¢ d e f g h
x = 3.4648434 E =0.00661

A 2
Let us consider x = z = ;i+5i+ﬁ-{=lﬁ4
27 8 4 2

= 7 +52 + 122 =656
From Vilokanam a = 7
f(z) =32+ 102+ 12 %fmﬂz&
fi(z) = 6z + 10 %f”{?} =26

#'@)=6 £7)=1
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Vedic Mathematics Equations (Contd.)
0 0 0 0 0 0 0 0
CD=f(8)=229 | 16 160 1226 195 178 8 218 1
:1?_ f'(a)=26 0 0 93 2808 5850 11856
% Py 0 0 0 216 972
7. 0 6 9 2 20 24 57
b c d e f g h
z=7.0704297 =69295703
x=3.46478515 E=0.000054564
16) X’ +3.78x* = 0.01x +2.26 =0
100x° + 378x% - x +226 =0
Solution x = a. bede ...,
The solution lies between — 3 and ~ 4
Refer details of Vilokanam Method, shown in section
From Vilokanam a= -4
flx) = 100 + 378x* = x = - 226
£(x) = 300x* + 756x - 1 %f’(—4}= 1775
f'(x) = 600x + 756 %f’hq]--szz
/(%) = 600 %f’” _4)=100
0 0 0 0 0 0
CD=f(a)=1775 122 1220 1550 1300 1767 732
% N 0 0 29592 78912
Ltaeia L
-4, 0 6 8 23 54
a b c d e f

Xx=—4.07084=3.92916 =-3.92916 E =-0.0034849752



Vedic Mathematics
X==
Let 2
252" 1892 2
+ —={=22
‘{a 2 2] §

252 + 1892 -z =_ 452
252° + 189z — 2

267

Equations (Contd.)

f(z)= 752" + 378z - 1
'(z) = 1502+ 378

—452 f'(zy= 150
£(x) @
LHS RHS RHS-LHS
z=-8 - 696 ~ 452 244
=7 693 ~ 1145
0 0 0 0
CD=f(a)1775 244 665 1736 276
% flay=a11 411 2466 :
éfw{aﬁs 25
—8. 1 3 1
a b c d
z=7.859
% =—3.9295 E = - (.0091300524
Letx=2=
10
100 + 378x% —x = — 226
100z 378z :
+ e e = DD
1000 100 10

1002* + 378022 - 100z = — 226000
102° + 3782% — 10z = - 22600

LHS RHS RHS-LHS

z=-39 —17862 -22600 -4738
z=-40 -34800 12200

0 0 0 0 0
CD=f(a)=16136 | 4738 15108 2688 1712 1672

— 68

% #(a)=T52 31 28512 64152
%f’”{a}=m 80 1080
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Verified = z=739.2895 = x - 3.92895 E = 0.00007652
f(z)= 302" + 756z — 10
f'(z) = 60z + 756
¥(z)=60

Thﬂsnmcpmuﬁilﬂﬂcmbcndﬂptﬂdmﬂwevﬂuaﬁnnnflherﬂmsﬂfaﬂy degree
equation provided the corresponding differentials as multipliers can be worked out and
together with the expansion of decimal contributions to that degree

In case of 4* degree equations the subtraction terms are duplex, triplex and
quadruplex and their multipliers are second, third and fourth differentials respectively

In case of 5" degree equations the subtraction terms are duplex, triplex and
quinitet and their multipliers are second, third, fourth and fifth differentials respectively.

In case of T* degree equations the subtraction terms are duplex, triplex, quadruplex,
quintet, sextet and hept and their multipliers are second, third, fourth, fifth, sixth and
seventh differentials respectively, For full working details refer Part — 11 Section ]
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Section—J Higher Order Equations
4" Degree Equations

In solving the higher order equations, we have adopted both the methods as shown in the
following working.

) E=x'-4x’-3x+23=0
fix)=x* 4~ 3x=-23

Solution x = abede ...
Value of x L.HS, R.H.S. R.HS.-LH.S.
1 -6 -23 -17
2 -22 -1 —
3 -36 13 el
4 -12 =11
5 1o =133
& 414 - 4317
-1 B -3
-2 54 -1
-3 108 - 221
—4 524 — 547
From Vilokanam a =2
Swamiji’s Method

Let x=2 = RHS-LHS =1 ,
CD=4a3Repre5:nmﬁnnmx=1=[4x3~ lixl—fijatx=2== 1

6a® Representation at x =2 = %[]2:!2-14::]51::=2=I}

4a Representation at x =2 = é-[zilnx“!d] atx=2=4
0 0 ] ] 0 0

Ch=19 1 10 5 12 6 3

0 0 O+H0H-0-+0=0 0 500+0=500
6a’d® dab™+6a’2bc bi+6atc'+ dblctballbe  dact+dbid+
6a’2bd+  +6allcd+  6bici+6a’2bf |
4a.3b% 4a3b%d+  +6a’ 2ce+6a’d?
4a.7bc®  +dabbed+da Ib'c

2, 0 5 2 6 3 7
a b ¢ d e f B
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1) The first decimal b is obtained as coefficient by considering the first ID as ND
and the same is divided by CD

2) The successive decimal values are to be obtained in the useful manner ie ND +
CD where ND = ID - corresponding subtraction terms

3) Values of subtraction terms containing 4a’, 68, 4a are to be worked out in terms
of representation values 4a’, 6%, 4a. For example 6a’h? =0 x 0 =0, 4ac® = 4 x

125 = 5000 and so on
Upto g (6 decimals)x  =2.052 63 27 =2.052657
Taylor's Method
flx) =x'-dx'-3x Considering x =2
flx) =4-12¢-3 f2) =-19=19
f(x) =12-24x 1., I
) =24x-24 ;1@ =20=0
f'ix) =24 i 1
_.f"l'r'l = =4
: (2) 5[24}
L civemy
5@ =
x=a bedefgh
0 0 0 0 0 0 0
£ 19 1 10 5 12 6 3 17
Loy | © 0 0 0 0
2
lfﬂl{?} 4 . l] [I ﬂ ﬁ
6
1 1 0 0 0
—-fw
” (2)
210 5 2 6 27
a | b c d e f g
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Stepl: 19) 10(o
L
'lﬂ
q=b=0, R=10
Step2: O(b")= (i)

q=(c) =5, R=35
Stepd :  0(2b)e = 0— (i)
10R + (i) + (ii)=50 + 0 + 0 =50
50 + 19
g=d=2, R =12
Step6:  0(2bf+2ce+d*)=0 — (i)

m_1t+ﬂ = ﬁﬂ]-ﬁ
100 + 19

4(3b% + 6bed +¢) = 500~ (ii)

1{4b*d + 6b%c?) = 0

== *(iii)

1OR + (i) + (ii) + (iif)
=30 +0+ 500 +0= 530

530
g=g=27,

oo X =2.052657

+ 19

R=1

E=0.000108709, ~0

Equations (Contd.)

0(2bd +¢¥) =0 (i)
4(3b%c) =0  —= (ii)
1(b* =0 — (i)
10R + () + (i) + (iii) =120
120 + 19

g=e=6 R=6§

0(2be + 2ed) = 0 — (i)
4(3b%d+3bc®)=0 —» (ii)
1{4b%c) =0 —(iif)
LOR. + (i) + (ii) + (iii) =60
60 + 19

gq=f=3,R= 3

As both the methods give the same result for the 1* root, we have continued for
the second root by applying Taylors method with refinement with the

4 I

substitution for x as x = FRRTTY The refined value is found to be x = 3.785317

as the second solution
From Vilokanam a =4
Consideri =4

f(x)

=61

1 1
E1=’ﬁ[u;u E{gﬁ; 48

1 1 _
Ef‘""’[x} r: (T2y=12

24

1 g x}=513{14]-=1

Xx=a becdefgh....
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5 0 0 0 0 0 0 0 0
CD=f(a)=61 i1 49 50 36 2 43 55 16
1 =48 48 768 4992 123328 114912 564768 2874480
2
% Pey=12 12 288 3024 20652 120276 673884
1 fay=1 i 32 a64 4300 31156
24
411 8 20 8 333 155 7366 36588
| a.| b c d - f £ h i
Stepl: 110 + 61 |Step § :48(2be+2cd)=23328— (iy—>23.328
61) 110 (1 12(3b%d+3bcY)=3024- - (iiy—> 3024
& 1 (4b%) =32 > (i)~ 32
— 10R + (i) + (if) + (iii) = 20,356
E_ _ 20356 61
q=b=1 R=49 q=f=333, R= 43
Step2: 48(b%) =48 ()" 48 Step 6:48 (2bf + 2ce + d%)
10R + (i) = 538 = 114912—* (i) —> 114912
538 + 61 12(3b% + 6bed + c*)
q"—-c.=§ R=5Q = 20652 (ii)—* 20652

Step 3 :48 (2bc) = 768 —* (i) = 768
126 =12 — (i)~ - 12
10R + (i) + (i) = 1256
1256 + 61
q=d=20 R=36

48(2bd+c”y=4992— (if ™ 4992|
12(3b%) = 288 —= (ii)—» 288
1pY =1 — (jii}—s 1
LOR + (i) + (ii) + (iii) = 5065
5065 + 61

q=e= 83, R=2

1 (4bd + 6b%c?)

= 464 ¥ (jiir—> 464

10R + (i) + (ii) + (jii) = 95154

9‘_5";5‘-1 + 6l
gq=g= Eﬁ, R=55

Sten7: 48(2bp+2cf+2de)
=564768—" (i 564768
12(3b%f + 6bce + 3bd® + 3c%d)
=120,276 —= (ii) - 120,276
1{4b’e+12b%cd+4bc’)
=4300—* (iiiy—> 4300
10R + (i) + (il) + (iii) = 449342
449342 + 61

Q=h= 7366, R=16
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Step8: 48(2bh + 2cg+ 2df + &%)
= 2874480 —* (i) —» 2874480
12(3b°g+6bcf+6bde+3ce+ 3od?)
= 673884 (i)~ 673884
1 (4b°F + 12b%ce + 6b7%¢7 + 12bc3d + 4
= 31156 —*(iii) —> 31156
10R + (i} + (i) + (iii) = 2231912
m + Bl
g=i= 36588, R =44

S X= 378570852 E=0.016443352
This can be further refined with x = % substituted
The given equation E is

L 3
-’-] -4[5] —3[5]+13=u 2+ =87~ 24z + 368 =0
2 2 2

flz)=z'- 82" - 242 =- 368

ifz=8 flz)=-192 = RHS-LHS=-176

From Vilokanama= 8§

f (8) = 488 f(z) =4z - 247° - 24
il’"'{ﬂjl=15‘2 [(Z)}= 12T — 482
2
1 (z) = 24z~ 48
~ (8 =24 -
@
1 if“(z) =24
— 8 =1
33 1 (8)
0 0 0 0 0 0 0
CD=f(8)=488 | 176 296 296 480 457 46 294 356
if“(S]-wz 1728 10368 44352 187776 800832 3477120
2
1 ey 648 5832 33696 171720 $34840
6
1 gvgy= 8l 972 7074 42552
24 ~ ~ L )
813 9 25 88 327 1304 3507
al b v d e f £ h
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z=7.5710753 x= —; = 3,78553765 E = 0.009260
A further fine method is attempted with x = 100
E=x'—dx-3x=-23
2 42 3z
10° 10° 10° 23
z' — 4002° - 3000000z = - 23 x 10°
LHS RHS RHS - LHS
fix) - 23x 10°
x=1377 — 2363400559 63400559
x=378 — 2322223344 22223344
x =379 — 2280238719 - 19761281
X = 380 — 2237440000 ~ 62560000

From Vilokanam a = 378

flz) = z* - 4002° - 3000000z = — 23 x 10°
f{z) = 42" — 12002* — 3000000

f'(z) = 122* — 24002

f'(z) = 24z — 2400

£(378) = 41579808
% f'(378) = 403704

%F”[E'?B}= 1112

f(z)=24 — 3781 =1
{(z) >4 (378)
0 0 ) ]
CD=f(a)=41579808 | 22223344 14334400 8511976 31289832

% f'ta) =403704

10092600 12111120 7670376

1 4 625
— YRy = 625
34 (8)=1

378 5 3 I
a b c d
Upto e: z=378.5317 x=3.785317 E=-0.000010639

We have adopted Swamiji*s Argumentation method to solve the remaining two
solutions making use of 1™ and 2™ solutions so obtained.

" E=(x~2.052657) (x — 3.785317) A, A should have x°, x and constant terms
Applying Argumentation, Adyamadyena and comparing the coefficients of like

lerms
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=(x* - 5.837974x + 7.769957) (x* + cxx + 2.9601 19)

Comparing x coeff on both sides ;
— 17.28109776 + 7.769957a = — 3 o = 1,837989
E=(x-2.052657) (x - 3.785317) (x* + 1.83798%x + 2.960119)
The QE can be factorized by using differential relation.
2x+ 1837989 = £ /3,378204 - 11.840476 =+ 2.908998
% = — 0,018095 + 1 454490

E=(x" - 2,052657) (x - 3.785317) (x + 0.918995 + 1.454499}) (x + 0.918995 ~
1.4544997)
Applying Gunita Samuccaya Sutram for final verification
Se=17 =(1-2.052657) () - 3.785317) (1.918995 + 1.454499) (1 918995 —
1.4544997)

= 16.99996 ~ 17

D) E=xi-2d 13- 11x+133=0
iy =x* =27 - 13— 11x
Solution x = a.bede ...

L R Diff + Refined values are tried

K= | - 25 - 133 - 108

=2 ~ T4 - 59 31 - 1262599 - 6.740)
x=3 =123 - 10 3.2 -128.9984 -4.0016
x=4 — 124 -9 33 -131.1519 - 1.8421
x=35 -5 - 128 34 1326544 - 0.3456
X=6 330 — 463 3.5 —1334375 04375
x=7 1001 - 1134 36 1334304 0.43

== | - 134 3.7 ~132.5599 - 0.4401
x=-2 2 - 135 3.8 - 130.7504 - 22496
x=—73 51 - 184 19 1279239 50761
x=-4 220 - 353 4 =124 -9
A==-35 605 - 738

We have considered the decrease followed by increase in the difference as one of
the criterian for a trial for one of the solutions eg x = 3 and x = 4 . It is noticed
that two roots lie between
1)3d4and 3.5
2)36and 3.7
Swamiji's Method
From Vilokanam a =3 -
Let x=3 = RHS—LHS = 10 &
CD = da® Representation st x =3 = [4x' —6x*~26x - 11]atx =3 = 33



Vedic Mathematics

176

Equations (Contd.)

6a® Representation at x =3 = %[llx’-llx-!ﬁ]ux*:ﬁ =23

4a Representationat x =3 = -é[?dxul?]utx-t3= 10

0 0 0 0 0 0
CD=35 | 10 30 7 7 15 17
92  B0+101.=1092 16+2783+3036 352+18952+16698
+1320=7155  +3960+7260=47222
6a’b®  4ab’+6e’2bc b'46a’c™+  4b'cH6a’.2bc +6a 2ed
6a'2bd+ 4a.3b%  +4a3b%d+ 4a.bc?
3 2 11 33 206 1353
a b c d e f

I} The first decimal b is obtained as coefficient by considering the first ID as ND
and the same is divided by CD
2) The successive decimal values are to be obtained in the useful manner ie ND
+ CD where ND = ID - corresponding subtraction terms
3) Values of subtraction Im'ms?;mtain:ing 4e”, 64°, 4a are to be worked out in
terms of representation values 4a°, 6a°, 4a,
=3.211332061353 =337713

Upto f(5 decimals) x

Taylor's Method
From Vilokanam a = 4

atx=3 fix)=4x’—6x’~26x-11= —35 common divisor

flix) = 12— 12 - 26 %f"{31=23
) = 24% — 12 éf’”ﬁ}ﬂﬂ
. 1
f(x) = 24 — f'(3)=
(x)=2 >3 (D=1
0 0 0 0 0

CD=f(a)=—35 | T 30 7 7 15
! fray=23 92 1012 5819 35650
2
1 iay=10 80 1320 11220
2
] — —
1 g 16 352
TR

3. 2 i1 33 206 1353

A c d e f

If ane consider x = 3.343, (3" decimal point)

Subtraction Terms
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Upto d = 3.343 E = 1.118303457

Or if one considers x = 3.3636 upto 4™ decimal then E = 0.812889465

Uptof, x=337713 E=0.6282812

Both the methods have given the same solution as the 1* one. It appeared one has
to still extend for further decimal positions. Hence substitution is adopted as x =

r z =z .
>'70" 100 evaluating at each stage, the error in the result.

£

Let x = —
2

zm 22 132° 11z

6 8 a4 g 13
flz)=z'—42° — 522" - 88z = - 2128
atz=6 LHS=- 1968 Diff = — 160
From Vilokanam a =6

fiz) =42 — 122° — 104z - 88 = — 280

%f”(z‘j = 12x° =24z — 104 = ? =92

| 1
— fz)=24z-24= — =20
g 6

1 1
e Yy = 74 =
o (z) =4 24 = 1
z=06
0 0 0 0
CD=Ff{a)=— - 160 200 100 330
280
% f(a)=92 2300 13800 76820
é #a)=20 2500 22500
Ei-i *(ay=1 625
6. 5 15 61 364
a b c d e
z=6.T11 x=1.3555 E = 0.9294
Letx = —
10

227 1327 11z -133

- e

10000 1000 100 10
z' — 202" - 13002° - 11000z = — 1330000
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RHS = — 1330000

LHS RHS - LHS
z=30 - 1230000 ~ 100000
z=31  -1262599 — 67401
z=32  -1289984 _ 40016
z=33  —1311519 _ 18481
z=34 - 1326544 - 3456
z=35  —1334375 4375
z=36 -1334304 4304 —
z=37  —1325599 — 4401

From Vilokanam a = 34
f(z) = 42" - 60z% — 2600z — 11000 at z = 34, fz) =— 11544

> (2) = 1222 - 1202 2600 = 3596
Atz =734
%f’ﬁﬁ]:zdz— 120 = 116

] .
E'E fw{?.] |
0 0 0 0 0
CD=f"{a)= 11544 3456 11472 2120 7192 10852
%fx{a};ﬁgﬁ 14384 158224 650876
%,f-ﬂ'{a):] 16 028 15312
L ray=1 16
34, 2 11 15 63
b c d e
Upto ‘d":
x = 3‘-‘7'%354 =3.4325 E = 0,008802072
uptoe: E = 0.003039882
~ 100
X =2 - 13 - 1Ix + 133 =0
fx) = — 133
F'] i 2
= 2z° 13z 11z -_133

10° 10° 10° 107
z*~ 2002° — 1300002% - 11000000z = — 13300000000
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LHS RHS RHS - LHS
~ 13300000000

z2=341 - 13276623240 ~ 23376760
z=342 - 13287080300 — 12919700
z=343  — 13296804200 - 3195800~
z=344 - 13305787900 5787900
z=360 - 13343040000 43040000
z=361 - 13338343160 38343160
z=362 - 13332775660 32775660
z=363 - 13326330040 26330040
z=364 - 13318998780 18998780
Zz =365 = 13310774380 + 10774380
z2=366 - 13301649260 1649260
z=367 - 13291615880 -333411!]—|

From Vilokanam a = 343

f(z) = 42* - 600z° — 260000z ~ 11000000
when z = 343 f(z) =— 9354972
'(z) = 1227 - 1200z — 260000

when z = 343 % f'(z) = 370094
when z = 343 éfw[}:} = 1172

1 'Ir - =
ﬁf"'{z] 1

0 0 0 0
CD=f(a)~ | 3105800 3893084 4841798 202048
9354972 .-
% £ (ay=370094 3330846 8882256
1 may=1172 31
6
1 f*a)y=1
24
343 3 4 6
z=2343.346
From Vilokanam a = 36(
X= —— =343346 E=33 x 107°

100
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Second Solution:using x = 100
0 0 0 0
CD=f(a)=9577984 | 1649260 6914616 1646136 524208
] 25413
1a 136 454136 6357904
5 (a)=454
éf""{a}mllﬁd 1264
1
— f" u]
2 @
.366, 1 7 1
b c d
z=366.171 x = 366171 E=1.857 = 107

f(z) = 4z° - 6002" — 260000z ~ 11000000 at z = 366 f{z) = 9577984
£'(z) = 122% — 1200z — 260000 %f“{z} (at z = 366) = 454136

"(z) = 24z — 1200 = 7584 % (z) (atz=366) = 1264

(x — 3.43346) and (x — 3.66171) are two factors

Finally the refined solutions are considered as x = 3.43346 and x =3.66171 are

considered for final evaluation of remaining two solutions, At this stage Swamijis

Argumentation Methou is adopted.

(x—3.43346) (x - 3.66171) = x* —7.09517x + 12.57233482 =0

E=(x*=7.09517x + 12.57233482)A, Where A should have x°, x and constant

terms

By Argumentation By Adyamadyena

(x* = 7.09517x + 12.57233482) (x* + ox + 10.57878285)

Comparing the coefficients of like terms

o 12.57233482 + - 10.57878285 x 7.09517==11

(x term) o = 64.05826271
12.57233482

x* +5.09516324x + 10.57878285 = 0

2x + 5.09516324 = + /25.96068844 — 42.3151314

-5.09516324 4 404406268

2 2

(X3, X¢) = 254758162 + 2.02203134i

X = 3.43346 %3 = 3.66171

Applying Gunitha Samuccayah Sutram for final verification

Sc = 108 = (1- 3.43346) (1 — 3.66171) (1 +2.54758162 — 2.02203134) (1 +

2.54758162 + 2.02203134i) ~ 107.999897

= 5.095176324

=x |
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3) E=x"-6'+ 317+ 22x =6

Solution x = a.bede ...
LHS RHS Diff
fix) RHS ~ LHS
x=1] 20 6 - Jd4—
x=2 24 -18
x=3 12 -6 One root lies between x = 1 and
=4 2 =2 X =— | and worked as Set B
x=3 60 -~ 54
x=-1 -1z 18
i==1 -2 = 26—

By way of Vilokanam, (By way of the rule of usual procedure by scanning the
difference between RHS and LHS of the given equation.) We couldn’t exactly
locate the possibility of at least one solution, However, in this case it could be
seen that between x =3 and x = 4 there is a likelihood of trial for one solution, As
the difference at x = 4 being lower an attempt is made with that value for x.

Set A
Swamiji's Method

Let x=4 = RHS-LHS = 2
CD = 4a” Representation at x =4 = [4x" — 18x + 6 + 2]atx=4=14

6’ Representation atx =4 = %[12::2—36.1+E]an=4=17

4a Representation at x =4 = %[ﬂ#x—iiﬂ atx=4=10
o 0 0 0 0 0

— _—

CD=14§i f 3 B 13 12

27 104324 1+972+1296 24+8316+7776  2160+96+216+55674

=314 +180=2087 +720+1080=14316 +49806+I5552+8640+ E
4620=106014 ﬁ
6a’h’ dab +6a’lbc  bebalci+ db'c+6a’2be  dac’+4b’dHEbici+6a’ 2bf E
6a’2bd+ +6a® 2od+ +6a° 2ot +ou' d +dabbed =

4a3b’c  4a3b’dfr da.3bc? +4a 3b%e

1 6 24 154 1031 7581

b ¢ d - f g
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1) The first decimal b is obtained as coefficient by considering the first [D as ND
and the same is divided by CD

1) The successive decimal values are to be obtained in the useful manner ie ND
+ CD where ND = 1D - corresponding subtraction terms

3) Values of subtraction terms containing 4a’, 6%, 4a are to be worked out in

terms of representation values 4a°, 6a°, 4a.

o e s e

Upto g (6 decimals)x = 4.1 6 24 154 1031 7581

=4.217 29 1=3782700

Taylor’s Method

letx=4
f =’ - 18 +6x+22=14
' =122 + 6% + 6 = 54

Subtraction Terms

= 24x — 36
96 -36 = 60
¥ 24 = 24
0 0 0 0 0
CD=f{a)=14 3 3 3 7 3 03
! tiay-27 o
2 27 324 2268 16092 121122
|
~ (=10
6 & 10 180 1800 15420
1 vay=10 1 24 312
24
4. ] 6 24 154 1031 7581
b c d e f E
x = 3.782709 E=0.132375747

As both the methods give the same result as the 1% root (3.782709) the error is
found to be more. Hence a substitution is necessitated. For the substitution
onwards we have continued Taylor's Expansion method.

2 62 32 22z
16 &8 4 2
2122 + 122 + 1 T62 - 96 =0

6=0
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2 =122 + 1222 + 176z =96
b c d [ f
0 0 0 0
CD=f(a)- 48 -9 e ry] 16 33
IE F(ay=54 54 972 7506 46352
% f(a)=16 16 432 5280
1 1 36
1 oviay=1 1 36
Sq ! @
7. | 9 29 168 1083
x = 3.623315 E = 0.043131799

f = 47 _ 3622 +242 4176
' = 122 - 722 + 24
' = 24z — 72= 0§

¥ =124

x value upto 6" decimal point shows that x = 3.782709. At this stage a

substitution is attempted for x = % This gives a value x = 3.623315. This
suggested that there is a likelihood of two values for x lying between 3 and 4.
Hence further attempt is made to workout the details with x=% which clearly

shows that there are two solutions for z between 36 and 37, and between 37 and

38 (refer Vilokanam)
E, = z* - 602" + 300z + 22000z = 60000

LHS
z=133 82401
z=134 T2896
z=135 65625
z=136 61056
z=137 59681
z=738 62016

From Vilokanam a = 36

37599
59681
— 5625
- 1056™
319—|
-2016_

f = 4z — 1802% + 600z + 22000
£ = 122% — 360z + 600

F = 24z 360
Yo 24
z=136



It is observed that the variation is slow. And hence, an attempt is made for

further substitution for x as ——
100

2 ez

22:55

E:I=

10°10°  10° T 10°

E;=z* - 600z° + 3000022 + 22000000z = 6x 10°
Probability of two values are clearly indicated

value LHS RHS
6x10°
361 607664441
362 605093136
363 602851161
364 600943616
365 569375625
N 597388281

RHS - LHS

— 7664441
- 5093136
~ 2851161

—943ul6
624375 -

2611719

Vedic Mathematics Equations (Contd.)
0 0 0 0
CD=f(a)= 3056 7056 1392 780 1516
1 #1ay=1596 14364 86184 426132
2
% f"(a)y=84 2268 20412
1 . 21
—— f""" =]
24 (a)
6. 3 g 31 151
a b c d e
z = 36.4361 x = 3.64361
z=138
0 0 0 0 0
CD=f(a)=4368 2016 2688 4080 2464 1580
% f'(a)=2124 33984 220896 1344492
L gn (a)=02 5888 57408
6
LT 256
22 ¥(a)=1
38, 4 13 58 300
a b d e
z=38. 6180 z = 3. 73820 x = 3.73820
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372 598342656 1657344
373 590678441 + 321559 —
374 601400976 - 1400976 —

From Vilokanam a = 364
4z — 18002* + 60000z + 22000000
1222 — 3600z + 60000

24z - 3600
24
0 0 0 0 0 0
CD=f(e)= | 943616 743040 1243056 122008 233113 1593354
1738624
%f”[a]ﬂEQﬂE ‘ 4244400 10186560 28182816 55346976
% 7 (a)=856 107000 385200 1296840
.'I .
— (a)=1 623 3000
5 (a)=
36d | 5 6 13 17 33
b c d (= f
364.57503
From Vilokanam a = 373
0 0 0 0 0 0
CD=f'(a)=1528268 | 321559 150054 817044 521964 1352144 1241776
%fa{a}.mﬂq 773496 0 3867480 0 11022318
% #(a)=892 7136 0 53520 0
I 16 0 160
1 fviavay 16 160
2 @
373 2 0 5 0 8 0
b c d e f B
z = 373.20508 x = 3.7320508

(x — 3.6457503) and (x — 3.7320508) are the two factors of E.

Applying Swamiji’s method of Argumentation for evaluating the remaining
roots,

E=(x"~7.3778011x + 13.60612532)A

A should have x*. x and constant terms.

o E=(x*=7.3778011x + 13.60612532) (x* + ax — .440977858)

Comparing x coefficient on both sides
13.60612532c + 3.253446926 =22
= a = |.37780247
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o E=(x* = 7.377801 1x + 13.60612532) (x* + 1.37780247 — 0.440977858)
Second Quadratic expression is further factorised using differential relation.
2x + 137780247 = £ /1.898339646 +1.763911432 = + 1.913700885
= x=-—1.6457516775, 0.26794920
S E=(x-3.6457503) (x — 0,7320508) (x + 1.6457516775) (x — 0.26794920)
Applying Gunita Samuccaya Sutram for final Verification.
Sc= 14 = (- 2,6457503) (- 2.7320508) (2.6457516775H0.7320508) = 13.9990964 ~ 14
To verify the remaining two values ~ 1.6457516775, 0.26794920

SetB

k4
H-_._
4
One can expect two roots to lie between 1 and - 1; - 1 and - 2. Fora

finer step, a trial with x = 0.75, 0.5, 0.25, — 0.25, - 0.5, - 0.75, — 1.25, - 1.5, -
1,75, can be attempted. This results in that one root lies between 0.25 and 0.5
another root lies between — 1.5 and — 1.75. This is followed by a substitution for x
z
4

Whenx= =
4

asx = — and % respectively.

2 &2 32 22:

- - 4 =6 =z'-247"+ + 1408z = 1536
256 64 16 4 Z-Up +ds

fiz) RHS  RHS - LHS

1536
ifz=1 1433 103
ifz=2 2832 —~ 1296

Frinm Vilokanam a = 1

(7} = 477 = 722% + 96z + 1408

iwy=  122° - 1442 + 96

z)= 24z-144

"= 24

0 0 0 0 0 0 0 0 0
CD=["(a)=1436 | 103 1030 248 1044 1270 28 306 1340 253
0 0 882 252 1782 2520 2718 3744

-éa’-'m]r—rﬂ
.;; e 20 0 0 0 68CO 2940 21000 3230
LIy ¢ 0 0 0 2n 137

2

L| 0 7 1 7 9 6 5 24 25
a|l b ¢ d e f g h i j
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Upto g = 0.267949 E = - 0.00000430
Upto j =z = 1.071796765 = x=0.26794919 E = 0.0000000544

Ref working with x = TEE wherein same accuracy to obtained when x is

considered upto ‘g’ only

Let us substitute x = % to get the second solution between — 1.5 and - 1.75.

Whenx= =
2

2 62 312 22
=—= + + =
16 8 4 2
z' =122 +122° + 176z = 96

From Vilokanama=-3
f(z) = 42" - 362°+ 242 + 176
f“{z}=]2:2—?23+24
fiz) =24z - 72

6

fz)= 24
fix) RHS  KHS-LHS
z=-3 =15 9§ 111
z=-4 512 96 - 416
0 0 0 0 0 0 0 0
CD=f{a)= | 111 126 306 100 215 352 27 140
328
%f'r(ﬂ):l 74 EﬁI 0 11484 32354 90982 24708 EETI_-I'-;
é_ £y 648 0 7128 3p0gs 18576 8RO
24
Lfﬁ“(ﬂ}:E Eﬂi 0 1188 3348 Q18
24
-3 3 0 1 31 69 90 127 1425
a b C d e f g h i

z=3,31250205=3.29149395
== 1.64574897E = - 0.000127488

For Further refinement. Substitute x = ]—;{-] for the finer value in the first solution

0.26794919
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Resulting in +26
+27
- 164
~ 165
In the second solution — 1.64574897
Whenx:
100
6z 324 22z
ST IR AT
'~ 6002" + 300002° + 22000000z = 6x10°
SIFRETET Y RHS RHS - LHS
i."‘fﬂf ﬁ H]ﬂ'
z=26 582191376 17808624
z=27 ' 604591641 - 4591641
=128 626963456
z=-163 515429941
z=-164 568841216 + 31158784
z=-165 623225623 - 23225625
From Vilokanam a = ]
fiz)= 2* - 600z + 3000022+ 22000000z = 6 x 10°
f(z) = 42° - 18002* + 60000z + 22000000
f'(z) = 122" - 3600z + 60000
() =24z ~ 3600
f'(z) = 24
0 0 0 I} 0 Y
CO=f(a)=12,413,504 17808624 21191712 10820040 20322256 3905561 20313110
% fla)= 12744 624456 1605744 1745928 2523312 2446843
é Fila)=— 496 170128 656208 1135344 1707744
1 @l 2401 12348 20302
24
26 7 9 4 9 1 g
a b C d e f E
g ﬁ Nntu_::_p-ﬁ‘l'l'l;tws same as the value at 2 upto ‘]

= #.-EWW E =~ 0,00000005444
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0 0 0 0 0 0
CD~f(ay=-| 31158784 42104960 31609168 12391480 21187175 9858282
53896576

% f'(a)=486576 1216400 34060320 48171024 38926080 33573744
éfw{ﬂ,l 1256 157000 659400 1394160 1843808
ﬁfﬁ’[ﬂk] 625 3500 9850

~Ta 5 73 3 i

a b c d € f E

Mot MR- I;ﬂ-' the value obtained is, more accurate at even ‘g’,

z =~ 164575131 E = 0,000000058

X =~ 1.64575131

co (x4 1.6457513) & (x - 0.26794919) are the two factors of E

o E=(x*4 1.37780212x - 0.44097773) (x? + ax + 13.60612927)

Comparing x coefficients on both sides.

— 0.44097773a + 18.74655375 = 22

o =—7.377801709

o E=(x* + L.37780212x - 0.44097773) (x* - 7.377801709% + 13.60612927)

The second quadratic expression can be further factorized by using differential relation

2x - 7.377801709 =+ /54.43195806 - 54.42451708
=+ /0.00744098 =+ D.086261115
= x=1.73203141, 3.64577030
E = (x + 1.64575131) (x - 0.26794919) (x - 3.73203141) (x— 3.64577030)
Applying Gunita Samuccaya
Se= 14 = (2.64575161) (+ 0.73205081) (- 2.73203141) (- 2.64577030)
= 14.00000112 ~ 14

Set A

x = 3.6457503 E=L357x 1075 . . _
N This is considered on the basiz of

B _—= 3 -t I
X =3.7320508 1362107 Ui reguction in the difference followed by
x=— 16457516775 E=199928x10"° increase see Table

x=026794920 E=1.6948 x 1077 ,
By Argumentation
Between land - 1 }

SetB
x=—1.64575131E =— 5.8x 10™® (direct)

x= 026794919 E = 5.444 x 107® (direct)
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X =3.73203141 E=-3.11784x 1077
X =3.6457703 E=_292858x 10°° By Argumentation

We have compared these solutions with obtained by using Descartes method.

4 E=x*— 561" +490x7 + 11112x — 117495 = 0
Solution x = a.bede ...

F(x) =4dx’ — 168x" + 980x + 11112

F(x) = 12x* - 336x + 980

() = 24% + 336
f(x) = 24

x) =x* - 56x7 + 490%% + 11112x = 117495

fix) RHS RHS-LHS
LHS 117495

x=1 11547 105948
x=2 23752 93743
x=3 16315 81180
x=4 48960 68535
x=35 61435 56060
x=6 73512 43983
x=7 84987 32508
X =8 05680 21815
x=9 105435 12060
x =10 114120 3375
x =1 121627 — 4132
x=12 127872 ~ 10377
x=-—1 — 10565 128060
i=-2 - 19800 137295
X=- -27333 144828
x=—4  -32768 150263
x=-5 - 35685 153180
X==6  —35640 153135
x=-7  —32165 149660
x=-8  -24768 142263
Xx==9  —12033 130428
X=- 10 3880 113615
x==11 26235 Q1260
X==12 34720 62775
x=—13 89942 27548

x==14 132552 - 15057
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Letx =10
0 0 0 0
fix)=8112 1375 1302 6236 7928
%F"{x} —_ 590 9440 9440
L gy =~ 16 1024
6
1
— 'y =1
2 &
10 4 2 B
a b C d.
= x= 10428
letx=11
0 0 0 0 0
f{x) = 6888 4132 6880 4784 5100 6293
| 0
_;_ flx) = - 632 5800 4474 30968
1 flx)=—-12 1500 6300
i
1, 625
— ) =1
> (x) |
11. 5 7 3
da I‘ ]}

= 11. 5703 = 10.4297

Letx= -

[

xt — 56 + 4007 + 11112x% — 117495 =)
d 3 I
z'56z° 490z +1111zz_1|],1,‘¢‘._ﬂﬂﬂ

e —

16 8 4
fiz) = z* = 1122° + 196022 + 88896z = 1879920

f(z) = 42" - 3362° + 3920z + 88896
fi(z) = 122° - 672z + 3920

f(z) = 24z-672

f'(z) =24
if (z =22)

fiz) = 1946032

(RHS - LHS) = 66112
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' 0 0 0 0 0 0 0
f(z)=55104 | 6112 54976 23456 44040 8605 49350 13844 3300
_1!_ Flz) = 3578 JO5BR 222464 40448 444928 {1g2BE 379200
%f--{,_.F 74 11944 34848 12672 71232 7128
L=l | 14641 21296 11616 45408
24 |
a b c d. e f g h
Sx=22 11408554 =321 1408554 = 20.850254¢
% = 10.4296273 E = - 0.000053
Letx=~14
0 0 0 o 0 0 0 0 0
fix)=46512 [ 15057 11034 6966 43936 23115 18126 28858 30130 17610
Firx) = 4018 36162 72324 84378 313404 546448 770407 1452642 2490105
.
' Pl T3 3024 9072 15120 48384 100872 190517 380084
Iy m
=1 . g1 7 324 02 2160 5697 11664
T 3 3 2 1 1] T 20 4 49
a b C d. B f B h [ ]
Upto i (& decimals)x = 14.3 3211 11 1420 34

=14.33322634

—_ e m e e = =

=13.66677366
Upto j (9 decimals) =14.33211 11142034
= 14.333226389

13.6 66773611

E = 0.000346

L (x=10.4296273), (x + 13666773611} are two factors of E

© E=(x~ 104296273) (x + 13.666 77361 1)A

=[x’ + 32371463 1x + 142.519355 1DA. A should have x°, x and constant terms.
Applymg Swamiji’s method of Adyamadyena Antyamantyena and Argumentation.
=(x?+ 32371463 1x — 142.5393551) (52 + a x + 824, 2986642)

Cumparmg. x - coefficient on both sides
- 142.539355 @ + 2668375379 = 11112
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a =-59.23714623
E = (x - 10.4296273) (x + 13.666773611) (x* — 59.23714623x + B24.2986642)
Quadratic expression (x” — 59.23714623x + 824.2986642) is further factorized using
differential relation of
x* — 59.23714623x + 824.2986642

2% — 59.23714623 = ++/3509.039493 - 3297. 194657 = + 14.55489045

x = 36.89601834, 22.34112789

o E=(x - 10.4296273) (x + 13.666773611) (x — 36,.89601834) (x —22.34112789)
Applying Gunita Samuccaya Samuccaya Gunitah for final Verification.

Se = (~ 105948) = (- 9.4296273) (14.666773611) (— 35.89601834) (— 21.34112789)
=~ 105948.0001 ~ - 105948

Swamijis method for the solutions of the equations of 5™ order equation
fix)=x"+3x* + 5} + 1 + 19x = 51

Using Vilokanam Method the nearest value of x (integer) which satisfies the equation
is x = 1. This is designated as ‘a’.

At‘a’ RHS5.-LHS.=16

The common divisor is f(x) at x = a is 5a* + 122’ + 15a? + 14a + 0 = 65

The common divisot in case of equation-is to be reckoned as the entire fix) at x = a
for working of a root.

In this method we have made use of the general expansion when (at+b+c+d+et...)’
where a is the nearest where a value and b, c, .... are the first: second... and so on
(decimals) of the solution (Solution is a. bede....)

The table R gives the full expansion terms upto 8% decimal.
The values of the terms in the table, are worked out following Swamiji's Straight
Division Method. , ie after obtaining successively b, ¢, d........

Thus 5a* = 65 and is the common divisor which is (5x* + 12x* + 15x% + 14x + 19) at x
=a = 1. In order to evaluate a°, 2" and a, starting from the f{x) the working details are
as follows.

a’ value, can be worked out from the first differential

as (20x° + 36x” + 30x + 14) In order to identify 10a®, the term in the expansion, one
must divide the entire equation by 2 (as we have 20x’ as the term to start with) after
substituting the value forx =a= |

(20x° + 36x% + 30x + 14) = 100
ie, effectively 10a® = % =50 - 108 representation is 50

Similarly 10a° — term can be obtained from the equation 3" differential of fx) (60x* +
72x + 30) which has x* as the starting term. Dividing it by 6 after substitution for x =

a=1 _the value of 102" = % =27 10a’ representation is 27



294
Vedic Mathematics Equations (Contd.)

In the same manner 5a can be evaluated from (120x + 72) which starts with x. By
dividing this by 24 and substituting for x = a = 1, the value of 5a = %2- =8, 5a
representation is §

To Summarize the above procedure, the effective values or representations of the
expressions 5a' =6, 108’ = 50, 102" =27, 5a = 8 which ocour in the expansion table

are:to be first derived. The 4" degree, 3" degree, 2" degree and 1* degree expressions
are derived from f{x) by successive differentiation. The values Sa*, 10¢°, 1062, 5a

which are obtained after substituting in the corresponding entire expression, the value

=a = 1. are finally considered in solving the equation

The result can be Tabulated as follows. The effective values (representations)
considered are

Sa'=65  108°=50 1088=27 Sa=%

It amounts to obtaining the values of various powers of ‘a’ as required in the expansion table.

(J

(g+f+c+d+ctb+a)

Coeff: 1 3 10 20 30

1° £

10’ a'b

107 a'c 2'b’

i a'd b albe

10! a'e, ab’ ac’ a'bd a’b%

10? Y i abe, b'ea, wcd 2%, alch

10° a'g b £d ' obf ace,ab’d o't b'c’a  beda’

10’ ehb'd b ahg Cab, a'ef WA, boes® ab'cd
a'de, ab’e a’cd,

10f aibeac £ c'V a'bh, bd, s'cg o eic’e,  albef, albde

o df, ab’f ald’, ab'®  ablce abcld
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st Degree Equations

) E=x"+2x" - 42 - 82+ 258x ~ 400 = 0
f{x) = x° + 2x* - 425 - 8% + 258x = 400

Solution x =abcde ...,
Swamiji’s Method

LHS RHS LHS - RHS
x=1=f1) 211 400 189
x=2=f2) 212 188
x=3=1(3) =27 427
X =4 = f{4) -248 648
x=5=15) 215 185
x =6 = f{6) 2556 ~2156
x=-1=f-1) -223 623
x=-21=1-2) =212 612
X=-3=f{-3) 207 193
x=-4 = fl-4) 1016 -616
x=-5=f{-5) 1885 — 1485

= f(x) = %%+ 2x* — 42 - 8x% + 258x =400

From Vilokanam a=35

Letx=5 = RHS-LHS =185

CD = 5a" Representation atx = § = [5x* + 8x* - 120x - 16x + 258] at x = § = 1153

10g° Representation atx = § = %[mxh 24x? - 252% - 16] atx = § = 912
10a* Representation atx =5 = é [60x° + 4Bx - 252] at x = 5 = 248

Sa Representation at x = § = %[lzﬂxﬂﬂ]muﬁ:}ﬂ



Vedic Mathematics tg Contd
(I O T T u o n 0
CBE B [ o i 03 T T

0 WA DTN T BHTMHETSS 2542804145000+ O TI504500 0
ST Y e AT %_65?.“@”37_’@
T I g PO 5D

S0 s WSEHH ST AR H68TS

|60 493000+ +5134+4{150+m

S 05
' Il]ﬂ}bl Iuﬂztbj 5E.h' |J5+||]ﬂl.2hl.‘ Sb‘.ﬂ'l'l{]ﬂad! Si}l.d'ihmbicz Sh"Hs&]"*‘l{h]ﬂzﬂw

N R T R ' M 100 g

}
Hd Sl 0 0 +]13:3ﬁ HIE2 vl "

+
e A Y g 00 g0 B
() sl

WA e 3
Fadhe

e 50 etfa b
HIE3
+ma‘6bm
I o #ﬁﬂﬂb»ﬂ .
s % § b i |




7
Vedic Mathematics Equations (Contd

1) The first decimal b obtained a acoefficent by considering e ist a5 NT) and the same s divided by D
1) The successive decimal values are 1 be obtained in the usual mannes, ic ND + CD) where ND = ID - corresponding sublracti
ferms

3) Values of subtraction terms containing 52", 102" 106%, 5 are to be worked out in terms of representation values. For example
106 =012 x 1 =912 1085'= 18 x 1 =28 5’ =27 x 1 =7

Uptoi (B decimals) =555 20 4980 497 0
=5,15752070=5143510%0

Taylor's Method

f{x)=5x" + B - 126 Lo+ 258

£(5)=5(5)' 4805 - 126(5)"- 16(5) = 1153 common diviser ()
)= 208"+ 44°- 2528 16

%m) <25 + 57 - 505) =912

é (x)= 60"+ 48 - 252

%ﬂ”(x]=m(s)2+4s(5)-251=l%'hw

%)= 120+ 48

] .
— ()= 205} + 48 =17
T (x) = 120(3)
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Both the methods give the same value for x. However it can be refined by
substitution method using any one of the two working details. The refinement is
continued using Taylor's expansion.
E=x"+2x" - 42x> — 8x* + 258x - 400 =0

da

Letx= ——
100

2z 427 g2 258
10" 10 10f 10* 100
Z' +200z* - 4200002 - 8000000z + 25800000000z = 400 % 10'°

LHS RHS RHS — LHS

400 = 10"
z=513  3.808554046 x 10 1914459540000
z=514 3949361281 = 104 50138619000
z=515 4091207447 x 10" ~ 93207447000

flz) = 2* + 200" -~ 4200002° - 800000022 + 25800000000z
f(z) = 5z + 8002 - 12600002" — 16000000z + 25800000000
() = 202° + 2400z* - 2520000z - 16000000

f'(z) = 60z" + 4800z — 2520000

*(z) = 1207 + 4800

f(z) =120
| 0 0 0 0

CD=f(a)=142324067300 | 50138619000 74413988100 23345280740 60476765580
L #hay=1019362640 9174263760 30580879200 31600241840
2
6
1 fvnen | 2243,
o ' @=2770
L @
120

514, 3 5 1 4

i b c d e
z=5143514 x=5.143514 E = 0.000004504

. % =15.143514 is a factor of E -
Using Swamiji's Sutras (1)  Adyamadyena Antysmecntyena (2) Pwana
Apuranabhyam the remaining work is carried out fur obtaininz ihe remaii.z roots, Cm
E =(x-5.143514) A. A should contain x*, %%, %%, xend ezt o
By Adyamadyena Antyamantyena
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E=(x-5.143514) (x*+ oo’ + P’ + yx + 77.7678451)
Comparing like terms on both sides
x coeff:  77.7678451 - 5.143514y =258
y =—35.04066576
X’ coeff: — 35.04066576 — 5,143514 p =— 8
B =-5.257235765
X' coeff: ~ 5257235765 — 5.1435140 = - 42
a = 7.143513994
=(x - 5.143514) (x* + 7.143513994x" — 5.257235765%" - 35.04066576x + 77.7678451)

Ej '=x +7. 143513994:: -5 157235?55:6 35.04066576x + 77.7678451
= x*+7.143513994x" = 5.257235765x + 35.04066576x — T7.7678451

{ 7.143513994
X+ "-“4—
=x" + 4(1.785878499)x° + 6(1 ?353?3499)’:’ +4(1.785878499’x + (1.785878490)"
=x' +7.143513994x" + 19.13617208x% + 22.78325218x + 10.17203005

Substituting the values of first two terms from E,
= (x+ 1.785878499)" = 5.257235765x" + 35.04066576x — 77.7678451 + 19.13617208x +

22.78325218x + 10.17203005 = 24.39340785x + 57.82391794x — 67.5981505
Let(x + 1.7TB5878499) = y
= x = (y- 1.785878499)
= y'=24.39340785(y - 1.785878499)° + 57.82391794(y ~ 1.785878499) - 67.59581505
y' =24.39340785 (v* - 3.571756998y + 3.189362013) + 57.82391794y —
1032664918 — 67.59581505 = 24.39340?35f — 29.30340725y - 93 06289849
y' = 24.39340785y" + 29.30340725y + 93.06289849
(f +by+e) (¥ +by+c)=0
Y+ (e e -b + (a—cly+e cp=0
Equating like terms
Crk gy~ b= - 2439340785
€ +¢3 = - 24.39340785 + b? —_— (a)
blcz — c;) = 2930340725

29.30340725

c!";:]:-;‘&— - ':h}

£ ¢; =093 06289849
(&1 + e —(ca~ 1) =4dey ¢

d
(b - 24.39340785)° — [____2913 ‘T”m]
Letb’ =z

] = (x + 1.785878499)"

=372.25159%4
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z
(z — 24.39340785)" - [M] = 372.251594
Z
(72 — 487368157z + 595.0383465) — 2250896765 _ 305 551504

z' — 48. 78681572 + 222 TR67525z = 353.5:945?455
E;=2 — 4878681577 + 222.7867525z = 858.6896765
flz) =2 — 48.78681572° + 222 7867525z = 858.6896.765
calculator value = 44 18446125

fiz) = 32" - 97.5736314z + 222 TB6T525

f(z) = 6z + 97.5736314

i"{z)=6
LHS RHS RHS - LHS
858.6896765
z=43 —1119.991872 1978.681549
z=44 5353419148 1233477617

z=45 233710207 ~ 1498412394
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Upoi=z=M1BM612  2=b=dd 0046101

b= 66419307

", from {g)

e = MITHS + 4 04IGID3 = 19 o105

-0 =440823806

Q4= ]2,09973359

02765131478

B =689+ 1601314780 (7 - 66Ty + 120993850
W66y 10T 8 2ed by usng differential rlgton
WS = U1 0TS g

y=-3 303569664 1831610015

1= 3155179879
y2#- 1491950449

(- 438321y + L2 0 s torized by usingdifferentil vt
by~ GOATISE01= (R TRLES S 095856 = 4 |~ S310057 20529230
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¥3. Yo =+ 3.323569664 + 1.026461535
x = (y - 1.785878499)
= X;=-6.941058378
X2 =~ 3.277837948
x3=1.337691165 + 1.026461535i
X4 = 1.537691165 — 1.026461535i

. E=(x - 5.143514) (x + 6.941058378) (x + 3.277837948) (x - 1.537691165 —
1.0264615351) (x = 1.537691165 + 1.026461535i)
Applying Gunita Samuccayah Sutram
S = — 189 = (- 4.143514) (7.941058378) (4.277837948) (- 0.537691165 +
1.0264615351) (— 0.537691165 — 1.026461535i) = — 189.0000246 ~ 189

E=x"+4x" - 2 + 10x% - 2x = 962
fix) =x +4x" = 2x* + 10x? - 2x = 962
Solution x = a. bede ...

Swamiji’s Method
Value of x L.H.5. R.H.S. Diff :
fix) R.H. S~ L.HS.
1 11 962 051
2 116 ” 846
3 597 " 365 T
4 2072 " -1110—
5 5615 — 4653
-1 17 " + 945
~2 92 ” + 870
-3 231 ™ + 731
-4 296 b + 666
-5 ~115 " + 1077
-6 — 1788 ” 2750
-7 - 6013 " + 06975

fix) =x" +4x* - 2% + 10x* — 2x = 962

From Vilokanam a =13

Letx=3 = RHS - LHS = 365

CD = 5a* Representation at x =3 = [5x* + 160° - 6> + 20x - 2] at x = 3 = 841 .
lﬂajRepres:enmﬁunatx=3 = %[Iﬂf+4ﬂxz—12x+1ﬂ]ﬂtx-3:}4ﬁ

10a* Representation atx =3 = %[ﬁﬂf+€lﬁx-11] atx=3= 136
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B41

3a Representation at x =3 2Jﬁ[111]:.:+'!ill15]a1t:¢=3=.'.=r1':'uf

0 0 0 0 0
365 286 5 381 516 59
7648 8704419120 4864 +11950 1024+0+23900
=10416 +10120+32640 +24320+ 32640
=3204 +40800= 26244
108’ 108* b*+108° 2be Sab'+10a%c? b*+10a’ 2be
+108° 2bd+10a 3b%  +10a°.2cd+5a.db’c
+108%.3b%d+10a. 3bc?
i 3 5 0 7%
b c d e f
I} The first decimal b is obtained as a coefficient by considering the first ID as ND
and the same is divided by CD

2) The successive decimal values are to be obtained in the usual manner, ie ND + CD
where ND = ID - corresponding subtraction terms

3) Values of subtraction terms containing 5a°, 104, 10a%, 5a are to be worked out in
terms of representation values.

Upto f (decimals) =3.455025=345525=335475

Taylor's Method

fix) = 5x*+ 165" -

5%+ 20x -2

fiix) = 200 +48x* - 12x + 20

(x) = 60x* + 96x - 12

f(x) = 170x+ 96

ff(x) = 120

Considering x = 3

f(3) = 841

I 'r tl =
Ef’ﬂ} 2{9545} 478
1 g 1 _
" ) ﬁ{ﬂlﬁ} 136
| |

1
— ff =
120 =1
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0 0 0 0 0
CD=f(a)= 841 165 286 383 8] 313
! fay=a8 7648 19120 3070 23900
2 ®}) (2be)  (2bd+¢h)  (2bet2ed)
1 tay=136 8704 311:40 73440
° ®h  0b%)  (3p%d+3bcd
—]—f‘*(a}=19 4864 24320
2 | (b%) (4b°c)
1 __
— 1" = 1024
120" & e
o4 5 5 0 5%
2. b C d e f

Xx=34552 5=3.35475
Error, E=-0.121940667
Both the methods give the same values for x. however it can be refined by
substitution method using anyone of the above two working details. The refinement
is continued using Taylor's expansion.
E=x"+4x" =2 + 102 - 2x = 962
z
x =

100

e 4zt 270 1028 22
10° 10 10° T 10° 107
2 + 400z - 200002° + 1000000022 - 200000000z = 962 x 10'°
fz) = 2° + 400z° - 200002* + 100000002 - 200000000z
f(z) = 52* + 1600z - 60000z + 200000002 — 200000000
f'(z) = 202° + 48002* — 120000z + 20000000
f'(z) = 6022 + 9600z - 120000

962

*(z) = 120z + 9600
(z)=120
2 value fiz) RHS RHS - LIS
952 x 10'°
335 9.56026370% x 10" 59736291000

336 9.683791897 x 107 — 63791897000
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z =336 = f(z) = 12416666370; % f'(z) = 640120950, -éfw{z] = 164560,

L2551 5
24 L& f P LT 1
0 0 0 0 0
CD~f(8)=124166663700 | 53751897000 17085651500 62692875300 12290824100 31265554260
é_fcriﬂ}_mumn 16003024000 6401209600 12646168960 12802419200
- (%) (2bc) (bd+ch)  (2be+led)
1 ' (ay=1646560 205850000 123492000 642150400
5 ) (3b%c) (3b¥d+3he?)
E%f"{arzusu 1300000 1040000
(% (4b'c)
l
— fla)s 3125
70 (a)= )
336 5 i 5 1 2
i b e d e

Uptof:  2=1336.5151 1
z=1315 43488
Sireys — v=3 354088
100

Eror, E=0.00007950
Using Swamiji's Sutras (1) Adyamadyena Antyamantyena (2) Purena
Apuranabhyam the remaining work is carried out for obtaininz the remaining roots.
o (x—3.354B8488) is a factor of f{x)
fix) = E= (x — 3.3548488)A. A should have x*, °, x®, x and conctant terms

By Adyamadyena Antyamantyena
fx) = (x — 3.3548488) (x"+orx™+Bx’+ ¥ x+286.7481375) = &* + dx* = 26 + 1007 — 2 -
062
Equating the like terms on both sides
x coefl 286.7491375-3.3548488 y = -2
¥ =86.06919558

« coeff: 86.06919558 - 3.3548488p =.10
B =22.67440356

LT
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x’ coeff: 22.67440356 — 3.35484880 = - 2
o=7.354848171
o E=(x-3.3548488) (x* + 7.354848171x") + 22.67440356x" + B6.06919558x +
286.7491375)
Ey = x* + 7.354848171: + 22.67440356x* + 86.06919558x + 286.7491375
Ey = x*+7.354848171x" = - 22.67440356x - 86.06919558x — 286.7491375

. 17y’
( 354?3_} =(x + 1.838712043)"

=x' + 4(1.838712043)x" + 6(1.838712043)%7 + 4(1.838712043)°x +
(1.838712043)*
=x* +7.354848172 + 20.28517186x° + 24.86572653x + 11.43022771
Substitutes the values of first two terms from E,
(x + 1.B38712043)" = — 22.67440356x” - 86.06919558x — 286.7461375 +
20.28517186x" + 24.86572653x + 11.43022771
{x + 1.838712043)* = — 2,389231710x’ - 61.20346005x — 275.3189098
Let (x + 1.838712043) = y = x =y — 1838712043
y' =—2.38923170 (y ~ 1.8387120430)" - 61.20346906 (y — 1.838712043) — 275.3189008
=~ 2.38923170(y" - 3677424086y + 3.380861977) - 61.20346906y + 112,5355556 -
275.3189098
= —2,38923170v" - 52.41725082y ~ 170.8610168
Ez = y* +2.38923170y" + 52.41725082y + 170.8610168 = 0
= (y" +by + ¢1) (¥ = by + ¢2)
=y +y (@+e-b)+yblez-c)+ei =0
e+ -b* =2.38923170

¢y + ¢ = 2.38023170 + b* —  (a)

Gy = 52.41 125{132 ®)

(2 + e —(a2-cf =4

(b +2.38923170) - [&ESMET = 4(170.8610168)
Letb’=z

(z+2.38923170)° - {52'“?5‘3“}3 =4(170.8610168)

(2 +5.708428116 + 4.77846342z) - 2747368184 . 683.4440672

z
Ey=12" +4.778463422° - 677.735639z = 2747.568184
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fiz)=z' +4.778463422% - 677735639z = 2747.568184
z value fiz) RHS RHS - LHS
-1 681.5141024 2747.568184  2066.054082
-2 1366.585132 1380.983052
-3 2049.213088 698.355096
—4 2723397971 24.170213
-5 3383.139781 - 635.571597

fiz) = 32° + 9.556926842 — 677.735639 = when z = — 4, F(-4) = - 667.9633464
fi(z) = 6z + 9.55692684 = %f’ - 4)=-722153658

(z) = 6 = éf‘”{:ﬂ.} -1
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. E=-0.00005166
- (z+4.0361991) is a factor of E;
s Ea=(z+ 4.0361991)A. A should have 2%, z and constant terms
By Adyamadyena
Ey = (z +4.0361991) (£ + az ~ 680.7315784)Comparing z coefficient
— 680.7315784 + 4.0361991a = - 677.735639
a =0.742267496
* Ea=(z+4.0361991) (z* + 0.742267496z - 680.7315784)2* + 0.742267496z —
680.7315784 is factorized using differential relation
2z +0.742267496 = + 4/0.550961035 + 2722.926314 =+ 52.18694544
z=-0371133748 + 26.09347272
=25.72233897, — 26.4640647
z = b’ =25 72233897
b=1+5071719528
from (&) ¢z + ¢; =2.3892317 + 25.72233897 = 28.11157068
_ 52.41725082

from (b) ¢ — ¢, = = 10.33520299
5.071719528

¢z = 19.22338683
gy = 8. 888183846

o E=(y* +5.071719528y + 8.888183846) (y* — 5.071719528y + 19.22338683)
(y'+ 5.0717195284y + 8.888183846) is factorized by using differential relation

2y +5.071719528 = +25.72233897 - 35.55273538 = + 3.135346299i

¥1, Y2 =—2.535859764 + 1.567673149 i
(v' - 5.071719528y + 19.22338683) is factorized using differential relation

2y ~5.071719528 =1+ /25.72233897 - 76.89354136 =+ 7.153405367i

¥1, ¥4 = 2.535859764 £ 3.576702684

butx =y - 1.838712043

X) =—4.374571807 + 1.567673149i

Xz =—4.374571807 - 1.567673149;

x; = 0.697147721 + 3.5767026841

X = 0.697147721 - 3.576702684i

E;=(x —3.3548488) (x + 4.374571807 — 1.567673149i) (x + 4.374571807 +
1.567673149i) (x — 0.697147721 + 3.5767026841) (x - 0.697147721 -
3.5767026841) -
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3)

Applying Gunita Samuccaya Sutram
Sc = (- 23343488) (5.374571807 - 1.567673149i) (5.374571807 + 1.567673149i)

(0.302852279 + 3.576702684i) (0302852279 - 3.5 76702684i)
~ 951 =-950.9999521~ 951

E= X +5C+5x+2=0

fix) =%+ 5%° + 5x = - YRHS)
Solution x = a.bede ...,

Swamiji's Method

-1 - 11 -2 9
-2 -82 -2 80
0 0 -2 -2

05 -3.15625 -2 1.15625
0.1 -050501 -2 - 1.49499
02 -104032 -2 -0.95968
03 -163743 -2 -0.36257

As there is no clear indication of probable intervals, at this stage a substitute for x as

fﬁisattempj‘.ed
z 7 57 5z
fx=— thenf(z)= —+—+—==-2
10 i) 10° 100 10

f(z) = 2"+ 5002 + 50000z = - 200000
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z fiz) RHE  Difference
-5 —315625 -200000 + 115625
=4 =233024 -200000 + 33024
-3 -=163743 200000 - 36257
=2 =104032 = 200000 — 95968

From Vilokanama=-3

Letx = -3 = RHS ~ LHS = 36257
CD = 5a Representation at x == 3 = [52° + 150028 + 50000] at x = - 3 = 63905

10a’ Representation at x=—3 = %[20:%3[!0&:] atx=—3 = 4770
10a® Representation at x = — 3 = é[i&‘-liilz2 +3000] atx =<3 = 590

5a Representationatx =~ 3 = -I!E[llﬂz}ntx=-3=:~ 15
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Taylor's Method

flz)y= 2° + 5002 + 50000z = - 200000
fz) = 52° + 15002 + 50000

Equations (Contd.)

when 2 = - 3 = Common Divisor (CD) = 63905

(z) = 202* + 3000z
whenz=-3 = =-9540

% f'(z) = 4770

fiz) = 602 + 3000
whenz=-=3 = 3540

1 I =3
Ef"‘{z} 590

f(z) = 120z
whenz=-3=-360
1 .

) =

Y (z2)==15
f'(z) = 120

: f(z)=1

120
0 0

0 0 o

CD=f{(a)=63905 | 36257 43045

%f’fﬂ};— 4770 115230

%l‘w{akﬁgﬂ
1 .
—
P15

1
]—E—urfﬂ:l‘]

55580
190800 267120 104940

73750

35630  332%0

177000 318600
0375  3CCO0

3125

0
22705

0
48020

0
54885

534240

276710
06000

12500

495080

310050

346920

83700

32500

52875

-3 5 4
h ¢

a
z=3.544 1120 3 25

Since x = I_T.'I' = x=-0.3541TR055

4 1 12
d e f

=3.54422 055 =3,5437

0
E

055

= R

25
!

Kasgdl

LR
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Both the methods give the same values for x, however it can be refined by

substitution method using anyone of the above two working details. The refinement
1 continued using Taylor’s expansion,

X455 +5x+2=0

Let us considerx = -
100

z’ z’ z

qHI———45—+2=(
100y (100)° 100
flz)=2"+5x 10'2 +5 x 10%=-2 x 10
z value flz) RHS RHS -LHS
-30 - 163746 x 10" ~2x 10" -0.36254
~35 - 1969627188 x 10" -0.030372812
~36 - 2039326618 x 10" 0.039326618

f(z)=52"+15 x 10%7 +5 x 10°
= - 36 = 702798080

%f”(z) =202 +30x 102 z=-36 = - 11?32312{] = - 5866560

110)= 6074301 10°2=-36 = T =960

L ay=1202 2=-3 = -8 - _1g9
24 24

Lr@=120 222361
120
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I N I I
CO=FARTOOHR | 352266180 ATIA00 11658950 1 GAITIOIN0 24836595 8017580 STIIOIOO
% T AGGBADED 351993600 308607360 199463040 GLIBSSIO0 BITLTI0 Thsm
o (I T
6
1 -1 500 S0 L1000 ISIS6M e
%
ir[aH oo o i
n |
-, A
a b ¢ d { f i b i
1236 561949
z=§§im6§§i(ﬂy\’mcuhm)
=35 49700551
. ]
Sineex = —
10ee X m

x=-0.354378055]
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A comparison of the value of x in two different substitutions; x = i»:-]—nnl:l I—EE

clearly shows the accuracy of the result when the decimal is extended beyond a
particular point say here beyond ‘g’. The values are substituted in the expressions the
eITors are;

a) 8 x lﬂ"wheux=%

b) 1 x 107" whenx = >

100
(0.0000000001)
methehmmursitisclea:thatnmmamm-EtErcsuhmhenbtainedb}'
converting the variably x to some ax where & is tried with 10, 100, 1000 ......... in
a general,

One root of x is - 0,3543780551
Using Swamiji’s Sutras (1) Adyamadyena Antyamantyena (2) Purana
Apuranabhyam the remaining work is carried out for obtaining the remaining roots.

By Adyamadyena and Antyamantyena

fix) = (x + 0.3543780551) (x* + ox’ + P’ + yx + 5.643690322)
=x + 5 +5x+2

Equating the like terms on both sides we get,

x - coefficient => (0.3543780551) ¥ + 5.643690322 =5

_ 0.643650322
0.3543780551
¥ =-1.816394421.

X'~ coefficient = y + 03543780551 p=0

1816394421
LB = 3samanssy = 3125583808
x~Coefficient = B + 0.35437805510.= 5
=5 o = - 0.35437806 |
- By =x*-0.354378052x" + 5.125583805x% - 1.81639442x + 5.643690322
This part also can be done by Paravartya Yojayet
C+5°+5x+2) + (x+Kk)
where k = 0.3543780551
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x* %! x* x2 X Constant
-k I 0 5 0 5 2

0 -k K -5k-K 5K +k -5k -5k -k

1 -k 5+K -5k-kK S5+5K+k 2-5k-S5K -k
Ep=x'—loc + (5 + K - (5k + K)x + (5 + 5K* + k)
Ex = x" -0.3543780551x° + 5.125583806x" - 1.81639442x + 5.643690322 = 0

[-ﬂ.ES#E?E{}SEl]

Let us consider = —(L.OB8594513

(x ~0.088594513)* = x™* + 4( 0.088594513)x” + 6(- 0.088594513)2 + 4(—

0.088594513Y’x + (~ 0.088594513)"

=x" 0.3543780552x" + 0.047093926x* - 0.002781508983x + 0.00006160660844

Substitution the values of first two terms from E;

= - 5.125583806x° + 1,81639442x ~ 5.643690322 + 0.047093926x° - 0.002781508983x

+ 0.00006 160660844 .

s (x—0.088594513)" = - 5.07848988x" + 1.813612911x — 5.643628715

Let x - 0.088594513 =y

. The above equation takes the form:

y* =~ 5.07848988 (y + 0.088594513)" + 1.813612911 (y + 0.088594513) — 5.643628715

y' = 5.07848988y" — 0.899852675y - 0.039861004 + 1.813612911y + 0.160676152 —
5.643628715

Ey =y" + 5.07848988y" — 0.913760236y + 5,522813566

=(y" +by +¢;) (¥ by + )

=y'+y (e +aa-bY) +yb (3 — ;) +cy o

Comparing co — efficients of like terms we get

v’ = ¢+ cz—b? = 5.07848988

c1 + ¢ = b’ + 5.07848988 — . (A)
¥ = blea — ) =-0.913760236

~0.913760236
-6 = 5 — (B)
CzCy = 5.522813566
(@+af -(-c)=dec

.? F

(b2 + 5.07848988)" - l- 0912 :”23 '5} = 4(5.522813566)
b +25.79105946 + 10.15697976b% — 2ood937768 _ o 09125426
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Vedic Mathematics Equations (Contd.)
Letb®=2
2’ + 10.156979762 + 3.6998051962 = 0.834957768
z value fiz) R.H.S Difference
-1 5457174564 0.8349577<° 4622216796
0 0 31 5 834957768
1 14.85678496 - 14,02182719
2 56.02752943 ~ 5§5.19257166
-0.75  2.516572218 - 1.68161445
~0.5  0.564342342 0.270615426
-025 -0.305765064 1.140722832
0.25 1.575387534 — 0.740429766
0.5 4514147538 ~3.67918977
0.75  8.910030012 - 8.075072244
One root lies between — (.75 and - 0.5. Another root lies between — 0.25 and 0.25

r’ P’
£ 4+10.15697976 P— +3.699805196 L. — 834 957768
1000 100 10

p’ + 101.5697976p” + 369.9805196p = 834.957768

p value fip) R.H.S Difference
1 472.5503172 834957768 362.4074508
2 115424023 - 319.282462
1.5 786.877824 48.079944
Root lies between 1.5 and 2
z= P
100
k| - p
-Eu; +10.15697976 —£ —+3.69805196 —— = 0.834957768
(100) (100) 100
p’ + 1015.697976p” + 36998.05196p = 834957.768
p value fip) R.H.5 Difference
15 786877.824 834957.768 48079.944
16  856083.5132 - 21125.7452
17 927416.5984 ~92458.8304
f(p) = 3p” + 2031.395952p + 36998.05196
f‘p 5)=68143.99124
f(p) =6p +2031.395952 °

%f"r{p} = 1060.697976
'ip)=6

1 oy =

< ipy=1
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Vedic Mathematics Equatinns fﬂﬂlﬂﬂ]
CD=f(a) | 480799.44 379150132 1305918762 46468.9372 1676939387 311119362
68143.99124
Y 'y 51974,20082 0 29699.54333 0
2
1060.697976 |
]Efw{ak] 343 0 294
5.0 7 0 > ; - —
a b c d € £
p=1570202
= 15.69798
2= L. 01560708
100
Error = 0.000000285727

z=ht=1).15 69798
b= 0,396206764
t2+ey = b’ + 5078489887 = 5.23546968
0913760236
G—0 = - ﬂﬂgﬁi{ﬁ?ﬁ-ﬂ =-2306271167
e = 1.464509256
¢; = 3.770870424
Ei=(y + 0.396206764y + 3.770870424) (y* - 0.396206764y + 1 464599256)
¥ +0.396206764y + 3,770870424 = 0

is factorised by using differential relation
2y - 0.396206764 = ,/0.1569798 - 4(3.770870424)

Vi, ¥2 =~ 0.198103382 2 1.931741565i
y' - 0.396206764y + 1464599256 = 0 is factorised by using differential relation.

2y - 0.396206764 = J0.1569798 ~ 4(1.464599.256)

¥a o= 0.19103382 £ 1.193882032i
Buty = x - 0.088594513

x =y + 0088594513

x, = - 0,109508869 + 19317415651
%3 = - 0.109508869 - 1.931741565i
x; = 0.286607895 + 1.193882032i
xs = 0286697895 - 1.193882032
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E = (x+0.3543780551) (x + 0.109508869 ~ 1.9317415651) (x +0.109508869 +
1.931741565i) (x - 0.286697895 + 1,193882032i) (x - 0.286697895 - 1.193882032i)
Applying Cunitha Samuchayyam S, =13
= 13.00000061 ~ 13

4 E=Tx+5 + 0+ +3x+5=0
Solotion x =abede ...

Swamiji's Method

LHS RHS  RHS-LHS

x=-1 -7 -5 2
1==-12 -170 165
X =1 19 -4

fix)=7% + 5x* + 37+ + 3x=-§

From Vilokanam a = - |

Letx=—1 = RHS-LHS=2

CD= Sa* Representation at x =— 1 = [7(5x) + 20’ + 9 + 2 + 3] atx =1 25

108" Representation at x =1 = %[?{Eﬂx]}+ﬁﬂxl+ 8x+2]atx=—1= 4
108’ Representation at x =~ | = émﬁnf}+um+1a]m=-1 = 53

5a Representation atx == = -;E[T{ﬂﬂx}ﬂzﬂ] atx=-1=30

00 0 0 0 0
CD=25 (2 0 0 2 20 -
0 0 3072 0 93696+ 27136 =66560

100y 102 Sab'+l0a’ct  IMS1082be  (Sbio)+102°d+ 100720
+10a°2bc  +10a'2bd  +108’2cd+Sadb’c  +10a’ 2ce +10at ¢
+10a"3b%  +10a°3b%d+10a73bc’  +10a Gbod+10a" Inte
+5a.6b%* +5a.4b°d
-1 [0 8 0 122 8 670 .
a !,I:r c d e f £ b
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Vedic Mathematics Equations (Contd.)
1) The first decimal b is obtained as a coefficient by considering the first ID as ND
and the same is divided by CD

Z) The successive decimal values are to be obtained in the usual manner, ie ND + CD
where ND = [D - corresponding subtraction terms

3) Values of subtraction terms containing Sa”, lﬂa’, 108*, 5a are to be worked out in terms of
representation values,

Upto g (6 decimals)=-1, 080 12282670=1.094950=0.9 05 0 5 0= 0.905050

Taylor's Method
0 0 0 0 0 0
CD=f{(a) 25 2 20 0 0 ) 20 10
% ) | - 48 0 0 3072 0 93696
| -
lfw[a] | 53: _ 0 0 0 2m36
.|5 I
1. -0 0 0 0
-E'Efiﬂ}
| 7 0 0
s
120 @)
| a b ¢ d € f g
T 0 E 0 12 8 2670

One of the solutions of the equation is x = - 0.905950

Both the methods give the same values for x. however it can be refined by
substitution method using anyone of the above two working details. Tie refinement
is continued using Taylor's expansion,

z

];etHF_
2

7 52 W P iz
4 t—t—4+5={
2 16 &8 4 2

70+ 102+ 122 + 822 + 48z + 160 =0
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0] o0 0 0 0 0 0
CD=f(a)~400 | 64| 240 384 236 188 49 252
é_ #a)= 384 384 4608 29184 145152 688128 3249408
L=z 212 3816 35616 242316 1418280
6
! varg0 60 1440 17760 154800
%4
1 -
)= 7210 3220
26
-2 Il 6 20 6 282 1159 4963
a b c d e f g h

2=-2.1913753=1.8086247
= x=-090431235
very slow

Z

Letx=
10

727 52 3P S iz

E= et —t — ==
00 10 100 100 10

f{z) = 72’ + 502" + 3002° + 10002 + 30000z = - 5 x 10°

LHS RHS RHS - LHS

fiz) 5% 10°
=-8  -354176 - 145824
=-9  .492093 - 7007

z=-10 - 700000 200000
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F(z) = 352" + 2002° + 900Z° + 3000z + 30000 f(—9) = 159735
f'(z) = 1402° + 600z* + 1800z + 3000 1
Ef’{— 9)=-33330

f"{z) = 4202% + 1200z + 1800 1
—f-9)=417
6 ) 0

£*(z) = 840z + 1200 L gve_9y=_265
330 CN=-

iz} = 840 ' 1
f.'l.__ =
120 =9)=7
0 0 0 0 |
CDf(a)=159735 7007 70070 61760 138395 51995
%Fr{a]; 13330 0 0 533280
%1"”[5;}=41?ﬂ - 0 0
14 | 0
— (a)y= 265
>4 (a)=
]
——f*(a)=7
120" &7
T 0 4 3 5
Z2=-90435 = x=-090435
Tery=_2_
100
? 5 5 i 3 F
z z' 3z z 3z = —5x10'®

+ + + +
10" 10° 10° 10 100
f(z) = 72 + 500z* + 300002 + 10000002 + 300000000z =— 5 x 10"

z value LHS RHS RHS - LHS
flz) -5x 10"

-90 -492993 x 10" - 7007 x 10°

-91 -5.10209 x 10 10209 x 10°

f(z) = 35z* + 20002 + 900002* + 2000000z + 300000000
f'(z) = 1402° + 60002 + 180000z + 2000000
£"(z) = 42022 + 12000z + 180000

F*(z) = 840z + 12000

*(z) = B40
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0 0 0 0 0
CD=f(e)= | 700700000 257600000 347570000 1489023000 1066255600 165467042
1687350000
! [ 541280000 270640000 304470000 2232780000
2
- 33830000
| g 26688000 20016000 25020000
- {E:l—
6
417000
1 e 678400 678400
24
2650
1 7168
— f'(a)=7
g &
- 90 4 | ] 8 4
a b ¢ d & i
z==90.41184
x=-0.9041184 E = 0.00000145907

Using Swamiji's Sutras (1) Adyamadyena Antyamantyena (2) Purana
Apuranabhyam the remaining work is carried out for obtaining the remaining roots,
= (% + 0.9041184) 15 a factor of E

By Adyamadyena Antyamantyena

LE=(x+0.9041184) (7x* + o’ + B + yx + 5.530249136)

by Argumentation, comparing the like terms on hoth sides

veoeff: 5530249136+ »0.9041184 =3

= ¥ =-2798581619

x* coeff, ~ 2798581619 + 0.9041184p =1

B =4.201420543
x* coeff: 4.201420543 +0.9041 1840, =3

=~ 1.328830084
© Bo=(x + 09041184) (" - 1328830984x° + 4201420543%° — 2.79855167:
+5.510249136)
= T(x +0.9041184) (x" - 0.189832997x’ + 0.600202934x’ — 0.309797374x +
0.79003559)
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Let E; = x* - 0.189832997x" + 0.600202934x* - 0,399797374x + 0.79003550
Applying Purana Apuranabhyam Method

(x — 0.047458249)*
=x" - 4(0.047458249)x” + 6(0.047458249)%* - 4(0.047458249)°x + (0.047458249)"
=x'~0.189832997x" + 0,013513712%* - 0.000427558085x + 0.000005072789515
Substituting the values of first two terms form E,
=(- 0.600202934x* +0.399797374x - 0.79003559) + 0.013513712¢ -
0.000427558085x + 0.000005072789515
= - (),586689222x* + 0.39936981 5x — 0.790030517
Let (x - 0.047458249) =y
= x =y + 0.047458249 :
y' = [~ 0.586689222 (y + 0.047458249)] + [0.399369815 (y + 0.047458249)] -
0.790030517

[- 0586689222 (v' + 0.094916498y + 0.002252285398)] + 0.399369815y +
0.018953392 —0.790030517

=~ ().586689222y" + 0.343683328y - 0.772398516
Let g(y) = y* + 0.586689222y" + 0.343683328y + 0.772398516 = 0
Let g(y) = (y* + by + ;) (¥* by + ¢c3) =0

=y + ¥ (e1 +ea- b)) + ybler ) + ¢ =0

Equating the like terms
c;+e=- b= 0.586689222
= 1+ 0= 0.586689222 + b —— (a)
bies — ¢1) = - 0.343683328
0.34368332
=g =R

¢ ex=10.772398516
(e2 + 1) = (e2- t‘-]J-2 = 4¢) ¢y
0.343683328
b
2 0.118118229
Pl

1
(0.586689222 + b ( ] = 4(0.772398516)

(0.586689222 + b* = 3.089594064

Letb? =z

(0.586689222 + z)* - 0.118118229 3.089594064

(2" + 1.173378444z2 + 0.344204243) 0113118229 _ 5 089594064
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By =2+ 11733784442 - 2.7453898212 0.118118220 =0

Er=10°2 + 11733782 - 27453902 - 118118 = 0
flz)=10°2 + 11733782 - 2745390z = 118118

£(z) = 30000002 + 23467562 - 2745390
(z) = 6000000z + 2346756

/(z) = 6000000
LHS RHS
f(z) 118118
2= | - 572012
2= 2 7202732
2= 20324232
2= -1 2018768
z=-2 2184292
z=-3  -8203428
z=~4  -34244392

The three values of z lies between -~ 1, 1;
Letz=1
f(z) = 2601366

%f‘(z]=41?33?a

%f’”{zklﬂﬂﬂﬂﬂﬂ

RHS - LHS

690130—

~7084614—
-29206114
~ 2800650
- 2066174
8321546
34362510
1,2, =2,

Equations (Contd.)

-3
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z= 8849036 slow

Lc!mhywiﬁlri% for finer refinement

) 1
0+ 733782 245390 1 1118=0 :1u‘{r;7+l|ﬂns:?-?—”-fﬁillsl]a=0

By= 10+ 7378 - 25300 - L1 185310
)= 10"+ 133785 - 2siottp = 1 ¢ 1
)= 00+ 234756~ s
)=ttty + 234675

o) =600
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Pvilie  LHS RHS  RHS-LJS

f) 118l 10
g Inm B08346728
9 e 528147
1960 - 50783200
01571698 - 4946388
f(119)= 429554964

%f”{llﬂ)=4?433?8

%F’(n@)ﬂm
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Vedic Mathematics P Equations (Contd.)
= z=1.198841939
E=0.00171
Ey = (z - 1.198841939) (10000002* + oz + 98526.74999)
Comparing like terms on both sides
98526.74999 — 1.198841939q = - 2745390
o =2372219.938
Ei=(z - 1.198841939) (1000000z" + 2372219.938z + 98526.74999)
The Quadratic expression can be further factorized
2000000z + 2372219.938 = + 5627427433000 - 3941107
=+ 2372219.855
z=—2.372219896, — 0.000000415
Considering the positive value, i.e.
z=1.198841939
butb’ =z
= b=1 41.198841939 = 1.094916407
fromaand b
¢y + ¢z = 0586689222 + 1.198841939 = 1.785531161
ez~ =—0.313890015
ez =0,735820573
c; = 1.049710588
S B = O+ by +e) (Y -by +¢)
= (y* + 1094916407y — 1.049710588) (¥* — 1.0949] 6407y + 0.735820573)
y' +1.094916407y + 1.049710588  ~——un (1)
¥y’ = 1.094916407y + 0.735820573 —— (D)
The QE (1) is further factorized
—1.094916407 £ +/1,198841939 - 4.198842352
2
-1.094916407 £1.732050927
2
Y1 ¥2 =—0.547458203 + 0.866025463i
The QE - (2) is further factorized
y = =1.094916407 + J1.198841939 - 2.94328229?
2
3, ¥4 =-0.547458203 + 0.660386317i
but y = (x — 0.047458249)
x =y +0.047458249

.}|'=




Vedic Mathematics
X; =—0.499999054 + 0.8660254631
Xz =~ 0.499999954 — (. 866025463]
X3 =0.594916452 + 0.660386317i
X =0.594916452 - 0.66038631 71

332

Equations {Contd.)

o E=70x + 0.9041184) (x + 0.499999954 — 0.8660254631) (x + 0.499999954 —
0.866025463i) (x + 0.594916452 + 0.660386317i) (x - 0.594916452 -

0.660386317i)

Applying Gunita Samuccayah Samuccaya Gunita
24 =7 (1.9041184) (1.0499999954 — 0.8660254631) (1.0499999954 + 0.866025463i)
(0.4050 83548 + 0.6603863171) (0.405083548 — 0.660386317i) = 23.99999956 = 24

5) E=x"+ 3+ 50 + 1t +x+1=0
Swamiji’s Method
Se=8y .. x+1isa factor
Solution x = a.bede ...
E+D) e+ 27+ 310+ 1) =0
=+ + 1 +1=0
Let g(x) = x* + 2x* + P = |
Value of x LHS RHS

1 6 -1
2 44 -1
3 162 -1
-1 2 ~ 1
-2 12 -1
-3 54 -1
X+ +H 3+ 1 =90
Applying Purana Apuranabhyam

= xt+r =3t

(x +0.5)* =x* + 4(0.5)x> + 6(0.5"x* + 4(0.5Yx + (0.5)"

Diff: RHS ~ LHS
-1
- 43
— 163

-3
-13
- 55

= x* +20% + 1.5x% + 0.5x + 0.0625
= —3x 1 + 1.5%% + 0.5x + 00625

(x+0.5) =~ 1.5¢* + 0.5x - 0.9375
Let(x+0.5)=y=>x=y-05

= ¥ =—(1.5(y-0.5P- 0.5 (y-0.5) + 0.9375)
=—(1.5y" ~ 1.5y + 0.375 - 0.5y + 0.25 + 0.9375)

=—(1.5y - 2y + 1.5625)
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v+ 1.5y -2y + 15625 =0
gy} =y*+ 1.5y* = 2y = — 1.5625
Valueofy  LHS RHS Diff: RHS - LHS

] 0.5 —1.5625 — 2.0625
2 18 - 1.5625 - 19.5625
3 BB.5 - 1.5625 —90.0625
=] 4.5 — 1.5625 - 6.0625
-2 26 - 1.5625 —27.5625
-3 100.5 -1.5625 - 102.0625
-4 288 - 15625  -289.3625

Let g(y) = (¥’ + by + ¢} (¥’ — by + ¢3)
=y* + (¢ +e2—bY)y + blea—cy)y +eiep =0

Equating the like terms

crte—b'=1.5=¢ +cy=15+1
2

h['i?z‘cl}“’—z:r Ca—Cp= _E

CiGr= 1.5625

(e1 + ) = (c2—¢))F =dcicy

2

(1.5 + 632 - l_§J = + 4(1.5625)

(1.5+b% - s;i* =+ 6.25

Letb®=2z
(15+27 -2 =46.25
I

Z+32 +2252-4-6252=0

C+37-4z-4=0
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flz)=2"+ 32 +dz=4
Value of z LHS RHS Diff: RHS - LHS
I 4 +4 —~
2 -8 —
3 ~38
4 - 92
; Roots 1, -1 lic
-1 -2 between 1 and 2
) _8 ~3and -4
-1 -8
-4 +4,
Ey=2+32-4z-4=0
fiz)y=2'+32 -dz=4
f(z)=32+6z-4
fiiz)=6z+6
f(z)=6
Considering z = 2
0 0 0 0 0 0
CD=f(a)=20 8 0 4 0 3 6
%fﬂm:g 144 504 2169 9576
é,fﬂ{a}ﬂ 64 336 1740
4 7 24 91 398
i b c d e f o
z=149292 E; = 0421855
= =¥
z=p=z 5

1 2
P32 4P 4=
8§ "4 2

p+6p’—16p-32=0
flp) =p’ + 6p - 16p = 32

fp)=3p*+12p- 16
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Vedic Mathematics Equations (Contd.)
F'(p)=6p + 12
ftp) =6
Valueofp  Diff: RHS - LHS

1 +41
+ 32—

2
3 -1 __
4
5

— 64
-~ 163
Considering p = 3
fip) =47

1 ey =
zfllf_p] 15

é ip) =1

CD=f(a)=47 1 10

= Bl
—
el
21
= t'!—'ll,l-:]

-;- f'(a)=15

é f'{ay=1

L
kAl
[
£
—

p=3021422
p=2.978578
upto ‘g’ 1.489289 E; = 0.0000049
E; = (z- 1.489289) A. A should have 2,z and constant terms
Applying Adyamadyena
A= (' + ax + 2.6858459)
E, = (z - 1.489289)
2! + 4,48928710z + 2.6858459
A division shows
A as 2’ + 4.489289z + 2 6R5848
Error as+ 0.0000038
Where as Argumentation vale is z° + 4.4892871z + 2.6858450
Here just for a change we have carried out with the value obtained from direct

division.
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Z + 4,4892 89z + 2.685848 = ()

~ 4 489289 + w."' 44892897 — 4 x 2.685848
' 2
=~ 22446445 + 1.5338125
=—0.710832, -—3.778457
z= 1489289, - 0.710832, — 3.778457
b=z
= b=+ 4z
Taking z = 1.489289
b=%1.22036429
¢y +¢ = 1.5+b*=2929289

z=

- = :b_z = — 1.638854903

c; =0.675217048
50
¢ =~2.314071952

g = by F o) (Y —by +c) =0
(y" = 1.2203G429y + 2,314071952) (v 1.22036429y + 0.675217048) = 0
¥+ 1.22036429y + 2.314071952 =0

—1.22036429 + ,(1.22036429)° - 4(2.31 4071952)
2

Yn¥: =

= 0.610182145 + 1.393466793i
v — 1.22036129 + 0.675217048 = 0

...... .

g = 1:220364203 J(1.22036429)° — 4(0.675217048)

2
=+ 0.610182145 £ 0.5503587%
y=x+05 .
wx=y-0.5

xi=— 1110182145 + 1.393466793i

X2=- 1110182145 - 1.393466793]

X3 =0.110182145 + 0.55035879i

x4 =0.110182145 - 0,55035879i

Constant term %; X3 X1 Xa = 1.000000831

Applying Gunita Samuccaya Sutra for final verification
Sc=14=2(02.110182145 + 1.3934766793i)
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Vedic Mathematics Equations (Contd.

= (02.110182145 - 1 3934766793)
= (088981785 + 0.55035879)

= (088981785 - 0.550358793)

= 14.00000166 ~ 14

E=x"+3x"+5¢" + I + 19x - 51 =)

Solution x = a,bede .....

Swamiji's Method

f[x}=x5+3f+513+?11+19x=5]

X value LHS RHS  RHS-LHS
1 35 51 1§ —
2 186 - 135

X+t 50+ 4 10k =51 B

From Vilokanam a= |
Letx=1= RHS-LHS =16
CD = 5a’ Representation at x = | = [5x'+ 1200 4 15¢ + 1dx + 19]atx=1=65

102 Representationaf x = | = %-[zﬂxhsﬁthn]d]m: 1250
102" Representation atx = | = é—[ﬁﬂf T +30]atx=1=27

ja Representationatx = = %[IZHf-f ) atx=1=38
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00 ) 0 [l 0
M=6{16 0 % ; 7 5 7
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ML MR UG 0BT
5T v
WY e P iy SO0 2
0 A0 O e 100 e 0 e
L Tl 0 e DT R R
Kl el W
08 3640 4108 e
Ha W
I R E— T
io[b ¢ d ¢ f ! b

) The it il i b a  coficent by onsdeing e v 1D 25 ND andthe sane i civided by CD

terms

Upob(1deina) = 121 143070 =1.0114520=1 086810

) Themﬂccasi\redecimlvnlnﬁamtnbeobwhwdimheusualmarm,ieND + D where ND = - coresponding subtectin

3) Values of subtraction terms containing 108 10" Sazet be worked out 1 emg of epresentation vaues.
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Taylor's Method
Fl) = 5x* + 1268 + 15x% + 1dx + 19
Fix) = 200% + 363 + 30x + 14

(%) = 60x* + T2x + 30
f'(x) = 120x + 72
f(x) = 120
‘ 0 0 0 0 0 0 0 0
CD=f(a)=65 16 30 35 1 5 50 kR 3
%f”[a)msu 200 200 150 900 355 500
% (a)=27 216 124 162 1593 243
1 f*(a)=8 128 756 64 1344
24
1 m 30 0
1 =t 32 80
20 O |
L2 1 i 3 3 9 5
a b c d e f g h

x= 1.211 4329 70
x = 1,2086520
=— (,00001619
Both methods give the same value for x.
Using Swamiji's Sutras (1) Adyamadyena Antyamantyena (2) Purana
Apuranabhyam the remaining work is carried out for obtaining the remaining roots.
. (x - 1.2086520) is a factor of E
o BE=(x~1.2086520)A. A should have x*, x*, x* and constant terms
By Adyamadyena Antyamantyena
E=(x - 1.2086520) (x* + o x* + P’ + yx + 42.195176851)
Comparing like terms on both sides
x Coeff: 42.19576851 - 1.2086520y = 19
y =19.19143649

x* Coeff: 19.19143649 — 1.2086520p = 7

B = 10.08680455
x° Coeff: 10.08680455 — 1.2086520c = 5

o = 4208650358
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Vedic Mathematics Equations (Coutd.)
E = (x — 1.2086520) (x* + 4.208659358x° + 10.08680455x% + 19.19143649x +
42.19576851)

= x*+4.208659358x" + 10.08680455: + 19,19143649x + 42.19576851
= x* +4.208659358x° = — 10.08680455x% — 19.19143649x — 42.10576851

{I . 4.208659358
4
= x* + 4(1.05216484)x" + 6(1.05216484)%x" + 4(1.05216484)°x + (1.05216484)"
=x"+4.208659358x + 6.642305x" + 4.659199924x + 1225561586
Substitutes the values of first two terms from E,
= — 10.08680455x* — 19.19143649x + 42.19576851 + 6.642305097% +
4.659199924x + 1.225561586
= —3.444499453x° - 14.53223657x — 40.97020692
Let (x + 1.05216484) =y = x = (y - 1.05216484)
y' = ~ 3.444499453 [(y - 1.05216484)] — 1453223657 (y - 1.05216484) -
40.97020692
=~3.44994563(y" — 2.10432968y + 1.107050851) - 14.53223657y + 15.20030837 -
40.97020692
y*=—3.444499453y* - 7283874138y - 29.4931346
y* +3.444499453y% + 7.283874138y + 29.4931346 =0
g(y) = y* + 3.444499453y% + 7.283874138y + 29.4931346 = 0
Letg(y)= (¥’ +by +ci) (y* ~by+c2) = 0
= j.l""f'}'l{c; + Gy - bz} +yblei~-c)+ee=0
Equating like terms
¢z +¢; - b* = 3.444499453
Cz+¢p =3.444499453 + 5  —— (a)
b(c; - ¢1) = 7.283874138
oy = ?.133174133 ®)
€1 e =29.4931346
{c: + cl}z —{ ::1+~4::1]2 =4¢) ¢z

F ]
] = (x+ 1.05216484)*

2
(B + 3.444499453) - [T'mi""”“] = 4(29.4931346)
Letb* =z
T
(z+ 3.444499453)? ”‘2333:“ 3 - 420.4931346)
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2+ 68889989062 + 1186457648 ~ 220082246 _ 117 9795304
4

E;=2"+ 68889989062 - 106.1079619z - 53.05482246 =0 - ¢
f{z) =2 + 6.8889989062% - 106.1079619z = 53.05482246

Z value LHS RHS RHS - LHS
fiz) 3305482246

I -98.21896299 151.2737855
2 -176.6599282 229.7147507
3 -229.3228955 282.3717718
4 -250.2078651 303.2626876
5 =233.3148369 286.3696594
6 ~172.6438108 225.6986333
T ~62.19478691 115.2496094
8 104.0322348 - 50.97741234

f(z) =2’ + 68889989062 - 106.1079619z
f(z) = 327 + 13.77799781z - 106.1079619
f'(z) = 6z + 13.77799781

(z)=6

f(z) = 196.1160206

%f’(z} = 30.888998]

-éf'”{z} =1
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Vedic Mathematics 3 Equations (Contd.)
= b=1= fz =2.78002939¢
from (a)
cz+¢) = 3.444499453 + b?
= 11.17306289
from (b)
ez —¢; = 2.620070906
{a+b)
2"
= ¢z ™= 6.896566898
¢ = 4276495992
s E1 = (¥ + 2.780029396y + 4.276495992) (y* - 2.780029396y +
6.896566898)
¥ + 2.780029396y + 4.276495992 is factorized using differential relation

2y + 2.780029396 = + ./7.72856344 —17.10598397
=+ 3.062257424

¥i. ¥2 =— 1.390014698 + 1.531128712i
¥ — 2.780029396y + 6.896566898 is factorized using differential relation

=+ 4.456198397i

¥y, ¥s = 1.390014698 + 2.228099198i
but x = (y — 1.05216484)
X =—2.442179538 + 1.531128712i
X2 =—~2442179538 — 1.531128712i
X3 = 0337849858 + 2.228099198i
¥4 = 0337849858 — 2.228099198i

S E = (x - 1.20865520) (x + 2442179538 — 1.531128712i) (x +
2442179538 + 1.531128712i) (x - 0.337849858 - 2.228099198i) (x —
0.337849858 + 2.228099198i)
Applying Gunita Samuccaya Sutram
S = — 16 = (- 0.2086520) (3.442179538 — 1.5311287121) (3.442179538 +
1.531128712i) (0.662150142 — 2.228099198i) (0.662150142 + 2.228099198))
= 15.9999935 ~ - 16

7 E=x"+3x'+4’ + 2% +x+1=0
Swamiji’s Method
Se=0 .. x+1 isasolution
E=(x+ 1) A, A should have x* »°, x*, x and constant terms
By Argumentation applying Adyamadyena, and comparing the like terms
By Paravartya Division one can get the value of A as follows:
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-t 1 3 a4 2
0 -1 -2 -2 0 -]
1 2 2 0 1 0
SA= 20+ 2 O+ )
=xt+ 27 + 2% + 1
Fora=2,B=2, =0
E+D o +pl+ yx+ 1)

¥ +l=1 X =0 comparing x coefficient
comparing x° coefficient p = 2;
comparing x* coefficient a + f =4 o=2

CE=x+Dt 2233+

E=x+D0*+2° +23+1)=0

N+ + 2% +1=0

= x4+ =2 — (D)

Applying Purana Method and converting to a standard form

Let us consider % = (1.5 and

(x +0.5)*=x" + 4,(0.5)x" + 6.00.5)%* + 4(0.5)°x + (0.5)*
= x*+2x* + 1.5%% + 0.5% + 0.0625
Substituting the value of x* + 2x* from (1)
(x+ 0.5 =—2x% = 1 + 1.5x% + 0.5x + 0.0625
(x + 0.5)*=—0.5x% + 0,5x — 0.9375
(x + 0.5)'= - (0.5%% — 0.5x + 0,9375)
Let(x+05)=y = x=y-0.35
¥ =—(0.5) (y— 0.5 = 0.5 ( y— 0.5) + 0.9375]
y' = —(0.5) (y* + 0.25 - y) - 0.5 (y - 0.5) + 0.9375]
= —[0.55" + 0.125 - 0.5 y = 0.5 y + 0.25 + 0.9375]
y'= 0.5y -y +1.3125)
¥+ 0.5y -y + 1.3125= 0
gly) =y + 0.5y =y +1.3125
= (¥’ + by +¢1) (¥ - by +¢2)
=y +¥ (2 + e —b) +yblea~e) + ¢ 62 =0
Equating the like terms.

¢ +¢3 —b¥=0.5 ¢+ =0.5+b? (a)
blez-c)=-1 cz—c;==1/b (b)
e =1.3125

(c2 +c1)* = (c2— ¢1)® = dee;
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o (2 - 1.9033085) is a factor of E,
“ By =(z - 109033085)A. A should have z%, z and constant terms
By Adyamadyena, applying Argumentation method
Ey = (2% + az + 0.5254009) (z - 1.9033085)
By Parvartya Division : (2’ + 2 - 52 - 1) + (z-k)
Let 1.903305 =k
1 ] -5 -1
0 k k+k ~-Sk+ 12+
1 T4k —-5+k+k° |-1-5k+k"+K

Vedic Mathematics Equations (Contd.)
(b° + 0.5y - | ~% | =4(1.3125)
(b +0.5P - | = |=5.25
Leth® 2
(z+0.57- L =525
-
(2 +z+0.25) - 1 asas
£
Z+2-5252+0252-1=0
Ei=2+2-5z-1=0
Z value flz) RHS RHS-LHS
+1
1 -3 +4
2 2 ~1
3 21 -20
f(z) = 32" +2z-5,f(Z) =6z +2, f(z)=6
f(2)=11 %f”f!h? %f’“{zyﬂ
0 0 0 0 0 0 0
CD=f(a)=11 i 10 i 10 7 4 7 ]
%f’f{a]:'y 0 0 367 0 7560 756
% eyl 0 0 0 729 0
2.1 0§ 0 & & 62 3%
a b c e f & h
Uptoh: z=1.9033085
E = 0.0009342306
z=1.9033085
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La=1+k=1+1903305=2.903305
2z + 290391546 =+ 2515567306
_ _ 290391543 + 2515567306
2 2

=-— 1451957715 £ 1.257783653
Comparing z coefficients of E,
0.5254009 — 1.9033085c = — 5
o = 2.903050609
2= * 2.515173799 - 2 903050609

2
Both give negative values for z
Considering z = 1.9033085 (i.e. positive value)
P =2=s b=x 4z =1.379604472
o from(a)e, +c;=b2+0.5
= 2.4033085

C2 —¢p ==0.724845432
¢z =0.839231533
) = 1.564076967
2(¥) = (3" + 1.379604472y + 1.564076967)

= (y* - 1.379604472y + 0.839231533)
y* + 1379604472y + 1.564076967 is factorized

=+ 208638428 i
¥i. ¥z =— 0.689802236 + 1.043192141 i
(y* = 1379604472y + 0.839231533) is factorized

2y — 1.379604472 = + /1.903308499—3.156026132 =+ 1.205660662;
¥, ¥4 = 0.689802236 £ 0.602830331 |

butx =y—-0.5
= x;=— 1.189802236 + 1.04319214 i
Xz = — 1189802236 — 1.04319214 |
x3 = 0.189802236 + 0.602830331i
% = 0.189802236 — 0.60283033 N
E=(x+1) (x + 1.189802236 + 1.04319214 i) (x + 1.189802236 — 104319214 i)
(x — 0.189802236 + 0.602830331 i) (x — 0.189802236 — 0602830331 i)
Applying Gunita Samuccaya Sutram of final verification
8. =12 =2(2.189802236 + 1.04319214 i)
(2.189802236 — 1.04319214 i)
(0.810197764 + 0.602830331 i)
(0.810197764 — 0.602830331 i) = (2) (5.883483676) (1.0198248925)
12 ~ 12.00024542
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Vedic Mathematics Equations {(Contd.)
8™ Degree

E=x"—0f+2x* + 24x* 8 - 10x? + 4x + 5 =0

Swamiji’s Method

By Vilokanam ,

S.=0 = (%~ 1) is a factor
(F —9® + 2+ 24x* — 8’ -~ 19 +4x +5) + (x=1)

By Paravartya Method:
1 1 0 -9 2 24 -8 -19 4 5
] 1 1 -8 -6 18 10 -9 -5
1 1 -8 -6 18 10 -9 -5
Ei=x"+x"—8x"—6x' +18x° + 10x* —9x -5 =0 S
Value of x LHS R.HS Diff
1 7 5 -2
2 6 5 -1
3 1035 - 1030
0 0 5
-1 3 2
-2 10 -5
-3 - 369 374
The roots lie between (1, 2), (- 2, =1} (= 3, =2) and (0, 1) but therc is no indication
Letx= —
10

z’ . =" __Hz" ﬁ:'+1333+lﬂz=_9_z_
10" 10* 10° 10* 100 108 10
z' -+ 102° - 800z° — 6000z* + 1800002 + 10000002° - 9000000z =5 = 10

Value of z LHS R.HS Difference
1 — TB26789
2 - 12680832
3 - 13810923
4 - 10777856
5 - 3515625
6 7629696
7 21888433
-~ B 38088192 11911308
@- _9 54712179 - 4712179
10 70000000
11 82095981
[ B9250048
13 00076207

14 83873664



Vedic Mathematics
15 TI015625
~ 16 53410816
@ 17 35042763
T8 22591872
@ - 19 26145349
20 60000000
-1 9814809
-2 20490112
-3 30853503
-4 39787776
-5 46328125
-6 49751424
-7 40652547
-8 46002688
-9 39184641
- 10 30000000
~11 19643239
~-12 9637632
-13 1727973
- 14 ~ 2274944
~15 = T703125
~16 7701504
-17 23456617
- 18 45940608
@ ~19 72920271
- 20 1 = 10®
~21 119987469
-22 122170752
-23 91501843
@ ~24 7681536
- 25 — 155859375

Taylor's Method

348

- 3410816

— 14957237

23854651
= 10000000

4059392
- 22920271

— 41501843
42318464

Equations (Contd.)

flz) =z’ + 102° - 800z’ — 6000z* + 1800002 + 1 x 10°2 -9 = 10°2 =5 = 107
f(z) = 72° + 60z° — 4000z* — 240002° + 5400002° + 2 x 10°%2—9 x 10°

f'(z) = 422° + 300z* - 160002° — 720002 + 1080000z + 2 x 10°
£(z) = 2102* + 12002 — 4800027 — 144000z + 1080000

f*(z) = 840z" + 36002 — 96000z — 144000

*(z) = 25202* + 7200z — 96000

“{(z) = 5040z + 7200

Fii(z) = 5040
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=0 =l =0 el e
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Wm TR0 BEO9ED  TS TIED 3e6i0ss

b

lf”(z) 10480 1070 NN -8 - p04s
U

I 1024 533 i 40 3929
—i{g)

M

l Fi{z) 6 7 4] - 116 =131
1l
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Vedic Mathematics

7§
0
CD= a)=16649088

%r’(armsza
%f"(a}"— 27840

|

|
R
T

330
Equations (Contd.)

0 0 0 0 0

1911808 2294464 12040768 15574944 10014812 14776160 7340510

U 37384004 20923136 131736576 136187136

95436320 0 490815360 327210240 2150238720

25162480 0 172542720 115028480
17210368 0 14751740
1764834 0

g3

12 | nm
d ¢ f g h

Uptoh 2=8.7131623 = x=087131623 E=- 000000036731

2=16



Vedic Mathematics
0 0
CD=fa)=

13652928 3410816

0 0

35l
Equations (Contd

0 0 0 0

0

8519 1859 HIWG I B 60T RN

I Ao T OISR TOS606A 31584056 1970l6 26649216 113505000
)
%f"(a)-m%n BO0S60 20663040 (6040 dsgamg 111063840
%pm.]mﬁﬂ W6 360 W TG
ééf'(a)%ﬁﬁ % 000 35400
1 _
— =12 2 5
o (2
] _
— e |
™ (aF
L T 7 0
3 b C d

2=16.1802112720=16,18033%0

xwi%ﬂ.mmu

z=-1§

E=0.00000016815
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Vedic Mathematics Equations (Contd.
0 0 0 0 0 0 0
CD=fla)| 4059392 15320408 24634048 21377424 24885760 241009 20774
25264512
%f'(aF BT T O 059T5% 5000 TR
2037
o ! flr SUTTG0 7916400 52248240 198965520 486066960
v g
527760
1 Pl B9S20 1790400 16292640 89161920
4
89520
1 W 94 13100 1427960
120
=494
1 16 480
- (@)
=116
| g 1
— (g}
kT (1)
L
a b ¢ d ¢ f g h

=-18.1584381



Vedic Mathematics

Z
X — 8l
0 58438

B r=-0.000000994

2
550000
246000

3700000
254000

8800

30

2=-24
867539
39552704

4995360

07440

9856

353
Equations (Con

=9
6263027
66382
308565
4335
m

13
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210

(DAl 55000000

35
Equations (Contd)

0 0 0 0 a 0
000000 45000000 G000 OO0 WSO LU IS

Lige Y0000 im0 S0 200000 TTE0000 650000 3ETRONG
)
Lge N0 0D HRON00  SHTO0NO 4660400 19892000
;
;;Fv(ﬁ): 15400 25000 312800 110744000 879856000
Ly U
T
L 19 = =
Lo TR
s (o)
1 ” — 1
T
A b ¢ d ; f g h
Upok:  2=20198 9320

=19.801 0680

x=%=1.9sﬁwﬁsu E= 00003525671



Vedic Mathematics

!

CDf(ay 118675392
%1”[&? 050

%I‘U'(a)= 4995360

il‘fli'(a}' 310

35
Equations (Contd

0 0 0 0 0 0 0
I3IOAGH OTISMAG4  TRISSBAD  SOMO 0B 2109w 93810454

974336 189852990 TSISOITT60 27054049540 9947508060 68868317500

480 OTRSOTIR0 STOOGBGARD TSRGRIETD IASTION

00640 265628060 1759786560 9392906880

g W T T
)
|, & 510 18
e [0
72"F"(F
T R R T T ™
3 b ; d ; f g b

U 2=M.4095777
z=ﬁ,§§0ﬂii

x=%=-zmzs B=-0, 21060
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Swamiji's Method
(=06 0+ 100- 0520

H
Let= m 2320~ 6000+ 100+ OO 0000 = ¢ 1
CD Resntationatz = 1+ 60~ 40040+ SO0 4 103-9 16t 2= = g
o |
il Representntwnalz=8=5(4215+3002‘~|600021-7290[}11+mﬁﬂﬂﬂﬂmx 10)atz=8=252

L |
332" Representation at 2= § = ~6- (202" + 12007 - 48000 - 44y + 1080000) at2 =8 = 278240
35a’Rcmmmmnatz=s=2‘-4(ﬂ40z’+3suoz’-9mz-|44mu)atz=s=-w4w

. |
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3) Vahes o sbtrcion tems cotiing 14 215 31

I 0= UL 5= 0 = 0S5 00 =, 1 .
210368 e =6 x P=Troaed
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Part I

F ey,

Roots of Polynomials in Two or More Variables

1} To write down the given expression in descending n:m:lr:r of an:.- one variable,

2) The neasest cube root of the first term is considered .

3) Common divisor which is 3a® is to be cnnsadered

4) Examine the rest of the terms and see if Erere are any ..umber of terims whicl hove
the power equivalent to the degree of a ua.nal:]a as tl-, case may be of the common
divisor.

5) Consider all such terms and apply direct division by, common divisor to all such
terms to get the corresponding coefficients, afier 14is is over, the division is
carried term by term with the corresponding terms, As shown in the following
E:q'.amplﬂs

Eg 1) (2x°+ 47y =8xb + A8xy? + 96x7y" + 64y

12 | 8° + 12x'(dy) + 9mdy 4 6ay®
3a’h 3ah’ b
S e

Fg2) Find the cube root of 8%’ - 60x%y + Bdx’z + 150xy° + 294xz” + 225y% -
T35vz" — 4200vz - 125y° + 3432
Co=12¢" | 8’ —60x'y +Bax’z +1S0xy* +294xz? +225,% ~T35y7’ 420Ny

‘ Direet Division  (3ab®)  (3ac)  (3v% (3327 (Gabe) e
1

X -5y +7z 0 0 0 0 0

a b *C d e f " Iy i

CR=2x-57+7z

Eg3) (2 +y +27Y =2" + 62'% + 32'% + 12520%% = 20 + 6" + 126 +

+ B + 12V _

120 o 403 43 W 4122%¢ 4320y 4Gy 4 12:-:'1:.'3 Ay 48 +12x0
D.rmﬁun -2 <32y 6y Iy o' et -1y

(38b%)  (dach) (LY, (3be) (D ) (G2be
12X Y 0 40 45 ., 49 4D 40 <0
o b c d e I I h i }

P
"

Eg4) (3x° - 52° 429" + w'P = 27" - 135x" %" + 54:'%° + 27" + 225x5° +
36x"y" + Ox®w'” + 1502% + 752 - 602%® — 1520+ 12y +6y'w'' - 1252 +
By’ + w'’ — 180x°2"y’ — 00x%2*w + 36xtyPw - 602"y W
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M o o135t esaxtly danily 225 136y st +1s0zy 475 sty
\ J s ek ;WP -150dy 1AW Hogty
Ditect Divi€ion (Gab’) - (ac)  (ad) (%) (K (bed
W -5 2y + ) 4 H) +) +)

Contd
R T b T S Vo LY ST T (O R KN S 622y
+H52W" 1 ~yw'® 1252 4y " +IEIJJ{“J¢'1]F W 36w Hilz'yw'
Obd) B Ged) ) ) @ o (Gabd)  (Gaed)  (bed)
I R T T T

This method is applicable’ even in a generel polynomiel where the terms are
combinations of many variables.
Egs) vz’ + 3y + 3" + 3’7 + 3y + 3y + By + By + P4
3!.'225:!}’139 +3)Jz1:l iyt +3y53:' e BT e Tfﬁ:-::-'3 2 W owY
| DirectDivision -(3ac) -(ab)) (%) -(3bc) -(6abe) -(c)), - (b))
oz H H 0 H
a b ¢

In case of an imperfect cube also same method can be applied

Let us consider
Eg6) ' +3xy+ %+ 3xy + I+ e+ Wl by 4 P 4 2
Wi Oy 2z xd e ahyd sxyr Yy
_.1 o
iy 4 o Wz -iyf Wz -y Ej
3 3 27
(Gab') (ac)) (V) (bc) (Gabe) () ()
2 L]
X ¥y +§_I 0 +521 +ylz S L + . 19z
3 O B N X I x2
a b C d e f g h i ]

To find out cube root we can claim tiat this is the most general method for any
polynomiai of any order for many variables - -
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Part IV

ANNEXURE 1

The Straight Division for Cube Roots as envisaged by Svamiji consists of the
following points:

1. The given number is divided inio groups consisting of 3 digits each from
E.H.S.

2. The Common Divisor is 3a® where a is the nearest Cube Root of the first
group, a is the first quotient. After this group, the Straight Division is carried
out digit-wise. At every step, the Intermediate Dividend is formed by the
previous remainder with the next digit of the dividend. This is the Gross
Dividend, which is to be divided by the Common Divisor (CD) to get the 2™
quotient b and the remainder is R. The remainder R is coupled with next
dividend digit again forming the Gross Dividend. From herc onwards,
corresponding subiraction terms from the expansion table (a + b +c+d +....)
are to be considered as per the placement. Here a,b,c... are the quotients, (If
one 1s interested only in 3 quotient digits, one has to use (a + b + ) If the
number is divided into 3 groups then abe is the cube root, if it has a perfect
root. If the given number is divided into more than 3 groups then one has 1o
consider the expansion to that number of elements for cbtaining the perfect /
imperfect roots. In brief, this procedure amournls to Cons.ruction of New
Dividends from Gross Dividends, using subtractici: from the pereral
expansion tables to get New Dividends, working out the quotients by dividing
the ND’s by CD and again coupling the resnainder R ta the next dividend
digits and continue to work in the above manner correspondingly to the
required choice.

3. If the divisor happens to be very small, consider the first two groups as a
single unit and proceed to workout in the same manner, This method is called
two digit method.

r

These methods are applicable for non—perfect cube rogts also provided after
the working of n digits (equal to number of groups) arc completed, then one has to
workout for the decimal point as per one’s choice. It is noticed that one has to get all
zero’s as the quotients for a perfect cube after the precess of completion of number of
quotients equal to the number of groups.
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Example of Swamiji’s working:

Basic principles explained in Part I, Section B for the ... JKL method, hold
good for the general method.
The following sequence of the various digits, one can note the fcllowing points.

The sequence of the Various Digits.
The first place by a*
The second place by 3a°
The third place by 3ab+3a’c
The fourth place by 6abc + b’
The fifth place by 3ac’ + 3b%c
The sixth place by 3bc?
. The seventh place by ¢ and so on.
The Dividends, Quotients and Remainders are
1. The first D, Q and R are available at sipht.
2. From the second dividend, no deduction is to be made
3. From the third, subtract 3ab’
4. From the fourth, deduct 6abc+b® .
5
6
7

I o

. From the fifth, subtract 3ac® + 3b%
. From the sixth, deduct 3bc?
. From the seventh, subtract ¢'; and so on

The above will be the corresponding subtraction terms.

These subtraction terms are used in Argumentation (...JKL) method when one has to
consider a, b, ¢... are to be replaced by L, K, J... baing the dicits for the root form
RHS.
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Annegure  Tables

Table M
Solutons (sbede .

Subtacion tems Wih et Tlr's See Coupld with Dervativs,
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Table O

(k+j+i+th+g+fre+d+c+b+a)
aisin 10", bisin 10, cisin 10%, d isin 10%, e is in 10*, fis in 10°, g is in 10, hisin

107, iis in 10%, j is in 10° and k is in 10" place

a’

a’b

EI-IE

b’a
a'd

a’e

bc, c*a

a'f, ¢’b

b'd

a'g, d%a
be

a’h, ¢*d
b, d'b

nji., l..‘.-EE:.. e'a
b'e, dc

:llj.. C-'zf L] cl'h‘
b*h

a’k, l'.:zg,
ele, dEE, fﬂa,
b

b, ¢*h,
ed, d*f, b

bk, ¢, lic,
dlg, gza

c’j, e, g'b,
d*h, fd

o'k, ¢'g,
ge, di, e,

h'a

Z g

abe
acd
abf
ace
abg

acf

abh
acg
adf
abi

adg
abj,
aci,
adh,
abk,
acj,

ack
adj

g

bef

acf
beg
bdf
acg

bdj

afg
bei

bef
cdf

cef

eei,cfh
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104
10%
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10
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lﬂl'ﬁ
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£ d’j, e’h, afk
gd b g
dk, ', 'g, agk
i's, g%, h'c  ahj
bk
e, h, g, ahk
i‘b, hd aij
g ok, £ aik
Weie,i'a  bhk
f.¢’h % ajk
.3 .
i‘b, Wi bik
Pk gh, i'e bk
e bl ka ik
W2l M, ok
k'b dik
gk i, j%, dik
b3, ke eik
fij
fhk
W, h, i7f,  ejk
id fik
i° h%, ig, gik
ke hij
i KF gk
hik
e’k, i, kg hik
' K ik
ik, K
K
k3

i)

figk

ghj

gij

B &

Equations (Contd.)
dfi  dgi,efi egh
dfk  dgj,dhi ef egi
dgk  dhj efk eg

ehi
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Table P
6 5 43 21 0 (first row stands for placements as powers of 10)
(g+f+e+d+c+b+a)

1 4 6 12 24

10° &t :

10! a'b

10° ac a’h*

g a’d, ab? a’be

10° B a'e, a’c? a’bd, blac

10° a'f, be a’be, a’cd, b’ad, c’ab

10° a'g,ac’, b’d  ald® bie? a’bf, a’ce, blae abed

107 bju:, be’ a’bg, a’cf, a’de, bzaf, bjcd, abce

. c’ad, d’ab

108 ¢ b'r ate?, bid? a’cg, a’df, b’ag, b’ce, c’ae,  abcf, abde
-c]hd, czae, d*ac

10° ad’, bg, c'd a’dg, a'ef, b’cf, bide, c’af, abcg, abdf, acde
’be, c’ab, d*be

100 bd?, c'e a'f’, b'e’, '’ a’eg, bcg, b df, c’ag, c®bf,  abef, abdg, bede,
d*ae, e’ac acdf,

10" ¢*f, cd® a’fg, b’dg, b'ef, c’bg, d°af, abeg, acdg, acef
d*be, e’ad, e’be, ffab bedf

107 a* aed, g g, b'f, c%e’  bleg, d'ag, dbf. dlce, abfp, aceg, adef,
e*bd, fac, ¢’df bedg, beef

10" be’, d'e bef, c’ef, d’bg, d’cf, e’af, acfg, adeg, breg,
e'cd, fad, e, glab, c’dg  bdef,

10" ce’, d’f b’e’, ’F, d%e®  cleg, dcg, e'ag, e’bf, Fae, adfg, befg, bden,
£bd, g'ac cdef )

10" af, d°g, de’ c’fg, e’bg, e’cf, fPbe, ffcd,  aefp, bdfg, cdep
g’ad, gbe, d%ef, glbe

10" ¢ bf ¢’g?, d°F e'cg, e’df, Pag, fee, g'ae, befg, cdfg
g bd, deg

10" of, e’f d*fg, ’dg, by, Fde, d*fg, cefg
g'be, glcd .

10 ag’, df’, e’y &g e'F ficg, g’bf, gce defg

rgt? dg’, ef’ efg, fdg, g’cf, g'de

102 o g’ feg, g’df

10% dg’, g glef

104 eg’ g’

10% fg’
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Table Q
(g fedcb a)* (group wise expansion)

1 4 4 6 12 12 24 24
a* a’b c*d ab®  abe d’ef  abed  cdfg
b’a od’ a'c’ a'bd  d%eg  abce  cefg

b* a’c c’e i'd®  a’be dfg  abeg  defg
c’a ce’ a’e? a’bf e’fg abde

¢t a'd c’f if g T abdf
d’a of a'g a'cd ab’c abdg

d* a'e g b’ ace . abc? abef
e'a cg’ b'd? a’ef ab’d abeg

¢t a'f d’e b'e? a’cg abd” abfg

af’ de’ b*f e*de ab’e acde
f* a’g &’f b a’df abe? acdf

ag’ df id? a’dg acdg
g' bc d’g c%e? a’ef acef
be? dg’ Jf a’eg aceg
b'd e’f 'S a’fg adef
bd’ ef’ d’e? bled adeg
ble e'g a’f blce adfg
be’ eg’ &g bicf aefg
bf fg e’f bleg bede
bf’ fg’ e'g’ bide bedf
b’g f'g’ bdf bede
b’ b’dg bedg
cide befg

c*df boef

c’dg bdeg

befg

cdef

cdeg
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Table R :
(i+h+g+f+e+d+c+b+a)5 (group wise and placement)

Coeff: | 5 10 20 30 69

10° a’

10! a'b

10? a‘c a’b’

10° a'd a’b’ a’bc

10* a‘e, ab* a’c? a’bd a’b’c

10° ¥ af a’be, b’ca, a’cd  a’b?d, a’c?b

10° a'g, b'c a’d’, c’a’ a%bf, a’ce, ab’d a’b’e, b’c’a  beda?

107 a‘h, b'd b¥c? a’bg, c’ab, a’cf, a’b’f,a’d®,  beeal, ablcd
a’de, ab’e a’c’d,

108 a%i, b'e, ac* a’e?, ¢’p? a’bh, bcd, a’cg, a’b’g, a’c’e, a’bef, azbde:.
a’df, ab’f a’d’c, ab’d? ab’ce abc’d

One can continue as per the working choice
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Table §
Expansion of (d + ¢ + b + a)° (group wise and placement)
& 15 30 20 60 120 90 180
10" af
10' a’b
107 a® a%c a'h?
10° a’d a'be &b’
10* a'e? a'bd a’ble
b'a?
10° b’a " a'cd a’be? a'bed
a’b’d
b*a’e
100 b° a'd® blac a’c®  b'a’d a‘hic?
c*a’
107 bie bad a‘bd® a'b’cd
a'cld
blac?
c’a’b
108 b’d  b%¢®  bed aed®  blacd  a’d  alchd
c*a’ e ab?
10° c'ab  a'd®  bad? a’d’be
b’  e'ald b*c*ad
10'° c'a  bd? beld c’abd a’cd? bld’ac
'b? &ale
10" ¢’b c*ad bled? c*d’ab
bid
d’ab?
d'a’c
10" * d'a®  c'bd B Fad®  Pabe bR
10" ¢*d d*ab c*bd?
d’ac”
d’v’c
10" cta®  d'ac d’be’
d*p?
10" de d*be c*d?
10" dd  d%?
10"

lﬂ" dﬁ
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a’bled

a'bce
a’b’cd
a'be’d
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Table T
(h+g+f+e+d+c+b+a) (group wise and placement)
21 35 42 105 140 210
10" &
10' a’h
102 a’c  a'h?
10? ad a’b®  a'be
10* a’e &' 2%  a'hd a'be
10° a’f  a'b’ a’be a'b’d a’be
a‘ed a'e’h
108 ab® &'d® a'c®  a'f a'b’e, a'b’d a’b’c?
a’g a'ce a’b'c a'bed
10" v a%h abg, a'b?’f a'b’e  a¢?
a’cf, a'c’d a'c’h a*bee
a’de a*d’b
ab’c a’b'd
10 a%i  a%? a'c®  a%bh a'b’g ab’t  a'id?
b% a’cg, a‘cle a bef
a’dfab’d  a'd% a’bde
a’b'e a’h’c?
ab'c?
One can continue as per the requirements
Table U
Relation between number ending and roots
Number Sqroot CR  4%root 5%root 6%root 7"root 8" root
Ending ends ends ends ends ends ends ends
1 1,9 1 1,3,7.9 1 1,9 1 1,3,7,9
2 - B - 2 - 8 —
3 - 7 - 3 - 7 -
4 2.8 4 - 4 2.8 4 -
5 5 5 5 5 5 5 5
& 4.6 6 2.4,6,8 6 4,6 6 24,60
7 - 3 - 7 - 3 -
8 - 2 - 8 - 2 —~
Y 3,7 9 - 9 3,7 G ~
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Conclusions

A few salient points

1. Under equations, the attempt to solve all the solutions of not only Cubic but also
Higher Order is considered to be a good achievement.

2. A Method for General Expansion of (a + b+ ¢ + d ....)" including evaluation of
the coefficients is considered on the basis of Symmetry and homogeneity. This
method is workable to any order in general. The application of these terms to
numbers or any expressions in place of a, b, c.... is considered to be novel. The
terms of the same tables of an expansion can be used not only for the placements
of the digits in a number for an example (...c + b+ a) where a in 10° b in 10', e
in 10? 's place but also (a + b + ¢...) where a is in highest placement {The exact
piacement needs to be considered
In case of decimals a is to be considered as integer part, where b is in 107, ¢ is in
107* "5 place ete.

3. The method of expansion of (a+b+c+...)" is to divide the exjansion terms into
groups, each group having different coe-efficient but with the terms in each group
having same ccefficient. The method for evaluation of the cocfficient is also
developed.

4. The roots are worked out also for numbers having imperfect roots and extended 1o
the required range of decimals.

5. Roots for polynomials in various degrees in one variable are determined by both
the Swamiji’s Method and Taylor expansion method and compared.

6. Methods for solving the cubic equations are extended to determine all the
solutions (including imaginary) of 4", 5™, 8" degree equations, _

7. Itis noticed that Swamiji’s Method is easier than the Taylor's Expansion Method.
Both the methods could be vell comparable. _

8. A significant achievement is that the solutions of the equations can be tested by
simple Sutram ‘Gunita Samuccayah, Samuccaya Gunitah'. This is a hishly
relieving feature of the laborious work

9. Lastly an attempt to obtain the roots of polynomials with two or more variables
using Swamiji’s straight division method in considered to be a novel achievement.

10. A large number of problems are worked out under each section particularly to

give an incentive to & learner and serves a very good algorithm for computer
experts to develop programs.

11. We have already programmed to determine all the solutions of cubic cquations

using the described algorithm. These details will be published later aloas with
other programs. -



