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Vedic Mathematics

Simple Equations

Eg.(iii) Solve (x + 2)(x - 12) = (x - 3)(x +8)

Current Method

(x +2)(x - 12) = (x - 3)(x +8)

x>~ 10x - 24 = x* + 5x - 24
- 10x-5x==24+24
~15x=0

x=0

3. Ifthe equation is in the form of

Proof:

ax+b p
cx +d "E
q(ax +b) =cpx + pd
agx — cpx = pd - bqg
(aq - cp)x =pd - bq

. = Pd-bg
aq -cp

Current Method

2X + 3
6x+5

=3
2

22x +3)=3(6x+5)
dx +6=18x + 15
4x-18x=15-6
~14x=9
Xx=-9/14

(On Cross-multiplication)

Eg.(i) Solve

. Formulais x =

Vedic Method

(x +2)(x ~ 12) = (x - 3)(x +8)
cd-ab=-24+24=0
Therefore, x = 0.

n+b_£
ex+d g

(standard form 3)

Vedic Method

By Paravartya q will result in
multiplication. Similarly (cx + d) result in
multiplication.

Paravartya results in (cross multiplication)
(ax +b)g = (cex +d)p
agx +bq = cpx +pd

Again by Parax;anya cpx becomes
—cpx and bq becomes —bg

agx — cpx = pd - bg
x(aq —cp) =pd - bq

Again by Paravartya aq - cp results

in division. Hence, x = pd-bq
agq—cp

2x+3
6x+5

—
-

3
2

Vedic Method

ax+b
cx +d

standard form 3

Lo |

pd

g

X =

=]

- cp
15-6 9 -9

—

4-18 -14 14
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Current Method

8x+3 9
4x+7 5

S(Bx+3)=9(4x +7)
40x + 15=36x + 63
40x - 36x =63 -15
4x = 48
x=48/4=12

4. If the equation is in the form of

Proof:
m n
+ =)
X+a xX+b

m{x+b)+n(x+a)=0
mx+mb+nx+na=0
(m+n)x+mb+na=0
(m+n)x =~-mb-na

- mb - na

X =
m+<+n

Eg.(ii) Solve

Simple Equations
8x+3 9
4x+7 5
Yedic Method
Bx+3 _9
4x+7 5
By using the standard Formula:
X = 63-15 _ 48 12
40-36 4
o0 standard form 4
x+a x+b
Vedic Method

1. By Paravartya of terms the equation

m =T
becomes =
X+3a X+b

Again by Paravartya (x + a) and (x + b)
result in multiplication.

(Cross multiplication)

Asm(x +b)=-n(x + a)

mx + mb =-nx - na

Again by Paravartya mb becomes —mb and
—-nx becomes nx.

mx + nx = -na - mb

(m+n)x=-na-mb

Again by Paravartya (m + n) results in
-mb-na

m-+n
2. We can equate the numerators and

apply sunyam Samyam method Il

division. Hence, x =

m n
+ =)
x+a x+b

mn____mn__
n(x+a) m{x+b)-
=nx + na + mx + mb = 0 (sunyam
Samya Samuccaye)
(m+n)x=-mb-na
~mb - na

xI=
m+n



Vedic Mathematics 6 Simple Equations

Eg.(i) Solve 2 + =0
x+1 x+3
Current Method Vedic Method
2 N 5 -0 m- =0
X+l x+3 X+a x+b
2(1+3)+5{:r.+1)=0 2_+_ 5 -0
(x+1)(x+3) x+1 x+3
Formula is x = ~mb-na
2X+6+5x+5=0 m+n
x+11=0 X=(=6-5)/T==11/7
=-11/7
We can also do the above problem
by using Sunyam Samya Samuccaye
Sutram (II) by equating the
numerators.
. 4
Eg.(ii) Solve + =0
X+35
Current Method Vedic Method
1 4
=0 i =
X+4 x+5 x+4+x+5 0
X+5+4(x+4) By using the Vedic Formula:
(x+4)(x+5)
X+5+4x+16=0 (= _0"16 -2I
S5x+21=0
x==-21/5

An__extension to three factors
m P _pandifm+n+
X+a X+b Xx+c¢

p=20 (x"' coefficient), as otherwise it
becomes quadratic. (See the proof). By
Paravartya method, it can easily be
shown that

_ —mbc—nca-pab as
m(b+c)+n(a+c)+p(a+b)
follows.

X
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Proof:

L, =t P

X+a Xx+b X+c _ ,
where m + n+ p 1s the coefficient of x* term

By LCM of three factors,

=0, m+n+p=0

m(x + b}x +c) +n(x +a)(x +c)+p(x +a)(x +b) _

(x +a}{x+b)}x+c) 0

m(x + b)x + c) + n(x +a)(x + ¢) + p(x+ a)}(x + b)=0
m{xl+bx+cx+b-c)+n(xz+ax+:1+ac}+p[11+ax+
bx +ab) =0

~.mbx +mex +mbc +nax +ncx +nac +pax +pbx +pab = 0
x(mb + mc + na +nc + pa + pb) = ~pab ~ mbe - nac

~X[m(b +¢) + n(a + c) + p(a + b)]= —pab—mbc —nac

S — pab — mbc - nac
" m(b+c)+n(a+c)+p(a+b)

2.m+n+p

X+a X+b xX+c

=0,m+n+p=0

m n
+

X+a

I
X+b x+c

m(x+b)+n(x+a) -p
(x+a}x+b) X+c¢
[m(x +b) + n(x + 2)}(x + c) = -p(x + a)(x +b)
(mx + mb + nx + na)(x + c) = -p(x + a)}(x + b)
X(mb + na + mc + nc + pb + pa) = —nac ~ mbc - pab

".x[m(b+c) + n(a+c) + p(a+tb)}= —nac ~ mbe - pab

—_— - mbc - nca - pab
B m(b+c)+n{a1+c)+pla+b)

Simple Equations

Vedic Method

™o 2B -0 ,(general form)
X+a X+b x+c¢

m + n + p = 0 (Condition for
simple equation)
On Paravartya
m n _ -p

X+2 X+b x+c

By taking LCM of two factors on
left hand side,

m(x +b) +n(x +a) =P

(x+a)(x+Db) T x+c

Again by Paravartya, or cross
multiplication

[m(x +b) +n(x + a))(x + c)
==p(x +a)x +b)

Again by Paravartya,

m(x + b}(x + c) + n(x + a)(x + ¢)
+p(xt+a)x+b)=0

X' (m+ntp)+x[mp+c)+n

(c+a)+pla+ b)] + (mbc + nca
+ pab) =0

On simplification:

mbc + nca + pab + x[m(b + ¢) +
n(a+c)+p(a+b))=0whenm+
n+p=0

At this stage, solution for x can
be easily written down as

L’I-w.n.rhi.'.rl'.'.: N 15 a
D

specific

combination of all independent
terms under Paravartya and D is
sum of coefficients of x under
Paravartya, ..One can write
down the answer.

_ ~ mbc - nca - pab

m(b+c)+n(c+a)+p(a+b)

It can also be clearly noticed that
there is a cyclic symmetry order
in the final answer.
This is noticed to be extremely
elegant.
This is extendable to any number
of such fractions. Provided it
satisfies the. relations that all
higher order terms of x vanish
thus yielding to a simple equation
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Eg.(iii) Solve

Current Method
5 13 8

_+.—_|_|.—.—|—n-_..

X x+1 x-4

S(x +1)x-4)+3x(x -4)-8(x +)x
X(x +1)Xx-4)

=0

5(x -3x- 4)+3x ~-12x - Bx -8x=0
5%° ~15% - 20 3% -12x - 8x° —Exzﬂ
-35x-20=0

x==20/35=-4/7

Simple Equations
8

X X+l x-4

Vedic Method

m n p
+ 4+ —
X+8 X+b x+¢

=0 standard form 5

5 3 8
— =u
X x+1 x-4

m+n+p=5+3-8=0
Therefore, by using the Vedic Formula:

_~mbc —nca - pab
m(b+c}+ n(c+a)+p(a + h]

20 -20 -4
-15-12-8 35 7

X=

Vedic method is definitely simpler
than the current method as is very clear
from the operations shown in each case.

In all the above problems one has to

identify the form and conditions and then
simply put the answer.

(I)_ Application of Sunyam Samya

Samuccaye Sutra:
The sutram is applied to solve the

equations. This means that if, in a total
expression there exists some similarity
{(common), then the problem can be solved
by equating that similarity to zero. The
similarity is described in a number of
disguised forms, which are explained
below:

vifferent Forms of Samyam:

1. If there is a common in a totality, then
that common is Samyam and is zero.
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9

Simple Equations

Eg.(i) Solve 8x + 7Tx = 2x + 3x

Current Method
8x + Tx=2x+ 3x
8x+7x -2x-3x =0
15x-5x=0
5x=0, x=0

Yedic Method
8x+7x=2x+3x
X 1s Samyam (common) and hence is zero.
x=0
X =0 In case of identity for example 6x
+ 3x = 4x + 5x, x = 0 is one solution but x
can take any value as an exception.

Eg.(ii) Solve 2(x - 3) =~ 9(3 - x)

Current Method

2(x-3)=9(3-x)
2x-6=27 -9
2x+9x=27+6

11x=133

X=3

x> +12x +32=x7 + 18x + 32
x=0

Current Method

] ]
+ =
X +3

0

1+2.

X+3+x+2 _

(x+2)x+3)

Eg.(i) Solve :
X

+2

Vedic Method

2x=3)=9(3-x)=-9(x - 3)
X — 3 1s Samyam (common) and hence is
zero.
S X=3=0
Xx=3
2. The word ‘Samuccaya’ has, as ‘ts
second meaning the product of the
independent terms.
Here8x4=16x2
Thereforex =0
3. If the equation is in the form of
ﬁ+I.‘I~:—=|:} where N{, Nz and Dh D: arc
D, D,
expressions and if the numerators are
equal then D, + D, is ‘Samuccaaya’ and is
zero — (See Eg-i)
If N1, N2 are also functions, then it
may lead to higher orders depending
on the degree of the fractions. (See Eg-
i1) (Sum of the denominators)

o
Xx+3

Vedic Method

l ]

+——=1

X+2  x+3

Numerators are same.,
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2x+5=0 When Numerators are same,
XxX=-5/2 Samyam is identified as the sum of the
denominators and henc: sum is zero.
Therefore
2x+5=0
x=-5/2
Eg.(ii) Soive XL X*1 _g
X+2 X+35
Current Method Vedic Method
x+1 x+1
— =0
x+1lx+1=u x+2 X+5
X+2 XxX+5

1
{“H(Hz} any) 0

X+54+x+2

R v, 5=

(x+I}x+5+x+2)=0
X+1=0o0r2x+7=0
x=-lorx=-7/2

If numerators are different

m n
+ =0
ax+b cex+d

mex +md +nax +nb=0
x(mc + na) = -nb - md

_ ~nb-md

mc + na

(if mc + na = 0)

X + 1 1s Samyam (common) and hence by
(one disguise) Sunyam Samya Samuccaye

x+1=0 x=-~1

Since numerators are same, Samyam is
identified as the sum of the denominators
(another disguise) and hence is zero.

SJX+H2+x+5=0
2x+7=00rx=-7/2

(This 1s a Quadratic Equation). In this
problem we used two different disguises of
Samyam,

If Numerators are different

1.e., m oS0 standard form 6
ax+b cx+d

Then the numerators can be equalised, to
identify with the form 2

mn mn
+ =0
nax+nb mex+md

Then by Sunyam Samya Samuccaye, sum
of denominators is Samuccaya and hence
1S ZEro.

Di+Dy=0
nax+nb+mex+md=0

_ = {(md + nb)

na+ mce
finite value

(If na + mc # 0) for a
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Current Method

2 3
+ =0
Ix+1l x+5

2(x+5)+3(3x+1)
Gx+1)(x+5)

0

2x+10+9%x+3=0
1Ix+13=0
x=-13/11

Current Method

X 2x -0
3Ix-8 7x+10

x(7x +10)+2x(3x -8) _
21x? +30x-56x-80
7x* +10x + 6x° —16x _

21x* +30x - 56x-80

13x%-6x =0

X(13x-6)=0
13x=6
x=6/13

x=0 x=6/13

Eg.(iil) Solve

Eg (iv)

Simple Equations

3

b —

X+l x+5

Vedic Method

2 3
.+_.._...__,_=ﬂ
Ix+1 x+§

Numerators are different, so we
make numerators equal to apply Sunyam
Samya Samuccaye Sutram.

=0
Ox+3 2x+10

Then Samuccaya is sum of the
denominators and hence is zero.
Dy+Dy=0; 11x+13=0
=-13/11
This can be solved also using standard form 3

2x

X =0
Ix-8 Tx+10

Vedic Method

X 2x
+ - =0
Ix-8 Tx+10
Numerators are different, so we

make numerators equal to apply sunyam
Samya Samuccaya sutram

2x 2x
+ =0
6x-16 7x-10
X is common and hence
The sum of the denominators is

zero.
D| + D;.I_= 0

13x-6=0

13x=6

X =6/13

As x is common, x = 0 is one solutions
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Eg (v) x+3 . 2x+6 _
8x+9 Tx+12
Current Method Vedic Method
x+3 2x+6 x+3 2x+6
-+ =0 + =
8x+9 Tx+12 8x+9 Tx+12
(x+3)7x+12) +(2x +6)(8x +9) I+3.+2(I+3]_9
56 +96x + 63x +108 8x+9 Tx+12
(7x* +12x + 21x + 36) + (16x* +18x + 48x From numeratorsN, = 2N,
+54)=(
x+3=0x=-3
T2+ 33x + 36 + 16x% + 66x + 54 =0
2 = l -+ 2 ]:ﬂ'
23x°+99x +90=0 \8x+9  Tx+12
(="t V9801 8280 Equating the numerators
46 :
2,2 _,
Lo-99%1521 -99139 16x+18  7x+12
46 46 .
-130 Then Samuccaya is sum of the
=-3, ETY denominators and hence is zero.
D|+D1=0
23x+30=0
23x=-30
-30
x=
23

Consider ﬂ + y—" =0

| Fs
If Ny = N, then (numbers)
D; + D, =0 By samyam
Butif N, # N, they can be made equal by suitable operation. In such a case D, + D= 0
when the equality is achieved by numbers.

If Ny = N; as linear function of x then (D, +D;) may not be zero one should confirm the non-
existence of higher order terms to see that it comes under the above rule.

5x-38 5x-38
+

X —17x452 X -17x+70
S5x-38iscommon S5x-38=0 '
38
x= —
5

_ But simplification shows a cubic nature hence the other two solution have to be obtained
solving the cubic equation.

For example
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C N, N
4. If the equation is in the form of E;!- =3
1

2
Combinations or total

Vedic Method

where Ny, N3, D, D, are expressions.

The following relations define Samyam
ﬂ) N +N>=D, + D, In all these cases
b) Ny~N,=D;~D;  amultiple is also
valid in equality.
x+8 x+9

2X+6 2x+5 Then that equality is Samuccaya and is
Cross Multiplication £:10.
k“+11x+40 2C +24x + 54 Ni+D;=N;+D;
_3'1 I+3 _ x+9
N 14 2x+6 2x+5
__? Ix+14=3x+14=0
14
x: iy —
3
2x+5 3x+7
Eg.(i) Solve =
&) 2x+6 3x+6
Current Method Vedic Method
2x+5_3x+? 2.r+5__3:+?
2x+6 3x+6 2x+6 3x+6
{2x+5){3x+6) {3:-: +N(2x + 6) Ni+N;=5x+12
6x% + 27x + 30 = 6x° + 32X + 42 Di+Dy=5x+12
27x-32x=42-30 Ni+N; =D, +D,.
~3x=120rx=-12/5 ..By Sunyam Samya Samuccaye Sutram,

this equality is Samyam and is zero.
Therefore, 5x + 12=0o0rx=-12/5

2x+3_ x+1

Eg. (ii) Solve =
8x+5 4dx+11
Current Method Vedic Method

2x+3  x+1
2x+3 _ x+1 8x+5 dx+11
8x+5 4dx+11 Ni+N=3x+4
(2x+3}(4x+11) gx+l}(3x+5} D;i+Dy=12x+ 16 =4(3x + 4)
8x*+3dx +33=8x*+13x+ 5 D, + D, is multiple of N; + N..
34x~-13x=5-33 By Sunyam Samya Samuccaye, N, + N;
21x=-28 is the Samyam and hence is zero.
x=-28/21=-4/3 Therefore, 3x +4=0

x=-4/3
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10x-7 4x+5
Eg.(lii) Solve =
Bl Sebve T = e3
Cuirent Method Vedic Method
10x-7 4x+5 10x-7 4x+5
Sx-3  2x+43 Sx-3  2x+43
(lﬂx T2x +3) = (4x+ S5x~3) Ni~Ny=6x-12=6(x - 2)
20x* + 16x - 21 =20x* + 13x ~ 15 Di~Dy=3x~6=3(x-2)
16x - 13x =~15+21 Ni~N; =D~D,
Ix =6 By Sunyam Samya Samuccaye, this
x=2 relation is Samyam and hence it is zero.
SX=-2=0orx=2
5™ type where the quadratic term is non vmushmg
7
Eg(i) Solve 2+ = TX+9 00 adratic)
Ox+10 x+6
Current Method Vedic Method
Ix+7 Tx+9 Ix+7 Tx+9
Ix+10 x+6 9x+10 x+6
(3% + T)x + 6) = (?x +9)9x + 10) x* coefficient on both sides is different.
3%’ +25x + 42 = 63x* + 151x + 90 Therefore, it is a quadratic Equation.
60x* + 126x + 48 = 0
30x> +63x +24 = 0 N; +N;=10x + 16
10x+21x+8=0 Dy +D;=10x+16
10"+ 5x + 16x +8=0 Ni+N;=D;+D,
~.By Sunyam Samya Samuccaye, this
x(2x+ 1)+ 8(2x+1)=0 relation is Samyam and hence is zero,
2x+1)(5x+8)=0 giving one solution.
&kx+1=0; x+8=0 S10x+16=0
x==1/2; Xx=-8/5 Xx=-8/5
Ni~N;=4x+2=2(2x+1)
Di~Dy=8x+4=4(2x+1)
Ni~Ny=Dy~D;
*.By Sunyam Samya Samuccaye, this relation is
Samyam and hence is zero, giving another
solution. Therefore, 2x + 1 =0
x==1/2
-8 2
Eg (ii) Solve 4x Ix+1
9x+7 Sx+1

It is notice that Ny+ N;=7x +4and
D+ D; = two times N;+ N,
D|+ D} =14x+ 8§ > 2('N|+ Nl)
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Hence using Samya Samuccaya sutram 7x + 4 = (

x=_4

7
But the square component i.c. x? is not canceled, hence it has one more root as it is a
quadratic equation one can try combinations of numerators and denominators to get the
second solution. A trial of combinations N,, N,, D, & D, shows the 2N, - D 1 =2N,-D,
2 N] — D‘| =x+23 .
2N; ~D,=x+23 x+23=0
X =-23

The two solutions of the above problem are _ 4 _ 23 18 to be noted that one can try

the combinations of numerators and denominators with multiples of numerators and
denominators as well, so that the given equation is not disturbed.

4(a) If the equation is in the form of Vi + N, N + N,
D, D, D, D,
where N;, Ny, N;, N, are numbers and D,, D,, D, D, are expressions.

Vedic Method

If numerators are equal and also if
D] +D,= D] + D, then this relation is
Samyam and is equal to zero.

If numerators are different, then
first equate them by L.C.M and then
test for the above relation and if it is
satisfied then apply the sutram. (See 6)

If LHS and RHS do not have same
number of terms then try for the
merging method (explained later). (See

Merger 1)
Eg.(i) Solve !__ 1 1 !
x=13 x-4 x-9 x-8
Current Method Vedic Method
N U N I 1 1 !
x-13 x-9 x-8 x-4 x-13 x-4 x-9 x-8
Numerators are equal.
x=9-x+13 x—-4-x+8 Dl""g::h-l;
(x=13)(x-9) (x-8)x-4) Dy+D,=2x-1

4 4 ~.By Sunyam Samya Samuccaye this

(x=13}(x-9) i (x—8)(x-4) relation is Samyam and hence is zero.
(X=13x-9)=(x - B)x - 4)

X -2 +117=x2~12x + 32
117-32=22x - 12x
85 = 10x

x=85/10=17/2

S2x=17=0
x=17/2
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Eg (i) Solve __>

Simple Equations

4 ]

Current Method

3 2 4 1
i = +
=13 x-4 x-10 x-=7

Hx-4)+2(x-13) _ 4x-T)+1(x-10)
(x=13)}(x-4) (x=10)x-7)

Ix=12+2x-26 ~ 4x-28+x-10
X -4x-13x4+52 x*=-Tx-10x+70

x-38 - 5x-3R
¥ =17x+52 X =17x+70

By cross multiplication

(5x - 38) (x> - 17x + 70) = (5x - 38) (x* -
17x +52)

§x° — 85x% + 350x — 38x* + 646x - 2660
= §5x° - 85x? + 260x - 38x? + 646x - 1976
350% — 2660 -260x + 1976 =0

= +
x=13 x-4 x-10 x-7

Vedic Method

When numerators are not equal
3 N 2 _ 4 N l
x=13 x-4 x-10 x-7

Equating the numerators

12 . 12 12 . 12
4x-52 6x-24 3x-30 12x-84

Numerators are equal

D, +D,=10x - 76 = 2(5x - 38)
D]+ E'ﬁlﬁx -114 = 1[5:!: - 33}

5x-38=0
5x =38

38
5

K=

2 - 1

90x - 684 =0
90x = 684
(=684 38
90 5
Eg (iii) Solve
3,2.4.1 (yes)
11 1 1
Equating the numerators
12 12 12 12

+ = +
4x-52 6x-24 3x-24 12x-B4
Numerators are equal

D, +D,=10x - 76 = 2(5x - 38)
D,+ D;=15x -108 = 3(5x - 36)

As both are not equal

N/D;+N, D, =3(x-4)+2(x-13)

=3x-12+2x-26=5x-38

N;Dy+NyD;=4(x-7)+ 1{x - 8)
=4x-28+x-8
=5x - 36

+
r=13 x-4 x-8 x-7
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As both are not equal, this method is not applicable for solving this equation This may turn
out to be either a quadratic or cubic equation.

L. N
4 b) If the equation is in the form of — - Ak = Ny _¥
b, D, D, D,

Vedic Method

Transpose to get the
standard form then the sutram Samyam

1s worked out accordingly.
Eg.(ii) Solve : ! : ! Disguised f
- = - ul
& x+16 x+9 x+12 x+45 sHisea form
Current Method Vedic Method
| ~ 1 - 1 | o R
x+16 x+9 x+12 x+45 X416 x+9 x+12 x+45

(x+9)-(x+16) (x+5)-(x+12) Transpose the negative terms suitably to
(x+16)(x+9)  (x+12)(x+5) identify the problem with the standard form
1 I l l
-t

-7 -7 x+16 x+5=x+12+x+'§!
G IOGTT = GG ]'[;IuTetl;atzr;Erf Eealqual on both sides
(4 + 16 +9) = (x + 12)(x + 5) Dy + Dy = 2% + 2]
X"+ 25x+ 144 =x"+17x + 60 D, +D;=D;+ Dy

25x = 17x = =144 + 60 By Sunyam Samya Samuccaye, this relation

8x = -84 1s Samyam and hence 1s zero
x=-84/8=-2]/2 2x +21 =10

=-21/2

| | I

Eg.(ii) Solve - = -
x+bh x+b+2d x+c-2d =x+c¢

Vedic Method

| . 1 - | N I
x+b x+c x+b+2d x+4c-2d

Numerators being same

—h-
Dy +Dy=Dy+Dg=2x +b+c=0x = —
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5. 1f the equation is in the form X+8  X+¢

Simple Equations

= .I_'_"E X+8 {Madlum disguises)

x+b x+d x+f x+h

Vedic Method

Coefficients of x are same both in the
numerator and denominator in each term

such that the sum of ratios {E) of the

D
cocfficients of x on the LHS = sum of similar

ratios on the RHS. After this test, one has to
proceed to the division by Paravartya to
convert it into the form 4(a). Then the sutram

Samyam is worked out accordingly.
Eg-(l}SﬂlTEI+3 x+6 .I+2 .I+5
x+6 x+9 x+35 .:+E
Current Method Vedic Method
x+3_x+6=x+2_x+5 x+3 :c+6 .r+2 x+5
x+6 x+9 x+5 x+8 J:+6 x+9 x+5 x+8
Transpose the negative terms
(x+3)(x +9) - (x 4 6)? suitably to identify the problem with the
(x+6)(x29) standard form 5.
={I+2KI+3)“{I+5}I x+3 x+5_x+2+x+6
(x+3)(x +8) x+6 x+8 x+5 x+9
xP +12x4+27-x? =12x-36 1 1_1 ]_
x* +15x+ 54 1 1 1 1
x* +10x +16 - x* ~10x - 25 Then by Paravartya division*,
- x* +13x + 40 I_ih+1_i=1_ 3 +]-i
x+6 X+8 x+5 x+9
-9 _ -9
X} +15x+54 x?+13x+40 3 + 3 -3 + 3

X2+ 15x + 54 = x2 + 13x + 40
15x-13x=40-54
2x=-14o0rx=-7

* Refer lecture notes on division.

x+6 x+8 x+5 x+9

Numerators being equal, test if
D,+D,=D;+D,

Dl +D1-D3+D4 =2x+ 14

By Sunyam Samya Smnucl:aye this
relation is Samyam and hence is zero.
Therefore, 2x + 14 =

X==7
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. X-a+h x-b X \ =1
Eg. (ii) Solve - b 2 —

X=2 %= x-b x-2-b

Current Method Vedic Method
K=040 X-b % -3

X0 x-b ox-b ox-a-b

o0 ) st
(X“ﬂ)(!-Zb) (X-b)(x-a-b) i+izi+i

x_2-ax+bx-2bx+2ab-2h2+x2—ax-bx+ab xz-axuhx_fx2~ax-b)_i_+ab Aopvig Pt Dvson

x2~ax—2bx+2ab xz-bx~ax+ab-bx+h2 _b_+_b__bH+L
1=a x=b x-b x-g-b
2742-2ax~2lm+3ab-2b2 2x2—2u-2bx+ab
; o R Numerators are equal
! -ax-2bx+2ab! . *ax-be+a2h+b Di#Dy=2-2-
(X ~Za:2t-2bx+3ab~2b )(;( -8 -2bx+ab+b) Dy4 D= X-1-2
(20 - 2ax- Db + b - ax - Db + 2ab) Dy +Dy=Dy+D,
2x'-Zax]+3abxz~2bzx2—2a13+2a1x2+2abxz+2abx2—232bx-2ab1x+3azbz~23b3+

- dabx - 200+ b -

By Sunyam Samya Samuccaye, this relation
LHS=2 ) 23332' 1% +zabx2 - Eﬂle + 21 - Qb by db' + dabx + 4’y by + isySamyyam and hence is zero.
dab” - da'bx - dab'x + 2a'h

S -5 - b 420 4 e - 2= St St ol Therefoe 2-1-20=0
2abzx-Zbe;albzrabi+2b'=0 x=(a+2b)/2
an-be-ai-ab‘er;O The ease with which the problem can be
(2a-2bjx=a+ab- 2b tackled by the Vedic Method is excellent
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Even when the coefficients of x are
different in any term, then also test if the
sum of the ratios {E) of the coefficients
D
of x on the LHS = RHS. If this condition is
satisfied then Paravartya Division is
applied to convert it into the form 4(a).
The solution is worked out accordingly.
Eg.(ii} Solve 2{31’ 1)' x-2 2{1 - 2) Sx-11
x-1 x -6 x-4 x=3
Current Method Vedic Method
2(3x - l) x=2 2(: 2) Sx-11 2(3x - 1} x=-2 2{: 2) Sx-11
x-1 J: -6 x-4 x-3 x-1 x -6 x-4 x=-3
0x-2 Sx-11 Azx-2) x-2 6x—2 xX-2 2x- 4 Sx-11
x=~1 x=3 x-4 x-6 x-1 .r 6 1—4 x-3
(6x=2)(x~3)~(5x-11)}(x-1) 1. E 1 2+§
(x=1)(x-3) , El‘ lP 1 1 Divis o
_ CEY v . By aravartya 1vision  aiter
= (x = 2){2(x = 6) - (x - 4)] multiplying the denominator with
(x = 4)(x - 6) the coefficient of x of the
corresponding numerator.
6x° —20x+6~5x* +16x-11
7.
X ~4x+3 4 4 4 4
6+ —+l+—=24+—-+5+.
_ (x-2)(x-8) x-1  x-6 x-4 = x-3
x? -10x+24
4 4 4 4
¥ + +
x*—4x-5 x*-10x+16 x-1 x-6 x-4 x-3
X" ~4x+3 x -10x+24 Numerators are equal.
(x - 4x — 5)(x? — 10x + 24) Dy +D,=D;+Dy=2x -7
=(x? - 10x + 16)(x* - 4x + 3 .
x4 — 1(413 + 59%2 4}6{1 ~120 } B}' Sun}fam SHITI.}’E SEMLI'EEE}?B this
= x4 — 14> + 59%2 — Odx + 48 relation is Samyam and hence is zero.
—-46x + 94x =48 + 120
4321 msx * Therefore, 2x -7 =0
x=168/48=7/2 x=1/2
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6. If the equation is in the form of

where numerators are only numbers,

Eg. (i) Solve 2 ~

Simple Equations
N, N, N, N,
+—=—24
DD, D, D,
Vedic Method

If numerators are not equal then LCM
can be considered to make numerators equal.
This will modify the equation.

In the modified equation if D, + D, =
D;’+ D,/ then Samyam is applied.

Sometimes the LCM method may be a
bit cumber;sme and the relation D, + D, =
D3 + D4 may not satisfy with the modified
denominators ( ' ) which is noticed only at
the end. Hence another method is suggested
which makes use of certain preliminary test

. N _
to see that the sum of the ratios {—ﬁ} of the

coefficients of x on the LHS = RHS. After
this test, one has to proceed to another
relation namely to see if N\D; + N;D,; =
N3Ds + N4D3; which is the Samyam and
hence is zero. Even if L.H.S. is a multiple of
R.H.S and vice versa sunyam can be applied
as explained in the problem below

Currc it Method

3 _ 16
2x+3 3x-1 x+2 6x+1
Vedic Method
2 3 1 b

2 _ 31 6
2x+3 3x-1 x+2 6x+1

2(3x -1)~3(2x + 3) _ (6x+1)-6(x+2)
(2x+3)(3x-1) (x+ 2)(6x+1)

61—2-61-9_6x+1-6.r—12

6x’ +7x -3 6x° +13x+2

~11 _ -11
6x2 +7x-3 6x° +13x+2

ﬁx1+?x—3=ﬁx1;§- 13x +2
6x+5=0
x==5/6

2x+3 3x-1 x+2 6x+1

Method 1: Transpose the negative terms

suitably to identify the problem with the
standard form 4a.

2 6 1 . 3
+ = +
2x+3 6x+1 x+2 3x-1

(1)

Since Numerators are different on both

sides, we make numerators equal by taking
LCM.

6 , 6 __6 _ 6
6x+9 6x+1 6x+12 Gx-2

1 N ] _ ] N ]
6x+9 6x+1 6x+12 6x-2
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Simple Equations

D1I+Dz!=D3!+D4I= 12x + 10
By Sunyam Samya Samuccaye this
relation is Samyam and hence zero.

12x+10=00rx=~10/12=-5/6

Method 2: (From stage 1)

Preliminary test

EE‘!-'I'E(BS)
276 173"

NiD; +NDy=24x + 20 = 4(6x + 5)
NiDy+ NiD;=6x+3

NiD; + N;D, is multipl: of N3D, + N4D;.
". By Sunyam Samya Samuccaye

N:Dy + NyDj is Samyam and hence is
ZeT0.

~Ox+5=0
x=-5/6

In the form

N, H N, N
D, D D, D

If the numerators of the terms also contain

X, then the test of sum of ratios (%) of x

coefficients on both sides should be equal
to apply Paravartya Division. The equation
has to be converted to the standard form
given in (6) and then the sutram is worked
out accordingly or after the coefficient
ratios test is ccrried out, one can even at
this stage test for NiD; + NJD, = NiD, +
ND; of the original equation. If it is
satisfied then it is Samyam and hence is
zero by Sunyam Samya Samuccaye.

The following examples illustrates this
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Ep.(if) Solve 4x+12 15x~17 S5x+ &_ . 12x+8
2x+5  3x-4 x+1 6x+1
Current Method Yedic Method

4x+12 15x-17 5x+6 12x+38
+ = +

2x+5  Ix-4 x+1  6x+1

4x+12_l2x+3_5.t+6_151-1?
2x+5  6x+1  x41 3x-4

(4x +12)(6x +1) - (12x + 8)(2x + 5)
(2x + 5)(6x +1)
_ (5x+6)(3x-4) - (15x-17)(x +1)

(x+1)(3x-4)

24x7 +76x +12 - (24x* + 76x + 40)
12x% +32x 45
15x% = 2x =24~ (15x* - 2x-17)
' ~x-4

~ 28 -7
12x* +32x+5 3xt-x-4

12x* +32x+5 3x'-x-4

12x° —4x - 16 = 122 + 32x + §
=21 = 36x
x==21/36=-7/12

4x+12+|15.r-17 Sx+6 12x+8
2x+5  3x-4 x+1  6x+]

4x 15x Sx 12x
t—=—4 Y
2x Ix x 6x (Yes)

Applying Paravartya Sutra

2 3
+3+ =5+ 42+
2x+5 3x-4 x+1

2+

]
|
2x+5 3x-4 x+1 6x+l_()

This 1s in the form (6)
Method 1: By taking LCM we make
numerators equal.

6 6 6 6

+ = +
6x+15 6x-8 6x+6 6x+1

Dy +D1=‘D3+D4= 12x + 7

By Sunyam Samya Samuccaye, this
relation is Samyam and hence zero.
12x+7=0,x=-7/12

Method 2:
From stage (1): (Form 6)
Preliminary test

2 3 16
. —+==-4-
316

> (Yes)

2. ND,+ N;D] =12x+7
N3Dsg+ND3=12x +7
N\D2 + NoDy =NiyDy + NyDs
*.By Sunyam Samya Samuccaye, this
relation is Samyam and hence is zero.

12x+7=0,0rx= -1

12



210x° - 35%° +840x + 1470

= 108x ~ 108%” + 54x ~ 54 = (
2 -2 Hx - 1

X is a factor

- x=1

Refer to cubic equation
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2 3 @
x*+3:+3+:‘-15_x’+?x+n+x-"-4x-20
Solve Ty T x—4  x+5 -7
Current Method Yedic Method
x* +3x43 x'-15_x'+7x+11 I ~4x-20 x! +3x+3 x'-15 x +Tx+11 I ~4x-2(
x+2 x-4 X+5 x=17 x-2 x-4 x+5 x=-7
. (x' +3x+3)(x-4)+ (x* - 15)(x +2)
(x+2)(x-4)
_{x1+?x+ll}(x—?)+(x’—4:—20)(x+5) '® By Parvartya
(x+9)x=1) 42|43k +3
(x’ - dx® +3x" - 120+ 3x~12) + (x* + 2x* = 15x - 30) —
. Quotient is x + 1
x'—4x+2x-8 =2 -2x|-2 R=1
(x" =7 + 7% - 49x + 11x - 1) +(x* +5x% ~4x* - «+1 ] 1
20x - 20x - 100) 1
II+SI—?I—35 (u'ljl(x+2]
=;6x +x'=24x-42 ﬁx +x'=18x-177 ;{@4 % 15
X’ Z2x-8 X' =2x-35
(6 +x' = 78x~ 177) (- 2~ 8) +4 | _+4x|+16 ng’”-‘!
=(x’ - 2¢-35) (6 x];l-x - 24x - 42) a—
6x - 12x" - 18:-: X =26 - 8x =78 + 156x% + x+4| 1
624x — 177x* +354x + 1416
]
=6 +x' - 240 - 427 - 126 - 200 + 4 + ax - | BHAE

X+5| x2+ x|+ 1

1l
o
+
L

>
+
r2

~
|

I
- 4
+
twd

e
]
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Proof:
P . 9 _P+*g
X+a x+b x+c¢
p + q __P + q
X+a X+b x+¢c x+c
p p q q

X+a X+C¢ X+¢C X+b

p(x+c—x—a) _9q(x+b-x-c)
(x +a)(x +c) (x+c)(x+b)

plc—a) _gq(b-c)
X+a X+b

x[p(c —a) + g(c- b)] = bp(a —) + aq(b- c)

bp(a —c)+aq(b~c)
p(c-a)+q(c-b)

Therefore, x =

Simple Equations
1

x-4

Xx+1+ ---1—+x+4+
x+2

=x+2+

RN

xX+5 x=17

1 1 ] 1

TRy R
x+2 x-4 x+5 x-7
Numerators are equal
Dy+Dy=2x-2
Di+Ds=2x-2
2x-2=0(
x=1

1. Merger Type: (See text (4a))

(By the Paravartya Method)
1. Ifthe equation is in the form of
P qQ _Pptgq

+
X+a X+b x+c

The condition for merging is N; + N;
(Left Hand Side) = N. (Right hand side)

Merging of the right-hand side term into
the lefi-hand side terms can be done by the
following operation. It is also in the first
instance noticed that the x coefficients in the
denominator are same. Number of terms on
the left hand side can be any, but on the right
hand side it must be only one which is to be
merged into the left hand side.

It has to be merged into all the terms in
the left-hand side.

1) The first term is -. When the right

X+a
P+q

X+c¢C
first term of LHS, then this becomes

(a-c)p =N,
x+a

side term, 1.e., is merged into the

9 (b-c)q_

=N,'.
X+b x+b
The merged equation is written as
[ﬂ—ﬂ)p + (b-ﬂ)q =0 ’
X+4a x+b

numerators are numericals. On applying
the equalization of numerators, we obtain
solution by summation of denominators.

2) Similarly becomes

where the
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Eg.(i) Solve

Current Method

1 6 7
+
x+3 x+2

x+5

X+2+6(x+3) _ 7
(x+3)(x+2) T x+5

Tx + 20 _ 17
X’ +5x+6 x+5

7x% + 20x + 35x + 100
= 7x* + 35x + 42
20% = -58
=.58/20=>x=-29/10

Eg.(if) Solve

Current Method

9 N 4 __13
x+5

x+3 x+1

O9x+27+4x+ 20
x! +8x+15

13
x+1

13x+ 47 13

x*+8x+15 x+1
13x? +47x +13x +47 = 13x%+104x +195
44x + 148 =0
=148 / 44
x==37/11

26

Simple Equations

6 7

x+3

+*

x+2 x+5

Vedic Method

l+ 6 7
x+3 x+2 x+5

Testif Ny +N; =N, 1+6=7(Yes)
Therefore, we can apply Merging Rule and
get the following:

N/'=(-5+3)1==2
Ny=(-5+2)6=-18
indicates modified values of Numerators

-2 -18

+ =0
x+3 x+2
Making Numerators Equal
-18 18 0

Ox+27 x+2

.By Sunyam Samya Samuccaye, the sum
of the denominators is Samyam and hence
15 ZEro.

10x+29=0

x=-29/10

4 13

xX+5

<+ =
x+3 x+1

Yedic Method
9 N 4 13
X+5 x+3 x+1
Testif N; + N;=N
9+4=13(Yes)
. We can apply merging method.
36 8 =0

+
x+5 x+3

Making Numerators Equal
72 72

+
2x+10 9x+27
. By Sunyam Samya Samuccaye, the sum
of the denominators is Samyam and hence
Zero.
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Eg.(i) Solve

Current Method

6 . 7 18
3x+1 x+3 2x+5

6x+18+21x+7 _ 18
3Ix> +10x+3 2x+5

27x+25 18
3Ix +10x+3. 2x+5

54x* + 50x + 135x + 125
= 54x* + 180x + 54

185x + 125 = 180x + 54

5x+71=0

x=-71/5

27

Simple Equations
lix+37=0
x==37/11
7(a). If the x coefficients in the

denominators are not equal then verify if

(LHS) Numerical value in the numerator
x coefficient in the denominator
Numerical value in the numerator
= (RHS)

x coefficient in the denominator

If this is satisfied, then convert the
coefficient of x in the denominators to have
a common value. In doing so, the
numerators are also multiplied accordingly.
At this stage test if the sum of numerators
on the left-hand side = numerator on the
right hand side. If this test is satisfied, then

merger method can be applied.
6 . 7 _ 18
3x+1 x+3 2x+5
Vedic Method
6 7 18
+ =
3x+1 x+3 2x+5
6 7 18
~+—=—(Yes
3 1 2( )

Making x coefficients equal in the
denominator

12 . 42 54
6x+2 6x+18 6x+15
2N)) TN 9N
6x+2 6x+18 6x+15
Testif N)' + Ny =N’
2+7=9(Yes)
.. We can apply merging method
- 26 2]
(Merging) + =
Bine 6x+2 6x+18

On further simplification
-13 7
+ —-
Jx+1 2x+6
Making Numerators Equal
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Eg.(ii) Solve
Ix+1

Current Method
] ~ 2 -5
x4+l x+5 3x+42
X+5-6x-2 -5
Bx+1)(x+3) 3x+2
-5x+3 -3

3x' +16x+5 3x42

~15%* + 9x — 10x + 6 = =15x° - 80x - 25
-X+6=-80x-25
9x==3lorx=-31/79

Simple Equations
- 91 -91 =0
21x+7 -26x-78
By Sunyam Samya Samuccaye, the sum
of the denominators is Samyam and hence
IS Zero.
5x+71=0
x==71/5
-3
x+5 3Ix+2
Vedic Method
o2 s
Ix+] x+5 3x+42

We transpose negative terms
suitably to identify the problem with the
standard form (7).

1 5 2

-+ =
1 3x+2 x+5
2
1

Taking LCM for the coefficients of
x in the denominator to make them equal

l 5 6

<+ =
3x+1 3x+2 3x+15

Testif N;+ N, =N |

1+5=6(Yes)

. We can apply merging method.
- 14 65

Ix+1 3x+ 2 )
Making Numerators Equal

910 910

1955+ 65 425428
".By Sunyam Samya Samuccaye, the
sum of the denominators is Samyam and
hence is zero.
195x +65+42x +28=0
237x =93
=-03/237=>x=-31/79

Ix +
1 §
_—
3 3
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Current Method

|

— ez

s#l x4] x4b. x4)

A R

s o 2 o = e

14l 142 143 146

Le4d45r4$ 10x+60- 3¢9

T TR ETY H -

(rtlNred)  (r4Hxs6)

Tx49 4l
1434) 1 40408

(9 + 90+ 18)
=S?x+51)(x’+3x+2)

T+ 463 + Bl + 1268+ 16)
=100 45164 21 41538 +14y 4102
0T+ 162= 1670+ 10)

M+ 60=0
(=0 /4= x=-3/2

W Simple Fuatio

g Solve ! ¢ 5~+ 3 !
ort) x40 x+)

Vedic Me od

253
14l ath x4l
Testif N+ Ny +Ny=N
+543=10(Yes)

‘. We can apply merging method.

1+ 1+) x+6

§ 5 9

s & s B e

rlor4d x4b
Testif Ny + Ny =N

4+5=9Yes)

', We can again apply merging method.
-0

— -..—I--

1l 1+l
Numerators are Equal; . By Sunyam Samya Samuccaye summation
of denominalors i Samyam and hence i zero
HEXEL) -
x=-3/1

A general metbod called multple simultaneous merger can
replace the above term by term merger in multiple merger,

The general formula can be applied:
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st
Congicerthe g given problem __+__{l_+_P_ P
143 X4 140 X4V

mwmeQMHﬂ%mc
mwx fa-dfa-o) - - 0b- 000

Wi can el bng out e mlipe merer, v
e of e o by ey e, Wt ca e
e mering sing h bovs ol

Byusiﬂglhisfonnnlawecmmlvcwmmlmﬂn
2|, b=1e=0w=]m=00=5p=}

Horem 4= 10 Melors o gt bod e

- a-w) s-) -
x=(-2)(2x_-2)(-s eI
AN

M+H) 40 2




Vedic Mathematics 32 Simple Equations
2 2 175 152
So + + =
Egi) m.r+l 2x+1 Sx+1 4x+1
Current Method VYedic Method
2 . 2 175 . 152 2 2 175 _ 152
x+1 2x+1 S5x+1 4x+1 x+1 2x+]1 S5x+1 4x+1
2 + 2 = 152 _ A5 E+3+EE-=.'2+l+35=33
x+1 2x+1 4x+]1 S5x+1 1 2 5§
4x+24+2x+2 760x +152-700x--175 ] 152/4 =38 .
(x+1D(2x +1) (4x+1)(5x+1) Coefficients of x in the denominator
are different. Therefore, we equate the x
6x + 4 60x — 23 cocflicients in the denominator.

2% +3x+1 20%? +9x +1

120x° + 80x” + 54x* + 36x + 6x + 4
= 120x’ - 46x* + 180x? - 69x + 60x — 23
42x +4=-9x-23
SIx =-=27
x==27/51=-9/17

40 . 20 . 700 760
20x+20 20x+10 20x+4 20x+5

2 N ] . 35 38
20x+20 20x+10 20x+4 20x+5

(N

TH’tifN|+N1+N3=N

2+1+35=38(Yes)
.. We can apply merging method.
30 S 35

+ - = ()
20x+20 20x+10 20x+4

30 . 5 _ 35
20x+20 20x+10 20x+4

6 N | 7
20x+20 20x+10 20x+4

Testif Nj+Na=N
6+1=7(Yes)

Again by Merging,

96 6
+ =0
20x+20 20x+10

Equalising numerators

96 96

+ =0
20x+20 320x+160




Vedic Mathematics

Eg.(iii) Solve __3

33 Simple Equations

By Sunyam Samya Samuccaye summation
of denominators is Samyam and hence is zero.

340x + 180=0
x=-18/34=-9/17

By using simultaneous merging
formula at stage (1)

20x = (Z10X2)(15)(16) + (=20)(1)(5)(6)
(2)(A5)(16) + (1(5)(6)

-
— —

480+ 30 510 17

_ -4800-600 -5400 -180

= -180 -9
17x20 17

4 42 40
o+

3x +1

Current Method

3 . 4 . 42 40
Ix+1 2x+1 6x+1 4dx+1

3 . 4 40 _ 42
3x+1 2x+1 4x+1 6x+1

6x+3+12x+4 _ 240x + 40 -168x - 42

6x° +5x+1 24x® +10x +1

18x + 7 _ " 72x -2
6x* +5x+1 24x> +10x+1

432x* + 168x2 + 180x% + 70x + 18x + 7
=432%" -~ 12x* + 360x% - 10x + 72x -2

88x +7=62x -2
26x =~9
x=-9/26

2x+1 6x+1 4x+1

Vedic Method

3 4 42 40

+ + =
Ix+1 2x+1 6x+1 4x+]

28 247210 (LHS) -
3 2 6

40/4=10(R.H.S)

Coefficients of x in the denominator
are  different. Therefore, making x
coefficients equal in the denominator

12 . 24 84 _ 120
12x+4 12x+6 12x+2 12x+3

] 2 7 10
. . - (1)
12x+4 12x+6 12x+2 12x+3

Testif Ny + N, +N; =N
1+2+7=10(Yes)

- We can apply merging method.
1 . 6 T _ 0
12x+4 12x+6 12x+2
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34 Simple Equations

1 . 6 7
12x+4 12x+6 12x+2

1+6=7(Yes)
.- We can again apply merging.

2% o
12x+4 12x+6

Making Numerators Equal:
24 24
+ =0
144x+48 12x+6

By Sunyam Samya Samuccaye,
Summation of denominators in Samyam and
hence is zero.

156x +54=0
_;—54 -9

I —c—
156 26

Using the multiple simultaneous
merging formula at stage (1):

125 = (“ODOND) + (93X
(DAX2) +(2)(3)(4)
-12-96 -108
2+24 26
-108 -9
xX= —
26x12 26

9. Complex Mergers:
Complex merger is of the form

T B __P . _9 . Thiscan besolved by the
ax+b cx+d ex+f rmx+s
following procedure:
D)y Numerator ) should be
Coefficient of x in the denominator
equal on both sides.

—4+—=—=—-+4

m n p (q
a ¢c € r



Vedic Mathematics 35 " Simple Equations
2) If cross-multiplication on the left hand side m(cx + d) +
n(ax + b) is equal to corresponding cross-multiplication on the
nght hand side p(rx + s) + q(ex + f), (N,D, + N;D, = N,D, +
N4D;), then Sunyam is applied to this relation to get the solution.

3) If the above condition is not satisfied, then equalise x
coefficients in the denominator. Then test if the modified (")

numerators are equal, and if sum of the denominators on
LHS = sum of the denominators on the RHS

(D, + D, = D, #+ D, #), then Sunyam is applied.

4) If the above condition is not satisfied, then one can
solve the problem by transposing one term each from one
side to another such that by cross-multiplication the x
coefficients get cancelled on both sides.

In this final derived equation, if numerators are equal
on both sides, then by the equality of the denominators of
the derived equation, x can be solved. Here it can be seen as
DD, =D;D,.

5)  If the numerators in the final derived equation are not

equal, then one can try two methods.

a) To equalise the numerators. This is followed by
equating the denominators after modification. If x?
term gets cancelled, then it results in simple equation.

b) To equate x coefficients in the denominator and to
check on cross-multiplication if the x* term
vanishes. If not, this leads to quadratic equation.

6) If the transposition followed by cross-multiplication
does not result in getting the x coefficients cancelled on
both sides, then one can try the different transposition and
proceed further as given previously. -

Otherwise the given problem does not come under
complex mergers.

The examples dealt with are self explanatory for the above rule

10) In complex merger there is another form:

ax+b+ex+f =px+q+lx+m

cx+d gx+h m+s nx+p

This can be solved by applying Paravartya division
and then bringing it to the first standard form (9) of complex
merger and then proceed as explained earlier,

This method can be applied in general for a complex
merging of any degree polynomial divided by any degree
either equivalent or less than the numerator. By applying
Paravartya division as many times as the degree of the
Polynomial in the numerator, followed by the remainder
method, which is described earlier, it can be solved.

In complex merger, merging is of different type than
the one that is already used. But the Paravartya
(Transposition) can be taken effectively a merging. The steps
followed are as given above
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Eg.()Solve _6___4 _ 3 1

-“—*-_

3x+4 2x+5 3x-10 x-1
Current Method Vedic Method

6 4.3 1 6 4.3 1
x+4 +5 3x-10 x~1 . sl 2x+5 1y - ]0 1=

12x+30~ 12x 16 3x-3-3x+10
6x’ +8.r+15.t+20 3 =10x-x+10

4 1 Or transposing
6x'+23x+20 3¢ -11r+10 LI I
2 1 _ Ix+4 x-1 2x+5 3
+23.x+20 ;;x ~13x+10
261+20 ox" +23x +20 6 1 4 3
...+-=-_+-
o 1123
x=0

By taking LCM, we make coefficients of x
equal n the denominators,

12 12 6 6
6x+8 6x+15 6x-20 ﬂx 6

Considering LCM on both sides separately
84 34

(b6x+8)(6x+15)  (6x - 20)(6x - 6)
Numerators being equal, D,D, =D,D,

(6x + 8)(6x + 15) = (6x - 20)(6x - 6)

X = (Since the product of constant terms
on both sides is equal, i.e., 8x15 = 206,
refer 2 corollary).




Vedic Mathematics
Eg.(if) Solve __8

Simple Equations
2 4
6x+3 3x+3 3x+1 3x+5
Yedic Method

Current Method

8

6x+3 3x+8 3x+1 3x+S$
5 4 .2 2
6x+3 3x+5 3x+41 3x+8

2 1 1 l

— )= )
6x+3 3x+5 x+] 3x+8

46x+10-6x-3) 2(3x +8-3x~1)
(6x+3)(3x+5)  (3x+1)(3x+8)

Tx 4 _ 2x7
182 +39x+15 9x% +27x +8
2 1

18x* +39x+15 9x® +27x+8

18x% + 54x + 16 = 18x + 39x +15
I5x==lorx=-1/15§

8
6x+3 3x+48 3x+1 3x+5

r:wlun

J2.2.48
3 3 3

NI Dz + N1D| # N}Di + N4D3 For
the cancellation of x terms, transpose one
term each from one side to another such

that by cross-multiplication x coefficients
get cancelled on both sides.

8 _ 4 2 _ 2
6x+3 3x+5 3x+1 3x+8

By taking LCM, we make
coefficients of x equal in the
denominators.

8 8
6x+3 6x+10 6x+2 6x+16

56 56
(6x +3)(6x +10)  (6x +2)(6x +16)

Numerators being equal, D,D, = DD,

(6x + 3)(6x + 10) = (6x + 2)(6x + 16) (of
form 2).

oo -3 2

3+410-2-16 -5

2 -1

X = =
-5x6 15




B, Sole lod tlh hid -1

I T B ) [ T

Current Method Yedic Method
X-5 ed Gx-7 G+l D=5 el W+d fx-T
e 2 . T e ik e, e Ty U B —
=3 0l =5 e ' =3 4l x4l x-S
(Bx=)xt)- (e dfa-3) 1918
(x=3)xt 1) RRE
=(6’" 7)(3§+7:'(9x+24)(3¥f5) Therefoe, By Paravartya Division,
(x=5)37) I R

Ml 2 Jp— 4 14—
EXI € B 7 B S

(z:’-ax-;)-(ax’-sx-lz)

x2-2x~3 —~—+i=_l__+ul_
(6 420s-49)- 00 + 110 S TETES
O+ 6135 This equation can be solved by method | given below or by

complex merging (method ),

X 04T 9= Gr4l

FRVERYTaETS Method 1: for solution of )
Mm+mm=&'2

DO 6039 = (-G ey (oDt Dy =62

O 0036+ a3 gs (MDD =MD N |
=08~ 60 4 T+ 186+ - 140+ 206+ gy |+BY Sunyam Sumya Semueaye this eution i Samyamand hence i 2o,
G- 2 - 245 = 98- 04y 11 Therefre, 61 -2=;x=1/3,

O =3
1=30/%=1/3
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=35 - ¢+ - dhe' 4 - &b - o)

" ¢ -0+~ +aeb-deb - ot o

BRI,

4+ +0° - dab- e + dac
) (@-cfe +¢ +ac)+4bz(a-c)+(a-c)(-4bc-4ba)+ca(a-c!
] W4 +0° - dab - dhe + Jac

(-0 +¢ +dac+45' -4 b
' +¢ 40 - dabe - e+

N=a-(
orx=(a-) 2
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Vedic Mathematics | Simple Equations
Ereof: <—{— Special Type of Secming Biouadratics:
(x +a+d)’ x+a 2) (a) In n;: of ﬂuﬁnt:;which -:

3 = seeming  biquadratics, can
(x+a+2d)’ x+a+3d maally reduced into simple equations if
(x+a+dP(x +a+3d) the e;]uatlnn is of th;}fnllnmng form:
= 1
(x+a)x +a +2dy (x+a+d)’  (x+a)
By expansion on both sides, (I"‘"D"' 2y’ (x "“E" 3d)’
| 1

x' + x’(4a + 6d) + x*(16a® + 18ad + (1) Ny, Ny, Dy, D; are in AP. which
12d%) + x(d4a’ + 18a%d + 2dad® + can also be confirmed by the
10d°) + (a* + 6a’d + 12a%d? + 12ad’ relation D; — N; = 3(D; - N)) and
+dY (ii) N, +D, (without cubes) =N; + D,

= x* + x’(4a + 6d) + x*(16a® +
18ad + lzd’; + x(4a’ + 18a%d
+ 4ad” + 8d°) + (a* + 62’d +
12a’d? + 8ad’)

Canceling common terms out, we
have,
x(10d%) + 10ad’ + 34

- xssds) + 8ad’
2d°x +2ad’ + 3d* =0
2x+2a+3d=0
X =~1/2(2a + 3d)

Thus if N; + D, (without cubes) = N, +
D,, then Sunyam is applied to solve the
simple equation (Sufficient condition).

N; + D; (without cubes)

=2x+2a+3d

N2+ Dy=2x+2a+3d

Ni + D, = N2 + D,. This relation is
Samyam and hence by Sunyam Samya
Samuccaye it is zero. .

2x+2a+3d=0

- (2a + 3d)

X= 3

It can also be seen that the cross-
addition of all the terms of N, D gives
same value on both sides, at which stage
Sunyam can be applied (corollary).

ie,(x+ta+d)+(x+a+d)+(x +a +
d) Hx +a + 3d) = 4x + 4a + 6d = 2(2x+2a
+ 3d)

(x+a+2dd)+(x+a+2d)+(x+a+
2d)+(x+a)=4x +4a+6d =2(2x +2a +
3d)
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Eg.(i) Solve (x=6)° _ x-3

(x=9)° x-12
Current Method Vedic Method

(x-6)° x-3 (x-6)° x-3
(x-9)° x~12 (x-9) x-12
(x~6)°(x ~12) = (x - 3}x ~ 9)° N, + D, (without cubes) = 2x — 15
(x ~ 12)(x* - 18x2 + 108 — 216) N, +D,=2x-15

= (x - 3)(x* - 27x* + 243x — 729) Dy-N;=-9,3(D,-N,)=-9
x* — 18x> + 108x? — 216x ~ 12x> + 216x2 (Test for A.P.)
- 1296x + 2592 Ny+D;=3(x-6)+(x~12)=4dx - 30

= x* - 27x* + 243x% - 729x ~ 3x® + =2(2x - 15)
81x% - 729x + 2187 No+Dy=3(x-N+(x-3)=4x-30
=30x* + 324x% - 1512x + 2592 =2(2x - 15)

=~ 30x> + 324x% — 1458x + 2187 Therefore, 2x - 15 =0
405 = 54x x=15/2

x=405/54=15/2

(b) Second type of seeming biquadratics of

the form (¥ +a)x+b) _ (x+g)(x+h)
(x+e)x+ ). (x+cNx+d)

1e., (X +a)(x +b)(x + c)(x + d)
=(x +e)(x +f)(x + g)(x +h)

In Vedic method it is enough to test the
following conditions to see if it can be
reduced to simple equation. Clearly x* term
1s equal on both sides.

1)  If cross-addition gives same total on
both sides, i.e.,
4x+at+tb+c+d=4x+e+f+g+h
(which is Samyam). )
Fromthisitisseenthata+b+c+d=¢e
+f+g+h.

The above condition is sufficient to see
that x> term vanishes.

ii)) In order to arrive at the condition
that this leads to a simple equation, it
should be shown that x* term also
vanishes. Sum of each pair of binomials
on one side is equal to the sum of some
pair on the other side.
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iii) In addition, one has to show also that
ab + cd = ef + gh, for vanishing of x?
term.

If all the above conditions are
satisfied, then it leads to a simple
equation with the condition that the
cross-addition is same on both sides, at
which stage Sunyam is applied to solve
the equations.
1e,4x+a+b+c+d=0

oy = -{(a+b+c+d)
4

Eg.(i) Solve {x + 7T)(x + 3)}(x + 9)(x + 11): : (x + 4)(x + 6)(x + 8)(x + 12)

a b c

e f g h

(x + a)(x +b)_{x+g){x+h)

(x +e)x +f)

Current Method

(X + T)(x + 3)(x + 9)(x + 11)
= (x + 4)(x + 6)(x + 8)(x + 12)
(x? + 10x + 21)(x? + 20x + 99)
= (x? + 14x + 4B)(x? + 16x + 48)
x* + 10x% + 21x2 + 20x3 + 200x2 + 420x +
99%x? + 990x + 2079
= x* + 14x + 48x% + 16x° + 224x% +
768x + 48x% + 672x + 2304
30x? + 320x2 + 1410x + 2079
= 30x* + 320x2 + 1440x + 2304
0=30x+ 225
x=-225/30=-15/2

(x +c)(x +d)

Vedic Method

(x+x+3)x+9)x+11)
=(x+4)x +6)(x +R)(x+12)
We rewrite the given equation as
(X+7THx+3)(x+9)x+ 11) = (x + 4)(x +
6)(x +8)x+ 12)sothata=7,b=3,¢c=9,
d=1l,e=4,f=6,g=8,h=12
(i) atb+c+d =e+f+g+h
T+3+9+11=4+6+8+ 12
(1) (x +3) + (x + 11) = (x +6) + (x + B);
(x+3)+(x+7)=(x+4)+ (x +6);
(x+3)+(x+9)=(x+4)+(x +8);
(X+11)+(x+7)=(x+6)+ (x +12);
X+1)+(x+9)=(x+8)+ (x +12);
(x+7)+(x+9)=(x+4)+(x +12);
(m)21+99=24+96
Then by Sunyam Samya Samuccaye,
4x+atb+ct+d=4x+e+frg+h
is the Samyam and hence zero.
S 4x+30 =0
x=-30/4=-15/2

12. Further extension of the Sutram:
There are some forms of the
equations, which result finally in the form
of a simple equation, if certain slight re-
onentations are made in the original
equation, such as splitting of the terms, re-
distnbution, addition of equal values,
subtraction of equal values, completing a
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cyclic form and the like and then
compounding of the terms. Some
examples are given below.

Eg.(i) Solve I'i:ﬂb . x+be L Xtea

=a+b+c
Current Method Vedic Method
x+ab x+bc x+ca X+ab x+bc x+ca
; + + =a+b+c — + + =a+b+c
¢ a
ac(x + ab) + ab(x + be) + be(x + ca) Distributing right hand side terms to the
dbe =a+b+c left by applying Adyamadyena formula,

i.¢., subtracting first term of RHS from
2p, bloah . the first, middle term from the middle
acx +a'be + abx +ab’c + bex + abe =a+b+c andthe last term from the last of LHS.

ab
acx+ a’be +abx+abgn +bex +abc’ = (at b+c)abe X +ab X +be X + ac

acx+ albc + abx +ablc +bex +abc? =atbe+ablc p 0T o OF . o=0
+ abe?
(ab+bc+ac)x=0 x+ab-ab x+bc-bc x+ac-ac
Sx=0 . + + =0
the L.H.S can be written as

1 1 l] ab bc ca X X x
X =+ —=+—=|+—4+—+4 —t ===

a b ¢/ b ¢ a b ¢ a

1 1 1 :
=x(;+g+;—]+{a+b+c) X 18 Samyam (common)
x=0 . By Sunyam Samya Samuccays Sutra

x=0

Eg.(ii) Solve X ~0¢ X-a x-ab x-a’ -be x-b -ac x-c? - ab
b+c a+c a+b b+c-a c+a-b a+b-c

Current Method
Vedic Method

x-bc x-ac x-ab
+ +
b+c a+c a+b

Taking LCM and working the details
i1s highly complicated

x-az—bc+x-b’ —-m:+.t—c’ -ab
b+c-a c+a-b a+b-c
Subtracting ‘a’ from first term, ‘b’ from the second

term and ‘c’ from the third term on both sides of the
equation, we have
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x=-bc-ab-ca +x—m-ab'—bc

b+c a+c
 X-ab-ca-bc _x-a'-bc—ab-ca+a’
a+b b+c-a

x—-b®—ac-bc-ab+b?
c+a-b
+x-r:1 —ab-ac - be + ¢
a+b-c
X — ab — bc — ac is Samyam (common)
“.By Sunyam Samya Samuccaye Sutram, x ~ ab -
bc-ac=0
S Xx=ab+bec+ac

+

A few examples which have certain symmetrical (Cyclic) relafions existing in the
problem by applying reorientation of certain Symmetrical cyclic nature have been
illustrated by Swamiji and they are as follows. These problems using current methods will
have complicated working.

l x+a x+b x+c¢
) + + =

= =3
b+c c+a a+b

Taking - 3 over from the R.H.S to the L.H.S and distributing it amongst the 3
terms there, we have :

xX+a x+bh X+c
+1+ +1+

+1=0
b+c c+a a+b

On simplifying and by virtue of the Samuccaya rule, this whole working can
be done at'sight i.e. mentally.

x+a+b+c=0 S Xx=-(a+b+¢)

2 xX+a x+b x+4c¢ x+2a x+2b x+2c
) + + + +-

b+c c+a a+b b+c-a c+a-b a+b-¢
Add umty to each of the 6 terms and observe the equality of Numerators as x +a+ b

+C,
S Xt+ta+b+c=0 .. x=-(a+b+c)

3) x—a+x-b+x—r:_ x+a N x+b AL
b+c c+a a+b 2a+b+c 2b+c+a 2c+a+b
Subtract unity form each of the 6 terms; and we have:

X-a-b-c=0 S x=(a+b+c)=0

4) x+a x +b* x+c’
(@a+b)a+c) (b+c)b+a) (c+a)c+b)
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- x=bc x-ca x-ab
a(b+c) b(c+a) cla+b)
Subtracting 1 from each of the 6 terms, we have:
x-ab-ac-bc=0 .. x=(ab+bc+ca)

Simple Equations

5) x+a1+2c‘+x+b‘+2a’+x+c’+2b‘ _0
b+c - c+a a+b
As (h—c)+(c-a)+(a—b)=0,weadd{h—c),(c—a)and(a—b)tnthe
first, second and third terms respectively; and we have :
xtal+bl+cl=0 . x=-(al+b?+¢d)

1 1 2
6) ax+a(a” +2bc) . bx + b(b" + 2ca) . ex +c(c” +2ab)

b-c c-a
as a(b-c)+b(c-a)+cla-b)=0

- Weadd a(b - ¢) to the first term, b(c - a) to the second and c(a - b) to the last; and
we have :

=

2
t = ax +a(a +2bc)+a(b—-c)=l [x+(a1+b2+cz)]

b-c b-c
Similarly, ty= _2_[x+ (a? + b2 + ¥
cC—4a
andt; = _<_[x+ (@ +b+c})]=0

a-b
L x+al+bl+ =0 Lox=-(@+bl+cd)

7 x+a +20 x+b+20 x+¢ +24°
) + +

h-c c-a a-b
=a’ + 2b’ + 2¢? + ab + ac + be
Splitting the R.H.S into (b? + be + ¢?) + (c? + ca + a?) + (¥ + ab + b?),
transposing the three parts to the left and combining the first with the first, the second
with the second and the third with the third (by way of application of the
‘Adyamadyena’ formula), we have:

tl = I+ﬂ3+2.‘53 _{b!+bc+c1)= I+ﬂ]+b}+ﬂ3
b=c b-c
Similarly, , = e same N
, c-a
and t. = the same N

a-b
L x=-@+b +¢Y)
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Proof: 13) Miscellaneous Simple Equations:
D q " a) If the equation is in the form of sum
+ - + of series of terms whose denominators are
X+a)x+b) (X+b}x+c) (x+c)x+a) products of expressions in a cyclic
form,
px +c)+q(x +a)+r(x +b) D q r
=0 + - =0
(x +a)(x + b)(x + ¢ (x+a)x+b) (x+b)x+c) (x+c)x+a)
X(ptq+r)+pc+qa+rb=0 The procedure is that each numerator
is multiplied by the missing factor from
-(pc+qa +1b) the corresponding denominators.
Therefore, x = tatr After multiplying, the sum of the
P+ numerators is equated to zero to give the
solution.
px+c)+qg(x+a)+r(x+b)=0
By Paravartya
v = —PE—ga- rb
ptg+r
‘= Each N multipliedby the absent number reversed
N, +N,+N,
Eg.(i) Solve + 2 + : =0
(x+3Xx=3) (x=-3)x+1) (x+1)}x+5)
Current Method
Vedic Method
3 2 5
+ + =0
(x+3)x=3) (x~3)Yx+1) (x+I)x+5) 3 2 5

+ + =0
(x+5Xx=3) (x=3)x+1) (x+1)x+5)

x+1)+2(x+5)+5(x-3) _

(x +5)(x'=3)(x +1) g=—o-10+15 1
3IX+3+2x+10+5x-15=0 10 5 -
10x=2=0 b) If the denominator occurs in
x=2/10=1/5 quadratic expression form, then it

can  be  factorized  using
Adyamadyena Antyamantyena VI

if it can be of the form given in 13 (a)
then the same procedure is adopted
for example: if

3 2 3
1 T T3 =()
X“+2x-15 x*=-2x-3 X" +6x+5

(Ref. lecture notes on the section of
Quadratic equations for the factorization)
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g (i) Solve — | - 4 = : } 5
WAkt 6 ascel W +4,t+l
Current Method Vedic Method
| ) 5 I L T
W adrel 6 45041 3 4dr4] Wl 5l Wkl
| LI 0
L N B (b)) (Qrelire) (relae)
(bl 24l Qreli3xt]) (rtlfx+))
143410k 5=0
x+1_+3(;:+1)+5(21+l) l6x+9=0
(x4 0x ) k=918
W+ 434100450
l6x+9=(
=-0/16
+l )
B i) Solve : +~~-~ﬁ~a+u—+-----xJrz =E
(=Dx42) (42)x43) (xe3fx=1) x
Current Method
Vedic Method
1+l 15 il )
(- l)(x +2) T +2)(x +3) (x“+:3){x l aravartya of x and Redistribution of 3 in RHS
({H)(H}+(_x+5)(x-l)+(x+2)’*_3 e k
(x~l)(x+2)(x+3) = (=142 (e 2x+d) (x4 el x
Y 4x ¥ 45 Y s
(x l)(x+2) (x+2)(x+3) (1+3)(x 1)
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CHl 3o th-5e vhied 3 R N N
) x (=Dt ) (e Qrtd) (et Ix-1)
e ) FZ”( PHAXDHIK-)
C 4l -6 l N2+N3
W4 HIEN I 8
(- 8= L
=18 -§+3
™ 0t ey Doy i
3N o TS (-e)) Q-] x-
Current Method Yedic Method
10x+) 55x+39__| 4y ] 10r+ 551439 1 +9 3
Bl BN (D) RN RN

(10 + X1k - )¢ (854 39)2x 1) +(22x+9)(Sx+l)

(0-15x- Dyl -1 x|
10 43411004209+ 1106 42693
(10Tl

330K +00-51 )

100 -8 41851 -]

¢ +2x-17 |

IUx 371 +Iﬂxl xl 2

ll)x ﬂh Ax+17= lIUx 87 + 18- |
8= 58x

k=18/58=9/29

x-l

By Paravartya and redlstnbutmn of ight hand term
(10x 4 3)(x - 1) (3r+39)x-1)

(x-1)s- n' (5z-flIx-I)

(Ix=1§2e-1)

10r'-7x-3 1 55 - 6~ 2.0 2211-131-9_1:0

Oc=D=)  (r=Iik=0)  (lr=Ie=])
-4 S

(= 1) -1 (Sx -Ills-1) (le r-l)

-] N

) G-l (- 1)(2: )
= 1I81=9/%

(22x+9)(x-l)_l=0
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Eroof:

1 1 1 1
+ o W 4
AB AC AD BC

l

1 ] l
+
A(A+d)

A(A+2d)  A(A+3d)  (A+dyA+2d)

] |
A(A+d) - A(A+3d)

l !
T (A+dYA+2d) A(A+2d)

LY S T .
A (A+d)YA+3d) A+2d A(A+d)
2 -]
A+3d A+2d
2 -1
L P

Therefore, L + 2P =0

] ]

Eg.(i) Solve

Simple Equations

<—4 13) Second Tvpe:

If the equation is in the

form of .-.-.!_.|.._1..n:....l_ ._1....

AB AC AD BC’
where A,B,C,D arein AP.

Here the application of
Sopanthvadvavamantyam is
considered. In the given equation
first identify A, B, C, D and test
for existence of A.P. In such a
case the answer can be written as
L + 2P, where L is the last one
and P is penultimate in AP.

Sopantyadvayam means
two times the penultimate (2p)

Antyam means Last term
(L) here in the AP. |

1 1

(x+3)Xx+5)  x+)x+ T

Current Method

(x+3;(x+5)+(x+3)l{x+?)
={x+3}l(x+9)+(x+5]l{x+7)

(.r+3)l{x+5)_(x+3)l(.r+9)
=(x+5J1{x+'?)—(.r+?;{x+3)

x+9-x-5§ . x+_:_’n_-:x-5
(x+3)x+5)(x+9) (x+3)Nx+H=x+7)
4 -2
x+9 B x+7

T GeNE+9) (e SNx+T)

Vedic Method

1 i
(x +3)}x+3) : (x+3)x+7) l

l'(.11:.'+3}(Ju:+‘:'»‘)+(.1vr+5}r(:nr+':’,'}

Here A=x+3,B=x+5C=
Xx+7,D=x+9arein A.P,. Hence by
the sutra.

L=D=x+9 2p=2(x+7)
L+2p=0; 3x+23=0

3
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4x+28=-2x-18
6x = -46
X=-46/6=>x=-23/3

Eg.(ii) Solve

Current Method

} 1
2x +5x+3 3x' +8x+5$
] _ l
4x? +11x+7 6x? +19x+15

1
(x+1)2x+3) (x+D3Bx+5)

1 | 1
(x+1)4x+7) (2x+3)(3x+5)

1

1 1
(x+1)2x+3) (x+1)d4x+7)

1 1
(2x+3)(3x+5) (x+1)(3x+5)

4x+T-2x-3 x+1-2x-3

Simple Equations

2x +5x+3 3x?+8x+5 4x* +11x+7  6x* +19x+15

Vedic Method

l !

3 *+*33
X +5x+3 Ix‘ +8x+5
1 l

42 +11x+7  6x2+19x+15
1 i

(x+1X2x+3) (x+1)(3x+59)
A B A C
1 1
(x+1)Y4x+7) (2x+3)3x+5)

(x+1)2x+3)4x+7)  (2x+3)3x+SKx+1)

2x+4 -x-2

4x+7 3x+5

2(x +2)3x+5)=-1(x +2)(4x + 7)
23x+5)=—4x-7)

10x=-17

x=-=17/10

Proof:

AC+D A

BC+E B

ABC+ AE=ABC+BD
Therefore, AE = BD
4_D

B K

A D B C
L+2P=0
@x+ T +203x +5)=0
17
X= = —
10
13) Third Type: (Application of
Upasutram Antyayoreva)
If the equation is in the form of
AC+D A4 ie. if the lefhand side
BC+E B

expression barring its independent term
“ has the same ratio as the right hand side,
then that ratio is equal to ratio of the last

terms, independent terms (D/E).
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25 +3x+6 2x+3

Eg.(i) Solve
X+5x+8 x+5
Current Method VYedic Method
2x* +3x+6 _ 2x+3 2x’+3x+6 _ 2x+3
+5x+8  x+5 x*+5x+8 x+5

X(2x+3)+6 2x+3
x(x+5)+8 x+5

(2x* +3x+ﬁ}(1+5)
—(2x+3){x +5x+8)
2%° +3x +6x+lﬁx +15x + 30

= 2% + 3% + 10x* + 15x + 16x + 24 2x+3 6., ,-30-24_6 3
6x+30=16x+24 x+5 8 16-6 10 5
x=6/10=3/5
2
Eg.(il) Solve :r.:u:I +bx+ab=ax+b
cx* +dx+ed ox+d
Current Method VYedic Method
ax’ +bx+ab ax+b ax’ +bx+ab ax+b
ex’ vdx+ed eox+d ox’ +dx+ed ex+d
(ax’ +b1+ﬂb)(ﬂl+dgd) x(ax+b)+ab ax+b
—‘(ax+b}{cx +dx + =
ar:x +hcx +abcx+adx + bdx + abd Ifﬂx+d}+ﬂd cx+d
= acx’ + bex? + adx’ + bdx + acdx + bed
abex + abd = acdx — bed Therefore, ax+b _ab
(abc — acd)x = bed — abd cx+d eod
_bd(c-a) . abd - bed bd{a c)
't_ﬂc{b_d} acd - abe  ac(d - b)
1-3x 2+x-3x?
Eg.(iii) Solve
&.(t) 1-5x 7+x-5x
Current Method Vedic Method
1-3x 2+ x-3x* 1-3x  2+x-3x’
1-53: ‘?+_:|c-5.:v:z 1-5x 74+x-5x7
- 3xN7 +x- Sx] 1-3x x(1-3x)+2
“(l~—51){2+1 3x} =
7-21x +x - 3x? —Sx +15x I-5x  x(1-5x)+7
=2-10x +x - 5x* - 3x? + 15x° 1-3x 2~
7-21x=2-10x 1-5x 7

S=llxorx=5/11 27-7 -5
221410 -11 11
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Proof: (for the Vedic Method)

§ =

(x+a)(x+a+2d)

Simple Equations

14) Summation of Series:

1

1

1

+
(x+a+2d)x+a+3d)

l ! l
+
x+a+dL+a :+a+2d]

l

(x+a+2d)x+a+3d)

x+a+d

]

| 2x+2a+2d
(x+a)x+a+2d)

(x+a+2d)(x+a+3d)

2Ax+a+d)

{x+a+¢?‘}[1+a}(x+a+2d}

1

' (x+a+2d)(x+a+3d)

2 l
= +
(x+a+2d}[x+a x+a+3d

3x+3a+6d

xta+2d +a)x+a+3d)

Jx+a+2d)

(x+a+2d)(x+a)x+a+3d)

S]=

(x+3)Xx+9)

|

l

(x+a+2d)(x+a+3d)

Vedic Method
In connection with a special

(x+a)x+a+d) (x+a+d)x+a+2d) type of summation of series addition of

ﬁ'ncnons,tmt)wmdultmlhhm

Summation of series where the
factors of the denominators are in A.P.
and numerators should be equal. An
example is given below.

i : 1 |
(x+3)x+5) (x+5)Mx+7) (x+7)x+9)

It is clearly seen that the factors
in the denominators are in A.P., i.e., (x
+3),(x+5),(x+7),(x +9) are in A.P.
It is also clear that the cycle of the A.P.
of the factors of the different terms is
followed. In such a case, subject to the
above condition the summation of
series is represented by S; or S, in case
of 1 terms = ¥ N(Sumof Numerators)

(First Factor)(Last Factor)

of the total series, which is by
Antyayoreva, i.e., the terms lying only
at the ends.

This is the result of application
of Antyayoreva Sutram,

In the above example,

The common difference of A.P.
may be either a number or in x or both.
This can be extendable to numbers as
well,

It stands the proof and hence the
elegance with which the answer can be
simply written down is exemplary.
Some examples are given below:
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| | |
) ey el

Ep(i) Find S in the given summation of series:

Current Method Vedic Method
| | ' 1 l ©
S}= - ¢ = - I
(4 D0x43) (xt3)xe8) (x48)x+1) (x+2)x+9) (x+5)(x+8) (x+8)(x+11)
([ 1] 1 (x4 2+ S)x + 8)(x + 11) e in AP, and mumerators are eq
= | o [
0430042 148 (x48)x+11)
Sum of Numerators
. By Antyayoreva §;= —
[ ] Pt Tem)LaTem)
S — $—
(r4)| (x4 2)x48)| (r+8)(x+1) 3

e
_ 2(x+5) I
(x+5)(x+2){x+8) (x+B)(x+II)

) |
e eel]

AR

148(x4d x4l HB_(HZ}{ﬂ”L

| ey
ORS00 (re8)xd rs10) (x+2}(x+|l)
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By, (i) Find §y in the given summati;:m of series,

Current Method

l l I l
ey S WL B
50 K+ Tr41) £ 404

1434

b | l | 1
(x+l)(.r+2)+(x+2)(x+3]+(x+3)(x+4)+(x+4)(x+5)

)

1lx4l x4d)

b | — —

YH4x43 145

[ 2wt |1

1 X8
2 (et )| xbd] (x4 3)x45)

] . Yx+4) _.
(24 1x43) (et dhre Yo ed)

: - 2
(41 +3) (x4 3)(x+3)

)1 1]

= | —

143 i+l .H‘SJ

L[ e
.r+3h(.r+1](x+5]_

dix4)) 4

AN el

Sinple Equations

I |
—— 4 oo

Valed reSr46

Vedic Method

| 1 1 l
; + t

g
S U RE By

R

R I
-(x+l){x+2)+(x+2}(x+3)+(x+3)(x+4)+(x+4)[x+5)

Numerators are equa, (x + 1)(x + 2+ 3)x + d)x + §) are in AP,

', By Antyayoreva §, = ISum of Nner
(FistTem)(Last Te)

. M

BT
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g, i) Find §; |

Simple Equation

Current Method

|
S B |

(x t 1)(2x +4) (2x+ 4)(31 +5) (Or+ S)(4x+6

L1 1] 1

S| —p— —_—
Dtdlx4d D45 (e S)dr+6)

l '_ LSk l
I (0 3)0c45) | ue SYdx +6

_ drx+2) l
2(x+2)(x+3)(3x+5) (31+5)(4J:+6)

. l
- — .
(r43)3x43) (r+5)dr+6)

[, U] ] g
Iad{ed dea6) et 3| (ra dre6))

Akt | )
(3x+ 3)x+3)dx+6) Z(x 3N 2r+ 3)

x+3)(zx+ii+(_zx;4)('3x'+s)'

Vedic Method

SJ=' _] .|....l__1 + ]
(X320 ) (D4 d)3r+8) (Or+5)dr+6

Numerators are ¢qua
(x43), (20 +4),(3x+3), (dx +6) arein AP,

Sum of Numerators
', By Antyayoreva §; = -
(Firs Term)(last Tcrm)
3 3
S] = &=

) Axs Nt
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B, (1v) Find §; L —f— L — 4 ! ——t.
(xtatd)Ox+2a+5d) (r+2a+5d)5x+3a+9d) (Sx+da+94)7x+4a+13d)
Current Method Vedic Method
§= | | | | -
| (mmmumwﬁxmmnsﬂm) et 0130+ 1) (.r+ﬂu+d)(hr+1a+Sd)\L(3x+2a+!id](5x+1nr+M)+(S:r+3a+9a')(hr+4«+IMJ+
| l l | !
] e e Numerators are equa
tlatilxord Sitlaedd (4 d) (b 2450, (514300 (1) e
N AP
(Sr+3a+9d)(Tx+4a+13d)
b +4a +10¢ Bk
(3x+2a+5d)(x+u+d)(5x+3a+9d) ,,,,, J |
| | (x+a+d)(3x+23+5d) (x+2a+5d)(5x+3a+9d)
T S—
(3 + 3+ 9d)7x + da +13d) _1_
 Yrtda+d) | (5x+3a+9d)(7x+4a+13d)
(3x+2a+5d)(x+a+d)(51+3a+9d) [5x+3a+9d){71+4a+13d’ Sumof Numeralors
: | ', By Antyayoreva §y = — —
- . (First Term}{Last Term)
(ctatd)Setda+9d) (Sr+3a49d)Tx+4a+13) . )
. _E_Jf | (xta+d)lx+da+13d)
Sr43049d | x+a+d 71+4a+l3d
L[ e
Sv 43049 (x+a+d}{7x+4a+l3d) -
Xh+h+%) _
(51+3n+9d)(x+a+d}[7t+4a+l3d)
(x+a+d)Te+4a+13)
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65 Simple Equations

Bg(v) Find S50 -l-—+~l—+-l—-+

T Tx9 9x]|

Vedic Method

D

0% — e p

ST Tx9 Ol 1x13 13x15

3,1,9, 11,13, 15 are in A.P. with a common difference 2,

By Aty — Sumof Numeralors
(First Number)(Last Number)
4ot
xly 15
Second Type:

3)  Second type of summation of series i also explained by the
sme  Antyayoreva  Suram.  The fom s

a-b b=t c-d

.,__-___1.)

(x+a](x+b)+(x+b)(x+c) (t+ckxtd)
Numerator of each ferm s equal to the difference of the factors
in the denominator of that term. The numerators, and
denominafors ~ are n cyclic order

b) Denominators may also contain coeffcients of x not equal fo 1,
but should be same and should satsfy the above conition

a-b b-¢ -

{px+a)(px+b) (px+b)(px+c) (px+c)(px+d)
The summatton is given by Antyayoreva, i,
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Eg  ndS  hegvi summation of series

Current Method

] ] 4

Simple Equ ons

a-

hafeed)

3

(1)

b

)
(px + a)(px + d) v

Some examples are given below:

l } 4

§yr—p——
(x+2fx+3) (re3)x46) (x+6)x+

1 [ 1 3 4

oA

4 x46] (x46)r+10

1

[t |4
43 (x4 +0)] (x+6)x+10)

dx+)) X i
(x43)x+20x+6) (x+6)x+10)

4 4
(x+2Xx+6)+(x+ﬁ)(x+10}

= =t

:x+2)(x+3)+(,t+3)(x+6_)+(x+6)(x+10)

Vedic Method

1 } 4

e M.

5= $ t
(x+2)x43) (x+3)x+6) (x+6)x+10)

3-2 6-3 10-6

e e —————————

(x+2)(x+3) + (x+3}(x+6) +(Jc+6)(x+10)

[t15 1n the standard form given in (1)
By Antyayoreva Sutram

oo 02 5
" {x+2)(x+10)-(,t+2)(x+l0)
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' A
= f ——
1+0[x+2 x40
B F (2x+1) B B(x +6)
FHO (Y42 +10)  (x+0)(x+2)x+10)

8
(x+2)(x+10)

Eg(if) Find S; of the given summation of series

Current Method

) 5 )

Simple Equations

J }

S,= R D S RE— _
(14345 (x45)r410) (r+10)x+1)

| [_2 + 5_]+ )
X430x+3 x+10] (x+10)x+13)

[ s ”+ ]
143 (e43)x410)| (x410(x+13)
T(x+3) X ]

SN NeHl0) (x+10(+ 13
] )
a0 g

P73 ] 1] tocelo ]

p0LTd x413] xHI0| (ka4 1)

S NR—

(4 3)x 49 (x+5)(x+10)+(x+10)(x+13)+'"

Vedic Method

! 5 }

G2 T
(r43fx45) (reS)x410) (x+10Kx+13)

5] X 10-5 + 13-10
(x4 x+3) (reS)xtl0) (x+10)x+13)

[t15 1n the standard form given in (a),
By Antyayoreva Sutram
I
) = 0
(x4 3)x+13)

Co ol 10

-(x+10){x+3)i,;+13) F(_Jf;r3)(x+l3)
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Simple Eq o

; 7

B (i) Find 85 of lhcgwensummalmnofserles 5 +2}{x ! (S,r HfS 49 (Sx +9)6x +16)

Current Method
) ) ]

) B ey

8]

SH4(Sxed Se49] (Sr49)5r+16)

e |

S ) 9

o T6red 7

B SERIG) (re
! 7

N
]
X+9(5r+2 Sx+lo) 51+9_(5x+2)(5x+|6)#
ey
(51+9}(x+2}{5x+lﬁ)

I4(5x+9)

(‘i\ } 9){Sx + 5% +16)
14

e 1 ey e —

n+"ll‘n*16)

Vedic Method

) ]
(x+2) x+4) (5x+4)(5x+9) (5x+9)(51+16)

e

) 4-2__”|+__ 9-4 + 16-9
(re2Sxad) (xtd)ired) (x)0n+16)

i3 inthe standard form given in (b)
By Antyayoreva Suram
16-2

0 Gyl

I

e e —
-

(Sx+2)5x+16)



SECTION -2

SIMULTANEOUS SIMPLE EQUATIONS

Vedic Method
15) General Method by Paravartya:

The wusual simultaneous simple
equations in two unknowns can be solved
by the method Paravartya Sutram followed
by cyclic operations.

ax + by =c¢

px+qy=r

The coefficient of x, coefficient of
y and constant term are written for the two
equations.

Coefficient Coefficient Constant

of x of y term
a b C
p q }-i .
N N
Suppose x = —L y=. 2
ppo D, Y D,

After this set up, to get the value of
x, following the cyclic order by starting
with y coefficients and the independent
terms, cross-multiply forward rightward
(i.e., starting from- upper row and
multiplying across by the lower one) and
conversely and the connecting link
between the two cross products is always
minus. This is the numerator N, i.e., N; =
br - qc.

a b C

et

P q r

Cross link is —ve

’. Nj=br —qcC

To get the value of denominator D,
of x, following cyclic order by, starting
with y coefficient cross-multiply with x
coefficient backward and conversely, the
connecting link between them to be

negative. D, = bp - aq.
a b c

P q T
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‘ = N,  br-qc
D, bp-aq
To get the value of numerator N of
y, following cyclic order by starting with
the constant term cross-multiply backward
with the coefficient of x and conversely,
the connecting link between them to be
negative. N; = cp - ra.
X y constant term
:>-b< E
q
The Denominator D; is same as D,
D1 = h[.'l' —aq
o ﬂ _¢p-ra
77D, " bp-ag
Eg.(i) Solve x-4y=8§,
Ix +5y=17
Current Method
Vedic Method
X-4y=8 - (1)
k) |l [S— () Xx~4y=38
Equlaising the x coefficients: 3x +5y=7

Equation (2) - 3(1) is
Ix+ Sy=7
3x — 12y = 24

17y =-17
y==17/17=-1
Substituting y in eq. (1)
Xx-4(-1)=8
x+4=8§
Xx=4
~.X=4,y=-1 is the solution

Writing down the coefficients of x and y and constant
term in the order. X y constant term

Numerator(N,) 1 —4
of x is Ni=(-4)7) - (5X8)
35 7 -28-40=-68

Denomi -4 8
warommabid Di= (- 4)3)~(1)(5)
5 7 -12-5=-17

Therefore, x =68 /~17=4

Numerator (N;) 1 -4 .8

of y is »< N= (8)(3) - (7)(1)
3 57 =24-7=17

Denominator (D,) of y = denominator of x = —17

~X =4, y=-] is the solution.
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Eg. (ii) Solve

Current Method

2x+ y=10 (1)

Tx+ 8y =153 _ (2)
Equalising the coefficient of y
Multiplying eq. (1) with 8, we get,
16x + 8y = 80 (3)

69

Simultaneous Simple Equations
2x+ y=10,
7x + 8y =153
Vedic Method
2x+ y=10
Tx + 8y =53

Writing down the coefficients of x and y
and constant term in order N;, D; and N»,

Subtracting eq. (2) from eq. (3), we have D; are calculated.
16x + 8y = 80 X Y ¢
7x + 8y =353 1, .10
ox =27 XX
7 53
Xx=27/9=3
_53-80 _-27_,
Substituting x = 3 in eq. (1) T -9
2x3+y=10 X y ¢
6+y=100ry=4 241 10
"X =3,y =4 is the solution. :><
7 8 53
_70-106 -36 _,
7-16 -9
g +Z=10,
Eg.(iii) Solve !
§+ y =50
Current Method Vedic Method
242210 oo (1) X2 =10
9 7 9 7
T+y=50 ) §+y=50
Taking LCM in both equations Writing down the coefficients of x and y
X + 9y = 630 ---esnve-- (3) and constant term in order and N,, D, and
X+ 3y =150 ---reu-- 4) N3, D; are calculated.
Multiplying eq. (4) with 3, we get X y c
3X + 9y =450 ----eeueun (5) ] 1
Subtracting eq. (5) from eq. (3) 5.t
7x + 9y =630
3x + 9y =450
4x =180 =>x=180/4=45 s 1 0
Substituting x = 45 in equation (2) 50
45/3 +y =50 5710 20 63
15 +y=150 X == ; x_4=45
Therefore, y = 35 51" 9

X =45, y = 35 is the solution.
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Proof:

ax + by = £ -—--(1)
cx +dy =m ----- (2)

where b/d = #/m, i.e., bm = £d

70
Simultaneous Simple Equations

L || e
F%
L.

o]

10_50
_3 g=-20 63=35
TTTIT T T
63

There are certain special types of
equations, which can be solved by applying
different sutras.

@ 16) Special Type (1)

Anurupye, Sunyamanyat

Multiplying eq.(1) by m and

eq.(2) by £, we get,

max + bmy = fm ----- (3)
fex + fdy = fm —-ee- (4)
;.max + bmy = fcx + {dy
(ma - £c)x= (éd—-bm)y
But /d=bm
S.(ma-£fc)x=0

x=0

Substifuﬁng X in eq.(1)
by=/¢
£ m

= —or —
Y b d

Eg.(i) Solve

Current Method

S — (1)
28X + 5y = 63 weamemeecmen (2)

Multiplying eq. (1) with 7, we get
28X + 21y = 63 wecemeneces 3)

Subtracting eq. (2) from eq. (3)
28x + 21y =63
_28x+ Sy =63
l6y= 0

If there are ceriain relations showing
identical ratios, then the sutram
Sunyamanyat can be applied. If the
coefficients of one variable is in the ratio
of the constant terms, then the remaining
variable is zero. This is Sunyam anyat by
Anurupye. This is applicable to any
number of variables as well

ax +by=1{
cx+dy=m
If b/d = #/m then x = 0 and if 4=
m
theny =0
4x +3y=9,
28x + 5y =63
Vedic Method
4x+3y=9 (1)
28x + 5y =63 wemee (2)
Considering the ratios of coefficients of x
and constant terms:
4.2.1
28 63 7
By Anurupye Sunyamanyat Sutram

'l'herefdrc, y=0
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Substituting y =0 in eq. (1) S4x =9
4x+0=9 9
Xx=9/4 1=:
S Xx=9/4,y=01is the solution. y =0

Eg.(li) Solve 673x + 513y =342,

175x + 405y = 270
Current Method Vedic Method

673x + 513y =342 cencenee. (1) 673x + 513y =342
175x + 405y = 270 ==eeeen--- (2) 175x + 405y =270

Equalising y coefficients:

Multiplying eq. (1) with 15 and eq. (2)
with 19, we get

9895x + 7695y = 5130 =-enmne- (3)
3325x + 7695y = 5130 --ecee-- (4)

Subtracting eq. (4) from eq. (3), we get

6570x =0
Therefore, x =0

y=342/513=2/3

x=0,y=2/3is the solution.

Considering the ratios of coefficients of y

and constant term.
S13_19 342 19
405 15 270 15

"By Anurupye Sunyamanyat Sutram x =0
513y =342=>y=342/513=2/3

Therefore, x = 0, y =2/ 3 is the solution.
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Current Method
B0 (=)0 e 1
X+ my +(m=n)z =g ewes )
prtryt (ql = )22 1§ senene (3]
Multplying eq. (1) with £ and eq. (2) with &, we get

lax 4oy + (3"~ B)o = og e (4
(ax + arhy + a(m - )2 = amg == (§)

dubtracting eq. (3) rom eq, (4), we get,

(lc-am)y + [f(a3 - b’) ~a(m-n)Jz= (e - am)g e

Multiplying eq. 1) with p and eq. () with a

pc ey + - b= s 1)
apx +ary + a(q2 = )22 g eeeee (§)

Subtracting eq. (6) from eq. (7), we get

lllllll

(o=l + o'~ -alg"~ o= (- s ()

Muliplying g, (6) with (pc - ar) and eq. (9) wilh ((c - am)
(pcﬂlr)(fc-nm)y+(pc—ur)[!(:t"~b“)ra(m-n)]z=(pc-ar)(fc—am)s worses (] )

L Simultaneous Simple Equations
Simultaneous Simple Equations

B (i) Solve

s oy (o'~ =cs
Ix + my +(m-njz=ms
(- Do

Vedic Method

aX+cy+(a3—b3)z=cs ...... ()
X+ my+(m-njz=mg e (2)
ety - et ()

Rafto of*y" terms and independent terms is equal,
Gmr=comr

"By Anurupye Sunyamanyat Sutram
x=0,2=0

*X=0,y=8,2=01s the solution,

As extended to three variables it is clear that
variables, x and 2 are zeto, The simpliity of this
sutra as applied o this specl case s excellent,

* One can ey apreite he clegnceof i
method in comparison to the existing method




1 Simu eous Simple Equatiol
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- p-aly+(le- mipe’-b)-ae- 2=( po
Subtractingeq. from . (10), we get
(e-ale -b)-am - (le-am)fple- ¥)-alg 220

Therefore, 2=
Substituting 2= 0 ineq. (1) and (2)

K 40y = 0§ seeeeneeee 12)
I+ my = mg eeeeneees 1)

Multiplying eq. (12) with m and equation  3) with ¢

MAX + NICY = MCS weneveneee (14)
ClX + mey = Cmg eesesneens (15)

Subtracting, we get
(ma-chx=10
wx=0

Substituting 2=0,x=01ineq, (1)

Cy=0s
Y=

=0,y 5,2=01s the solution
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Special Type (2)
Sanksalana Vyavakalanabhyam VI
(Upasutra)

1. A second special type of equation
which can be solved by another sutram
Sankalanavyavakanabhyam (i.e., by
addition and subtraction). .

This is applicable to solve for x and y
when x and y coefficients are noticed
interchanged in the given equations.

Eg.(i) Solve 5x+6y=17,

Vedic Mathematics

Current Method
X+ 6y =17 meeameee (1)
6x + S5y =16 -=eeneee (2)

1) Multiplying eq. (1) with 6 and eq. (2)
with 5, we get

30X + 36y = 102 <-eemme 3)
30X + 25y = 80 weeees 4)

Subtracting eq. (4) from eq. (3), we get

lly=22=y=2
Substituting y =2 in eq. (1)

Sx+12=17
X=5i=x=1
S.X =1,y =2 is the solution.
2) In current methbd also
By addition and subtraction one can get
the solution
lx+1ly =33
X-y =-=]
lIx=-1ly =-11
22x = 22
Xx= 1
y=2

6x +Sy=16

Vedic Method

Sx+6y=17
6x +5y =16
By addition (Sankalanam), we get

IIx+1ly=33
X+y=3 -

(1)

By subtraction (Vyavakalanam), we get

X+y=1l (2)
Solving (1) and (2) we get
SLy=2,x=1
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Eg.(if) Solve 93x + 15y =123,
15x + 93y =201
Current Method Vedic Method
03x + 15y =123 veeeeeeen (1) 93x + 15y =123 ceeeeeee -(1)
15x +93y =201 ~eereeenee (2) 15x + 93y =201 «eeeeeee. (2)

1) 3lx + Sy=4]
3x +3ly=67

-3)
(4)

Multiplying eq. (3) with 5 and eq. (4) with
31, we get

155x + 25y =205 ---
155x +961y=2077

)
(6)

Subtracting eq. (5) from eq. (6), we get
936y=1872=y=2
Substituting y = 2 in equation (3)

3Ix+10=4]
Ix=31=x=1

X =1, y=21s the solution.

2) 108x + 108y =324 (by addition)
18x- 78y = =78  (by subtraction)
X=y

Xty = 3
x=1,y=2

= -1

31x + Sy=4]
3x+3ly=67

By addition (Sankalanam), we get
36x + 36y =108

X+y=3
By subtraction (Vyavakalanam), we get
26x - 26y = =26
X-y=-]

By solving (3) and (4)
“X =1, y=21s the solution.



SECTION -3
MULTIPLE SIMULTANEOUS EQUATIONS

Solution of Multiple Simultaneous equations of three or more unknowns can be solved by
the application of following vedic sutras. |

1) Lopana Sthapanabhyam
2) Anurupya sunyamanyat
3) Paravartya

The equations can be generally classified into two types.

FIRST TYPE:

The first type consists of equations wherein only one of the equations has a significant
figure on the RHS where as the other equations have zero as RHS.

Example 1: consider three simultaneous equations in three unknowns.

2x+y-z=0 A
X+3y-2z=0 —_ B
X+y+z=27 C
Current Method

By successive elimination of z and x
From A+C  3x+2y=27 D
From 2C+B 3x+5y =54 ——E
From E -D Jy=27 = y=9
Substitutingy inD , x =3

Substituting x ,yin A ,z=15

Vedic Method

In Vedic Method the above problem can be solved by two methods.

Paravartya Method :

From any set of two homogenous zero equations, new equations of two unknowns in terms of

the other unknowns are derived. Applying paravartya at this stage one can find out the
unknowns.

From A and B, newly derived two equations are
xXt+ty=1z2
X+3y=2z

Now the Paravartya sutram is applied to the newly derived equations. For this purpose z can
be treated under constant term
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X y (supposed const)

2: :I z (for x)
1 3){21

X y . (supposed const)

2 1 Z (fory)
=,

= 122)-3(z) 2 y= DI-(22 3z
M=-23) 5 IM-23) 5

Substitutingx ,,yinC,z=15

3z

X=— =3, y= 3 =9 = x=3,y=9,z=15.

£
5
Lopanasthapanabhyam Method

The second method is Lopanasthapanabhyam using judicious additions or
subtractions and eliminating one unknown. By this process two simultaneous equations in

two unknowns are to be obtained. Then one can apply paravartya method. Details are as
follows.

Two Simultaneous equations in two unknowns are to be obtained
From A+C 3x+2}r=2?} derived
and From 2C+B 3x+5y =54 are aen

X y Constant term
>
‘= 2(54)~5(27) _3
2(3)~3(5) .
X y Constant term
3 2 27

_QI3-(43 _,
(2)3 - 3(5)
Substituting x,yin A,z = 15
SX=3,y=9 z2=15,
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SECOND TYPE:

In the second type of equations all the RHS contain significant figures.

Example 2:

X-2y +3z=2—A
2X~3y+z=1] —— B
Jx-y+22=9 —— C
Current Method

By successive elimination of z and x

From 2B - C X~ Sy=-7 D
From 3B - A 5x-7y=1——E
FromE - 5D 18y=36 = y=2

Substituting yin D, x =3
Substituting X, yin B, z= 1

Vedic Method

[n this case also different methods can be adopted.

Method of Conversion of Homogenous equations into two Homogenous Zero Equations:

By cross multiplication between any two sets of equations one can derive two equations with
RHS as zero. Then the method that is already described under Lopanasthapanabhyam method
of first type of equations is applied. That is by eliminating one of the unknowns and getting
two simultaneous equations and solve the equations by paravartya method.

From2B - A 3X—-4y-z=0 — (1) _

From 9B - C 15x =26y +72=0——(2) } are obtained

From the above, two simultaneous equations in two unknowns are to be obtained.

From (1) + B; Sx-Ty=1 F

From (2)- 7B X=Sy=~-7T——G

Applying paravartya to F and G
X y . constant term
SX?XI
' -5 ~7

(= EDEN-E50_, y= =75

(=7)1 = 5(=3) (=Nl =5(=3)

Substituting x ,yinB ., z=1

Sox=3y=2 z=1,
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Zaravartya Method (Direct):

Treating this under paravartya method one can solve the three unknowns.

Paravartya can be applied to any two of the given three equations by transposing one of the
variables say z.

FromA x -2y=2-3z ]
FromB 2x-3y=1-2 } are derived
Applying paravartya to the two equations.
X y constant and z terms
are considered as one unit.

l::=--r:::'2>--<2'3z
2 -3 | -2

X = (=2)(1-z) - (=3)(2 - 3z) —7s-4 y = (2-3z)2-(1-2)1 _
2 (-2)2 -1(-3) (-2)2~1(-3)
Substituting x ,yinC,z=1
x=7z-4=3;, y=52-3=2
X =3y=2z=1.

52-3

Lopanasthapanabhyam Method

This can also be solved by Lopanasthapanabhyam directly from. the given equations
1.e., either x or y or z to be eliminated from any two given equations and obtaining two
simultaneous equations in two unknowns and solving it by the paravartya method. It is
noticed that while current method makes use of successive elimination of two unknowns
where as in the Vedic method afier the elimination of one unknown, by applying paravartya
method the remaining two unknowns are obtained simultaneously. The differences in
working out the current and Vedic methods can be clearly scen in the working details.

From 2B-C X=3y=-T—— (3)
From 3B- A XX—=Ty=1~—— (4)

Paravartya applied to (3) (4)

X y constant term

l><—3<-7

5 =7 1

= EN=ENED N )L O I
(=35 =1(-7) (-5)5-1(-7)

Substituting x and y, z = 1

All the above vedic methods can also be applicable to equations with more than three
unknowns as well. An example in four unknowns is given below:
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Example3:
2X-y+3z+4w=25 —M A
X+2y~z+2w=10 —— B
X=3y+3z-Iw=-T—uno_C
-X+4y~4z+w=-] ——D
Current Methnd*

By successive elimination of x, z , y

From A+ 2D ly-5z+6w=23 _E
FromB+D by-5z+3w=9___F
From C + 5D 17y~ 172+ 2w=-12——__G
FromE -F y+iw=14 ———H

From 17F - 5G 17y +41lw =213 ——1
From 17H - | lﬁw=25=>w=-§-

SubstitutingwinH, y = %

Substitutingw, yinF,z = 1—5

Substituting w, y,zinB, x = -%

N 1315 3
CXTm— Y= = 2= =
2 2 2

1
2 k-
Yedic Method

Method of conversion of given homogenous equations into 3 sets of zero Homogenous equations:

From A + 25D 2x-99y+972-29w=0 ——]
From B + 10D X - 42y+4lz-12w=0—"K

FromC - 7D 12x =31y +31z-10w=0 L
Eliminating x from the above.
From 9] - 23K 15y = 14z + 3w=0 M
From 3L - 4K y-Tlz+ 18w=0 —N
FromK+9D  6y+5z-3w=-9 P

From the above, two simultaneous equations in two unknowns are obtained by eliminating w.
FromM +P y=2==]———0Q |

From N + 6P Vy-4lz=-54—— R

Paravartya applied to Q and R

y Z constant term

T R
X X
390 417 54
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(-1)=54) - (41)=D) _13 L= (=D039)~(=54)1) 15
(-1)39 - 1(-41) 2 (-1)39)-1(-41) 2

}ll'=

Substituting y, z in H, w = %

- _ ]
Substitutingy, z, win D, x = "3

Paravartya Method: (Direct Application) by |
Considering any two of the given equations.

From A 2X -y=25-3z-4w P
From B X+2y=10+2z-2w Q
Applying paravartya to P and Q
X y constant term
2 -1° 25-3z-4w
1 2 10+2z-2w
‘= {-1](]{]+z—2w)-2{25-—3z—4w)=lz_z_zw R
(=D1-2(2)
y=(25—33—4w)1—(1{]+z—_2w)2=z_l S
(=D1-2(2)
Substituting x, y in C 5z+ 13w=170 T
Substituting X, yin D z+3w=15 U
Applying paravartya to T and U
v4 W constant term
XX
l 3 15
, = (13)15)-3(70) _15 W= 10 -5015) _5
(13)1 - 5(3) 2 13(1)-53) 2
y=z-1= -I-E-I=E 7 Xx=12-z-2w= -1
2 2
I _ 13 __ 15 5
x_-_i T s lE =  WE -
2 2 2 2

Lopanasthapanabhyam Method: (Successive elimination followed by paravartya.)

From A + 2D Ty~5z+6w=23 \'"
FromB + D , by-5z+3w=9 w
From C + 5D 17y =172+ 2w =~12 X
FromV-W y+3w=14 Y
From 17W - 5X 17y + 41w =213 Z
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Paravartya appliedto Y and Z
y w constant term

l><3\>(14

177 417 7 213
- 3(213)-41(14) _13 we 117N -2131) 5
(T -141) 2 3(17)-141) 2

Substituting y, win W, z = -];-

Substitutingy, z, win D, x = - 3

Multiple simultaneous equations (Equations containing three or more variables).

These Equations are solved by Lopanasthapanabhyam Sutram, Anurupyena, Paravartya,
cross—multiplication etc. '

Multiple simultaneous equations of the following two types, one (considered),

(1) Two of the equations have zero on the RHS, whereas one has significant number.
[n this type one can obtain the value by Lopanasthapanabhyam or by paravartya.

(1) The second type of equations are that all of them have significant figures on the RHS.

The three methods that are applied in the second type to get the solution are clearly
explained in the Lecture Notes.

To derive two zero equations using the above by way of combinations i.e., suitable
subtraction, addition.

The Paravartya wherein two of the unknowns to be treated on the basis of simultaneous

equations and the others are combined with the constant term  which is finally as total
combination and is as considered as constant.

Lopanasthapanabhyam 1i.e., elimination of one variable one after another successively to

culminate into two simultaneous equations in two unknowns which are subjected to
paravartya.

Further extension of these methods could also be clearly worked out based on these above

principles and is extendable to any number of unknowns. A few examples with 4 unknowns
are also explained. :

This method is extendable to linear equations with any number of variables by
converting them to a two variable simultaneous equations.
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It is felt that there is definitely an ease in solving the equations with the help of the
sutras.

1) Itis observed that in solving linear equations in three variables if the condition A = 0,
1s satisfied; one will arrive at unique solution.

2) Butif A, A, Az, A are all zero, the set results in infinite number of solutions.

3) IfA=0, Ay, Ay, Az are not all zero then the set of equations lead to inconsistency and
this lead to no solution.

4) If the set of equations are homogeneous i.e. RHS = 0 then a trivial solution exists one
can also expect a non trivial solution only, if A=0 A, = A;= Ay = 0 then one can
expect a non trivial and infinite number of solutions.

Based on the above factors it is attempted to study the conversion of a) The
set having unique solution to a set having an infinite number of solutions b) To
inconsistent set with no solution and so on.

For working out the solutions, the Vedic method of Parvartya principle is
applied.

Example 1:

1) Conversion from a set having unique solution to a set having an infinite number of solutions.
Starting from a set of equations having a unique solution, one can attempt to change the

set suitably so that the modified set of equations will answer infinite number of solutions
and vice — versa.

1) Let us consider a set of equations in three variables

3x+2y+z=10 (1)
Sx +3y+2z=17 (2) 1
Ix+8y+2=26 (3)

Applying Vedic method, the solution of this set is obtained as follows.

3 2 10-2
5 3 17-2z
_34-4z-3043z _ -
x= , =4~z It can be also be seen
50-52-51+62 that A, Ay, A; and A; are
Y= ] =z-1 not equal to zero

Substituting in equation (3), the values of x and y
28-72+82-8+2=26

22+20=26

z=3 = x=1, y=2, z=13
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2) In order to arrive at a set of equations which will give infinite number of solutions one can
change suitably either an element or a row or a column such that A, A, A,, A; are all zero.
Here we have considered the change of the first row of I by replacing 3x + 2y + 2 as
ax + by + cz and keeping the right hand side values the same. The change should result in
the above condition for the A’s to become zero. If A were to be zero then the condition is
- 13a+ 9b +19c should be zero (by evaluating A for the set of equations),

2)

We can give values for a, b and ¢ such that the condition is satisfied. One such
combination is that a be given value 2, b be given value ‘5' when ¢ becomes ~ 1.
These are the values for the first row, (These are arbitrary) but satisfying the condition
that — 13a + 9b + 19¢ = 0 for the A to be vanishing.

The modified determinant
2 d -1
A= 5 3 y) =( Ay, Az A; are not zero
7 8 1

The second step is to alter the values on the RHS (p,q,r) suitably so that A, A,
A3 also vanish. For this purpose let p,q,r be the new values for modified equations.

2x+5y-z=p
Xx+3y+2z=q II
Tx+8y+z=r

In order to see that A, = A; = A; = 0 the condition is that p +'q — r should be
Zero, whicp can be worked out by evaluating A, Ajor A;

The original values of p,q,r are 10, 17, 26 (I) will not satisfy the above
condition. But a slight change in the values say for example

p=10 g=16 r=26will satisfy the conditionp+q-r=0

Keeping these values for the finally modified set of equations (IT) the Vedic
Method is applied for evaluation of x,y,z and is as follows

2x+5y —-z=10
x+3y+2z=16 ||
Tz+8y+z=26

We can evaluate X, y, z values

2 5 1042
5 3 16 -2z _
- 80-10z-30-3z 50-13; . _S0+52-32+4z 9z+18
19 T y 19 19

Substituting the values of x, y in the 3" equation 7x + 8y +z = 26.
7(50-13z) + 8(9z+ 18) + 192=19x 26
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3)

350-91z+ 72z + 144 + 192 = 494
z gets cancelled, z can have any value say k.

x=50—13k y=9k+13 =k
19 19 °

Consistent and infinite number of solutions depending on k (arbitrary).

a) To arrive at a set of equations from the previously modified set II for which A = 0,
so that finally inconsistency results. This is achieved through a relation between p, g
and r. In this case of modified equations II for which A = 0, the condition for A, = 0,
A=0,A3=0 isthatp+q-r=0. :

If p+q—ris not zero then in general A, A; A3 not all are zero as such one can
also have another set of values for p, q, r which satisfy p + q # r. This is the condition

for inconsistency ie. A=0 A} # 0, Ay # 0, Ay # 0 so one can arrive at such
equations from II when the relation p+q # r.

One such setis p=10,q=16,r=250r p=10q =17 r = 26 which are the
same values in the set I. From these studies it is clear that one can derive from a set of
equations satisfying unique solution, a set giving infinite number of solutions,
another set giving inconsistency leading to no solution. These changes cun be also
brought out by altering an element in a row

For example let us consider set of equations I

Let the element 1z be changed in the first row, let it be cz .

[n order to represent this set to have infinite number of solutions starting from I.
(1) The condition for A to be zero is

-39+ 18+19¢=0

-21+ 19 =0 .-—:.rvr.::=ﬂ
19

¢ should be ]2—; in order to have its determinant vanishing.

L.et us study the condition tor A, A; and A; to vamish
21 p(3-16)
2 — = -2(q -2
a=|P 19 21 -2
q 3 2 21
r 8 1 + 'ﬁ {3(1—31')
=—13p-5q+10r+
168 63
g-—r=0
19 19
- 13]}+ 3ﬁq+l3r=
19 19
-247p+130q+ 13r=19p-r-10g=0
; 21
19
7 8 r
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4)

=3(q-2) - p(S - 14) + % (5t-7q)

105 147
=3q-6r+9p+ — = ()
9-6r 9t 19" T9 9
9 90
- -g=0
P71 "197
17p~9r-90q=10
19p~r-10g=0 (2)
~-247p +130g+13r=0
-19p+10q+r =-19p-10q-r (1)
3 2 p
ﬂ}'—" 5 3 q =0
7 8 r

3(3r - 8q) — 2(5r — 7q) +p (40 - 21)
-1-10g + 19p = 0 condition is for A, = Ay =A3=0

The values on the RHS of Set I will not satisfy the above condition let us
choose a combination of p, g, r such that the condition is satisfied.
p=10 q=17 r=20 from I (with changes in z)

Now the set of equations are

3x+2y+%=l[}

Sx +3y+2z=17 |
Ix+8y+2z2=26

Solv. g the modified equation by Vedic Method we get

3 2 lﬂ—ﬂz
9
> 3 17-2z
- 105 _
x=34-47-30+ @_z=4119 13z y= 50— 27 51+6z= 19+9z
19 19 19

Substituting the values of x and y in the third equation.
532-91z - 152+ 722+ 192 =380
Z gets cancelled
z can have any value, say k.
_76-13k _9%-19

19 AT
. Consistent and infinite number of solutions.

.' x

Inconsistency results for values P, q, r which will not satisfy the relation
19p - 10q - r = 0 starting from the given set of equation II with C i.e. (which gives
zero value for A)

Consistent and unique *» infinite No. of solution — inconsistent
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a) A » 0, whatever are the values for A,, 4,, A, unique

b) A=0,4,=0,4,=0, A, =0 for infinite number of solutions

c) A=0,4,, 4, A, not all are zeros. Inconsistency solutions

d) One can also aim at equation resulting in inconsistency from the
given equations giving consistent unique solution

5) The same set of equations (set I or set II) when all are equated to zero, becomes
Homogeneous with the trivial solutionis x =0, y=0,z=0. An attempt 1s made to find
out non — trivial solutions if any is as follows.

We consider the modified equation from I, A=0, A, =0, A, =0, Ay=0
It leads to infinite number of solutions in addition to the trivial solution.

We consider
2x+Sy-z=0
SK+3}'+22=U‘ ﬁ¢0,ﬂ|=ﬂz=ﬂ3tﬂ
IX+8y+z=0
2 5 z
5 3 -2z
y=—10z-3z -13z
19 19
y= 3z +4z _2z non trivial also exists if 2 » 0 leading to infinite number of solutions
19 19 |
-91z2+722+19z2=0 z can be arbitrary also z = 0.
3x+2y+z=90 (1)
JX+3y+2z=0 (2)
x+8y+z=0 (3)

Application of Paravartya to the equations (1) & (2).

3 2 -z
5 3 -2z
_ —4z+3z

X

o
y=-52+6z=1z

Substituting x and y in (3)

-72+8z+z=0 = 2z=0= z=0

22=0 z=0

“x=y=z=0

There is no non - trivial solution. But there is only trivial solution

But there will non - trivial solutions in addition to trivial solutions in a set of
homogenous equations on RHS =0 when A = 0 invariably 4,, A,, A, are all zero
For Example

X+2y-z=0

3X+2y-7z=0

~-X+3y+6z=0
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1 2 -1

A= 3 2 _7=1(12+21)-2(18-7)-1(9+2)=33-22-11 =0
-1 3 6

A =8,=0,=0 Trivial and Non - Trivial solutions

Example 2
L Let us consider another set of equations

2x-4y+z=~17 (1)

IX+2y-Tz=5 ) I

-X+3y+62=13 (3)
0, 0 ye 0, LA

Hence this is consistent and should result in unique solution.
This can be worked out using Vedic Method.

Applying Paravartya to the equations (1) & (2)

2x-4y=-7-2

Ix+2y=5+7z
2 -4 -7-2
3 2 5+7z

x=—2{}—233+14+23 +6+26z 3+13z

-12-4 +16 8
y=21-32-10-14z _ +31+17z
-16 +16
Substituting in (3)
fﬁ+26:{)+‘3(31+l?z}+6z=13
L 16 16
-6-262+93 + 51z + 96z = 208
121z=121

z=1, x=2, y=3

L. In order to get the infinite Number of solutions form the set I of equations,
The modifications are as follows.
A=0, ﬂi=0, %20, 453=0
First step is the condition for A = 0 can be obtained by keeping one of the rows say for
example the first row as ax +by + cz=p
The other two equations are
Ix+2y-Tz=q
-X+3y+6z=r
The condition for A to be vanishing is 3a-b+¢=0
This can be achieved form a number of combinations. A few are given
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a b c
1 2 -1
0 2 2
3 2 -7
-1 3 -6

Let us consider 1, 2, — 1 for a,b,c respectively. Then the modified equations can be written as

111

x+2y-z=p (N
3x+2y-Tz=q (2)
~X+3y+6z=r (3)

If A, should be zero then the condition 11p - 5q - 4r=0.
Should be satisfied such combination could be 2,2,3

X y Z
1 2 -1 = 2(p)
2 -1 = 2(q)
-1 3 6 = 3(r)
Applying Paravartya
I 2 2+z
2 2+ 72
X = 4+l4z—4—2:=123 _ 3,
4 4
y= 6+14z-4-22 _ 4-4z o1z
4 4

Substituting the values of x and y in (3).

-3z+3-3z+6z2=3

z gets cancelled and z can have any value k.(k arbitrary)
L x=3k, vy=1-k, z=k

To arrive at inconsistency, the modification is as follows

a=0, 8,2 0, 8,2 0, 8340

As such the p, g, r values now take different set say |, m, n.

The condition for A, to be non zero is — Sm —4n + 117 0. One set of values for
¢> m, n which satisfy the condition y=1,m=5,n=3

This is same for 4, and A,

Letustake ytobe I, misSandnis 3.

X y 4
] 2 -1 1(1) -~ 1
3 2 -7 5(m) —2
-1 3 6 3(n) —3
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Apply Paravartya to the equations 1, 2

1 2 l1+z
3 2 5+72
x=10+14z-2-2z =8+12:-:' =243z
4
y = 3432~-5-72 -2-4z
4 4

Substituting the x, y values in (3)

(8 +:2:) N 3(_—24— 42) 424z =12
~8-122-6-12z+24z=12

- 14 = 12 in consistent relation
Hence no solution

The conditions required for consistent and unique solution, consistent and infinite
number of solutions, inconsistency and no solution and trivial solutions etc can be
clearly worked+out. Then if one set of equations with a specific conditions are given the
other equations satisfying the remaining required conditions can be worked out with

suitable modifications. Very interesting results could be obtained. These methods can be
applied for any number of variables as well.



CHAPTER I

SECTION -4

QUADRATIC EQUATIONS

In a quadratic equation of the type ax? + bx + ¢ = 0.

Current Method
ax’+bx+c=0

Transposing, ax* + bx = - ¢

Dividing by a,
Fely=_C
a a

Complete the square by adding to each

h 2
side [—] ; thus
2a

1.e., | x+-—l?-] =-
2a 4a°

Extracting the square root,

o b =:t-,4fl(b2 ~—4aci;

2a 2a

o ~by[b? - dac)

2a

Vedic Method

General Method

The differential of each term is
obtained by considering its Dhvaja Ghata
(the power) as the Anka (coefficient) and
reduction of the Dhvaja Ghata by 1.

Ex. Term x*, First differential is 2x.

Thus, the first differential is worked
out on the basis of above for all terms
containing x of the quadratic equations.

In Vedic Method, by equating the
first differential to the discriminant, one
can directly write down the roots, which
1s extremely simple. The first Differential

= + /the discriminant

Using this relation one can solve
the two values of x.

First differential is also equal to
the sum of the two binomial factors in
case the x coefficient is 1. As otherwise
this will be satisfied only by making x*
coefficient] as follows.

ax’ + bx+¢ =0 (1

x1+Ex+£=ﬂ (2)

b!
'ﬂl
o
X+ —= :1:J-b—1 =z
2a 4a° a
vb® ~dac

2a

Factors are l X + ; -
a

First differential D, = 2x + & = |2 - 3¢

a
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I —
and x + b N Vb 4ac
2a 2a
When the two factors are multiplied one
gets the equation '

a

Sum of Factors = 5, . b

First differential D, = 5, . ® = Sum of the two factors
a
. First Differential = Sum of Factors

and it 1s also that the two factors are

1* Differential = + « Discrimin ant

Examples:
1. Solvex?-13x+42=0
Current Method Vedic Method
¢~-13x+42=0 ax’+bx+c=0
134169168 First Differential =+ \/The Discriminant
A= 2 - 13x+42=0
13441 1341 2x-13=1% 169168
2 .= 2 2:{ = ]3 =% 1
=7o0r6 x=1,6

Sum of the factors = (x = 7) + (x - 6) = 2x
13 = First differential.

Another method which is called Adyamadyena Antyamantyena followed by
Anurupyena is also applicable in solving QE.

The method is to split the x term into 2 units such that the x? term by the 1¢
split term which is called Adyamadyena is equal to the ratio of 2™ sphit x term to the
constant term (Antyamantyena). As these two should be in the same ratio which is
called Anurupyena. The two factors of the QE can be obtained as follows. The sum of
the numerator and Denominator of the Anurupyena is one of the factors: while the 2™
factor is derived again by Adyamadyena and Antyamantyena. Modus operandi of this
sutram to get the 2™ factor is understood as follows. Consider the first factor which is
already derived, from this one can write down the 2™ factor as a + b where a is the 1*

highest power of x by the first term of the first factor and b is the last.constant term of
the equation divided by last term of the first factor.

By Adyamadyena Antyamantyena followed by Anurupyena

X2-TXx-6x+42=0
x _ -~ bx
-Tx 42

(x - 7) (first factor)
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x_!+£=(x_6) second factor
x =7

. Given Quadratic = (x - 7) (x - 6)

2. Solve 6x2-25x+21=0

Current Method Vedic Method
6x* - 25x +21 =0 6x* ~25x +21 =0
254625504 12x=25=2% [e35-504
12 12x-25=% finy
12x—-25=%11
25+4121 25+11 x=3or7/6
12 12 Sum of the factors = (x - 3) +
=3 or 7/6 ?J 25
X+—|=2x—-—
6 6
x? — Ex + ﬂ =0
6 6
D, =2x- 23
6
First differential (D,) = Sum of its
factors.

By Adyamadyena Antyamantyena followed by Anurupyena
6x2-25x +21=0
6x? ~ 18x - 7x +21 =0

'

6x° ~Tx
x=-3)is a factor
- 18x 21 ( ) f
Iy
6 o2 = (6x — 7) 1s second factor.

Y -
(6x% ~25x +21) = (x - 3) (6x = 7) =0

3. Solve ,’ _I_,;_ l =
Current Method Vedic Method
x’ - -?-.r -1 =0
xz - 1 X — l — |:| 6 2
6 2 First Differential = _/The Discriminant

7 49
2X=—=% |— 42
636 6V 3s

2

X =
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Ei ]_2_1 zil_l 21-—1=:t J%
(-5 V36 _6 6 6
2 2 2:;—3:1:-1-1
7 11 6 6
I 2x =3 or-2/3
x=3/2or-1/3 x=3/20r-1/3
Sum of the factors : T—E)+(I+%J=[ZI——
2) \
= First Differential
11—E1_1=D
6 2
» 3 1 1
X'——X4—x-—=
2 3
1
2 —X 3" )
* —é_:;(x__llsunefactnr
1 2
_._I — e
2 2
1
2
L:L:} I.l.lliﬁmndfactﬂr
x =3 3
2
(, 7 1] ( 3][ 1
X ——=x=—|={x==||x+-
6 2 2 3
) E=a’+3a+2=0
Adyamadyena Differential Relation
a’+2a+a+2 Di=2a+3=1t fg_g =2a=-3%

9 _8%_, (a+2)isafactor !

2% 2 ‘. (a+2),(a+1)are the factors of E
2
a _ 2 —, (a+ 1) 1s second factor
a 2
2) E=a’+7a+12=0
Adyamadyena Differential Relation
EI+4E+3H+12 D1223+'}'=i 49 - 48 > 2a=-7T%1
@’ _3a _ (a+4)isafactor <+ (a+3), (a+4)are the factors of E
4a 12
a’ 12

— + — = (a+3) is second factor
a 4
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3) E=x'-11x+30=0

Adyamadyena Differential Relation
X*~ 6x - 5x + 30 Di=2x-11=% f131-120 @ x=11%1
-5x (x - 6) is a factor Y (X = 5), (x - 6) are the factors of E
-6x 30
x* 30 _&\:
— 4+ = (x-5)1s second factor
x -6

4) E=x*-18x+45=0
Adyamadyena Differential Relation

x?- 15x ~ 3x + 45

Di=2x~18=1 304180 @ 2x=18112

~3x (J[ _ 15} is a factor (1 - 3), (3{ - 15) are the factors of E
~15x 45
2
* . 4 — (X = 3) 1s second factor
x =15
5) E=a*-24a+95=(
Adyamadyena Differential Relation

a’—5a-19a+95 D,=2a-24=*% \/5?6—330 =2a=24%*14

a =19 ' (a-5)is a factor "+ (a-35), (a—19) are the factors of E
-5a 95
@ 95 _ (a-19)is second factor
a -5
6) E=a*+54a+729=0
Adyamadyena Differential Relation

a’+27a+27a+729=0

D\=2a+54=1 [7916-2916 = 22=-54
a’ _2la - (a+27)is a factor "o (a+27)* are the factors of E
27a 729

a 129 4 27) is second factor
a 27
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7) E=x?-26xy+169y*=0

Adyamadyena

x?— 13xy - 13xy + 169y?

2

¥ Dy ~(x-13y)isa
-13xy 169
factor ’

2 2
X, 169y

x =13y
factor

= (x~13y) is second

Differential Relation

Dy =2x-26y=1 676y - 676’
= & =20y =x=13y
‘. (x = 13y)* are the factors of E

8) E=x'-9xy+14y*=0

Adyamadyena

x'- Txly - 2x%y + 14y

4 2
*___ Xy (x>~ 7y)isa
-y 14y
factor
4 2
* 18 (x?-2y)is second
_?y
factor
2 -
X‘=Ty x—iﬁ
X’ =2y x=t )

Differential Relation

Letx*bea
. E=al - 9ay + 14y

Dl =23_9y=:|: \/371}’5;55}’1

9) E=20+9x +x?

Adyamadyena

x* + 5x + 4x + 20

2
I_=E=, (x +35) 1s a factor

Sx 20

2
i,+39-_-_,.(x+4) is second factor

X

= 2a=9y x5y a=7y, 2y
x2=7y,2y
X=1 [y, £2y

Differential Relation

D)=2x+9=1 [g1-80 = 2x=-9%1
Z+ (x +4) (x +5) are the factors of E

10)E=x*+8x+7=0
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Adyamadyena

X+ TIx+x+7

2
2% (x+7)isafactor
Ix 17
x 7 (x + 1) is second factor
AN

x 7

Quadratic Equations
Differential Relation

Di=2x+8=1 [g4_28

xX=~816 2x=-7-1
“o (x+1) (x +7) are the factors of E

11)E = x? + 49xy + 600y* = 0

Adyamadyena

X’ + 24xy + 25xy + 600y?

2

2Uxy 600y}

2 2
x_, 800y — (X+25y)is second factor

x 24y

r Py = (x +24y) s a factor

Differential Relation

Dy =2x+49y=1 401y* - 2400y’
2x=-491y
“o(x +24y) (x + 25y) are the factors of E

12)E=x*-9-90=0

Adyamadyena

x* - 15x + 6x - 90

Differential Relation

Di=2x-9=1% 314360

2x=9121=>x=15-6
‘(X +6) (x - 15) are the factors of

13)E=x"-x-240=0

= 5% (x-15)isa factor
-15x =90
3
* | -0 ,(x +6) 1s second factor
x -15
Adyamadyena

X~ 16x + 15x - 240

X 15x

= — (x - 16) is a factor

~16x - =240

X =240
x ~16

Differential Relation

Di=2x-1=1% fi;060=>2&=I12
31

o (x +135) (x - 16) are the factors of
E

(X +15) 15 second factor
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14)E=a’+a-20=0

Adyamadyena Differential Relation
a’+ S5a-da-20 D;=2a+1=% 1+80
'z —
a” _-4a > (a+S5)is a factor = 2a=-119=a=-35, 4
Sa -20 . (a—~4),(a+5)are the factors of E
2
il 20 : »(a—4) is second factor
15)E=x*-4x-12=0
Adyamadyena Differential Relation
X'~ 6x +2x - 12 Dy=2x-4=116+48 = 2x=4+
. 2X . 8
- 6) is a fact
~-6x -12 (x~6)is a factor S (X +2) (x — 6) are.the factors of E
2
X'+ =12 (x +2) 1s second factor
X -6
16)E=2"~122-85=0
Adyamadyena Differential Relation
ﬂz—?l?ﬂ+53-35 Dy =2a-12=1# 144+ 340
4 a (a-17)isafactor = 2a=12122
-17a -85 ‘. (a+5)(a-17) are the factors of E
2
. .BS (a+35) is second factor
a =17
17)E =x* + Txy - 60y* = 0
Adyamadyena Differential Relation

X+ 12}»'-53;—603'1

2

Dy =2x+7y =t |49y + 240

i -Syz (x+12y)isafactor = 2x=-Ty117y x=-~12y, Sy
12y -60y ", (X = 3y) (x + 12y) are the factors of E
x' 60y’

»(x — Sy) 1s second factor
12y
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I8)E=x*-a’x?-462=0

Adyamadyena Differential Relation
x!— 22a%%? + 21a%x? - 462" Let x? be
x* 21a%x? ‘. E=of - a’a - 46a*
-22a’x*  -4624"* D, =2a-a=% [ 1848,"
= (x?-22a%) is a factor _
‘( 4 Jisa 2a=a’ta’ f{g49
x°  462a 20 = 4422, - 422°
XX -224° a=22a% - 21a’
= (x®+21a?) is second factor x?=22a%, - 21a’

1=:t~.r(2_2a+
x=% Plia

19)E=98-7x-x? =

Adyamadyena Differential Relation

"X+ Tx - Dy=-2x-7=1%/49+392

-x'  —14x (-x+7)isafactor ~2X=+T7E2l=>x=-14,7
Tr 08 (x —7), (x + 14) are the factors of E
- o8 _ which will satisfy E.
Z +Z2 — (x+14) is second factor
-x 7

A few special cases are given below, which can be solved very simply by using Vedic
Method

First Special Type 1
1) Reciprocals: If the equation is in the form of 2X, b _P
b ax ¢

In this form one has to split the right hand side exactly to have a similar
reciprocal form as the left-hand side.

The left-hand side can also be of a binomial or a polynomial having this
relation of reciprocity. Even then the right hand side has to be processed as above.

In the problems that are shown below, the ease and elegance with which the
problem can be solved using Vedic Method is very clear from the comparison
with the existing method wherein very elaborate working details are found
necessary for obtaining the result.

Examples:

1. Solve , , P 12

—_—
—

x 11



Vedic Mathematics
Current Method
1 122
X+ —=—
x 11
1 122
X — i ——
x 11
x1+l——;~%~2-x=ﬂ
11
122 14884 _
o 11121
122 14400 122 120
e ¥ [ 255 + =
X = iV _ 11 11
2
242 2
X= or -
2x11  2xl11
=11or1/11
2. Solve
Current Method
x+5ux+1_2'}'2
x+1 x+5 273
(x+5) —(x+1)" 272
(x+D(x+5) 273
XX 4+25410x-x*~-1-2x 272
x' +6x+5 273

273 (8x +24) =272 (x* + 6x + 5)

2184x + 6552 = 272x* + 1632x + 1360

272x* - §52x -~ 5192 =0
34x? — 69x — 649 =
Lo 09t V4761 + 88264

68
69493025 691305

68 68
374  -236
X=——0r-
68 68
11 59
X=— 0or ~ —
2 17

100 Quadratic Equations

Vedic Method

b

When LHS is of the form %:t -

we should try to split the RHS into
similar reciprocal form (< + 4
c

-, Split 122/11 as n+ﬁ

]
X+—=11+—
X i

S x=11orl/1]

x+5_ x+1 272

x+1 x+5 273

Vedic Method

J:+5_x+1 272

x+1 x+5 273

x+5_x+1 21_13

x+1 x+5 13 21

x+5 21 -13
= —Qr

x+1 13 21

.r+5_21

x+1 13

x—ﬁs_m ﬂ _1_1
21-13 8 2

x+5 =13

x+1 21

I__105+13 -118 ~—_59
-13-21 34 17
11 - 59

X=—, —

¥

2 17
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to xth o +b 42 +a+b)

3 Solve —
th xta  l+a+b+ab
Current Method Vedic Method
X+ ﬂ_a +b° +(l+a+b) m+;+b_az+b’+2(l+a+b)
t+h x40 l4a+b+ab x+b x+a  l+a+b+ab
(x+a)’+(ll_x+b)’_a!+b3_+g_(_l+a+b) e xth o +b’+_2)_r2¢1+2b
(x+b)x+a) |+a+b+ab x+h xta  l+atb+ab
frd B e 048 e 1o 14 _ (4] 414l
Fhathrtad  latbiad b xta  (I+a)l+h)

)
2x +2(a+b)x+a +b a+b2+2(1+ﬂ+b) x+a x+b l+a 14b

X +(a+b)x+ab l+a+b+ab E’LE:m*Lm
(' +2(a+b)x+a +b2)(l+a+b+ab) =[t 40 421 +a 4

b)]} +(a+b)““b] ) , xta l+a 1+b
2+ 20+ Qb kat + 0+ a + Qa4 Qabe + 4+ b4 by —— 20—
Fab+ 2+ bal +1+ b+ el + ety + b 4o b 1+h I+
'ax+b“+2x+2axz+2bx2+a’x+abzx+23x+2ax |
$2ab+ba'x+ b+ 2w+ Db+ 26+ + b+ b ALILLLSEY
+2azh+2ﬂb2 1+b [+b
b’+a’+ab’+ba +1+ 2abx + 2a'bx + 2ab'x
=X b 4 'k abPa+ baty bk 4 2ab + 2ah 4 2ab! L”:ﬂ
2abx+(2a’b+2ab2)x+a+h’+a’+b’+ah2+ba rh l4a

=(a + D+ (o + b+ ba 4 B+ Qab + 2alb + 2ab
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:?'(a +b' - Zab +ga+ab+ba +b - 2a'b - 2ab’)x + ab +
Zab+2ab- -b-a-b—b _ba'=0

2 (a-b)x"+ (2 +5 - ab - a’bx + 2ab+ab+ab’ - o - b’ -
i -b=0

F(a-b)x'+[¢'(a-b) +b' (b-)x +a'(b-2) + - b) - (- by’
=()
(a- h)x+(a b)(a bx+ bg(b a -(a-b ‘=0
(a b) +(a )(a+b)x (a-b){a+h)-(a- b) =()
K +@+bx-a-b-1=0

-a-b:tJ(&+'bf:4a+-4b+4

X= -
[
_-a- b:t\!a +b2+2ub+4a+4b+4
2
:a-bi (a+b+2)’
2
_-a-bi(a+b+2)
2
-a-b+a+b+2 -a-b-a-bh-2
- M Y P
2 2

=lor-{(ath+l)

102 Quadratic Equations

a(l+a)-b(1 +b)
[+b-(1+4a)
ata I-b‘l:v2
1+b-1-g
_a-b+a’-b’
b2
(a=bX1+a+b)
" b-g
=l +a+bh)

>X=

x=1, x=(14ath)
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Special Type 11

(II) Sunyam Samya Samuccaye Sutra;

Another special type wherein the equation is of the from i=1%;i where

| ]
N,D’s are expression in x then Sunyam Samya Samuccaye Sutram can be applied.
Particularly when the x’ is not getting cancelled on both sides, it leads to a
quadratic equation (general form). In such a case the solution cah be obtained by

verifying the possibility of the application of the Samyam. (Refer to simple
equations)

I. Ny+D;=Ny+D, for a complete
2. Ny~N;=D;~D; | solution

3. N\~D;=N;~ D)y | this set can

4. N;+Ny=D;+Dy’/ betried

Examples:
1 Solve X+3 2x-1
| 2x-7 x-3
Current Method Vedic Method
o1 I X+3 2x~|
2’;_? o -7 x-3
+ = —
(X+3)x=3)=2x-1)(2x -7 N D'_h 4
, 2 N1+DZ‘3K-4
X =0=4 - 16x+7 . By Sunyam Samya Samuccaye Sutra
X - 16x + 16 =0 :
lﬁiJESE-l'?E 31 -4=0=x= ; one snlutinn
);:
Ni~N;=x-4
1664 16+8 84 D,~D)=x-4

".By Sunyam Samya Samuccaye Sutra
X = 4 another solution

4
LX= 4, -

=4 or4/3
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2. Sobve _ !, 5 _2
2x-5% 2x-a a
Current Method Vedic Method
I . 5 _2_ i 5 3 _
2x -5 2x-a a 2x-5a 2x-a a
1 _2__S ' (Paravartya)
2x~-52 a 2x-a 2x-5 a 2x-a
a _4x-Ta

2x-5a 2x-a

a(2x - a) = (4x ~ 7a)(2x — 5a)
2ax — a* = 8x? - 20ax — 14ax + 352
2x? — 9ax + 9a% =

__9aty8la’ - 722’

a_ _ 4x -Ta (LCM and
2x—-52 2x-a
Paravartya to get into standard form)

N, ~D, =2x ~ 6a=2(x — 3a)

N; ~D,=2x - 6a=2(x - 3a)

By Sunyam Samya Samuccaye
Sutra

x—3a=0=>x=3a

N) + N;=4x ~ 6a=2(2x — 3a)

9a++v9a? 9a+3a DI+D2=4I*53=2{2K'33}
= 3a or 3a/2 By Sunyam Samya Samuccaye
Sutra
2x-3a=0=>x=3a2
X =3a, Ja
2
3‘. Sﬂl?t b + a ,=2
X-2a x-b
Current Method Yedic Method
a )
b _ﬂ =2 x—-a x-b
Xx—-a x-b b *2_+a
b =7 a or 2x~2b~a 1—3_ x—-b
) x-b x-a x-b b 2x-2b-a
X—a x-b

b(x -b)=(x —a)(2x - 2b — a)
bx = b? = 2x2 = (3a + 2b)x + 2ab + a?
2x’~3(a+b)x+(a+ bl =0
. _3a+b)+y%a+b)’ ~8(a +b)’
4
=3{a+b}:\f[a+h]1 _Ma+b)t(a+b)

4
=a+bor(at+b)/2

N]"‘DI =x-b~-a
N;~Dy;=x-b-a

By Sunyam Samya Samuccaye Sutra
x—a-b=0=x=a+b
N[+N1=21"h_ﬂ
D)+D,=2x-b-a

. By Sunyam Samya Samuccaye Sutra
x~a-b=0=>x=2%*b

x=(a+b), (a+9)
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Special Type III

(Il) Sunyam Samya Samuccaye and Sunyamanyat Sutras:

Another special type of equation is of the form —2— 494 =T 9 ,
ax+b cx+d ex+f gx+h

wherep,q,1,5,3,b, ¢, d, ¢, f, g and h are numerical values.
Then two tests are applied before the Samyam or Sunyamanyat are considered.

If the test (2) is satisfied then Sunyamanyat is applicable, i.e., x = 0. (One
solution has value, Sunyamanyat means the other solution in the sense, which is
valueless).

If the first test is satisfied then one has to try several possibilities.

a) To venify if D| + D, = Dy + Dy in which case that relation is Samyam
and hence is equal to zero. In case it is not satisfied, even then one has to
apply Paravartya to obtain a modified equation (1), which is subject to the
test D; + D) =D} +D,.

b) Even at this stage, if the relation is not satisfied then one can try if N,D,
+ NaDy = N3Dy + NyD; in which case this relation acts as Samyam and
hence 1t is zero. This relation can be first tested for the given equation and if
it 1s not satisfied then one can try this relation after performing Paravarthya

division to the given equation. If it is satisfied then this relation acts as

Samyam and is equal to zero. '
C .. a b c d
c) If the equation is in the form of + = + anda+b=
x+a x+b x+c¢ x+d
¢ +d then the Sunyam Samya Samuccaya Sutram is applied to D, + D, = D
+ Dy

Proof:

2 . b =L 4 d anda+b=c+d
X+a Xx+b x+¢ x+d

a d C b

x+a x+d Xx+¢ X+b
ax+ad-dx-ad cx+bc-bx-bc
(x+a)x+d) (x+¢c)x+b)
(a-d)x  (c-b)x
(x+a)(x+d): (x+c)(x+Dh)

Sincea-d=c-b

SX=0

(x +a)(x+d)=(x+c)(x+b)

x? + (a+d)x + ad = x* + (c+b)x+be

(a+d-c-b)x=bc-ad

2(d-b)x=b(a+b-d)-ad=ab+b’-bd-ad=a(b-d)+bb~d)-2x=a+b

Xx=—a+b)2
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Examples:
5 7 ] 11
1. + = +
X+5 xX+7 x+1 x+11
Current Method Vedic Method
5 7 1 11 5 7 1 11
+ = + + = +
X+5 x+7 x+1 x+11 X+5 x+7 x+41 x+11
5 H 11 7 5 7 1 11
X+5 x+1 x+l11 X+ 7 5+?_T+ﬁ (Yes)
51{+5—1-_5=”1+7?—?1—?7 B}r Suﬂ}rm}raL one root is
(X +5)x+1) (x+11}x+7) Zero.
' 5 7 1 11
3 % 117577 T (Yes) by Sunyam
{x+5)(x+l} (x+1)}x+7)
I | Samya Samucu;a}'e Sutra,
4x( - |= Di+Di1=D3+Ds=2x+12
(Xx+5)x+1) (x+1IUx+7 1 +12=0
x=-6
x=00r{:§+5)[x+1}=(x+11){x+?)
x=00rx +6x+5=x"+18x+77  x=0. -6
x=0or12x=-72 o ’
s Xx=0o0r -6
1 . 3 1 N 9
2. Solve 2x 41 5x+3 Sx+1 10x+9
Current Method Vedic Method
] 3 1 9 ] 3 ] o
+ = + -+ = +
2x+1 S5%+3 Sx+1 10x+9 2X+)1 S5x+3 Sx+1 10x+9
I 9 __1 3 1+3—1+2{Ye5)'
2x+1 10x+9 Sx+1 5x+3 1 3 1 9
10x+9—13x~9_51+3-15x—3 -.By Sun yamanyatx=0
x+1)(10x+9) (Sx+1)5x+3) I 3__1_ ( es)
- 8x _ -10x 2757510
(2x+I1X10x +9)  (Sx +1)(5x+3) By Paravartya Division
4 g 2x 5x 5x 10x
x| - )= T T5xe3 Tesk T T0xe0
(2x+1)(10x+9)  (5x+1¥5x+3) , "5 X ; w" X
X X X X
> + = +
X =0ord(5x +1)(5x +3) 1+2x  5x+3 1+5x 10x+9

= 5(2x + l){lﬂx +9)
4(25x +20x +3)= 5{20:-: +28x +9)
100x” + 80x + 12 = 100x” + 140x + 45
=33 =60x
X =-33/60=-11/20

>
I
L=

or

-1l
20

NiD2+NoDi=10x+6+5+10x=20x + 11

N3D4 + NaD3 = 50x + 45 + 10 + 50x
=100x + 55=5(20x + 11)

By Sunyam Samya Samuccaye Sutra

20+ 11=0 = x=-11/20

-11
X =0, 55
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3 Snmﬂ- a+b-c ; b¢-4 _b_-ﬂ_
(4a4h Kath-c xabic-2 +h-4
Current Method e
- Vedic Method

CH'b | ﬂ+h.‘C-_ H_h'l‘f'ﬂ B b“ﬂ_

B ——

ybath riadb-c rebte-o Y4b-0

I(q_+b)(;fa+b-c)—(x+a+b)(q+b_—g)l:§b+_c-a)(xfb-a)-(b_~a)(x__+b+c~q_)

(x+a+b}f,-r+a+bac) (x+b+c-a)(x+b-a)

ax+bx+a’+ub+ab+b‘-acjbc-u_w’_ﬂ_lab-lb_x-gb-b’+cx+ac+@5

o (x+a+"b)(x+a-+b.uci o
bI'l'{-’I“ﬂHbl+lbf'ﬂb-ﬂb'__ﬂf+ﬂz-bﬂﬂx'bfwb‘bﬁﬂﬁﬂb-ﬂz
| - (x+b+::4a}(x+b+a)-

i CI I p— CI - .
(r+a+b)xtath=c) (r+h+c-a)x+b-0)
x=00r(x+a+b}(x+a+bac]=(x+b+c-a)(x+baa)
f+u+m+m+ﬁ+m+m+m+ﬁ-u-n~m

=f+m+u-u+m+ﬁ+m-m~u-m-m+f
Y+ b - o - be = ¢x - Jak - Jab ¢
(la-c)x+2ab-bc=(c-2&)x+bc-lab
(Z'a#c-c+23)x=bc~23brlab+hc |
(0= o)y =2blc - 2o

b(c-Za)r_b

x:._.._.—-—

(la-c)

0+ a+lb-c__l_bf_c_-q_ b-0

A — T

r+a+h xHa4b=C r4htc-0 14b-0

by paravartya
0+

_—I-I'r_--l-—-l"_
| __J

b-a b+c*a_+_a+b~q_
y404b 1+b=d rahic-0 THath=C

a+h b-a btc=a M(Yea)

r—— _.|—.='—I-l.-|—l'|"'

a+b b-a bc-a a+h=c

* By Sunyamanya, One Roo is Zero
24h b-a bic-g atb-c

ol l
2h=1 (Yes)

By Sunyam Smya Semucceye Sutra
Dy+Dy=DyDi=lktd
(+athtxth-a=0

A+ =0

x=-
sx==h 0
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Special Type IV

(Il) Sunyamanyat and Paravartya (Merger) Sutra:

This makes use of Sunyamanyat and Paravartya (merger).
This can be divided into two forms:

__8
bx+c ex+f hx+j

where a, b, ¢, d, e, f, g, h, and j are numbers.

Merger is possible if the right hand side contains one expression and left-hand
side may contain any number of expressions. The first test for the application of
merger is summation of numerators on the LHS = numerator on the RHS.

Application of merger Paravartya can be considered when N; + N is equal to

N3, in which case merger is processed and the solution is obtained. (Refer Merger
in simple equations).

In case N; + N; # N; then test the sum of the ratios of numbers in %nn LHS =
RHS, ie, 2+9_8
¢c f
Thas is the condition for Sunyamanyat, i.e., x = 0.

For the second solution one has to apply Paravartya Division and test for
merger feasibility, i.e., Ny + N, (LHS) = N, (RHS). After performing the merger
and equalizing the numerators one can get second solution by Sunyam Samya
Samuccaye.

Examples:
1. Solve +—4+_2 .16
x+1 x+3 x+4
Current Method Vedic Method
] 16 1 .. Q 16
X+l x+3 x+4 x+l x+3 x+4 -
9 16 1

—

X+3 x+4 x+1
9 16x +16-x-4
X+3 (x+4)(x+1))

9 15x+12 ?Y S“"ﬂf’"ﬂ“:i“ =0
X+3 (x+4)x+1) OF anothet sofution

3 __ 5x+4 Paravartya Division
X+3 (x+4)x+1) X Ix a 4x
30+ 4)(x + 1) = (x + 3)(5x + 4) SRR S

I(x*+ 5x +4) = 5x2+ 19x + 12
X2+ 15x+ 12=5x* + 19x + 12
X(3x +15) =x(5x + 19)

~x=0
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Ix+15=5x+19 X Ix 4x
2x+4=0 +
X=-2

Lx==2,0 1 3

+

1+1‘ 11+3 X+4

x+1 x+3 x+4
I + 3 = 4, Hence we can apply
Merger.

By Merger method
-3 -3
+
x+1 x+3
Numerators are equal

Therefore, D;+D,=0

=10

2x+4=(
=2
L Xx==2,0
2. Solve v 02
Ix+2 12x+1 8x+3
Current Method Vedic Method
% . 5 27 8 . 5 27
Ix+2 12x+1 Bx+3 Ix+2 12x+1 B8x+3
2 8,527 vy
Ix+2 Bx+3 12x+1 2 1 3
8 324x +27-40x -15 By Sunyamanyat, x = 0

Ix+2 (8x +3)(12x +1)
.. By Paravartya Division

8 284x +12
3x+2  (8x+3)(12x +1) 412X o 60x o T2
Ix+2 12x +1 Bx +3

Tlx +3

12 60 72

Ix+2 (Bx+3)12x +1) 3x+2r+.12x+l 8x+3

2(8x + 3)(12x + 1) = (T1x + 3)(3x + 2)

2(96x% + 44x + 3) = 213x* + 151x + 6 by 3
I9211+331+6=21311+]51x+6 3Ix+2 12x+1 8x+3

x(192x + 88) = x(213x + 151) By LCM, to make the coefficients in
=0 the denominator equal.

192x + 88 =213x + 151

21x =-63 g " I8

x=-3

24x+16 24x+2 .24x+9
Sx==30
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4 5 __ 9
24x+16 24x+2 24x+9

AsNij+N; = N; on the (RHS)

By Merger Method
28 35 b
24x+16 24x+2

1 8 -0
Ix+2 12x+]

Making Numerators Equal

5 _ 5 -0
15x+10 12x +1

Dy+D,=0

by Sunyam Samyam Samucayah
15x+10-12x~1=0
3x+9=0

X=-3

=-3,0
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p4b-0  Ab-a-()

J, §o he-—-—-——-

B ]

K+a4D-0 X#(b-a=c) x+btc-g

Current Method

ith-c d-a-g)  bie-a
kath-¢ x+(b-a-0) x+bec-a

Z(b 1~ 040-1)- bto-ghx+b-a-)
(x+b-1- c}(x+b+c )
_(lb-ha- Zc)(x+b+c 3)~(0+c-)x+b=a-0)
| (X +b-g- ol +h4c-3)

bt 4 2 b~ T - e - D
-0+ b b cn -

14h=( +czfra§+ab a2

AL

HHa4D-C (x Shebot-amboot? she-ah-ar-o

*m+£-u-h-c+m)

b=t (b-a-Jc)x+12ib2-c2-2ah”
Ktath- x2+(2b-23]x+a2+b2-02f23b

b= 3+ (4 1 =o' Dt a4 b - e+ 07 - )

[ath-¢)

Vedic Method

ih-c Ab-a-0) bae-

x+a+b~cux+w-a-ﬂ 14D4¢-2

ath-c  bec-2  2b-a-¢)

-—I-_+_|_|.-.,__-,_.-'-.|,m._u|.-_u.
-

K+a4b=C Xeb40-2 Ktb-a-C

atb-¢ bic-a 2b-1-0)

L

14D-¢ Dac-1 b-a-¢

' By Sunyamanyat 1=
By Paravartya Division

X X
- et
(+a4b-c  x4btc-2  x4b-a-¢

1 |

)
x+a+h"c+x+b+c -1 Xtb-1-¢
| +1= 2 (Numerators)

By Merger Method

h X

p——z|)

K+athb-C X4b+c-2
Meking Numerators Equal
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=(a+b-c)xz+(a+h-c)(Zb*2a)x+(a+h-c}(az+hz-cz-2ab) o + i 0
- whicte-¢ mrdbtae-d
f(b-a-Jeta b -c'-Jabt{ath-cb-2-X)
=x((ath-c)ut(ath-c)2b-2a) D)+ Dy =0 Sunyam Samya Samuccaye
bt a-0 tort oot
¥ heed +e - bo-
(b-2-Je-2-b4 = (a+b-oflh-Da-btatX)-o-b+ =(1-() - M+
(Da-Te=a+h-cjb-a+30)-#'-bH4 4 -t
b - bt o+ 3= 3 - - D "'_+"b
=300+ e e 2
ten=a' et b=l x:g,@ﬂ_b
(1= -t e
.
x=M-b
140
i
x=0,M—b
340
b e
) BALTRALN L 4,0,6,0,6, 1, 3 p, g, and  are umbers, Even here one can est forthe validity of the relaton tha

oed gueh s

§+-IE=9~. 5, one sluon i ot by Sunyamanyat i, =0
§
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The second solution is obtained by mere division by Paravartya combined with

merger at a suitable stage. The stage of merger is chosen after one or more
Paravartya division operations.

Examples:
Eg.(i) Solve Ix + 2 2x+3 8x+5
3x+1 21 +1 4x+1
Current Method Vedic Method

3x+2+2.x+3 _8x+5

Ix+2 2:-:+3 _ 8x+5
3x+1 2x+1 4x+1

3x+1 2x+1 4x +1

(3x+2)(2x+ 1)+ (2x+3)(3x+1) _8x+35 E g_ E{ch}
Bx+1)2x+1) 4x+1 1 1 1 _
..By Sunyamanyat one root is 0,
ie,x=0.
6x +Tx+2+6x  +11x+3 a Bx+5 B}*lParavm;ya Dm;mn,
6x° +5x +1 4x +1 + =
: Ix+1 2x+1 4x+1
1 2 3
12x* +18x+5 8x+5 71
6x* +5x+1  4x+1 Again by Paravartya division
1
48x° + 72x* +20x + 12x% + 18x + 5 3 A _ 12
=4Ex3+4011+31+3ﬂx2+251+5 Ix+1 2x+1 4x+1
2 _ 2
? 4iz : gix;oi 70x°+33x+ 5 Equalizing x coefficients in the
x(14x + 5) = 0 dcnummaturs24 «
SX=0and x =-5/14 12
12x+4 12x+6 N2x+3
1 . 2 3
12x+4 12x+6 12x+3
142=3
. We can apply merger method.
] 6

+ =
12x+4 12x+6
| 1
-+ =
12x+4 2x+1

~.Dy + D; = 0 By Sunyam Samya
Samuccaye
14x+5=0
x =~ 5/14.
L x= 0, =
14




SECTION -5

SIMULTANEOQUS QUADRATIC EQUATIONS (IN TWO UNKNOWNS)

Simultaneous Quadratic equations have been solved wherein several methods have

been applied.

These are shown by way of examples so that similar procedures can be adopted for

problems coming under different categories.

The Sutras that are applied are:

Vilokanam

1)
2) Methods adopted for Simple Quadratic Equations
3

) Substitution methods

4) Methods converting into standard equation form

9) Factonzation
6) Sunyamanyat
7) Paravartya and the like

Solving these equations can be carried out in different ways, mostly it is confined to
one method for each problem. These equations can be classified in combinations of

homogenous and non ~ homogenous equations.

1)
Current Method

In current method simultaneous quadratic
equations are solved in the following way
(generally).

From the two given equations an
attempt 15 made to obtain two
simultaneous simple equations with the
help of standard formulae.

For example the given equations are

inthe formof x ty=a,xy=b.

Given x ty, one can obtain X Fy using
the given data and the standard formula for
square. After solving for one variable, it is
substituted in one of the given equations to
obtain other variable or the simultaneous
equations x+y, X~y can be solved.

Vedic Method

Modus operandi:

After obtaining one set of values by
Vilokanam then the other set can be
simply written down by reversal

operation:

In this case where x + y and xy are
given, then the values of x and y can be
obtained by Vilokanam which tantamounts to
working out standard forms to obfain the
counter part X -y or x +y , making use of xy.
After obtaining one set of values forx and y,
the second set is obtained by simple reversal
of the first. In the Vedic method this
symmetry is conspicuously elicited.
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Note :

1) Itis interesting to note that among the
two equations if the value of xy has got
different set of factors, then select one
set of factors which will satisfy the
given equations by Vilokanam.

i1) In the given simple equation, if x and
y can be read by Vilokanam. Then

those values satisfy also the Quadratic
Expression. (Eg 6)

So for all such problems it is indicated by “ * ”.

* Example 1(a): x +y=128,

xy = 187
(x-y)! =(x +y) 2-4dxy =784 - 748 = 36
X~-y=16
Current Method Vedic Method
X+y=28
¥ set 2" set X-y= 6
x+y=28 X +y=28
X ~y = 6 by elimination X =y=-6 Lopanasthapanabhyam
2x =34=x=17 . y=1]
2x=34 2x =22 Other set is simply written down by
x=17,y=11 ~x=1ly=17 reversal operationasx =11,y =17
x=1711; y=11,17 is the solution. * Xy = 187

" The set of factors of 187 are (1, 187)
(11, 17). Out of these if we select (11, 17)
it will satisfy the given simple equation by
mere Vilokanam. Hence one set of values
ofxand yare 11 and 17

Other set can be simply written

down by reversal operation as x = 17 and y
=1]
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Example 1 (b)Solvex +y=11

Current Method

x+ty=11]
(x+y) =121
4xy =120
(x=y) = (x+y) - 4xy

=121-120

=1
x-y=t]
X+y=11eemee (1)
X-y=1 . (2)

Adding eq: (1) and eq. (2), we get
2Xx=122x=6
Substituting x, we get y=15

xy =30

Vedic Method

X+y=11

Xy =30

(x+yY =121

4xy=120

(x = y)?=(x +y) - dxy
=121-120=1

x-y=1%1

X+ty=1l-- - (1)
x=y=1 = =)

By addition, we get
2x=12x=6.y=S5

After getting one set, i.e, x = 6
and y = 5 we can directly write

another set as follows.
X+y=1]cconeeeeen (1)
X=y==] commeauces (3)

Adding eq. (1) and eq. (3), we get
2x=10=>x=35
Substituting x, we get y=6

Other set is simply written
down by reversal operation
“X=5,y=6
. The set of factors of 30 are
(1, 30) (2, 15), (3, 10) (5, 6). Out of
these if we select (5,C) it will satisfy
the given simple equation by mere
Vilokanam. Hence one set of values of
X and y are 5 and 6. Other se can be
simply written down by reversal
operationsx =6and y=$
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2) If x —y and xy are given , then the second set has the reversal with a minus sign.

*Example2: x-y=3$§

Xy =126

(x+y) '=(x-y) ?+4xy=25+504 =529

X+y= %23

Current Method Vedic Method
X=y=35
X-y=S5 X-y=5 Xx+y=323
x+y=23 x+y=-23 2x =28 = x=14, Ly=9
2x =28=>x=14,y=9 2x=-18=x * xy=126
=-9,y=-14 . The set of factors of 126 are (1,

126) (2, 63) (3, 42) (6, 21) (7, 18) (9, 14)
out of these sets of factors if x =14 and y =
9 then the given simple equation will be
satisfied by Vilokanam.
Now the second set can simply written
down by reversal operation with minus sign
as x=-9, y=-14.

(3)  These can also be extendable to the most general form, as given below.

Current Method Vedic Method
If the equations are of the If the two equations are in the form ax+ by = p, exy = q,
formax tby=d,cxy=e. even then the counter part of (ax ¥ by) is first obtained by
By using the given data using the standard form and later, from one set, the second
we can obtain ax ¥ by and set can be simply written down by reversal operation. The
can solve x and v. formula for the internal relation between the two sets of the

values can be worked out.
If one set of values of x and y are m and n respectively,
then the other set is obtained by using the following

formula.
x=n 2 y=m| =
.a b

* Example3 : 3x +2y =16, xy =10
(3x - 2y)? =(3x +2y)? ~24xy =256 - 240 = 16

3X-2y= %4
Current Method Vedic Method
3x+2y=16 3x+2y=16 3x+2y=16
Ix-2y= 4 3x-2y=—4 3x-2y= 4
6x " =20 6x =12 6x =90 :}}FEJ:E
X=—,y=3 x=2,y=5 L
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m= E n=3
. i 3
Other setisx =3 |§| =2, y= [IEJ'—‘

* xy = 10 The sets of factors of 10 are
(1, 10), (2, 5) by mere Vilokanam if x=2 and y =
§ will satisfy the given simple equation.

.. one set of values are x =2 & y = 5 and the other set is
simply written down by the general formula.
m=2 n=35

2 ] 3
e }{=5 - - =| ==
(3) ’ (2] '

* Example 4: x - 3y =1

Xy=4
Current Method Vedic Method
(x +3y)’ = (x ~3y)t + 12xy By mere Vilokanam one can solve
=] +48=49 for values of x any y. As xy = 4 it has the
x+3y=ﬂi 7 . d factors (4, 1) and (2,2). But x=4,y=1
I* Set 2" Set will satisfy the given simple equation.
X-3y=| X-3y=1] m=4 ; n=l
X+3y=17 Xx+3y=-7
=8 2x=-6 The other set is
X =4 X=-3
Ly=l 4 -
. :,',r=-:— x:n[é]:l[——%l:—:}
a 1

y:m(ﬂ)_{_l_ 4
b -3 3
TX=4 3
or } is the Lolution
. 4
Soy=
3

4) When the equations are of the form x’ + y* =3 , Xy =b.

It can be bmugh.t into standard forms (x ty)? leading to two simultaneous equations
X+yand x -y as given below,
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* ExampleS : x2+y2=170,

Vedic Mathematics .

Current Method
(x +y)r=x2+y 2+2xy =170 +26 = 196
- x+y= 414
(x—y)2 =x2+y2-2xy=170-26 = 144
L XTY= 312

From x + y and x — y, using the procedure
givenin (1)
X, ¥ can be solved.

x=13,1,-1,-13  y=1,13,-13, -1

xy=13

Vedic Method

(x+y)2=x2+y 242xy=170+26 = 196

. x+y= 414
(x—y)? =x2+y 2-2xy=170-26 = 144
XY= 112
a b
Xx+y=14 x+y=-14
X—y=1]12 Xx~y=12
2x =26 2x =-2

x=13 x=1 x=-1 x=-13 x=13,y=1 x=-1,y=-13
or or or a) Other set is simply written down by
y=1 y=13 y=-13 y=-1 reversal operationas’x =1, y=13
Other set is simply written down by reversal
operationas x =- 13, y=-|
5)  Ifthe given equations are of the form x 4y =a, x? +y? =b, then one should aim at

the value of xy and solve for x and y.

*Example6: x+y=13, x2+y2=97

Current Method

xy= XX - +y) _ o
? :
(X =y)2=(x +y)?-dxy=25
X-y =45
From the set of x + y and x -y, the
values of x and y can be obtained by using

the Procedure given in (1) as
Xx=9.4 ; y=409

Vedic Method

xy = (x+y]’-2(x’+y’)=36
(x-y)i=(x+y)2~4xy=125
X=Yy =i“5
x+y=13
X-y=35
2x=18 x=9 y=4
Other set is simply written down by
reversal operation as
x=4,andy=9,

6) If the given equations are of the form x* 4+ y* =p, x 4+ y=q one can try different
+ Y

mathods.

1) Standard form of one equation i terms of the other equation. From this a second dl:-grci:
equation together with the first degree equation are solved.

* Example: 7 x’ - y* =218
X-y=2
(x-y) (x* +xy +y?) =218
XX +xy+y =109
XX -2xy+y' =4
Ixy=105

xy =35
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Current Method Vedic Method

With the value (x ~ y) and xy one can obtain By mere Vilokanam one can solve for values

(x +y)as ofxandyasx=7and y =S5 as xy = 35 has

(x +y)* =(x - y)? +4xy =4 + 4(35) = 144 the factors 7, 5 which will satisfy the given

X+y=4 12 data,

1# Set 2™ set The second set can simply be written
X-y=2 X—-y=2 down by reversal operation with minus sign
x+y=12 X+y=-12 as
2x=14 2x =~ 10 Xx=-5Sandy=-7

x=17 X=-5

y=35 y=-=17

i) A direct substitution of one variable in terms of other variable will be useful in
writing down the higher degree equation in a single variable in Quadratic form. Then
by solving Quadratic equation, values of x and y are obtained.

Example: x’-y*=218
X~-y=2
x=2+y

Substituting this value in the first equation
Q+yyY -y =218

Y +6y +12y+ 8-y =218
6y’ + 12y -210=0

Solving the simple quadratic equation by differentiation method
12y +12= + 144+ 5040 = +/5184

12y+12=472 y=5-7 x=7, -5
Example 8 : x*+ y* = 3473
Xx+y =23
(X +y)=(x+y) (x2-xy+ y) = 3473
x!-xy+y? =151
X2+ 2xy +y? =529
Ixy=378 Xy =126
Current Method Vedic Method
(x-yY=(x+y)-4xy=25 Following similar steps as above in
X-y=45 Eg 7 (i) the first set of solution give the
1* Set 2™ Set values as 14 and 9 for x and y respectively
X+y=23 X+y=23 and the second set is simply written down by
X-y=35 X~-y=-5 reversal operationas x =9 and y = 14
2x=28 2Xx=18
x=14 X=9
y=9 y=14

The above methods can also be applicable for reciprocal equations.
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7)  When reciprocal equations are of the form ! d:l- ki and xy = k,. It can be brnught
£ )y
into standard form (x + y)* leading to two simultaneous equations x +y and x - .

* Example 9 : l+-]- 22
x vy 20
xy =20
Current Method Vedic Method
LLJ -[1+1J‘_1 1y 2
x y) \x y) w w20
. = X+y=9 xy=20 :
=[i ! (x=yY = (x +y)?~ 4xy =81 - 80 = |
20, 20 400 X-y=1% 1
LR Xry=
x y 2 X-y=1
. 2x=10
Solving =5 - y=4
1* set 2™ et AR
11 9 1 1 9 Xy= 20 The set of factors for 20are (5, 4),
—4—=— —4—=— (10,2), (20, 1). Out of these if we select(5, 4)
x y 20 x y 20
1 1 1 1 1 1 It will satisfy the given simple equation by
x y 20 Xy 2 ma:ril Vilnkanan:j. 4H::m:e one set of values of
3 10 2 8 X and y are 5 and 4.
x 20 x 20 Other set is simply written down by
L x=4 LX=S reversal operationasx =4 andy =5
y=5 y=4

X=4,3,y=35,4is the solution.

8) A reciprocal form of 1ele a, li -]-1- b can also be fit into the above working

L | XY
with the help of suitable standard forms.

Example 10: — + - = 48! (1)

toyl 576
29

l
— e e— -2
.3 (2)

X
l
X
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Current Method Vedic Method
From (2) by squaring I-.- L2 I‘ _ 841 Cnpvemﬂgmcmc1pmcdsmuthu
x! xy y> 576 variables,
] 1
By subtraction —?-=£{}-=.5. Put —=p,—=gq
Xy 576 8 x Y
Py . 29
T3] 1,1 2 481 360121 - Given equations are p + g = ==,
x y] x* y* xy 576 576 576 ., 48]
1 1 PT¥a” =
o ——=t— 376
X 24 - P+’ -(p’+q’) _ S
1* Set 2™ Set PQ= = 2 " 16
1 1 29 1 1 29 s 2. s 481 5 12
LI 4 —tm—=Z ~q)¥=pl+qi-2pg= -2,
Xy 24 Xy 24 P-9 =p +a'-2pg= o-T=r
I 1 1 1 1 =11 11
—_—— — —_——— — -gq= £t—,
X y 24 X y 24 P=4 24
EL 2.8 prq=2
x 24 x 24 1]4]
-6.,.8 .86 P-q=—
A 3775 I
. =_=hp= - .
P "37P73
_6 .8
57 3
Other set is simply written down by
reversal operation as x =
8 y—é
3775
) If in the given equations one is a second degree general equation of the form
ax1+2hx}'+hyz+2§x+2fy+c=0 and the other is first degree equation of the
form ax + by = c, then one can solve the equations in several methods..
* Example 11: x + 3y = 10 —_— (1)
X’ + 3xy + 2x = 48 (2)
By Vedic Method Vilokanam helps us in solving the problem
If x =4 and y = 2 the second equation can be explained.
(Or)
Taking out common factor in the 2™ degree equation.
X(x +3y)+2x =48
x(10)+2x =48 X =4, y=2
(Or)

It's equivalent to writing down the Second degree equation in terms of the 1%

equation and see if the resulting equation formed solves the problem.

On substituting x = 10 - 3y in the 2" equation one gets 36y =72; y=2, x=y
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* Example 12: 2XxX+y=3
2x2+3xy+ Y +3x+2y=9
One can write down the second degree equation and see
if two Simultaneous equations can be formed. Solve the
two Simultaneous equations by Paravartya or
Sunyamanyat.
(2x+y)(x+y)+3x+2y=9
3X+3y+3x+2y=9

6x +5y=9

Current Method Vedic Method
2x +y=3 2x+y=3
6x +5y=9 6x +5y=9

Here it is seen that

6x+3y=9 2x 3
6x +5y=9 a’g
-2y=0 Hence by Sunyamanyat y =0
:;.}"=ﬂ 3

3 X==

x== 2
2

An attempt is made to convert the higher degree equation to the same degree equation
in terms of the given lower degree equation. This is achieved by division of the given
second degree equation by the given lower degree homogenous expression. This is
followed by proper substitution of the terms to arrive at quadratic equation in single
variable which can be solved for y and hence x also or the 2" degree part can be
factorised in terms of the lower degree equation and the difference counted. Finally
aim at single variable equation.

Example 13: x+2y=35
x?+3xy-3y* +6x+3y=0
(x+2y) (x +y)-5y* +6x +3y =0
5x +Sy—S5y* + 6x + 3y =0

llx -5y’ +8y=0 Butx =5 -2y
11(5 - 2y) - 5y + 8y =0
55— 14y~ 5y2 =0
Sy’ + 14y - 55=0
Vedic Method

First differential = 4 [ piseri r;lin ant
10y +14= 1 /196 +1100
10y+14= 4 36
y=—5‘ E, x=15,:’.

5 3
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Example 14 : x +y=3
4x*+y* =26
(x+y)(dx-4y)+5y*=26 But x+y=3
12x ~ 12y + 5y* = 26
12(3-y) - 12y + 5y? = 26
36 — 24y + 5y* =26
S5y2-24y+10=0
Vedic Method

10y-24= 4 /576 - 200 = +-/376
= +2.94
10y=24 +./04

y=12£94
S

and

<= 3F Vo4

1) Substitution of one variable in terms of the other variablsﬂ is followed, thus converting
the second degree equation into one variable as quadratic. The quadratic equation is
solved by factorization methods or differentiation method and the values are
substituted to evaluate the values of the other variable.

Example 15: x +2y=9, 3y?—5x2=43
X=9-2y
3y -5(9-2y)*=43
3y? - 5 (81 + 4y? - 36y) = 43
17y? - 180y + 448 = 0

Vedic Method

Factonzation by Argumentation
considering the factors of 448 which will
explain the y terms
(17y-112)(y-4)=0
y=4 or y = E

17

71

17

x=1 orx= _

10)  If both the equations are of the form ax? + 2hxy + by? = k then one can solve it by
several methods.

Yedic Method

All the following methods are suggested by Swamiji in his book on Vedic
Mathematics.

1) If the given two expressions are homogenous with the same degree and have
significant numbers on the RHS, a direct cross multiplication of the two given
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equations is suggested to derive one homogenous equation in the same degree. After
this, one can attempt factorization and solve for x and y. (If it doesn’t yield to
factorization one can try direct substitution of one variable in terms of other and try
to derive equation in a single variable. When this is also not possible one has to resort
to a simplification by subtraction or addition which may result in factorization. On
substitution for x and y, we can solve the values of x and y.)

Example 16: x2+y2=35 (1)
2xy—y2=3 (2)
By cross multiplication,

3x2+ 3y2=10xy — 5y2

3x2=~10xy + 8y2=0

3x2—6xy—4xy+8y?=0. Adyamadyena Anurupyena.
Bx-4y)(x—-2y)=0

2y=X%X or y=3%
2 4

Substituting y = X ineq.(l) x2=4—x=45,.y=,1
2

Substituting y= 3X in eq.(1) x2= 16 =X = ii, y= ii
4 5

Vs 5

Example 17: 7x*+ y* - 2xy =7 (D
14x2 + xy = 10 (2)
By cross multiplication
70x? + 10y? - 20xy = 98x2 + 7xy
28x% + 27xy - 10y?* = 0
(7x = 2y) (4x + 5y) =0

y= EI or y= Ay
2 S
Substituting y = ! x1n equation 2 Substituting y = -4 x In equation 2.
2 5
14x? +x(3}t =10 14x% + x[_i}t =10
2 5
=, 2 =, 3
X=4_=_ X=4_ -
V7 V33
Y= +47 y=3_4_
V33

1) In case one of the equation is a zero homogenous equation, cross multiplication
results in solving only that equation. If it is factorizable then the solution of x and y

can be obtained.
Example 18 : 2x? - 9xy + 4y* =0 (1)
x2+3xy+y* =11 (2)
By cross multiplication

2x2 - 9xy +4y* =0
(2x ~y) (x — 4y) =0
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y=2xor y=2
By Substituting y = 2x in equation2  Substituting y = % in equation 2.
4
x2+3x.2x+4x3 =11 , X ¥
x=4 1 X +3x1+_6=“
y=% 2 1 ll
x=4 4 ‘F
29
y=1 oL
29
Example 19 : 6x2 +xy+2y*=4 (1)
Y —4xt=0 (2)
By cross muitiplication
y: - 4x* =
y= 4 2X

Substituting y = 2x in equation 1
6x2 +x(2x) + 8x% =4

:l:=:tl
2

y=4 1

Substituting y =— 2x in equation 1.
6x* +x (- 2x) + 8x% =

1
3

— .2
_x_
V3

X=4

y

Example 20 : 2x? + 5xy = 12y? (i)

+y =13

(1)

2x% + 5xy - 12y?=0

X'+ y*=13

By cross multiplication
2x2+ Sxy - 12y2 =0
(2x -3y) (x + 4y) = 0.

x=3.

Substituting x = % y in equation (ii)

2y=+y1 13

4

y=t 2
X=4+3

or X =-—4y

Substituting x = — 4y in equation (ii)

16y’ +y* =13

s B

17

[13

X= T4,

1) By subtraction one may expect an easy solution of second degree equation. Then
substitution of the result in the equation which has been used in the subtraction,

gives the value with ease.
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Example 21 : 7x* + 12xy + S5y*= 16
y-2?=-
By subtraction

iv)

Ox? + 12xy + 4y* = 25
(3x +2y)* =25

Ix+2y=45

y= +5-3x
By substituting the value of y in sazmnd equation y? — 2x2 = -

| x? 3 30x+61=0

x*-30x+61=0 x2+30x + 6] =0
2x-30 = iJQﬂﬂ—ZM 2x+30= + /900 - 244
2x - 30= + /656 2x+30= 4+ /656
x=15+2a1 x=-1542.31
y=-20 £3./41 y=20 3321

When the equations are of the same degree and homogenous having significant
numbers in the RHS, then a substitution for one of the variables say y = mx form is
attempted to derive new equations in m i.e., in single variable . By taking the ratio of
the two such derived equations followed by cross multiplication one gets a quadratic
equation in m, then the value of m is solved through which x and y can be worked out.

AiAsaRa . ATy .
2xy~-y2=3 (2)
Put y = mx in both the given equations
Eq.(1) becomes x2(1+m2)=S5§ (3)
Eq.(2) becomes X2(2Zm-m2)=3 (4)
By dividing, 1+ m’ )
2m-m? 3

By cross multiplication, 8m2-10m+3 =0
By factorization (4m-3)(2m-1)=0

m=! o m=3

2 4
y=X or y=3X
2 4

Substituting y= X ineq.(1) x2=4=x=49,.-y= 41
2

Substituting y = 3X in eq.(1) x2= 16 =S X= g 4 y= i‘..g’_
4 5 J5 N
To eliminate xy and to write down one of the variable x? or y2 in terms of square of

the other variable. In such a case one has to take the square root of x 2 or yZ in order
'o substitute for xy which results in a complicated working but still it will give the
result.
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Example22: 2x:-8xy+3y2=0 —— A
Xt +xy+y2=13 —— B
Eliminating xy term, from A + 8B

10x2+ 11y2=104 — x2 :104-11y’
10
Substituting for x* in B,

10411y’ +Y[J1m-11y=] R

10 10
-y -26 _ Jlﬂ-ﬂ»—lly’
10 10
y' +676+52y  ,[104-11y’
100 1T 0
y4+ 676 + 52y2=1040y2 -110y+

104-11y* ) 104y* -11y*
Y1 10 10

111y4—988y2+ 676 =0

Put y2=p,
111p2-988p + 676 =10
First differential = ; [3iscriminant

222p — 988 = 4 /976144300144 = + V676000 = +260 /1o

4941130410
P=

-, J4M1130J1_u

111

10411 494£130410
x2= 104-11y? _ 11 _ 611714310
10 10 111

x=y [611£143/10
111
11)  Ifboth are non—homogenous equations, they are classified in different ways.
(a)  One variable higher degree with no xy term or with XY term in one equation.
(b)  One variable higher degree with xy term in both the equations.
()  Two variables higher degree with no xy term.

(d)  Two variable higher degree with xy term (General nun-hnmugénnus second degree

equation).

In all the following non—homogenous equations, the classification details can be

considered as below. This is based on square terms and product terms occurring in the
equations,
(a) In the following case two methods can be tried

(1) To express the variable of the equation which has no higher degree in terms of
other variable. This is substituted in the second equation thus a quadratic equation

in other variable is obtained. Solution of quadratic equation gives x and y.
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Example 23: x2:+3x-2y=-2 — A
2x2—-5x+3y=6 —— B
from A,y= X +3%x+2
2
substituting y in B,

2::1-51+3[‘1+3“+2}=6
2
4x21~10x+3x2+ 9% +6=12
TX2=-x-6=0
(x-1)(7x+6)=0

4

2x=1, & .y=3, 4

49
ii) To express x and y as a linear combination by eliminating the second degree term in
the given equations by Lopanasthapanabhyam. Substituting this value in any of the
equations one can get quadratic equation in one variable gives x and y.

Eliminating x2, from 2A - B

1x=T7y=-10 — y=11x+10
7

substituting for y in B,

2x1—53¢+3[”“+m]=6
7
14x2—=35x + 33x + 30 =42
Txt—x-6=0

(x=1)(7x +6)=0

Sx=1, -6 Ly=3, 4

.7 49
(b) The other conditions being same, xy term being present in both the equations, then

two methods can be tried.,

(1) Lopanasthapanabhyam i.c., elimination of xy term followed by the procedure
described in (a).
Example 24: X2+ 3x -2y +xy=1 —_— A
2x2—-5x+3y+3xy=15 B
Eliminating xy term, from 3A - B
X2+ 14x -9y =-12

y= X 2 +14x+12
9
Substituting for y in equation A,

X2+ 3x+(x—-2) (f ""141"*12] =1

9
Ox2+2Tx+x3+ 12x2-16x—-24=9
X3+ 21x2+11x-33=0

This cubic equation is solved for x, consequent on which y can be derived Ref
section on cubic equation.
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(1)  The method is same as given in (a) simplifying xy terms also in the working.
X2+ 3x-2y+xy=1
2X2=5x+3y+3xy=15

meA}": x? +3x-1

2-X
Substituting y in B,
2
2x2*5x+3(1+x) (I +3.r—1)= 15
2~x

Ox2=2x3=10x +3x3+ 12x2+ 6x - 3=30—-15x

x3+2Ix2+ 11x-33=0

Ref. To section on cubic equation.

x=111+2./22, 11-2/22

y=3, -25.8704, 17.0133 _

c) i) When the two variables have second degree but with no xy term, anyone of the

higher degree terms is to be eliminated thus converting one variable in terms
of other variable which on proper substitution will give the values x and y.

Example 25: x2+3x-2y+y2=7 (A)
2x2—=5x+3y+3y2=33 (B)
Eliminating y2, from 3A - B

X2+ 14x -9y =~12 s y= x? +14x +12

9
Substituting for y in A,
11+3x_2{12+141+12\*f12+I4x+12T=?
> LU 9 )

Blx2+243x — 18x2-252x - 216 + x4 + 196x2 + 144 +
24x 2+ 336x + 28x3=567

x4+ 28x3+283x2+ 327x - 639=0
Refer higher order equation
The fourth degree equation is to be solved for x
x* +28x? + 283x2 + 327x - 639 =0
(x=1)(x’+29x* + 312x + 639) =0
— X*+29x2+312x + 639 =0
One of the roots is in between — 2 and — 3 and the other two are complex.
Details for the solution of this problem is given in the Lecture Notes III (b).

d) In this case the following three possibilities can be tried
i. One can try a proper combination of subtraction or addition of the two equations

which may result in simpler form of the equations which can be solved.

il. Try to eliminate one of the higher degree terms to see the solution can be
arrived, '

1ii. Finally one can also look at the ratios of variables in relation to the ratio of
constant term. If for any variable it is equal, then the other variable is zero by
the application of Sunyamanyat.
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(1)
)

Example 26 : 9x* - 6xy + y> = 15x - Sy + 6
I +2xy+yP=5x-y+2

i) By Sunyamanyat y=0 as £=E=E

3x* S5x 2
Let3x -y=a
L at-S5a-6=0
Soa=606-1
. x-y=6or -1
S y=3x-6ory=3x+1

Substituting y = 3x — 6 in equation (2) Substituting y = 3x + 1 in equation (2)
3x? +2x (3x - 6) + (3x - 6)? Ix? 4+ 2x (3x + 1) + (3x + 1)?
=5x-(3x-6)+2 =5X-(3x+1)+2
18x? - 50x +28=0 18x*+6x=0
9x°—-25x +14=0 6x(3x+1)=0
D = iJDiscrt'mintmt Sox=0; :t=_.]_
lﬂx—25=i-‘{25:—4xl4:9 .oy _ 3
18x—25= 4 11 cy=hoy=0
" Jt'.=2,3

9
Sy =0, _!_l

3

11) By subtracting
Eq (1) - 3x &g (2)
—12xy -2y =-2y
2y(6x+y-1)=0
y=0or 6x+y=1

Substituting y =0 in equation (2) Substituting y = 1 — 6x in equation (2)
3x2=5x +2 3x% +2x (1 - 6x) + (1 - 6x)°
X -5x-2=0 =5x-(1-6x)+2
Bx+Dx-2)=0 27x* - 21x=0
x=_1 orx=2 HEx=7)=0
3 S x=0; 7
9
cy=1 y=_1
3
The solutions of (x, y) are [_ 13 .3) {2,0), (0, 1) and [1, _n
3 9 3

12)  In certain tquations both will lead after a little readjustment to the same equation, in
which case any value of one variable is equally good a solution, depending on which
the value of other variable will be.

Example 27 : 8x2 + 10xy - 3y’ =0
3y? + 2x3 = 10x (y +x) 2
Equation2 — 3y* + 2x? = 10xy + 10x?
- 8x2~ 10xy +3y* =0

—
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13)  Ifin the given equation one is non — homogeneous equation and the other is a second
degree homogenous with significant number in RHS, one can solve by the following
methods.

i)  To express higher degree non~homogenous equation in terms of one variable
depending on the second degree equation.

Example28: x?y?+ Sxy =84 (1)
xy+y? =8 —
8-y’
y
Substituting x in equation (1),

8-y* 1 8-y’
[—-—-—] y?+5( Y J}r=34
y y

64+y‘—16}'1+40—5y2=84
y'-21y?+20=0
(y'-1)y*-20)=0

~y'=1 or 20

~Sy=z+t1 or 1:2\@

X=+7 or ¥—6-

Vs
i) One can try the possibility of expressing the non-homogenous equation in terms of x
and y as a quadratic form of the type

a(x tmy)?+ b(x tmy) +c = 0

Example: x°y’+5xy=284 (1
Xy+y’ =8 )
x'y?+5xy -84 =0
This is quadratic equation in xy.
x*y?+12xy - Txy -84 =0
Xy (xy +12) =T(xy + 12) =0
Xy=7 or xy=-12

From (2) X=

(@ xy=7
substituting xy = 7 in equation(2),
T+y’=8y? =1

JYy=z12l,x=17
(b) xy=-12
substituting xy = -12 in equation(2),
-12+y’=8>y?=16
Sy= 12£,x=¥-6—

Vs



CHAPTER III

FACTORISATION OF SIMPLE QUADRATICS, HARDER QUADRATICS,
CUBICS AND HIGHER DEGREE EQUATIONS

Factorization of Simple Quadratics, harder Quadratics and Simple Cubics can be
carried out using the Sutras and Upa — Sutras

1) Vilokanam

2) Adyamadyena Antya mantyena

3) Anurupyena

4) Argumentation

J) Gunita Samuccayah Samuccaya Gunitah
6) Paravartya

7) Lopana Sthapanabhyam

8) Purana Apuranabhyam

9) Differential Relations.

10) Successive Differentiation

The modus operandi is explained along with the working details.

Simple Quadratic Eg'uatinni :

The central.term is split into two parts so that the ratio of the first term in the
Quadratic Expression to the first part of the split terms is equal to the ratio of the second

part to the constant term. This method is called Adyamadyena Antyamantyena and
Anurupyena.

From the ratio (which is the Anurupyena) one can write down the first factor as the
numerator + denominator.

To obtain the second factor (a + b) of the given Quadratic expression, again by
applying Adyamadyena by

a) Dividing the first term of the Quadratic expression by the first term of the derived
factor and

b) Dividing the last term (constant) of the Quadratic expression by the second term of
the denived factor. The sum of a and b is the second factor.
This can be seen in the following example
X+ 7x+12=x7 +4x + 3x + 12

X 3x x

Applying Adyamadyena — = — = —
Ppiying Ady y ax 123
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By Anurupyena (x + 4) is one factor.

x* 12
To get the second factor, ?+T=(I+3)

~ Given Quadratic expression is factorised as (x + 4) (x + 3)

It is also seen that an interesting relation is prominently observed by applying
“Gunita Samuccayah, Samuccaya Gunitah Sutram” which means “the product of the sum
of the coefficients in the factors is equal to the sum of the coefficients in the product”,

As applied to the above problem x* + 7x + 12 = (x + 4) (x + 3)
1+7+12=(1+4)(1+3)=20

Example1: E=x+13x+42= (x +7) (x + 6) Applying Gunita Samuccayah Sutram,
Sum of the coefficients of all the terms = Product of the sum of the coefficients of each
factorie. 1 +13+42=(1+7)(1 +6)

6=8x7=56

The application of the above sutram is useful

1) In factorising the expression of any degree whatsoever,
2) In working out the unknown term if some of the other terms are known.

3) In verifying the factorisation or it helps us in filling the gaps if some of the
factors are known in an equation.

Coming to the harder quadratics such as homogeneous expressions in Second
degree of any number of variables, it is difficult to solve by the current method if the
variables are t00 many. But they can be solved using the Vedic Method wherein the
sutram 1.e. “Lopana Sthapanabhyam” is easily applied. By this process one can eliminate
all the other variables excepting two at a time, step wise; so that quadratic expression in
those two variables can be obtained. This can be solved for its factors, in the manner
described under Adyamadyena and Anurupyena / differential relation (Section 4).

The process is continued with the elimination of other variables so that Quadratic

in two variables is obtained. The process is still continued till all the combinations of
variables are eliminated, successively.

Example 2 : E=2x1+3y2+331+2w1+?xy+10yz—5:w—4wx+5::z-7yw

Eliminating z and w liminatin w Eliminating z and y
2x + Ixy + 3y? 2x? + Sxz + 2X° = 4xw + 2w?
2x* + 6xy + xy + 3y? 2x* +2x2 + 3x2 + 377 2% = 2xW = 2xw + 2w?
(x + 3v) (2x +v) (x +2)(2x + 32) - X —2W

By Lop

(2x +y + 3z -2w)
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Application of Lopana Sthapanabhyam :

The operation is first to consider all the factors in sets so obtained i.e. (x + 3y)
(2x +y); (x +2) (2x + 32) ; (x - W) (2x - 2w). In each factor two variables are missing
(Lopana). They are to be established (sthapana) in cach factor as follows. Consider
(x + 3y) from 1" set and establish the two missing terms one taken each from the other
two sets. (x + 3y + z — w) is a factor. The other factor is written similarly using the
second term of the 1 set as (2x + y + 3z — 2w). The same result is arrived starting with
any set of factors and also retaining any other variable throughou. |

This procedure can be extendable to any number of variables.

The method of Lopana Sthapanabhyam which is altemate elimination and
retention, is useful in solid Geometry, co-ordinate Geometry, of Straight line, hyperbola,
conjugate hyperbola, Asymptotes, HCF and the like. :

Cubic Equation :

Coming to the Factorisation of Cubics which are in the general form of
ax’ + bx’ + cx + d, one can apply the Adyamadyena Sutram in the following way.

One has to arrive at atleast one factor by Vilokanam by testing if (x + 1) or (x - 1)
is a factor. If it is not satisfied then a trial is carried out for a + ve or — ve values

(integers) in succession to see if it satisfies the equation. If one factor is established.
apply, the Adyamadyena Sutram as follows.

The first term 1s divided by the first term of the factor. This is added to the ratio of
constant of the equation to the constant of the derived factor. The two together will form
the second factor, only when the x term is also added.

Let the x term be ax where & is the coefficient of x.

Applying the Gunita Samuccayah Sutram, one can evaluate the coefficient of x

L.e @ value. We can also get the value of o by Argumentation i.e. (by comparing the like
terms on both sides).

Example3: E=x’+8x>+x-42=0

By Vilokanam 1 and - 1 are not roots of the equation as Sy # S,, Sc# 0
Se = sum of coefficients of odd powers

Se = sum of coefficients of even powers.
3¢ = Sum of the coefficients
But x = 2 satisfies the equation

(x - 2) 1s a factor
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By Paravartya Division of E by (x - 2), we get the quadratic expression as a quotient,
remainder being 0

x-2 3 2

'_2" X +8x"+ x - 42
2x* + 20x 42
x>+ 10x + 21 0

Q=x]+10x+21

R=0

More simply, the same result can be obtained as follows
© let us apply Advamadyena o can be obtained by Argumentation as

X _ a4 .,  follows

Sutram i.e. ~° =¥, 0" = E=(x~2)(x*+ax+2l)

L+ A+ 21) is another factor of 21 -2a =1

the given equation. “a=10 :

--Applying  Gunita Samuccavah |=(x-2)(x"+ 10x +21)

Sutram, one can evaluate @ This is verified by Gunita Samuccayah
Sc=-32=(1-2)(1+21+ @) SutramasE=-1(1+10+2)=-32=8§;

Loa=10

“+ The eqzuatinn is factorised as

x=-2)(x"+10x+21)=0

Now the Quadratic equation can be further factorised by applying Adyamadyena as.
x" +7x +3x + 21 and the factors are (x + 7) and (x + 3)

~ The given cubic equation = (x - 2) (x + 7) (x + 3)
We describe here a more general form of the Cubic Equation and its factors
(x +a), (x+b)and (x +c) as follows (- a, — b and — ¢ are the three roots of the equation).
(x+a)(x+Db) (x+c)=x3+{a+b+c)x1+(ab+hc+ca):-:+abc=ﬂ

1) If the Sum of the coefficients Sc= 0 then (x - 1) is a factor.

2) If the sum of the co-efficients of odd powers So = Sum of the
co—efficients of even powers Se then (x + 1) is a factor. >

One can try this in the beginning to get one of the factors if any.
The other factors can be worked out from the remaining Expression.

3) It is also seen that one can obtain the three factors by the process of
Argumentation. This is achieved from a comparison of the coefficients of
various powers in the given Cubic equation with the supposed factors. (or)
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one can deduce the factors from such a comparison using the general

expansion of Cubic Expression.

4) Consider the possible three factors of the constant term of the given Cubic
equation and then see if any one of the combinations can explain the x’
and x coefficient accordingly.

5) In case the constant term in the given equation has a number of
combinations of factors then one has to select three factors from them so
that, finally they can explain the coefficient of x* as well as x term. in
addition to the constant term. One can consider also negative values if it is
necessary.

6) From such possible factors of the constant term one has to test each factor
to see whether it is an allowed factor of the equation or not. In order to test
it, x + a, the factor of the constant term = (x + a) satisfies the rule of the
divisibility of the sum of the coefficients of S, i.e. in other words (x + a)
(coeff of x + a) should be a factor of S.. This should be the case with all
the factors of the constant term.

Such combination of factors should finally explain the coefficients
of x* and x.

7) In case either the S, or the constant term happens to be — ve, then both
negative and positive factors should be considered.

Example 4 : E=x"-4x’-11x +30
Sc#0 Sp#S:. (x-1)and (x + 1) are not factors.

Argumentation :

The constant value 30 have the following factors 1, 2, 3, §, 6, 10, 185, 30,
(- ve also should be considered when needed )

The factors of S. = 16 are 1, 2, 4, 8, 16 (- ve also needs to be considered if
necessary)

* The sum of the coefficients in each factor must be a factor of S.

Out of the factors of the constant term, one has to select only three
possibilities which should explain the coefficients of x* term and x term and at
the same time each factor should be a factor of S, as well | |
The possibilities of factors of the given equation are (x - 2) (x + 3) (x - 3) and
(x -3)

e Rule
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The detailed procedure for selection of the possibilities is as follows.

Considerate of factors 1, 2, 3, 5, 10, 15 and 30 (each one should be subject
to test)
(x + 1) 18 not a factor as already stated.
(x + 2) is not a factor as (1 + 2) cannot be a factor of S.
But (x — 2) can be a factor of S. as (1 — 2) is a factor of S, -
(x +3), (x — 3) may be factors as (1 + 3), (1 - 3) are factors of S..
(x + 5) cannot be a factor as (1 + 5) is not a factor of S.
(x — 5) may be a factor as (1 - 5) is a factor of S,

Similarly
(x +6), (x~6), (x +10) (x - 10) (x + 15) (x - 15) are not factors of S,
(x =2),(x+3),(x—3),and (x - 5) are possible factors of the equation.

The possible factors of the given equation are (x - 2), (x + 3 (x-3)
(x ~ 5). Out of this series, (x - 2), (x + 3) and (x - 5) explain the coefficients
of x* and x of the given equation, whereas (x — 3) is not.
Coefficient of X =-2+3-5=-4
Coefficientof x=-6+10-15=-11

The given equation is factorised as (x - 2) (x + 3) (x - 5)

Purana Method

The Cubic equation can also be factorized by Purana Apuranabhyam Method.

Example5 : E=x’+3x*-10x-24=0 —_ )

By Purana Apuranabhyam Method

Re writing the equation as x° + 3x* = 10x + 24

(2)

Consider the perfect cube in which the first two terms of the given
equation X’ + 3x* oceur as they are; (x + 1)’ =x'+3x% +3x+ 1 — (3) this is
by Purana method. Substituting for (x’ + 3x*) in the standard equation (3), its
value as (10x + 24) from the given equation (2), ie
(x+1’=10x+24+3x+1  (x+1)*=13x+25
Let(x+1)=y
y =13(y - 1) +25; y' —13y-12=0
To solve the y’ equation, (y + 1) is a factor as S =S,

By Adyamadyena we can get the second factor
i}
'-y-... — yzl:l?. —_ _12
y 1
The second factor is (y* +ay - 12)
Where a is to be determined by Gunita Samuccayah Sutram
Se=-22=(1+1)(1+a~12) -

()
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-24=2(-11+ a); a=-1

The second factor is (y* - y - 12)
The equation (3) is factorized as (y + 1) (y* - y - 12) |
The Quadratic expression can be further factorized as (y-4)(y+3)
(' - 13y-12)=(y+1) (y +3) (y-4) But,y=(x + 1)

y=-1 = x=-=2 =  (x+2)isa factor
y=-3 = x=-4 =  (x+4)isafactor
y =4 = x=3 =  (x~3)isafactor

The given equation can be factorized as (x + 2) (x + 4) (x - 3)

This method can be extended to a more general Cubic form (where the

factors may exhibit decimals) and also any higher degree equation which are
dealt with in the Lecture Notes ITI(b) more elaborately.
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SECTION-6
VILOKANAM

1) Solving of Cubic equations can be attempted in many ways using different Sutras.

2)

3)

4)

)

2)

The first step is to test if the sum of the coefficients S; of the given equation is
zero. If Sc =0, (x - 1) is a factor of the given equation.

Similarly if the sum of the coefficients of even powers (Se) = The sum of the
coefficients of odd powers (So). Then (x + 1) is a factor

If any one of the above is satisfied then one can obtain the remaining expression
“A” by dividing the given equation by that factor using paravartya Method (Refer
Lecture notes 1l for division) ‘

or

By applying Argumentation followed by Gunita Samuccayah Samuccaya Gunitah
Sutram, the remaining expression can be obtained. The second expression will be
a Quadratic expression. That Quadratic expression can be solved by
Adyamadyena followed by Anurupyena (or) Differential relation. Thus the three
factors can be obtained. There is still another method for obtaining the factors

By rewriting the given equation with the coefficient of x° as unity, if it is not so.

Consider cubic expression in the form (x +a) (x +b) (x +¢)=x’ +x’ (a+ b
+¢) + x (ab + bc + ca) + abc; where - a, - b — ¢ are the roots, (x + a)(x +b) and
(x + ¢) are the factors of the Cubic equation.

Then consider the constant term of the equation. The three possible factors
a, b, ¢ of the (Ref. Factorisation section) constant term which can explain the
coefficientof x” term as (a + b + ¢) and the coefficient of x term as (ab + bc + ca).

Then the three expressions (x + a), (x + b), (x + ¢) are the factors of the given
equation.

The Vilokanam Method, by trial in Succession, is extended to other integers also
as 2,3,.......... etcand-2,-3, ......... etc. Through this process, one can arrive
at exact solutions or find out the ranges of its roots which lie between any two
successive integers. If one can find out the roots to lie between two successive
integers; ri and r2, then one can try as a finer step with the valuesas riorn
0.25,morr2 * 0.5, 1 orrz ¥ 0.75 as the case may be. Even after this trial, if it

doesn’t satisfy exactly the equation then it has to be considered that such roots
may be irrational or complex.
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Such problems are dealt with separately in the Lecture Notes I1Ib.

Even if (x + 1) (or) (x - 1) are not the factors, if it shows by trial that any
other definite factor can satisfy the equation then it can be used as the starting

point for. solving the equation. A few examples of the above are given below

Examples :

1)

2)

3)

4)

E=27x"-39%" - 52x+ 64 = 0
S¢=0 <+ (x-1)isa factor
So* S¢ -+ (x+1)is not a factor

E=x3-2f—?x-4=0
S¢# 0 (x-1)is not a factor
So=8. - (x+1)is afactor

E=4xj-24x2+23x+ 18=0

Sc 0

So¥ Sc -+ (x—1) and (x + 1) are not factors
On Reorientation.

Let fix) = 4x’ - 24x’ + 23x =~ 18
But x = 2 satisfies the equation *+ (x-2) is one factor

E=x"+2x"—42x’ - 8x* + 258x - 400 = 0

S * 0 So¥ S - (x=1) and (x + 1) are not factors.
Let f(x) = X+ 2 -4 -8t + 258x = 400
Trial in Succession LHS RHS Diff
for x f (x) value 400 (RHS - LHS)
x=1 211 189
X=2 212 188
Xx=3 ~-27 427
X=4 - 248 648
X=3 215 185 —]Region in
X=6 2556 - 2156 —which one «
X=-] - 223 623  locate aroc
X=-2 -212 612
X=-3 207 193 —
X=-4 1016 -616 —
=-5 1885 ~ 1485
=-0 2052 - 1652 9
X=~17 203 197
X=-8 ~ 5648 6048
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In this trial one can expect that the roots lie between Sand 6; -3 and -4
and —~ 6 and — 7. For the exact values of all the roots; details are given in the

Lecture Notes [II b.

5) E=32x>+80x*-122x-35=0
Sc# 0 (x-1)isnota factor So# S,  (x+1)is not a factor
Let f{x ) = 32x° + 80x> - 122x =35

LHS f(x) RHS RHS - LHS

x=1 - 10 35 45
x=-1 170 -135

The roots lie between 1 and — 1

One can try with x = 0.75, 0.5, 0.25, 0, - 0.25, -0.5, - 0.75 for

locating the factors.
LHS RHS RHS - LHS
Ifx=1 - 10 35 45
Ifx=-05 77 ~ 42
Ifx=-0.25 35 0
Ifx= 0.75 - 33 : 68
X =~0.25 is a solution (.I + i—J 1s one factor Ref.

6) E=x’+6x*+11x+6

Se# 0 (x—1)isnot a factor So# Se  (x+1)is not a factor
Let ix )=x’+ 6x*+ 11x=-6

It 1s possible to have an approximate idea of the number of + roots and ~ve
roots form a study of the number of changes in the sign in the given equation,
(When x = 1 is substituted in the equation the maximum number of + ve roots,
when x = - 1, then maximum number of - ve roots can be determined). As this
equation has only all - ve roots, only - ve value for x are tried under Vilokanam

RHS Diff

{R.HS-L.H.S)
x=-1 -6 -6 0
X=-2 -6 0
Xx=-3 -6 0

As three solutions are formed there is no necessity for further trials.
X=-1,-2, -3 are three solutions of the given equation and (x + 1) (x + 2)
(x + 3) are the three factors
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| Example 7 : E=x"—4x3—3x+23=0
By Vilokanam
Sc* 0 - (x-1)isnotafactor  Se* S, -

(x + 1) is pot a factor
Let fix) =x" - 4x’ - 3x =-23

LHS RHS RHS - LHS
f(x) -23 '
x=1 -6 -23 - 17 ,
X =2 ~22 ~23 -1 Region of
X =3 ~ 36 -2 13 occurrence of root
X =4 -12 -23 ~11 ”
X=35 110 -23 -133
X=6 414 -23 -~ 437
X=-1 8 -23 - 31
Xx=-2 54 -23 ~ 77
X=-=3 198 -23 - 221
XxX=-4 524 -23 -~ 547
==5 1140 -23 - 1163
X=- 2178 -23 - 2201

Krom this trial one can expect that the roots lie between 2 and 3; 3 and 4.
for the exactness of the roots, details are given in Lecture Notes I1I b

Example8: E=x"+2x"'-42x° -8x*+257x - 210=0

By Vilokanam as

Sc=0 (x-l)}isafactnr

Let f(x) =x" +2x* - 42x’ - 8x* + 257x = 210

LHS RHS RHS - LHS
flx) 210
X=1 210 210 0
X=2 210 210 0
X=3 - 30 210 240
X =4 ~ 252 210 462
X=35 210 210 0
X=6 2550 210 -2340
X=7 8610 210 - 8400
Xx=-1 -222 210 432
X=-2 - 210 210 420
=—3 210 210 0
Xx=-4 1020 210 -~ 810
X=-5 1890 210 - 1680
=-0 2058 210 - 1848

Xx=-17 210 210 0
X =8 - 5640 210 - 5850
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x=1,2,5, -3, ~7 are the solutions of the given equations  the given
Fifth degree equation can be factorized as (x - 1) (x - 2) (x = 5) (x + 3) (x + 7)

Example9: E=x’+6x*-37x+30=0
By Vilokanam as

Sc=0 (x - 1) is a factor

Let f{x) =x’ + 6x* ~ 37x = - 30

LHS RHS RHS - LHS
f{x) 210
x=1 - 30 - 30 0
x=2 -42 12
X=3 - 30 0
X=4 12 -42
x=5 90 - 120
X=6 210 - 240
X=- 42 - 72
X=- 90 - 120
=-3 138 - 168
X = 180 -210
==3 210 - 240
XxX=-6 222 ~252
x=-17 210 ~240
X = 168 ~ 198
x=-90 90 ~120
Xx=-10 -30 0
XxX=-11 - 198 + 168

The roots of the given equation are 1, 3, - 10
The given equation can be factorized as (x ~ 1) (x — 3) (x + 10)

It may be noted that the Vilokanam method of locating the roots or
intervals will not give information on repeated roots. It cannot also give any
information on the various values if any in the same interval, unless one tries
decimal — wise value, in a given interval. But from a different method called

Successive Differentiation of the given equation, one can get the repeated
factors.
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GUNITA SAMUCCAYAH, SAMUCCAYA GUNITAH

This Sutram when used in conjunction with the factors of the gives expression:

Vedic Matematics Pacsosization

“ThSmofﬂnmmciennofﬂlhmhﬂnﬂmthdu
the product of the sum of the coefficients of each factor”, ‘
For Eg: X+ Tx+ 12 (x +3) (x + 4)

On the LHS, the Sum of the coefficients S, = the product of the sum of the
coeflicients in each factor.(R.H.S)
Se=(1+7+12)=20=(1 +3)(1+4)=4x5=20

| This is a very elegant sutram in the sense that this can be used for finding out the
factors of a given expression. More generally this sutram when coupled with the
wnﬁfiu?mwillmhwallthm&ldmm
X +(a+bx+ab=(x+a)(x+h) '
l+a+b+ab=(1+a)(1+b)

=]l+a+b+ab

Thixiuppﬁcab!ehunlvinganydewm.mmnﬁyhuul(nﬁoml.
irrational) or complex. Omhummnﬁduthtblhwinlmﬁﬂﬁhmmw
indiﬂduﬂyasﬂnmemaybc,inf&ctuﬂzingﬂnﬁmeqmﬁmnfmm.

1) ByVilokanam: One can have an idea of + 1, — 1 as the solutions in case
Sc=0orSo =S, respectively.
(Where Sc= Sum of the coefficients, So = sum of the coefficients of odd powers,
Se = sum of the coefficients of even powers). If the above condition is not
satisfied then one can try 2,3 etc and -2, -3.......... in succession to see if any
one of these can be a solution. Thus by way of inspection or trial (Vilokanam)if
one can locate one solution of the given equation , then one can solve the
remaining solutions, through the process of argumentation together with the
application of an elegant sutram namely “Gunits Samuccayah - Samuccaya
Gunitah” This method is considered to be a general one in solving the equations.
Even if one cannot get even one solution, one can still proceed by writing down
the equation into a product of two lower degree expressions. For example a fifth
degree equation can be written as a product of quadratic and cubic equations or
ulptodlnnfnl"degl'eeu:d4“dcpuaﬁprm.1hemdiﬂ'm
equations can be further solved separately. .

In case of a quadratic equation ax’ + bx + ¢ = 0 a very important
relationship is established by Swamiji between the first differential D: and
the vdiscriminant | A¢ D, = + ¥ Discriminant = £ b* - 4ac

From which one can directly read the two values of x.
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Based on the above principles the following examples are worked out.
Examples of solving a few equations are given below.

) E=x-2x*-7x-4=0
S¢ = Sum of the coefficients = 0 (x - 1) 1s not a factor .

But sum of the coefficients of even powers S, =-2 -4=-6
Sum of the coefficients of odd powers So= - 7=-6

Se=Sp (x+1)isa factor

Given equation E = (x + 1) (A) where A is a quadratic expression. To find
out the expression A, let us apply Argumentation process b comparing the
coefficients of like terms on both sides. A should have an x?, x and constant
terms. The coeff,, of X’ should be 1 on the R.H.S also. Hence in the expression
A, one has to write x°. Regarding the constant value, in the L.H.S it is — 4 and on
the R.H.S the already derived factor (x + 1) has 1 as the constant term and hence
In the expression A, the constant is — 4 (by Adyamadyena).

Now it remains us to determine the coefficient of x in'the expression A.
Let this be @ and one has to resort to the Sutram “Gunita Samucayah

Samuccaya Gunitah™ to get the value @ .When applied to this problem.,
X'~ 2x* —Tx —4=(x +1) (* +ax - 4)
1-2-7-4=2(-3+a)

a = -3, the coefficient of x in A is — 3.

Hence the two factors of the given cubic equation are (x + 1) & (x* ~ 3x - 4)

The second factor can be further factorized using differentiation concept;
or applying Adyamadyena.

The quadratic equation can be solved by the differentiation method.
D, the first differential = + v/ Discri minant

2x-3=+J0+16 = £5

x=4, -1

The second factor A, the quadratic expression can be also factorized using
Adyamadyena Antyamantyena as x° - 4x + x - 4

x’ X

= ~—which is Anurupyena (x - 4) is a factor.
-4x -4
xt -4
The second factor is — + "L (x + 1) is another factor.
I —

Hence (x + 1) (x + 1) (x - 4) are the factors for the given Cubic equation.
It 1s interesting to note that one of the factors (x + 1) is repeated.

In order to arrive at the repeated factors working details are shown
separately (under successive differentiation — factorisation)
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Di =3x§n4x-?
: =X -Tx+3x-T=0C3x-7)(x+1)

Now either (x + 1) or (3x — 7) can be considered for repetition. If (x + 1) is
repeated then the given equation E should be explained with (x + 1)2 as the
factor.

By Argumentation E = (x* + 2x + 1)A. A should have x and constant term
By Adyamadyena A = (x - 4)

It is evident that 3x - 7 is not a factor of E.
Let us consider fourth degree equation

2) E=4x"-4x’-39x" +36x+27=0
Se® 0  (x-1)& (x+1) are not factors
So * Se
Let f(x) = 4x" - 4x’ - 39%* + 36x =~ 27
By Trial in Succession
Letxbe?2,thenLHS=-52, # RHS
-+ (x - 2) is not a factor.
Letx be 3
Then LH.S=324-108 -35]1 + 108 =-27
-+ (x=13)is a factor.
Let x=-2 LHS=-132 -~ (x+2)isnota factor
Let x=-3
LHS =324 +108-351 =108 =-27
-+ (x+ 3)is a factor.
The two factors by applying Vilokanam are (x - 3) & (x + 3)
Now the given equation can be written as (x - 3) (x + 3) (A)
To find out A, one can resort to Argumentation followed by Gunita Samuccayah

ax’ —ax’ - 39x* + 36x + 27 = (xz -9) (A). A should contain xl, X and constant

terms.

Considering coefficient of the first term x* on L.H.S, the coefficient of x*
term in A should be 4. Considering the constant term 27 on the L.H.S the
constant term in A should be ~ 3. To work out the coefficients of the middle
term x. Let it be @x in A. By applying Gunita Samuccayah Sutram, one can
write
24=-8(1+a)

L =_4

Hence the third factor A is (4x” - 4x - 3)

The third factor A can be further factorized using the differential concept.
D, = *+ Discriminant

3}(_4: :t‘\!ll'ﬁ'i""t‘ﬂ .'.I=%."‘;-
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The given equation = (x + 3) (x - 3) (I—%J (14..1_)

2
ES.;-—G (4) ( 2){ 2) (2) 6

The above second degree equation can also be factorized by
Adyamadyena Antyamantyena Sutram

4 —4x -3 =4x" - 6x+2x -3

2
4‘; = 2'; (Which is Anurupyena)  (2x - 3) is a factor
— I -—
2
4x +- 3 . (2x + 1) is the second factor.
2x -3

E=(x+3)(x-3)(2x-3)(2x+1)=0
Sc=24=(4)(-2)(-1)(3)=24

3) Consider Solving the Equation :

84x" + 724x’ + 2297x* + 3160x + 1575 = 0 This equation has all the 4 roots - ve.
Let f(x) be 84x* + 724x’ + 2297x? + 3160x = - 1575

By Vilokanam trial, for the roots:

Sce#0 &S, # 8. (x-1) & (x + 1) are not factors.

By Tnal in Succession.

Let x=-2 the difference between RHS & LHS=5

Letx =—3 the difference between RHS & LH.S=-24

Lel x =—4 the difference between R.H.S & L.H.S =~ 855

One root is extended to lie between x =~ 2 and x = - 3 one can try

Let x =—2.5; the difference between RHS & LHS=0  (x +2.5) is a factor.

In all cases where there is likelihood of the values for x lying between two

specific values, for example, here, between ~ 2 and ~ 3 one can also try a specific value
for example such as -2 25,-2.5,-2.75

Trial in this direction gave an exact value - 2.5 for x which satisfies the equation.

To obtain the second factor, one can try by argumentation method and apply
Gunita Samuccayah Sutram.

Given ec&uatiun can be written as ( x + 2.5)A where A = (ax’ + bx? + ¢x + d)
E = 84x* + 724x° + 2297x* + 3160x + 1575 = 0

Stepl: By Argumentation and comparison of coefficient of x* with the coefficients
of x* on L.H.S, of the given equation one can write down a = 84 in A.
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Step2: Comparing the constant term of the given equation with the product of 2.5 and
d. One can obtain 2.5d = 1575 = d =630

Step3:  The coefficient of x in the given equation is 3160. Comparison of coeff. of x
of with that of x in the result of the product of two factors (on the R.H.S)
gives the following identity 2.5C + 630=3160; C =1012

Stepd4: Let us compare the x* coefficient 2297 in the given equation, with the
coefficient of x* by way of multiplying the two factors. One can write down
that 1012 + 2.5 x b =2297; b=514
Thus the expression A = 84x> + 514x* + 1012x + 630

Given equation is = (x + 2.5) (84x’ + 514x* + 1012x + 630)
Verification of this factorization by Gunita Samuccayah Sutram is as follows
Sc =84+ 724 + 2297 + 3160 + 1575 = 7840 (L.H.8)
(1+2.5)(84 +514 + 1012 + 630) = 7840 (R.H.S)

One of the factors of the given 4™ degree equation is Cubic expression.
This can be solved in different ways.

As we have already got one factor, one can also try if that factor repeats
by applying Successive Differentiation followed by verification by using
Gunita Samuccayah Sutram

Application of Successive Differentiation:

Differentiating the 4™ degree equation.
Dy = 336x" +2172x* + 4594x + 3160 = 0

It can be factorized by using Gunita Samuccayah. Taking into consideration that
there is a repetition of (x + 2.5) then D, = (x + 2.5) (168x* + 666x + 632)

Now we should explain the factorisation of 4™ degree equation E with (x + 2.5) as
the two factors (repeated)

Given eguatiﬂn E=(x+ Z.S)ZB
E = 84x"+ 724x° + 2297x* + 3160x + 1575 = (x* + 6.25 + Sx) B. B should contain x%, x
and constant terms. :

We can find out B by Argumentation. Coefficient. of x* in B is 84. The constant

term in B is %5% = 252. The coefficient of x is obtained as 252 x 5 + 6.25 & = 3160 (by

constant of x terms)
Coefficient of x = 304

Given 4™ degree equation is factorised as (x + 2.5)? (84x* + 304x + 252)
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The Quadratic equation can be solved by Differential method
7 9
Di = 168x + 304 = ++/7744 x=-—3—,-?

Hence the factorisation of E is finally as (2x + 5)° Bx+7D(7x+9)

If (2x + 5) is not repeatable in E then D, cannot have (2x + 5) as the factor. One
can test for it by reduction and absurdum also i.e. Considering (2x + 5) as a factor of D,,
find out the other factor and then confirm the factorisation of D; by applying Gunita
Samuccayah Sutram. After confirming, this factor can be carried out as once repeated
factor in E to get the other two factors of the 4™ degree equation E.

Now we can take that (x + 2.5) are the two factors of the given equation E. We
have to obtain the remaining two factors. :

We can also verify if (x +2.5)" are the once repeated factors of the given equation
using the Gunita Samuccayah.

(84 + 724 + 2297 + 3160 + 1575) = (1 + 6.25 + 5) (84 + 304 4 252) = 7840

Successive Differentiation Method for locating the repeated factors is dealt with

separately in a section under Differentiation as a method for factorisation of equations
of any degree.

It is interesting to note that if the coefficient of highest power is not unity, one
may follow any one of the following procedures for obtaining the factors of the equation

which would finally satisfy Gunita Samuccayah, Samuccaya Gunitah of the original
equation.

1) To divide the given expression E by the coefficient of highest power of the
equation to enable, it to have unity

2) Then to proceed to solving such modified equation E and then apply Gunita
Samuccaya for final verification with the first equation E.

For Example : 8x’ + 2x* - 37x - 18=0

On dividing (x’ + -]—f L 2] =0
4 8§ 4
Now the given equation is
E\=x"+ lf -E.r—?- =()
8 4

By Tnal (x + 1) and (x - 1) are not factors.
But x =~ 2 Satisfies the equation
" (x+2) s one factor.
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Ey=(x+2)A. A should have x’, x and constant term. By Adyamadyena the first and

lasttcnnsquarexz, —g.

E1={x+2)(xz+ux—§)=0

By comparing the x - coefficient on both sides.

_E+2a=-_—32. . 2;1:__28 u:._z
8 8 8 4
7 9

“ E=(x+2) -2 X —§)=0

The Quadratic expression A, (x* -%x—-:-) is solved by using first differential

D, = ++ Discrimin ant

" (,:: - —.J (:r + —} are the factors of A.

" Ei=(x+2) (1—%) [I+%J =(

By Gunita Samuccaya this is verified

S.of B =1+1 37 _2 _ 14y (1_3] (H}.):_E
48 4 4\ 72) T8

If the S, of the given equation is to be verified then S, (8E;) = S¢(E)

Sc (E)=-45; S, (8E)) = —% Xx8=-45

2) Some times it may be difficult to solve a Cubic Equation with fractions which is
obtained by dividing the coefficient of highest power of x to get the equation
with unity for it.

In such a case one can proceed without dividing as follows.
E=8x+2x"-37x-18=0
By Vilokanam (x — 1) & (x + 1) are not factors
But a trial in Succession shows
x =- 2 Satisfies the equation.
E=(x +2) A, A should have x?, x and constant terms
By Adyamadyena, the first and last terms of A are 8x?, -9 .
L E=(x+2)(8x° +ax-9)=0
By comparing the x coefficient on both sides.



152
Vedic Mathematics Factorization
-9+ 20=-137 Soa=-14

W E=(x+2)(8x*-14x-9)=0

Even if we take out 8 from the entire Quadratic expression the roots will be the
same as for the original Quadratic expression i.e. roots of 8x* — 14x ~ 9 = 0 are same as

x’ - -Z-x - % = 0. But unless we multiply it by 8, we cannot get back the original

expression. Keeping this in view, taking out 8 as common factor,

The Quadratic EK]]I‘EESiDn will be [.I: - z—-x - %) .On sulving this x = 3. ;X = __.2_!

The factors of the Quadratic Expression can be written as (I - %} {x + -;-] =0

But the factors of (8x* - 14x - 9) will be E(x-—%) (I+ %)

.. The given C;Jbic Equation is factorised as 8(x + 2) [x - %J [I + %)

Now applying Gunita Samuccayah

5\(3
Sc=-45=83)|->||2|=-45
=50 (-3 3]

One can also simplify the factors as (x + 2) (4x ~ 9 (2x+1)

4x-9
4

8(x+2)( ](zx;l)=(x+2)(4x-9)(2x+l)=-45=S¢

Note : One can also make the highest power as unity at any stage of working for
example, in this method we have divided by 8 at the stage of solving the
Quadratic equation.

¢) The above procedure can be extended in making the coefficient of highest power as 1

at any stage of working of any degree. But the cognizance of such feature has to be
carmned out at the respective stages when Gunita Samuccaya is to be applied.

In another problem

E=2"+x"- 12X 12x} +x+2=0 (Refer working details Section)
In solving this problem

We come across A = (x +0.5) (2x’ - 6x +2) =0
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We can take out 2 out of the quadratic expression to make the coefficient of x* as
unity i.e. division of Quadratic Expression by 2. In order to preserve the value of A we
have to multiply by 2 which can be written as (2x + 1), Thus the division by 2 is

preserved at the end. The roots of x> - 3x + 1 are iiﬁ We can apply Gunita

Samuccayah for the equation written in the form.

3
Sc=(x+1)(x+2)(2x + l)[x-g——-@- (x-i-!-ﬁ]

3
~18=(2)(3)(3) (-%--‘g -%4--"/; =18 (LEJ =_18
/
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SECTION -8

FACTORIZATION USING DIFFERENTIAL CALCULUS (CALANA - KALANA)
(Gunaka Samuccayah) B

The sutras that are used are given as

1) Gunaka Samuccayah.

2) Method of Argumentation, Adyamadyena and Anurupyena.

Let y = m (£, m are functions of x and factors of y)

dy dm di

Then —- =*’§I‘+m & s defined as Gunaka Samuccayah. The method of

finding out the factors using this differential calculus is as follows. Let us consider the
equation E=x"+7x+12=0. This can be factorized into (x + 3) and (x + 4) using
Adyamadyena followed by Anurupyena. The relations between the factors and co-
efficients of various powers of x in the given expression E and the successive
differentials are exemplified below. Given the expression

' m
E=x"+7x+12=(x +3) (x + 4)

Let the first factor (x + 3) be ‘¢* and the 2™ factor (x+4)be ‘m’.

The first differential D of the given expression E is 2x + 7. This is equal to £ + m
i.e. (x + 3) + (x + 4) which is simply 2./, the sum of the factors.

Let E be x” + 7x + 12 = (x + 3) (x +4), By Calana Kalana

dm  dl
Di=2x+7=(x+3)l+(x+4)1 =/ ——+m —

dx
=2x+7= Zf

Consider a cubic equation

General Cubic equation
(x+a)(x+b) (H’.+C}=x3+}{1 (a+b+c)+x(ab+ac+ bc) + abe
Then (x + a), (x + b), (x + ¢) are the factors (£, m, n) of the Cubic equation
and -a, - b, - c are the three roots of the equation. By Calana Kalana
Dy =3x"+2x(a+b+c)+(ab+ac+bc)

= Z(;H a)x+b)= Z.’m

=(xra)(x+b)+(x+a)(x+c)+(x+b)(x+c)
=3x1+2x(a+b+c)+(ab+ac'+bc}
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D, =6x+2(a+b+c)=2! Y
2!1) (x+a)=(x+8)+(x+b)+(x+c)
=2/ [3x+(a+b+c))=6x+2(a+b+c)

Example 1 :

y=x"+16x‘+ 71x + 56 = 0, Find the factors.
Let (x +a), (x +b) and (x + ¢) i.e. (£, m and n) be its factors
Di=3x"+32x+71= ¥ Im

Dy=6x+32=2! )

By Argumentation the factors ¢, m, n can be written down. Consider the equation
x>+ 16x° + T1x + 56 =0,

The procedure is to find out the three possible factors a, b, ¢ of the constant term
56 and to select from those various combinations, the one which satisfies the above

expressions for the differentials. Out of all possible factors of 56 (integer) (4, 14, 1),
(28,2, 1), (56, 1,1),(7,8,1),(2,4,7) and (2,2,14), (- ve values also if necessary may be
considered) the combination (7,8,1) alone satisfies the following.

1) The condition of the divisibility of S, (sum of the coefficients of the given Cubic
equation E) by the sum of the coefficients of each factor of the combination,
should be satisfied.

2) The coefficients of x* term and coefficient of x term derivable from the given

combination should explain the corresponding terms of the given cubic equation
E. '

3) The 1%, and 2" differentials should be explainable as per their General relations
with the factors. The combination of factors will satisfy the derivative
expressions.

When the factors are (x + 8), (x + 7) and (x + 1) as £, m and n, one may note
that any one of these factors can be taken as £ and any of the remaining as m and n.

Let us apply them to the above case. The factors of 56 as 7, 8, 1 alone
satisfies, the above three conditions. When 7, 8, 1 are factors of the constant terms 56
one can write down (x + 7) (x + 8) (x + 1) as the factors of E and then verify the
above three conditions.

1) The factors of the equation considered are (x +7), (x + 8) and (x + 1) as £, m, n.
Then the sum of the coefficients of each factor are 8, 9 and 2 respectively. These
are factors of Sc=1+ 16+ 71 + 56 = 144 = 8 x 9 x 2. But all the other
combinations for the constant term 56 do not satisfy this rule.
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2) x* coefficient of the given equation E is 16.

This 1s equal to Sum of the factors of the constant term 56 . Za =(atb+c)=
7+8+1=16

Similarly x coefficient (71) of the given equation E = Sum of the products of two

factors (of constant term 56) taken two at a time. Zab =(Tx8)+(8xD+(Tx1)=
71

3) Dy=3x*+32x+71 =me =Z (x+a)(x+b)=(x+7)(x+8)+(x+7)
(x+1)+(x+1)(x+8)=3x*+32x + 71
Dy=6x+32 =20 Y I=2!(1+m+n)=2(x+7+x+8+x+1)=6x+32
E=(x+7)(x+8)(x+1)

Example 2 : Consider 24x’ + 66x* ~81x ~ 189 = (2x+3)(3x+9N@x-7=0
Verifying the Differential relation.

The factors of this equation are (2x +3) as £ ; (3x + 9) asm; (4x - 7) asn.
Dy=72x*+132x - 81

Dy = ) Im = (2x +3) 3x + 9)4 + (4x - 7) (3x + 9)2 + (2x + 3) (4x - 7)3
=(6x"+27x + 27)4 + (12x* + 15x - 63)2 + (8% - 2x ~ 21)3 = 72x + 132x - 81

As x’ coefficient is not unity , one may also divide the given equation by
coefficient of x° to get the required equation.

Dividing by 24 to make the coeff of x” as 1

pd
The equation = x* + 66x” 8lx 189

24 24 24
2
=x3+1_1£__27'x_63
4 8 8
4 m n
s
2L X 27x 63 =(I+§J(I+3][I_3}
4 8§ 8 2 4
D= N L Y Im =fm+fn+mn=[f+2x+2] +(‘f—-l—x—gl-]+
4 8 2 2 4 8
[.1l:1+é.r:—~}'l—1h)=3.1::‘1'+—g3.1:--E
4 4 8

D, =6x + %2 =21 31 =2 ({+m+n)=2 [(x+-§-)+(x+3)+(x—%}] = Gx+%i2.
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Example 3 :

Let us consider another Cubic Equation x* + 12x* + 47x + 60 = 0. The factors of
60 are many out of which 3, 4, 5 will satisfy x coeff. and x* coeff, also. This is factorised

into three factors £, m, and n as (x + 3) = ¢, (x + 4) = m, and (x+5)=n.In this case the

first differential will be equal to me 1.e. , the sum of the product of the factors taken
two at a time and the summation is extended over all such products. The 2™ differential
D, is equal to 2! ) /.

This method can be extended to solve equations of any degree wherein the
differentials D; D; Dj ........ will be equal to men , 2! Z!m, 3! ZJ , for a fourth

degree equation having 4 factors £, m, n, p and ) imnp, 2!y Imn 3!y Im, 4! ¥'I fora
5" degree equation having 5 factors as £, m, n, p and q and so on.

4" Degree Equation :

(x+a)(x+b)(x+c)and (x + d) the Emdunl of the four factors (¢, m, n, p) =
{x+a}{x+h)[x+c}(x+d]=x4+x{a+h+c+d)+x2(ab+ar:+ad+bc+bd+cd)+
X (abc + abd + acd + bed) + abed .

First differential Dy = 4x’ +3x* (a + b + ¢ + d) + 2x(ab + ac + ad + bc + bd + cd) +

(abe + abd + acd +bed) = Y Imn
=) (x+a)(x+b)(x+¢)=(x+a)(x+b)(x +c) +(x +a)(x +b) (x +d)

(x+a)(x+c)(x+d)+(x+b)(x+c)(x+d)
=4x’ + 3% (a+b+c+d)+2x(ab+ac+ad+bc+bd+cd) + (abe + abd +acd + bed)

Second differential D, = 12x* + 6x (a+b + ¢+d)+2(ab+ac+ad+be+bd+cd) =2!Z.’m

=21) (x+a)(x+b)=2![(x+a)(x+b)+ (x+a) (x +¢) +

(x+a)(x+d)+(x +b){x+c)+(x+b){x+d}+(x+c)(x+d}]
=12x° +6x (a+ b+ c + d) + 2(ab + ac +ad + be + bd + cd)
Third differential D; =24x + 6(a + b+ ¢ + d)

= 3 z {:c:+a)=3![[x+a}+{x+b}+(x+c)+{x+d)]=3!2!
=24x+6(at+b+c+d)

5" Degree Equation :

Similarly one can work out 5™ degree equation which has
(x+a)(x+b)(x+c)(x+d)(x+e) as factors.
{ m n p q
D = Z (x+a)(x+b)(x+c)(x+d)= menp
D, =2! ) (x+a)(x+b)(x+c)=2! Y Imn
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Dy =3! )" (x+a)(x+b)=3! ) Im
Di =4! Y (x+a)=4! Y I

General r'" degree equation
Let us consider an r'" degree equation having r factors as (x +a) (x +b) (x +¢) ... (X +71)
Thisis expanded as=x"+x""'(a+b+c+........ +(r-1)+71)
+x (ab+bc+ad....... ar+bc+bd+b(r-1)+br+........(r=1r)
+x [ (abc + abd + abe +acd + ......... (r—2)(r-1)(1)]

+x(abede.. (r- 1)+ bede....r)+abede ... (r=1)r.
Di=) (x+a)(x+b)....... [x+ (- D] =Y lmn..@r-1)
D=2}, (x+a)(x+b).......(x+(r-2))=2! ¥ imn... (r-2)
Dy=3!Y (x+a)(x+b).......(x + (r=3)) = 3! Y Imn... (r-3)

Dy=(r-3)! ) (x+a)(x+b) (x+¢)=(r~3) Y Imn
Dro2=(r-2)! 3 (x+a)(x+b)=(r-2)! Y im
Dry=(@-1)Y (x+a)y=(r-1)1) I

Note :

The formula that are derived by Swamiji under Gunaka Samuccayah, the
relation between Differentiation and factorization are in reference to

1) Factors with unit coefficient of x and expression and the product of the factors
having unit coefficient for the highest degree.

If the given expression, which needs to be factorized is having coefficient
other than 1 for the highest degree term, then one can divide the expression by the

coefficient so as to apply directly the formula derived by Swamiji.
Le.

Example : E=x3+4xl+x+f:={x+2)(x+3){x—1)
(x+2)=¢ (x+3)=m (x-1)=n
The first differential
Di=YIm=(x+2)(x+3) +(x +2)(x - 1)+ (x + 3)(x - 1)
=3x"+8x + |
Second differential

Dy =21 3 1=2M(x+2)+(x+3)+(x- 1)) = 6x +8

This formulae for Dy, D, etc are concerned with unit coefficient for the
highest degree.
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If the given expression has a coefficient not equal to 1 for the highest
degree, then one can solve in two ways,
I. By simply dividing the equation by the coefficient of highest degree, one sets
it as an equation with the coefficient of highest degree as 1. Then it can be
worked out exactly similar to that explained earlier

1e. D] = Zfﬂl

D;g'—“?.! 2f

1) E=4x’ - 12x* - 15x - 4

15
4 -3 -2 1]=0
E= 4

L E=x'-3x- %x -1=0

Let the factors be {x +1] (.::-1--15] (x ~-4)

2
¢ m n
D;=3K1—6}{~E
4
Dy = ij =(II +I+'1")+(I]*31-2)+(I2—3x—2] = 3x* - 6x - B
4 2 2 4
D:=6x-6
D,=2! ZI:ZE x+%]+[x+%]+( -4} 2A3x-3)=6x-6

Il The General method of solving by the application of Gunaka Samuccayah for
the cubic equation.

D, = me EE= Im%+1n%+mn£

B dn{ dm dl d’l
E-Z Hv(‘fr‘ ”"dx]"z E{m")

dn{ . dm aty dif dn  dm) dm/{ dl .dn) d¥% d’m
~——|l—+m J+ m—+n + n—+{— [+ —=(mn)+ —(nl) + -
dx dx /) dx\ dx dx/ dx\ dx dx/ dx dx '.

E=4x’- 12x* - 15x -4 =0
(2x+1)(2x + 1) (x - 4)
¢ m n
D, =12x> - 24x - 15

=1

1) (4x‘+4x+1) [El=4x‘+ 4x + 1, ﬂ
dx dx
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2) (sz;-?x—df) ~——+J=4x1—14x—3 — =2

3) (2x°-7x-4) —-—J=_f—14x—a_

D, = 24x - 24

d dn
D: — Im —
: de(m de

_d'n dn{ dm dl\ d di{ dn dm\ d’m dm( dl dn

= E(;’m)+ dx(! o +MEJ+F(mn)+-d—I[m—+ﬂ——)+Ez—{m’)+ rir[ﬂ .+1’de
d’n  d3  d'm

But ra el iy =0

Hence D= 1[(2x+1)2+(2x+1)2]=8x+4
+2[(2x+ 1)1 +(x -4)2] =8x - 14
+2[(x-4)2+(2x+ 1)1]=8x-14
D;=24x-24



161 '
Vedic Mathematics Factorization

SECTION -9

SUCCESSIVE DIFFERENTIATION - FACTORISATION (REPEATED FACTORS)

There are certain significant internal relationships between factors and successive
differentials of polynomials as such Swamiji has given very elegant methods showing

these relations for the equations of any degree which has factors &, m. n...... r (r factors)
In general, this is shown in the general 1" degree equation.

If “t” is one of the factors of the first differential Dy of the given equation E,
Then one can find out if this is a factor also of the E. If so it should appear once repeated
factor as t". The factorisation of E should be in terms of t* which can be verified by

Gunita Samuccayah Sutram.

This is extended to all the factors of Di. Through this process the equation E can
be obtained. If t occurs as repetition for more than once say 3, 4. D; should be
factorisable in terms £, t etc. At every stage the verification is to be carried out using
Gunita Samuccayah. If Dy is factorizable in terms of t , t etc then D should be
factorizable in terms of t, t° etc respectively in which case t’ should be a factor of E. This

is shown in the following general table

E; D D D3 Dq4 Ds4 - - Da-i
5 t - - - ~ - ~ -

t t lI - - — - - -

t‘iI t3 t t - - — - -

n n-1 -2 n-3 4 n-3

t t i t t t - e t

A few examples are given for each degree equation, where the degree is
2,34,5& 6.
Swamiji has further extended the concept of Successive differentiation to locate
the repeated factors, of the given equation E.
Working out for the location of the repetition of the factors is exemplified in the
following problems.

Example 4 : E=x+5x+7x+3=0
The first differential Dy = 3x” + 10x + 7
It can be factorized by Adyamadyena as (x + 1) (3x + 7)

If there is a possibility of any one of these as the factors in the given cubic
equation, then the given equation E should be factorizable as the square of that factor.
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First let us consider the pusslbll:ty of the factor (x + 1) of D, to be a factor of the
equation E, then it should occur as (x + 1)? in E. As such the given cubic equation should
be written as (x + 1)* A. A is to be determined by Adyamadyunn and Argummtnnun
followed by Gunita Samuccayah Sutram as follows E = x’ + 5x* + Tx + 3 = (x* + 2x +
DA [(A will have only x term and a constant term] Determination of A by

3

Adyamadyena i_’ =X, ;:- =3 A=(x+3)

The given cubic equation E is factorized as (x + 1) (x + 3),

This factorisation is to be also verified by applying Gunita Samuccayah Sutram
Sc=16= (1 +2+1)(1+3)=4x4=16

(x + 1) (x + 3) are the factors of the given cubic equation.
It 1s obvious that (3x + 7) cannot be a factor of the given E.

(x + 1) alone repeats in the Cubic equation with the roots— 1, - 1 and - 3.
A few more examples are given below under successive differentiation.

Example5: x’+7x*-5x - 75 0
The first differential D; = 3x*> + 14x - §

Applying Adyamadyena followed by Anurupyena = 3x* + 15x - x — 5

3 2 .
X = (x +5) is a factor of D,. The other factor is E—-——:— =(3x-1)
X

15x -5

D, is factorized as (x + §) (3x - 1)

If (x + 5) is a factor of cubm equatmn then the given cubic equation should be
factunzabla in terms of (x + 5)° i.e.
E= {x +5¥ Aand Ais to bc determined

X*+ 7% - 5x = 75 = (x* + 10x + 25)A, (A will have only x term & constant
term)

k]
. -7 * .
Applying Adyamadyena Iz = 255 =(x=3) = 4. Applying Gunita Samuccayah for
X
venfication of factorization.
Se=-T2=(1+10+25)(-2)=-72
Given equation E = (x + 5) (x - 3)
It can be shown that (3x - 1) of D, is not a factor of E.

Example 6 : x*-13x* +42x% + 321 224 0
The first lefercntml D = 4x - 39x* + 84x + 32
D;=12x*~78x + 84 = 6(2x* - 13x + 14) Thus has no rational factors.

Applying V:Inkanam to D, to find out its factors.
Let f(x) = 4x” - 39x* + 84x =- 32
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LHS RHS RHS - LHS
x=1 49 - 81
x=2 44 - 76
Xx=3 9 - 4]
Xx=4 - 32 .32 0

x =4 1s a solution
(x - 4) 15 a factor of D, :
D, =4x’-39x* +84x + 32 = (x - 4) A. A should have xz, X, constant term
By Argumentation,
D) = (x - 4) (4x* - 23x - 8). This is verified by Gunita Samuccayah.
Sc=81=(1-4)(4-23-8)=8l.
In order to find out if (x- 4) is also a factor of the original Equation E, then the latter
should be factorizable in terms of (x - 4}1 =x"-8x + 16
E = (x* - 8x + 16) (B) B will have x’, x and constant terms.
B can be determined by Adyamadyena & Argumentation.
By Adyamadyena the first and last terms of B will be x* and - 14
E=(x"-8x +16) (x* + ax - 14), where a is to be determined. By comparing
the coefficients of x with that of E, one gets 16@ +112=32: a =-§
Verifying the above factorisation by applying Gunita Samuccayah Sutram .
Se=-162=(1-8+16)(1 -5-14)=-162
(x* — 5x — 14) is another factor of E. This quadratic expression can be further
factorized by applying Adyamadyena as (x +2) (x - 7).
The given equation E can be factorized as (x — 4) (x + 2) (x - 7)
Xx=4,4, -2, +7 are the solutions of E.

Example 7: x°— 7x* - 15x> + 243x* - 702x + 648 = 0
Let E=x"— 7x* — 15x> + 243x% - 702x + 648 (given equation)
First differential D, = 5x* - 28x’ - 45x* + 486x — 702

D, = 20x” — 84x” - 90x + 486
D; = 60x* - 168x - 90
D, =120x - 168

One can also start working with higher differentials

Applying Vilokanam to D, = 20x’ - 84x? - 90x + 486 = 0
Sc# 0  (x-1)isnota factor
So# Se  (x+1)is not a factor
Let f{x) = 20x° — 84x? — 90x = — 486

LHS RHS Diff
f(x) _ 486 RHS - LHS
x=1 154 -332
X =2 ~ 356 - 130
x=3 - 486 ~ 486 0
X=4 ~ 424 - 62
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(x - 3) 1s a factor of D, . The remaining expression can be obtained by applying
Adyamadyena fnllowad by Argumentation
D; = 20x’ — 84x® - 90x + 486 = (x — 3) (20x — 24x — 162). This is verified by
applying Gunita Samuccayah Sutram.
332=(1-3)(20-24-162)
=—2(-166) = 332 |
Hence (x — 3) is a factor of D,. In order to ﬁnd out if (x — 3) is also a factor of E then
D, should be factunzable m terms of (x - 3)°.
Dy = 5x* - 28x® - 45x% + 486x - 702 = (x* - 6x + 9 (A)

Ais to be detcrmmad by applying Adyamadyena followed by Argumentation. A
should have x*, x and cnnstant term. The x° term and the constant can be determined

by Adyamad}'ena as 5x’, and - 78; The x term is determined by comparison of x
terms on both sides.

= (x* - 6x + 9) (5x* + 2x - 78)
It can be verified by applying Gunita Samuccayah Sutram as
Sc=-284=(1-6+9)(5+2-78)=-284
(x - 3) repeats twice in the D,.
If (x = 3) 1s a factor of E than it should be factorizable in terms of (x - 3)
(x* = 9x* + 27x - 27)

This is wnrked out by applym; Adyamadyena and A:gmn:ntatmn as follows.
E=x"-7x* - 15x® + 243%* - 702x + 648 = = (X~ 9%+ 27x - 27) B

B should have x°, x and constant term. The first and the last term of B are

obtained as x’ and - 24 by Adyamadyena. The x term is to be determined by a
comparison of x on both sides

= (x* + ax - 24)

E = (x’ - 9x* + 27x - 27) (x? +ax -24)
(=24 x27)x - 27ax =- 702x

a =2
This is verified by applying Gunita Samuccayah Sutram as.
Sc=168=(1-9+27-27)(1 +2-24)

=—-8(-21)=168
E has (x - 3)° as its three factors (repeated)

The remaining Quadratic expression of E = (x* + 2x — 24) can be further
factorized by using Adyamadyena. (followed by Anurupyena)

X’ +2x—24 =%+ 6x—4x 24 = (x+6)(x- 4}
The given equation E is factorized as (x — 3)° (x + 6) (x - 4)
with 3, 3, 3 'and - 6 and 4 as its roots.

Example 8: E=x*+12x* +57x* + 136x° +1?lx +108x +27=0
The first Differential
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D, =6x> +60x* + 228x’ + 408x + 342x + 108

Factorization of D by Vilokanam. (As So=8e  (x + 1) is a factor). In order to

get the remaining expression A of D; we can use Adyamadyena followed by
3

Argumentation. Adyamadyena gives bx
X

, ":B the first and the last.

But the complete expression of A has also x’ term as @x’, x* term as #x? and x
term as y x where a, f, and y are to be determined.

Dy =(x+1) (6x* + ax’ +Bx*+ y x +108)
By Argumentation, by way of comparison of similar coefficients , one can write
the following relations 108x + y x =342x = y =234

Similarly 234x* + B x* = 408x* = B =174
And 174x° + ax* =228 = @ = 54
Dy = (x + 1) (6x" + 54x° + 174x* + 234x + 108)

If (x + 1) is a factor of the given 6" degree equation E, then E should be
factorizable in terms of (x + 1)?

Let us see if this can be carried out. The 6™ degree equation E is now written as
x*+2x+1) (B). B should be in the form (ax® + B’ + »x* + &+ £). The coefficient of

. , ° 27
x* and constant terms can be obtained by using Adyamadyena a = if, E= T The
X

remaining coefficients f§ y & can be obtained by comparison of the similar terms on both
sides i.e. by Argumentation as follows

54x+ ox =108x = & =54

yxX'+ 135 =171x' = y =36

Bx’+126x =136 = B =10
E=(x+1)"(x*+10x> + 36x*+ 54x + 27) = 0

This factorization satisfies Gunita Samuccayah Sutram. S, = §12 = (1+DH{+1D
(1+10+36+54+27)=512. Hence (x +1)* is once repeated factor of the given sixth
degree equation E. If (x + 1) still repeats in the given equation E, then (x + 1)’ is a factor.
For this let us consider the second differential D, = 30x* + 240x> + 684x% + 816x + 342
As So= Se, it has (x + 1) as a factor. Using the above principles, D, can be written as (x +
1) (30x +210x7 + 474x + 342)

This shows that (x + 1) will repeat 3 times in the given sixth degree equatio’. To
verify the repetition of (x + 1) three times in the given 6" degree equation, one has to
factorise E with'(x + 1)’ as the three factors,

E=(x+ I}JC, C will have x°, xz, X and constant terms.
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By Argumentation and comparison of the coefficients one can show that C =x" +9x" +
27x + 27 which is venfied by Gunita Samuccayah.

It is interesting to note that D; should be factorizable also in terms of (x + 1)°. If
s0D;= (x+1)'F

Where F = 6x” + 48x” + 126x + 108 which is similarly obtained by using the above
principles.

This satisfies the Gunita Samuccayah Sutram

The third differential D; of the given sixth degree equation is
Dy = 120x> + 720x’ + 1368x + 816, By Vilokanam it can be clearly seen that
(x + 1) 15 not a factor as Sy # S

(x + 1) repeats only thrice in E.

Itis easier to find the remaining roots of the given 6" degree equation, by
concentrating on the remaining third degree equation x’ + 9x* +27x + 27 =C.

Let us differentiate this expression successively. The first differential of the
equation Dy = 3x” + 18x +27=3(x 4 6x + 9) = 3(x + 3) (x +3)

The third degree equation should be expressible in terms of (x +3)3

Here the third degree equation is itself (x + 3)°

The sixth degree equation can be factorized as (x + 1) (x + 3)’. Similar procedure is

adoptable for locating the repetition of the roots (the factors if any), for an equation any
degree by successive differentiation method which is considered to be very elegant.

The Six roots of Eare-1,-1,-1,-3,~3 and - 3.
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SECTION - 10
PURANA APURANABHYAM
] Cubics
1)  E=x+6x-37x+30=0 (Ref. Vilokanam Section)

a) By Purana Apuranabhyam Method.
Rewriting the equation E as x’ + 6x° = 37x - 30 (By Paravartya)

Cnnsrder a perfect cube in wlm:h the ﬁrst two terms of the equation E
(x + 6x° )occur as they are (x+2} =x +6x +12x + 8. This is Purana Method
Substltutmg in the Standard equation (X + 2) for the first twu terms x° + 6x° from
the gwen equation E [x +6x°~37x + 30)=0,x’ +6x*=37x - 30
{x+2) =3Tx-30+12x+8=49x - 22

Let(x+2} y- X=y-=2
’ y‘49{y 2) 22=0

b) y ~49y+120=0 (I)  Solving cubic equation
1¥ step by Vilokanam

Sc * 0 <~ (y—-1) is not a factor

So ¥ Se - (y + 1)is not a factor

But a trial in Succession, shows that y = 3 satisfies the equation -~ (y ~ 3)
is a factor.

-~ equation (1)=(y —3)A. A should have y y and cnnstant terms.
Applying Adyamadyena Sutram, the first and the last terms of A are y *and - 40,

P, 120
ie [L =y, ——= -40]
y -3

Now the equation can be written as (y - 3) (y2 + @y - 40) where @ is the
coefficient of y and can be determined by applying Gunita Samuccayah Sutram.
Sc=T2=(1-3)(1 + @ -40) S @ =3

The Quadratic expression is (yl + 3y —~ 40). This can be factorized
further by applying Adyamadyena Sutram. ~

y' +3y-40=y’ +8y-Sy—40 = (y+8)(y - 5)

The equation is factorized as (y - 3) (y = 5) (y + 8) ; buty =(x +2)
y=3 = x=liy=5 = x=3 y=-8§ = =-10
* The given equation E is factorized as (x ~ 1) (x - 3) (x + 10)
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2)

3)

E=x>+9x*+23x+15=0

a)ﬁﬂ@a&mmmm

Rewriting the equation as x> + 9x* = - 23x — 15. Consider the perfect cube in
which the first two terms x’ + 9x* of E occur as they are (x + 3)° = x* + 9x? + 27x
+ 27. This is Purana Method. Substituting in the Standard equation (x + 3)’ for the
first two terms (x° + 9x?) form the given equation the expression -~ 23x - 15.

Lo(X 3P =-23x- 154 27x+27 =4x + 12 = 4(x + 3)
Let(x+3)=y
b)y =4y = y =0 1is one solution.
y' =4 =  y= 1 2 are the other solutions.
y=(x+3)
y=0 = x=-3; y=2 = x=-1; y=-2= X
(x+1)(x+3)(x +5) are the factors of the given equation.

i
I
LA

E=x'+9x*+24x +16 =0

a) By Purana Apuranabhyam Method

Rewriting the equation as x’ + 9x* = - 24x — 16. Consider the perfect cube
in which the first two terms of E, x* + 9x occur as they are (x + 3)> = x> + 9x* +
27x + 27. This is Purana Method suhstitutin§ in the standard equation (x + 3)’ for
the first two terms from the given equation x* + 9x* = - 24x - 16.
(x+3)=-24x-16+27x + 27 =3x + 11
x+3P=3(x+3)+2

Let(x+3)=y |
b) y' = 3y+2, y - Jy-2=0 Solving the cubic equation in y
1* step by Vilokanam

Se# 0 (y — 1) is not a factor

So=Se¢e = (y+1)isa factor

The other two roots can be determined by applying Adyamadyena Sutram
followed by Gunita Samuccayah Sutram.

The equation in y can be factorized as (y + 1) A.  Where A should contain
}fzi y and constant terms.

The first and last terms of A can be obtained by using Adyamadyena and
they are y* and - 2.

The equation in y can be written as (y + 1) (y* + ay - 2)
By Gunita Samuccayah Sutram , & can be determined.
Sc=—-4=(1+1)(1+ a -2) a= -]
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This o can also be determined by Argumentation i.c. by comparing the
like terms in y* -3y -2 =0and (y + 1) (y* + ay - 2)
(a-2)=-3;, a=-~1

Thus A, the Quadratic expression = (y* — y - 2) and this can be further
factonized by using Adyamadyena Sutram.
Y =2y+y-2= (y+1)(y-2)

The equation in y can be factorized as (y + 1)? (y - 2)

y=(x+3) =2>x=y-3
[fy=-1 = =-4 =  (x+4)isafactor
Ify= 2 = x=-1 =  (x+1)isa factor

Thus the given equation is factorised as x> + 9x* + 24x + 16 = (x+4)’ (x +1) =0

The repetition of the root can be also obtained by Successive Differentiation

The above problems are solved using general argumentation Method (Vedic Method)

[) E=x’+6x‘-37x+30=0

2)

By Vilokanam
Sc=0 = (x = 1) 1s a factor
So # Se = (x + 1) 15 not a factor
.. E=(x-1) A. A should have x%, x and constant terms.
}
By Adyamadyena the first and last terms of A are — = x?, EL 30

X -]
E=(x-1)(x*+ ax - 30) a is to be determined by comparing the x-—
coefficient on both sides

~30-a=-37

~a=-T=a=17

. A=(x*+7x~30). A can be solved. By using differential relation
D, =+ «/ Discriminant

2x+T7=% {49+120

2x+7=%213,= x=-10, 3

S E=x-1)(x=-3)(x+10)

E=x"+9%‘+23x+15=0
By Vilokanam
Sc# 0 = (x — 1) 1s not a factor
So = Se = (x + 1) 1s a factor
.. E=(x+1)A. A should have x°, x and constant terms.
}
By Adyamadyena the first and last terms of A are — = X%, b, 15

X
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3)

= (x + 1) (x* + ax + 15) « is to be determined by comparing the x-
coefficient on both sides

15+a=23

a=28

A= +8x+ 15). A can be solved. By using differential relation
D, =+ « Discriminant

2x+8=14 4/64-60

2x+8=%2,= x=-5,-3

L E=E+1D)+3)(+S)

This is verified by Gunita Samuccayah
Sc=1+9+23+15=48=(1+1)(1+3)(1+5) = (2)(4){6) 48

E=x"+9%‘+24x+16=0
By Vilokanam
Se# 0 = (x - 1) is not a factor
So=Se = (x + 1) is a factor
. E=(x+1) A. A should have x’, x and constant terms.
3
By Adyamadyena the first and last terms of A are — = x?, 16 16

X

=(x + 1) (xX* + ax + 16) a is to be determined by comparing the x-
cnef’ﬁment on both sides

16+{1 24 . a=8§

A= {x +8x+16)= (x+4) . E= [x+l}(x+4}
Thls is verified by Gunita Samuccayah
Sc=1+9+24+16=50=(1+1)(1+4)(1+4)=(2)(5)(5) =50

[l Bi- Quadratics

1.

E=x"+8x"+22x*+24x + 9 =(
X'+ 8x’ =-22x* - 24x - 9 — (1)

[I+%J =(x+2)' =x*+ 4’2 + 6x% 22 + 4x.2° + 2*

=x*+ 8%’ + 24x* +32x + 16
Here, the value of x* + 8x’ is carried out from the above equation (1).

4
[I+%) =— 22x* - 24x -9+ 24x* + 32x + 16

=2x*+8x +7
=2(x +2)° -1

Considering (x + —E—} asyor(x+2)=
y'=2y*-1
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Factorization
y' -2y’ +1=0
-1 =0,(’- 1) (y*-1)=
y=+1, +1
=-1,-1,-3,-3
2. E=x*-a’-23x*+54x+72 0
X' ax’=23x% -54x -T2 (1
4
[x*%) =(x=1)" =x*-4x® +6x* - 4x + 1
The valu: of (x — 4x°) from (1}15 carried out to this equation
{xwl} =23x> - 54x - T2+ 6x° —4x + 1
=29x* - 58x - 71
Let(x~1)bey
I|=y4—29y2+1{}[}=0
By Vilokanam
Sc # 0 = (x-1)isnot a factor
So # Se = (x+ 1)isnot a factor
Let f(y) = y*- 29y* = - 100 (1)
LHS RHS RHS - LHS
fy) - 100
y=1 - 28 - 72
y=2 - 100 0
y=3 ~ 180 80
y=—1 - 28 -T2
y=-2 -100 0
y=-3 ~180 80

y =2, y=- 2 are two solution s of the ?ualinn (1)

={y+2)(y-2) A. A should have y*, y and constant terms by Adyamadyena
first and last terms of A are y*, - 25

E= (yl —~4) {yz + ay - 25), a to be determed
By comparing y* coefficient on both sides, & = 0
CEi=(y' -4 (Y -25)= E =(y+2)(y-2) (y +5) (y-95)
Buty=(x~-1)=>x=(y+1)
fy=2=x=3, y=-2 > x=~1, y=5 = x=6,y-5 = x=-4
CE=X+)(x-3) (x+4) (x-6)

. B}r Pnurana Apuuranahhyam
x-le +49x—?8x+40 0
X'~ 12x’ = 49x? +78x - 40 ——— (1)

4
[xif] =(x=-3)* =x*-4x’ 3+6x% 32 -4x3* + 3

=x" - 12x’ + 54x* - 108x + 81
The value of (x* - 12::3) from (1) is carried out to this equation.
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4
(x—%) = - 49x° + 78x — 40 + 54x* - 108x + 81

(x - 3)* = 5x* - 30x + 41
=5(x-3)°-4
Considering (x - 3) =y
y'=5y" -4
y' -5y’ +4=0
(Y -1)(y'-4) =0
y==%1, 2
x=1,2,4,5
E=(x-1)(x-2)(x-4)(x-5)=0

The above problems are solved using general Argumentation Method (Vedic Method)

. E=x*+8x*+22x* + 24x +9=0
S, = 64

The set of factors for the constant term 9 are (£ 3, + 3)(+ 1, £ 9)(+ 9, + 1)
Select a combination which explains the given equation.
E=(x*+ox+3)(x*+px +3)

X co—eff Ja+3B=24 at+p=8

X’ co—eff at+f=8

x* co-eff 3+3+aB=22, af=16 a-p=0
a=h=4

Verification of x* coeff 3 +3 + 16 =22
E=(x'+4x+3) (x*+4x +3)=0
Verification by Gunita Samuccayah Sutra S; = 64 = (1 +4+3)(1+4+3)=064
Lo E=(x+3)(x+1)(x+3)(x+1)=0
E=(x+3)"(x+1)
x=~3-3,-1,-1
Verification by Samuccayah Sutram S.=64=4x4x2x 2 =64

2. E=x'-ax’-23%+54x+72=0

The Set of factors for the constant term 72 are (£ 1, + 72),(% 3, £ 24), (% 2,

T 36),(1 4,1 18) (£ 6, 12) (% 8, £ 9). Select a combination which
explains the given equation.

E=(’+ox-3) (x*+Px—24)=0
x Co—eff: —240-3p =54
x'Coeff : o +B=-4 =2 B=-2
Verify x*Co—eff : ~24 -3+af=-27+4=-23
Given equation E={x2—2}c—3) (x1-21—24}=0
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Verification by Gunita Samuccayah Sutram S, = 100 = (1-2-3)(1-2-24)=
(-4)(-25=100
The two Quadratic equations can be solved.

x*-2x-3=0 X’ ~2x-24=0
(x=3)(x+1=0 (x-6)(x+4)=0

x=3, -1 x =6,-4
E=(x=-3)(x+1)(x-6)(x+4)=0
Se=100=(-2)(2) (= 5) (5) = 100 Verified by Gunita Samuccayah Sutram.

3. E=x"~12x"+49x“-78x +40=0
S.=0

The set of factors for the constant term 40 are (& 1, + 40) (= 2, £ 20)
(£ 4, £ 10) (% 5, £ 8). Select a combination which explains the given equation.
E= (x*+ax+5) (xX*+px+8)=0

x Co—eff : 8o + S =-78
x> Co—eff : a+p=-12
Solvinga =-6; P=-6
Verify xX’Co—ff :  8+5+aB=8+5+36=49
Given equatiunE=(xz—6x+5){x2—6x+8]=0
Verification by Gunita Samuccayah Sutra S. =0=(1-6+5)(1-6+8)=0.
vernified
x*-6x+5=0 X' -6x+8=0
x =1,5 x=1,4

L EE-DE=-5)x-1)(x-4)=x-11?x-4)(x~5)=0
Sc=0=(1-1)(1-5)(1-2)(1,-4)=0
Verified by Gunita Samuccayah Sutram.

A few more 4" degree equations are factorized using Argumentation

. E=x'-6x"+3x*+22x-6=0
S.= 14

Consider all possibilities of factors of the constant term — 6 and select a
combination which explains the equation.

The set of factors for-6are (-3,2)(-2,3)(6,-1) (-1, 6), (1,- 6) (3, - 2)
(2,-3)(-6,1)
E=(x"+oax+1) (xX*+px-6)=0
x’ Co-eff: « +B=-6
X Co-eff : -6a+p=22
o=-4, B=~2
Verify x* Coeff=-6+1+af=-6+1+8=3



174
Vedic Mathematics Factorization
Given equation E= (x* -4x+1) (x* - 2x - 6)=0
Verification by Gunita Samuccayah SutraS.=14=(1-4+1)(1-2-6)=14
The two Quadratics are further factorised using Differential relation.

X’ -4x+1=0 X -2x-6=0
Di=2x-4=+%416-4 Di=2x-2=1%+v4+24
x=2i«ﬁ x=liqﬁ

E=(x=-2+3)(x-2-V3)(x-1+J7) (x=1-47)
Verification by Samuccayah Sutra S, = 14

(1-2+3)1-2-V3)(1-1+J7) (1 -1=-YT)=2x7=14

2. E=4x"-4x’-39x* +36x+27=0
S.=24
The set of factors for the constant term 27 are (4 27, + 1),(£ 3,1 9)
Select a combination which explains the given equation.
E=(x*+ax-9) (4x* +px-3)=0

x Co—eff ; ~-3a-9p=136
x’ Co—eff : da+f=-4 a=ﬂby$unyamanyatas[v?ﬁ=3i]
S B=-4

Verify x* Co-eff : -36-3+aB=-36-3+0=~39

E=(x"-9)(4x*-4x-3)=0 = (x+3)(x~3)(@x*-4x-3)=0
VeriﬁcatianbyGuxﬁtaSamuccayahS¢=24=(]—9}(4-4-3)=24
Quadratic Eq 4x” — 4x — 3 = 0 can be solved by Differential relation.
D1'—"83{—-4 = + 416+ 48

301
x= .....‘ R —

2’ 2

E=(x+3)(x-3) |x—§-)[x+l] =0

2 2

E=(x+3)(x-3) x-3)2x+1)=0
Sc=24=4(-2)(-1)(3)=24
Verified by Gunita Samuccayah Sutram.

3. E=x'—13x’ +42x* +32x - 224 =0
Sc =~ 162
The set of factors for the constant term 224 are (1 1, +224) (£ 2, + 112) (= 4,
+56)(+7, £32) (8, £28) (%14, +16). Select a combination which satisfy
the given equation.
E=(x*+ax-14) (x*+pBx+16)=0

x coeff 160 - 143 = 32
x> Coeff: at+tff=-13
La=-5 pB=-8

Verify x* Coeff: 16 -14 +af =42
16-14+(-5)(-8)=42
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E=(x"-5x~14) (x-8x+ 16)=0
Verification by Gumta Samuccayah Sutram
S;=-162==(1-5-14)(1-8+16) =~ 162
The two Quadranc Equatmns can be solved

X'~ 5x~14=0 x'~8x+16=0
= Xx=-2,7 Xx=4,4

E=(x+2)(x-7)(x~-4)?=0
Sc=-162=3x(-6)(-3)(-3)=-162
Verified by Gunita Samuccayah
Repetition of the roots can be also got from Successive differentiation.

4. E=x"—x*-5x*+22x-20=0
S.=0

The set of factors for the constant term — 20 are (+ 1, + 200(x 2, £ 10) (% 4,
t 5). Select a combination which explains the given equation.

E= (X +ax-4) x*+PBx+5)=0
x Co—eff: Sa-4p=22
x® Coeff : a+fp=
o= 2, B=-3

Verify x* Co—eff : 5 -4-6 =-5

Given equation E = (x? + 2x - 4) {xl - 3x+5)=0
Venification by Gunita Samuccayah Sutra S; =-3=(1+2-4)(1 -3+ 5)=-3
The two Quadratic Equations can be solved.

X*+2x-4=0 x*-3x+5=0

Dy =2x+2=+4+16 = 25 D= 2x-3=

x=—1+43 +J9-20 = £11i
x___SiJﬁf

I T

5. E=x"+x-3x"-6x+18=0
The set of factors for the constant term 18 are (+ 1, + 18), (£ 2, £ 9) 3, 1 6).
Select a cnmbmatmn whlch explains the given equation

"E=(x+ax+3) (x*+Bx+6)=0
an—eff 6a+3p=-6
x> Co—eff : a+f=1 = 3a+3p=3
3a=-9, oa=-3, =4
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Verify x* Co—eff : 6+3-12=~3
Given equation E=(x*-3x+3) (x*+4x+6)=0
Verification by Gunita Samuccayah Sutram S;=11=1(1+4 +6)=11
The two quadratic equations can be solved.

X’ -3x+3=0 x> +4x+6=0
D, =2x-3=+49-12 D =2x+4=1+16-24
‘= 3443 3—\/5{ =—2iﬁi

2 7 2

L i SN [ U

So=11= 1o 3tV 3-4 =1 x 11 Verified by Gunita

Samuccayah Sutram.

6. E=x"-6x’+13x*-24x + 36 =0
Sc=20
The set of factors for the constant term 36 are ( 1, + 36) (£ 2, £ 18)
(£ 3, £ 12) (£ 4, £9). Select a combination which explains the given equation
E=(x*+ax+4) (x*+px+9)=0
X Co—eff: 4B +9%=-24
x’ Co—eff : a+f=-6

' 4  -24

g -6

By Sunyamanyat o = 0 as

B=-6

Verify x* coeff: 4 +9+af=4+9+0=13

Given equation E= (x* + 4) (x°-6x + 9)=0

Verification by Gunita Samuccayah Sutram.

Sc=20=(1+4)(1-6+9)=20.

The two Quadratic Equation can be solved.

x*+4 =0 X -6x+9=0

= X =+ 2i x = 3,3

E=(x-2i)(x+2i)(x-3)*=0

Se=20=(1-2i)(1+2))(1-3)>=5x4=20

Vernified by Gunita Samuccayah Sutram.

7. E=16x"-24x*-16x-3=0
S.==27

The set of factors for the constant term 3 are (+ 1, + 3). Select a combination
which satisfies the equation.

E=(4x"'+ux—3} (4xz+Bx+l)=0
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x Co—eff: a-3p=-16
X’Co-eff : 4B +4a=0 a=-4  B=4
Verify x’Co-eff :  4-12+ap =-24
Given equation E = (4x” - 4x - 3) (4x? + 4x + 1) =0
Verification l::?w Gunita Samuccayah Sutram S, =-27=(4-4-3) (4 +4 + 1)=~27

Factorization

A‘-4x-3=0 X +4x+1=0
2
Di= 8x-4=1 16+48 (@x+1)y° =0
3 1 _ 1 1
X=——— X = ==y
2’ 2 2 2

(g

E=(2x+1)(2x-3)(2x+ 1)’ =0=(2x-3) 2x + 1)}
Sc=-27=3(-1)(3)(3)=-27
Venfied by Gunita Samuccayah Sutram.

8. E=x'-31x*+42x+72=0
S.=84
The Set of factors for the constant term 72 are (¢ 1, ¢ 72),(x 2, £ 36), (% 3,

T 24), (£ 4, £ 18), (% 6, £ 12), (£ 8, + 9).Select a combination which
explains the given equation.

E=(x‘+tax+6) x*+px+12)=0
x Co—eff : 12a + 6 = 42
x? Co—eff : a+B=0 = a=-f

a=7, I"'.:..

Verify x* Co—eff :  124+6+aB=12+6-49 =-3]

Given equation E={xz+?x+6) {f—?x+ 12)=0
Verification by Gunita Samuccayah Sutram
Sc=84=(1+7+6)(1-7+12)=84
The two Quadratic Equations can be solved.

X+ IX+6=0 X -Tx+12=0
x=~1, -6 X =3, 4
E=(x+1)(x+6)(x~-3)(x-4)=0
Sc =84 =2x7x(-2) (- 3) = 84. Verified by Gunita Samucayah Sutram.

9. E=x"- 3x*-6x-2=0
S.=-10
The factors for the constant term 2 are (£ 1, + 2)
E= (x*+ax+2) (x*+Px-1)=0

x Co—eff: -a+2p=-6
x> Co—eff a+pf=0 = a=-
o =2; B=-2

Verify x’ Co-eff : 2 ~l1+afp=2-1-4=-3
Given equation E={x1+2:{+2] (x*-2x - 1)=0
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Verification by Gunita Samuccayah Sutra S, =~ 10=(1+2+2)(1-2-1)=-10
The two Quadratic Equations can be solved by differential method.

x+1+2x+2=0 X ~2x-1=0
2x+2=1J4-8 2x-2=1y4+4
X ="“1ii X =1 i JE

E=(x+1+i)(x+1-i)(x-1+v2)(x-1-+42)=0

¢=-10= 2+0)2~i) (V2) (-v2) = (4 +1)(-2)= -10
Venfied by Gunita Samuccayah Sutram.

Swamiji’s work using Purana Method are solved using Argumentation Method

1)  E=x'+16x+86x+176x+105=0

A set of factors for 105 which satisfy the X, x%, x coefficients are to be
finally selected

Let E = (x® + ax + 3) (x + Bx + 35)
Equating the coefficients of like terms
Coeff of x*: a+p= 16 (1)
Coeffofx:  35a+3Bp= 176
From (1) 3a+30 =48
Subtracting  32a =128

L= 4=p=12
For these values x° coefficient is satisfied
L E=(P+H4x+3) (kP + 12x +35) =0

XX +4x+3=0

By differential method.

Lo Di=2x+4=1416-12 SoXx==1,-3
x’+12x+35=0

Lo 2x+12=£4/144-140 LoX==5,-17

X=-1,~3,-5and-7

L E=X+HD)XA)E+S)X+T)=0

Thus 1s verified by Gunita Samuccayah.
Sc=1+16+86+176+105=(1+1)(1+3)(1+5)(1+7) =384

2)  E=x'-16x"+91x*~216x + 180 =0
A set of factors for 180 which satisfy the x” x? and x coefficients are to be finally selected
Let E=(x*+ax +10) (x> +Px + 18) =0
Equating the coefficients of like terms
Coeffof x: a+f= -16
Coeffof x:  18c+ 10p =-216
From (1) 18a + 18 = -288
Subtracting -8p=72
s B=-9 a=~7

(1)
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Fnr these values of a and B, the coefficient of x* is satisfied
. E=( ~Tx+10)(x*-9x +18)=0
x? -?x+10 0
By differential method.
D) =2x-7=+49-40
2x=7%3 S X=§5,2
X -9x+18=0
Di=2x-9== +481-72
" 2x=913 S X=6,3
SoXx=2,35and 6
CE=(x-2)(x-3)(x-5)(x-6)=0
Thus is verified by Gunita Samuccayah.
Se=1-16+91-216+180=(1-2)(1-3)(1-5)(1 - 6) =40

Factorization

3)  E=x"-20x*+137x*-382x +360 =0

A set of factors for 360 which satisfy the coefficients of x°, x? and x are to
be finally selected.

Let E=(x*+ ox + 18) (x* + Px + 20) =0
Equating the coefficients of like terms
Coeffof X1 a+p= 20 (1)
Coeffofx:  20c + 188 =— 382
From (1) 200 + 208 = - 400
Subtracting -2p=

S P9 = a=-11
For these values, the coefficient of x’ is satisfied
L E=(x*-11a+18) (x* - 9x +20) = 0
X~ 1la+18=0
v Di=2x—11=+121-72
2x=11 1 7
S x=9 2
x>~ 9x+20=0

D| 2X-9== 1++81-80
. 2x=9 % 1 o x=5,4
SoXx=2,4,5,9
CE=x-2)(x-4)(x-5)(x-9)=
Thas is verified by Gunita Samuccayah.
Se=1-20+137-382+360=(1-2)(1-4)(1-5)(1 -9)=96

(Ref. Swamiji’s book for Purana Method of these Bi-Quadratics)

Note : Purana Apuranabhyam method, though a bit hard in comparison with the
Argumentation method, is helpful in finding out the repeated roots.
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The two following problems can be taken for examples.

1)

2)

E=x"-3x+4=0
By Paravartya in the given equationis X’ - 3x* =~ 4
Let us consider the standard cube in which the first two terms of E occur
as they are (x — 1)’ = x* - 3x? + 3x ~ 1. substitute for x° - 3x° in the standard
equation, its value as - 4
Lx=1P= -4+ 3x-1
Lx-1Y=3x-5
Let(x-1)be y
=y =3(y+1)-5
y =3y +2=0
By‘ﬁlﬂkanmnass 0, (y - 1) is a factor
{y3 3y +2)=(y~- 1)A. A should have ¥, y and constant terms
(y -3y+2)= (y-l)(y’+uy 2). By comparing y coefficient-2-a=-3 =
a=1
L (Y -3y +2)=(y~1)(y* +y-2). By Adyamadyena Antyamantyena
Y +y-2=y +2y-y-2=(y+2)(y-1)
{y’ 3y+2)=(y-17 (y+2)
=(x - 2)° (x+1)
{x - 2} 1s once repeated factor,

E=x"+12x"+57x" + 136x° + 171x* + 108x + 27 = 0
Bﬁy paravanya, the gwcn equa.tmn 1.5
+12¢° = - 57x* - 136x° - 171%* - 108x ~ 27

Cnnmder the standard Sixth degree equation in which the first two terms of E are
the same.; as in E.

(x+2)°=x5+12x° +6E}x +160x” + 240x* + 192x + 64
Suhshtutc furx +12x° form the given equation, the expression
S 57x* - 136x> - 171x% - 108x - 27)
[x+2) ——S?x ~13ﬁx - 171x% - 108x - 27 + 60x* + 160x> + 240x* + 192x + 64
{x+2) =3x" +24x° + 69%° + 84x + 37
Let(x+2}bey::x y-2
y® = 3(:,;&2} +24(2y 2)° +69(y - 2)* + 84(y - 2) + 37
-S(y - 8y’ +24y” - 32y + 16) + 24(y* - 6y* + 12y - 8) + 69 (y* — 4 y + 4) + 84(y - 2)
=3y' - 24y’ + 72y’ - 96y + 48 + 24y’ — 144y* + 288y — 192 + 69y? ~ 276y + 276
* 84y~ 168+ 37
= y 3; +3}rz 1=0
=(y’ -1y =
[(y+1)(y- 1)]’=[(x+3)(x+1)]3
(x +3) and (x + 1) are thrice repeated factors

Refer example 8 for the repeated factors using successive Differentiation
Section -~ 9



1)

2)

SECTION-11

A FEW ADDITIONAL PROBLEMS

E=4x"-24x*+23x + 18 =0
1% step Vilokanam is applied
The sum of the coefficients S.# 0
Sum of the coeflicients of even powers Se # Sum of the coefficients of odd
powers, So
(x-1) & (x + 1) are not factors.
But a trial with x =2 Satisfies the given equation
(x - 2) is a factor.
. E=(x ~2)A where A should contain x, x and constant terms
Thel"andﬂmlasttmuf&mbegmbymgMyamadymmeymh
E=(x-2)(@x’+ ax- -9), a canbe determined .

By Gunita Samuccayah Sutram By Argumentation i.e. by comparing
Sc=2l=(1-2)d+a -9 the like terms on both sides.

21=-1(a -5) -9-2a=23
(a -5)=-21 0=-32 a=-16
a =-16 This is verified by applying Gunita
Samuccayah Sutram. As S =2] = -
4-16-9)=2]
Thegwenequaunn

4%’ - 24x% + 23x + 18 = (x - 2) (4x* - 16x - 9)

The second factor which is Quadratic (4x* - 16x - 9) can be further
factorised by using the relation between the first differential and discriminant.

D, = 1« Discriminant
8x — 16 = ++/256 +144 XS o

The given equation can be factorized as (x-2) [1—2}[1-1--;—) =)

2
=(x-2)(2x~-9)(2x+1)=0

E=32x"+80x?-122x-35=0
First step by Vilokanam

3: # 0 = (x-1)isnot a factor
So # Se = (x + 1) is not a factor
Let f{(x) = 32x> + 80x? - 122x = 35

-9
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LHS f{x) RHS =35 RHS - LHS

x=1 - 10 + 45

x=-1 170 ~ 135

By this trial one can expect that the roots lie between 1 and -~ 1
As a finer step one can try with 0.75, 0.5, 0.25, - 0.25, - 0.5, - 0.75

LHS RHS = 35§ RHS - LHS
fix)
x=0.75 -33 + 68
x=0.5 - 37 ' 72
x=0.25 -25 60
x=-025 35 0
x=-0.5 77 — 42

1) .
" [x+ I] 1s one factor ‘
To find out the other two factors, applying Adyamadyena, we can write down the
given equation as [.x + -}) A. Where A should contain x’, x and constant terms.
Applying Adg(mnadyena Antyamantyena / Argumentation the first and last terms
of A are 32x°, - 140).

. Given equation [.r + —l—] (32x* + ax - 140)

a is to be determined by applying @ can also be determined by
Gunita Samuccayah Sutram. applying Argumentation, comparing
Sc=32+80-122-35 like terms on both sides.

=[l+‘ﬂ (32 + o - 140) 5:—-140=-122

5 o=72
-45=; (o ~ 108) 532+ 80x% - 122x - 35
La=T72
The given equation is factorised

IS This is also verified by Gunita
1 , Samuccayah
X+ E (32x° + 72x - 140)

(.r + ﬂ (32x% + 72x - 140)

ie. So=-45= :51- (32 + 72 - 140)
=45

The remaining Quadratic expression can be further factorized by applying
the relation between first differential and discriminant.
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D;-tiEDMnﬂHm
64x + 72 -1_:451344-1?920

k)
The given equation E is factorised as (.:t+-}][ --:-) (n%) or (4x + 1)
(4x~5)(2x+7) |
This is verified by Gunita
3,7-45-(5)(-1)(9)-—45_

3) E=20x’ +41x* +33x +6=0
First step by Vilokanam -
S;#» 0 = (x-1)isnotafactor
So # Se = (x+ 1) is not a factor
Let f{x) = 20x° + 41x* + 33x = -6

LHS f{x) RHS RHS - LHS
x = ] 04 | -6 - 100
X=-1] -12 -6 +6

By this trial one can expect that the roots lie between 1 and - 1
As 3 finer step one can try with 0.75, 0.5, 0.25, - 0.25, - 0.5, - 0.75

x=0.75 56.25 -62.25

x=0.5 29.25 ~35.2§
x =0.25 11.128 -17.125
x=-~0.25 -6 0
x=-0.5 - =875 | 2.75

[x+-::~] iufaﬂbrnfthcgivmequaﬁmthomﬁningfhctmufthegivmcubic

equation can be obtained by applying argumentation or Gunita Samuccayah
Sutram. By applying Argumentation one can write down the given equation as

20x° + 41x% + 33x + 6 = (.r+—}]ﬂ. Where A should contain x°, x and constant

terms. The first and the last terms of A can be obtained by Adyamadyena as 20x’
and 24.

E-(x+%] (200 + ax + 24)

The value of a can be determined by applying Gunita Samuccaysh or by
Argumentation. .
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4)

By Gunita Samuccaysh @ can be determined by Argumentation
Sc=20+41+33+6=100 le.bycompmngthelihmmbuth
dﬂl .
-[1+1](20+¢+24) "
g 4 ‘ ' 241‘: +33
100= = (44+a) a=36
a=36 . - . 200 + 415+ 330+ 6
= [n:] (20x* + 36x + 24)
This is also verified by Gunita
Samuccayah

s,-m-i(so)-loo

E-(:H )(201"+36x+24)-0

The remaining Quadratic expression A = (20x* + 36x + 24) can be further
factorized by applying the relation between first differential and discriminant.

40x + 36 = +/1296 - 1920 = +/~624
9 J39
X = weei
.10 10

. (x+.!.) [;—(— g ' Ja_gi x—(-i—-@} mth: fme'nfthﬂ' Ei?ﬂn

4 10 10 10 10
equation.

E=x"+5¢-4x-20=0
1* step by Vilokanam
Sc= 0 (x - 1) is not a factor
So=Se (x + 1) is not a facior
But a trial in Succession, x = 2 satisfies the equation
" (x—2) s a factor
The remaining factor can be obtmnad by Argumentation and by
Adyamadyena. -

The given equation can be factunzed as (x ~2) A where A should contain

x’, x and constant terms. Theﬁmandﬂlelaﬂtemsmgothyapplmng
Ad}'amadymn.'l'hcyarex 10

. E=(x-2)(x*+ax +10)
The coefficient of x can be determined by applying Gunita Samuccayah Sutram.
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By Gunita Samuccayah Sutram
Sc= (1-2)(1+a+10)=-18
S a=T7

Factorization

By Argumentation also, a can be
determined. i.c. by comparing the like
terms on both sides of E and (x - 2)
(x*+ax + 10) :

~20+10=-45q=7

S0+ 5% - 4x - 20) = {x—2){xz+?x+!{}}

The Quadratic expression can be further factorized by using
Adyamadyena Sutram or Differentiation method

Dy =2x+7=1%449-40

The given equation is factorized

VX=-2,-5

Bs(x-2)(x+2)(x+95)=0

This 1s verified by Gunita Samuccayah Sutram
Se=-18=(1-2)(1+2)(1+6)=-18

5 E=x-27x+54=0

1* step by Vilokanam
Sc# 0 (x - 1) is not a factor
So = Se (x + 1) is not a factor

B'ful a trial in Succession, with x
given equation  (x — 3) is a factor.

Let the remaining expression be A.
E=x"-27x+54= (x-3)A. A should

By Ad:;'amadyena the first and last terms

of Aare x“ and - 18

(X —27x + 54) = (x - 3) (x* + @ x - 18)

= 2, 3 efc is carried out. x = 3 satisfies the

have xl, x and constant terms

(x* + ax ~ 18)

Applying Gunita Samuccayah Sutram, _18_-3g=-27= q=3

S=28=-2(-17+a) a=3

E=x3-2?x+54=(x—3)(xz+3x—18]

Samuccayah Sutra
Sc=28=-2(1+3-18)=28

The Quadratic equation x* + 3x - 18 = 0 is solved by using Differential

Method D, = + «/ Diseri minant

Di=2x+3=%9+72
X=3 -6

The equation is factorised as (x — 3) (x — 3) (x + 6)

a can also be determined by applying
argumentation i.e. comparing the like
terms on both sides of E and (x - 3)

A = 27x + 54) = (x - 3)(x® + 3x - 18)
This is verified by applying Gunita
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This is verified by Gunita Samuccayah as S, = 28 = (- 2) (- 2) (7) = 28

Note : The factor (x ~ 3) repeats once. This can be also obtained by Successive
Differentiation.

6) E=x’+6x*+11x+6=0
1" step by Vilokanam
Sc# 0 (x~1)isnot a factor
So=8Se (x+1)isa factor

The other two roots can be obtained by solving the remaining expression A.

Applying Adyamadyena Sutram followed by Gunita Samuccayah Sutram.
E=(x+1)A. A should have x*, x and constant terms

By Adyamadyena we get the first and last terms of A as x* and 6.

_ The given equation can be written as (x + 1) [x1+ ax + 6) where a is

the coefficient of x and can be determined by applying Gunita Samuccayah
Sutram. By Gunita Samuccayah ’

Sc=24=(1+1)(1+a+6)=2(7+a) a can also be determined by applying

a=3 Argumentation i.e. by comparing the like
A = the Quadratic expression is terms on both sidesof E6+a=1]1 a=35
(x* + 5x +6). X +6x2+ 11X+ 6= (x + 1) (x? + 5x + 6)

This can be further factorized by  This is verified by Gunita Samuccayah
applying Adyamadyena Sutram (or) by §.= 24=(2)(1+5+6)=24
applying the relation between first
differential & Discriminant.

Advamadyena

For the expression x? + 5x + 6, the middle term can be split in two terms and
Adyamadyena Gives the factorisation.

= x1+31+21+6=[x+2)(x+6} (or)
D, = ++/ Discriminant

2x+5=+425-24; x==3, -2

(x +2) (x + 3) are the two factors

The given equation can be factorized as (x +1)(x+2)(x+3)=0
S.=(24)=(2) (3) (4) =24

7) X+ 21 +11x-33=0

1¥ step by Vilokanam;  The sum of the coefficients S.=1+21 +11-33 =0
(x — 1) 1s a factor.

So # Se S (x+ 1) 1s not a factor.
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8)

Factorization

The remaining roots of the given cubic equation can be obtained by
applying Adyamadyena followed by Argumentation.

The given cubic equation can be factorized as E = x* + 21x° + 11x - 33
(x — 1) A where A should have x’, x and constant terms.

Applying Adyamadyena, the first and last term of the remaining

3

expression A can be obtained as =y the first term and :3—13- = 33 as the last
_I —
(constant) term.

X+ 21+ 11x-33=(x- 1) (x* + ax+33); A=+ ax+33)

The value of a can be determined by Argumentation by comparing the x
coefficients on both sides as follows.

3Bx-ax=1Ix a =22
A,  the remaining Quadratic expression is (x* + 22x + 33). This can be
further factorized by applying the relation between first differential and discriminant.

= D, = + v Discriminant
2x+22= 1484132 = + 422 : x =~11 +2J22

Lx=-D(x+11+ ZJE_Z)(x +11 - Zﬁ) are the factors of the given cubic
equation.

E=x'-7x+6=0
By Vilokanam as Sc =0, (x—-1)is a factor.
Sc# So, (x + 1) is not a factor.
. E=(x-1) A. A should have x?, x and constant terms
Applying Adyamadyena, the first and last terms of A are x and - 6.
L E=(x-1)x+ax-6)
By comparing the x coefficient on both sides
-6-a=-7
-a=-1=a=1
Verification by Gunita Samuccayah Sutram
Sc=0=(1-1)(1+1-6)=0
L E=x-1D)(+x-6)
The quadratic expression A, (x’ + x — 6) can be solved by using Differential D, =

+ «/ Discriminant

2x+ 1=+ 41+24
2x+1=t5=x=-3,2

L E=x-1)(x-2)(x+3)=0
S:=0=0(-1(4)=0
Verified by Gunita Samuccayah,
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9) E=x"+3x*~54x -112=0
By Vilokanam as Sc# 0, (x—1)is not a factor.
So# Se, (x + 1) is not a factor.
But a tral in Succession, x = ~ 2 satisfies the equation, E.
(x +2)is a factor of E.
. E=(x+2)A. A should have x*, x and constant terms.
Applying Adyamadyena, the first and last terms of A are x* and - 56.
L E(x+2) (x* + ax ~ 56)
By comparing the x coefficient on both sides.
~56+20=-54 Sooa=1
a can be determined by Gunita Samuccayah Sutram also as S, = - 162 = (1+2)
(1+a-5) = a =1
Verification by Gunita Samuccayah Sutram.
Sc=-162=(1+2)(1 +1-56)=-162
L E=(x+2)(x*+x-56)=0
The quadratic expression A, (x* + x ~ 56) can be solved by using first Differential
D, = + v/ Discriminant
= 2x+1=% 14224
2x+1=4% Jﬁ = 2XX+]1=215=x=-8,7

L E=x+2)(x+8)(x-7)=0
This is verified by Gunita Samuccayah as S, = - 162 = 3) 9 (-6)=-162

10) E=x"-27x“+14x +120=0
By Vilokanam as Sc# 0, (x-1)1is not a factor.

So# Se, (x + 1) is not a factor.
By Tnal and Succession,
Let f(x) =x" - 27x* + 14x == 120

x value L.H.S R.H.S RHS-LHS
f(x) -120
l ~-12 ~ 108
2 - 64 - 56
3 ~120 0
4 - 120 0

By this trial one can obtain (x - 3) and (x — 4) are two factors of E.
o E=(x-3)(x-4)A
=(x*-Tx + 12)A. A should have x%, x and constant terms.
Applying Adyamadyena, the first and last terms of A are x* and 10,
L EQE-Tx+12) (3% + ax + 10)
By comparing the x coefficient on both sides.
~M0+120=14=312a=84=a=7
acan be determined by Gunita Samuccayah Sutram also as S, = 108 = (1-7+12)
(I+a+10)=6(a+1]) = a=7 |
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1)

Factor:zation

Verification by Gunita Samuccayah Sutram

Sc =108=(1-7+12)(1+7+10)

L E=(x - Tx+12) (X + Tx +10)

The quadratic expression A, (x* + 7x + 10) can be solved by using first
Differential D, = % v Discriminant

2x+7=1% {49 -40

2X+7=+3=3x=-5-2

L E=x=-3)(x-4)(x+2)(x+5)=0

This is verified by Gunita Samuccayah as S, = 108 = (- 2) (- 3) (3)(6)=108

E=x"-10x*- 21x* + 382x* - 568x - 960 =0

By Vilokanamas  S.# 0, (x- 1) is not a factor.
So=Se, (x + 1) is a factor.

But by Trial in Succession

Let f{x) =x" - 10x* - 21x° + 382x* - 568x =960

x value LHS RHS RHS-LH.S
f(x) 960
] - 216 1176
2 96 864
3 600 360
4 960 0
5 960 0
6 624 336
7 336 624
8 960 0
9 3960 - 3000
10 11520 - 10560

By this trial one can obtain (x - 4) (x - 5) (x - 8) are three factors of E.

L E o =x+)(x-4)(x-5)(x-8)A
=(x’ - 3x - 4) (x* - 13x + 40) A
=(x" - 16x’ + 75x* - 68x - 160)A. A should have x and constant terms.

By Adyamadyena the x coefficient is 1 and constant terms is 6.

t B =(x"- 161 + 75x7 - 68x - 160) (x + 6)
=(x+1)(x-4)(x-35)(x~8) (x +6)

This s verified by Gunita Samuccayah as S, = 1176 = (2) (- 3) (- 4) (- 1) (7)=- 1176
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ID)E=2x"+x* 12 - 12 +x+2=0
f(x)=2x"+x* - 12%* - 12 + x =2

LH.S R.H.S Diff
x=-1 -2 -2 0
X=-2 -2 ” 0
x= 1 ~-20 " 18

By trial
(x + 1) and (x + 2) are two factors of E.

Hence E = (x + 1) (x + 2)A = (x* + 3x + 2)A. A should contain x>, x, x and 2
constant term as. By “Adyamadyena” the first and last terms of A are 2x° and 1.

A=2x3+uxz+ﬂx+l
By Vilokanam (x + 1) and (x — 1) are not factors of A.
E=(x"+3x+2) (2’ +ax® + Px + 1)

Comparing the coefficients of like terms on both sides.
x coeff : 2B+3=1 S p=-1
x* coeff : 1+ 20+3B =-12

1+ 2a-3 =-12 .. a=-35

Vﬂrifyxjcn-effinE:-12=4+3¢1+B=4+3(-5)+(_|)=_12

Verification by Gunita Samuccayah Sutram S, = - 18 =(1+3+2)(2-5-1+1)
=_18 _

C E=(x*+3x+2) 2 -5 -x+1)=0

Consider (2x° - 5x° — x + 1)

By “Vilokanam’

2%% ~ 5x% - x =~ 1

L.H.S R.H.S Diff

-1 RHS-LHS
x= 1 -4 . +3
x=-1 -6 . +5
X= -2 - 34 * + 33
x=~-0.5 -1 ” 0

Since (x + 0.5) is a factor of A

(x+05B=A

B should have xz, X and a constant term.

By “Adyamadyena”. The first and last terms are 2x° and 2.
B=(2x"+ax +2)

L A=(x+05)(2x +ax+2)=0

Comparing the coefficients of like terms on both sides.
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05a+2=-1

0.50=-3 = u=_—%=-—6
0.5

Vcriﬁcatiun by Gunita Samuccayah Sutram.
(uf’A) (2- 5— 1+ l}-—-—3 =(1+05)(2-6 +2)=-3
(x+05)(2x ~-6x +2)=
+-(21+ (x*-3x+1)= 0
x'-3x+1=0isa Quadratic equation can be solved by differential relation.

D1—+JD1.sr:r1m1nanr =2X-3=1+9-

d x...éi.[%
2 2
E={x+])(x+2}(21+l)( -E—£J[ —\?J=U

Se=-18=(2)(3)(3) [I_H*T
Verified by Gunita Samuccayah Sutram.

I3)E=x"+x*=Tx-15=0
S.=-20
By trial 1 and - 1 are not factors
But x = 3 satisfies the equation
. (x—3)1s a factor
E=(x - 3)A, A should contain x* x and constant terms
By Adyamadyena, the first and last terms are x2, 5
E=(x-3)(x"+ax+5)
Comparing the x co - efficient on both sides
-3a+5=-17
a=4
A=x"+4x+5
This is verified by Gunita Samuccayah
Sc=-20=(1-3)(1+4+5)=-20
g E(x-3){x2+4x+5)=ﬂ
A can be solved by differential relation

2x+4=1416-20

XxX=-2 %1

S E=x-3)(x+2+)(x+2-1)=0
Se=-20=(-2)(3+1)(3-1)=-20
Venfied by Gunita Samuccayah Sutram
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14)x’ +63x - 316=0
Let f{x) = x* + 63x = 316
By trial in Succession

L.H.S

64
134

216
316

-
W

I

Il
R N

. X —41s one factor

192
R.H.S Diff
R.HS.-LH.S
316 252
" 182
L1} 0

.. E=(x-4) A. A should contain x%, x and constant term.
By Adyamadyena, the first and last terms are x* and 79.

o A=xX+tax+79

E=(x-4)(x*+ax+79)=0

By comparing the x co-efficients on both sides.

-4a+79=63 Soo=4
E=(x—4)(x’+4x +79)=0

Verification by Gunita Samuccayah Sutram
Se=-252=(1-4)(1+4+79)=-252
Solving the quadratic equation A by Differential Method as.

2x+4 = +4J16~316
= +103i
X = —2+53i

L E=(x=4)(x+2+ 5J3i) (x +2 - 5J3i) =0

S, =-252

I5)E=x"+10x*+29x +20 =0

_ =(1-4)(1+2+ 5y3i) (1 +2 - 5\3i
Verified by Gunita Samuccayah Sutram.

Se =60

By Vilokanam

Se# 0 ". X =118 not a factor
S0=S8e=30 .. x+1isafactor

E=(x+1) A, A should contain x°, x and constant term.
By Adyamadyena the first and last terms of A are x*, 20

A=Y+ ax + 20

Comgaring the x coeff on both sides of E.

20+ =29
a=9

Verification by Gunita Samuccayah Sutram.

Sc=60=(1+1)(1+9+20)=60
L E=x+1)(x*+9x+20)=0

Factorization

)=(=3)(9 +75)=-252
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A can be solved by differential method as
D, = ++/Discriminant

2x+9=+81-80=+1

X=-4-5

L E=x+HD)X+4)E+5=0
S.=60=(1+1)(1+4)(1+5)=60
Verified by Gunita Samuccayah Sutram.

16)E=x"~15x- 126 =0

L.H.S R.H.S
X =1 - 14 126
x=2 - 22 »
XF3 - 18 "
X =4 4 "
X=3 50 ”
Xx=6 126 "
Xx =17 238 ”

"o (x - 6)1s one factor of E

E=(x-6) A where A should have x°, x and constant terms
By Adyamadyena the first and last terms of A are x° and 21

L EEx-6) (X +ax+21)=0
Comparing the x coeff on both sides
-ba+21=-15

a=0

E=(x-6)(x*+6x+21)=0

Verification by Gunita Samuccayah Sutram.
Sc==140=(1-6)(1+6+21)=-140

Diff
140
148
144
122

76
0
- 112

A =x’+ 6x + 21 = 0 can be solved by Differential Method as.

D, = + « Discriminant
2x+6= % 43684
= + /- 48
x= 3 123
LE=(x-6) (x+3-2+/3) (x + 3 + 243i)

Factorization

Se=-140=(1~-6) (1+3-243i)(1+3+243i)=(~5) (16 + 12) = — 140

Verified by Gunita Samuccayah Sutram.

INME=x"+2x*-21x+18=0
S.=0 S (x-=1)is a factor

E =(x - 1) A, A should contain x?, x and constant terms
By Adyamadyena, the first and last terms are x? and — 18

E=(x-1}(xz+ux— 18) =0
Comparing the x coeff on both sides
-a-18=-2] Sa=3
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L E=(x-1)(x*+3x-18)=0

Verification by Gunita Samuccayah Sutram
Se=0=(1-1)(1+3-18)=0

Solving the Quadratic Equation by Differential Method as
D1 =2x+3= i‘\||9+72

2x=-319

Xx=3,-6

LD E=(x-1)x-3)x+6)=0
Sc=0=(1-1)(1-3)(1+6) =0

Verified by Gunita Samuccayah Sutram.

18)E=x"+3x*—10x - 24 =0
Sc=-30
By Vilokanam 1 and — 1 are not factor.
But if x = 3 satisfies the equation
" (x—3)1s a factor
E =(x - 3) A, A should contain x°, x and constant terms
By Adyamadyena, the first and the last terms are x* and 8.
Comparing the x coefficient on both sides . E = (x - 3) [:lt1 +ax + 8)
8- 3a=-10
Loa=6
L E=(x-3)(x’+6x+8)=0
Solving the Quadratic equation by Differential Method as
Dy =2x+6=++36-32
LoX=-6%22=-2-4
L E=X-3)(x+2)(x+4)=0
S¢ =—30=(~2) (3) (5) = - 30 verified by Gunita Samuccayah Sutram.

1IDE=x"+8x“+x-42=0
Se=-32
By Vilokanam 1 and -1 are not factors.
But x = 2 satisfies the equation |
. E=(x-2) A where A should have x%, x and constant terms .
. By Adyamadyena the first and last terms are x? and 21
v E=(x-2) (x*+ax +21)
By comparing x coefficient on both sides of E.
21 -20=1= a=10
Verification by Gunita Samuccayah Sutram.
Sc=-32=(1-2)(1+10+21)=-32
L E=(x=2)(x*+10x+21)=0
The Quadratic Equation can be solved by differential method as
Di =2x+10= =% m
So2x=-10% 4
X=-3, -7
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E=(x-2)(x+3)(x+7)=0
Sc=-32=(-1)(4) (8)=-32
Verified by Gunita Samuccayah Sutram.

200E= x’+2x*-3=0
Sc=0 .. (x-1)is a factor.
=(x ~ 1) A. A should contain x°, x and constant terms.
By Adyamadyena, the first and the last terms are x*and 3.
Comparing the x coefficient on both sides of E.

=(x-1)(x? +ax + 3)
-a+3=0 Loa=3
Verification by Gunita Samuccayah Sutram.
Se=0= (1-1)(1+3+3)=0

=(x-1)(x*+3x+3)=0
The Quadratic Equation A can be solved by Differential Method as.
2x+3 =+4/9-12

= 4.3

_ =343

ol 255258

Se=0=(1-1)(2+3~3)2+3+3i)=0
Verified by Gunita Samuccayah Sutram.

2DE=x"+15x*+71x + 105 =0
By Vilokanam, + | and — 1 are not factors
But x = - 3 satisfies the equation
. X+ 31s a factor
E = (x + 3) A, A should contain x’, x and constant terms.
By Adyamadyena, the first and the last terms of A are x* and 35.
Cnmpanng the x coefficient on both sides of E.
. E=(x+3)(x* + ax + 35)
3r.1 +35=71
Soa=12
Verification by Gunita Samuccayah Sutram.
Se=1+15+71+105=192=(1+3)(1+12+35)=192
L E=(x+3)(x*+12x+35)=0
The Quadratic Equation can be solved by Differential Method.
2x+12=£+144-140 = £ 2
S X==5, -7
W E=x+3)x+5)EE+N)=
Sc=192=(4) (6) (8) =192
Verified by Gunita Samuccayah Sutram.
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2)E=x"+7x‘-6x-72=0
By Vilokanam, + 1 and - 1 are not factors
But x = 3 satisfies the equation
. X-3isa factor
E = (x - 3) A. A should contain x, x and constant terms.
By Adyamadyena, the first and the last terms of A are x and 24.
Comparing the x coefficient on both sides.

o E=(%=3) (x* + ax + 24)
-3a+24=-6

. a=+10
Verification by Gunita Samuccayah Sutram.
Se=1+7-6-72=-70=(1-3)(1+10+24)=-70
L E=(x-3)(x*+10x+24)=0
The Quadratic Equation can be solved by Differential Method as.
2x+10=+100-96 = 1+ 2
;o X=-4, -6
L E=(x-3)(x+4)(x+6)=0
Se=-10==2)(5)(N=-70
Verified by Gunita Samuccayah Sutram.

23)E=x"-24x +23 =0
By Vilokanam, Sc =0
". X—1"s a factor
E=(x-1) A, A should contain x’, x and constant terms.

By Adyamadyena, the first and the last terms of A are x* and — 23.
Comparing the x coefficient on both sides.

L E=(x-1)(x*+ax-23)
-23-a=-24 Soa=l
Verification by Gunita Samuccayah Sutram.
Sc=0=(1-1)(1+1-23)=0
L E=(x-1)x*+x-23)=0
The Quadratic Equation can be solved by Differential Method as.

x+1=+1+92 = + 93
F—liﬁi

2

o

CE=(x=1)(2x+1-93) (2x + 1+ 493) =0

Sc=0=(1-1)2+1-93)(2+1+ 493)=0
Verified by Gunita Samuccayah Sutram.
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Factorization

SECTION -12

COMPARISON BETWEEN THE CURRENT METHOD AND VEDIC METHOD

. E=xX-3+12x+16=0

Current Method

Comparing the given equation with the standard
equation.

ax3+3bxz+3cx+d=ﬂ

h= _b= ) =]
a 1

To remove the second term, roots of the given
equation are to be diminished by 1.

1l 1 =3 12 16
1 =2 10
1 -2 10 |26
L]
1 -1 }9
L
110

-'; The transformed equation (Cardon’s Equation)is
y +9% +26=0
Wherey=x~-1 = x=y+]

| !
Lety=(ﬂ3+€31

L
N y3=p+q+3p3q3(pl+q3J
Pl LA
2 ¢ 30y -+ =0 v PP+¢ =y
Comparing this with Cardon’s Equation
(. 11

~3P'¢ =9 plg’ =_3

opq=-27

~-(p+q)=26 =I* (ptq)=-26

(P-q)" =(p+q) -4pq
=(-26)"-4(-27)
=676 + 108 = 784

Vedic Method

E=x-3x'+12x+16=0

By Vilokanam

S: # 0= (x - 1) is not a factor.

Se=8p - (x+1) isa factor

E=(x+1)A Where A should contain x” .
x and constant terms

By Adyamadyena, the 1" and the last terms
of A are x’ and 16 |

S E=(x+) (X + 2x+16)

@ can be determined by Argumentation,
Comparison of x terms on both sides.
6+@=12 .. a=_4

CE=(x+1)(x -4x+16)=0
The Quadratic Equation x* - 4x + 16 = 0
can be solved by the Differential relation

16—

Di 2x-4=1% 16-64

2x-4= 14
x=2 123i

The factors are (x + 1) (x -2 - 2J§f~
and (x -2+ 23i)
. x:_]‘2+ 2J§i12_2ﬁ|
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But 7’¢° =3

I
o3 -3
q3= \=1!
p*

-3 -3
W Wl

=-3 -3wW-3w W

 The roots of Cardon’s Equation are
Ly = E p’+q?

=(1~- (w-— Sw)(w 3w)

]

]
¥

198

Factorization

1
w

-1-—:\/3 3= l+:~"-) —l+hf_ - 3(-1 _I'J_)

-1-—:\/5+3 3:J_ —l+:~ﬁ+3+3wr

2; 3
+2- 4:\/_ 2+4hf

’ 2 2

ory=-2;(+1-2i¥3y, (142iV3)

% x:}r+1

—
—— —

= Xx=(=2+1),(+1-2IN3 + ), (1+2f\€+')

=-1,2-2iV3), (2 +2iV3)

2. E=x3~3x1»9x—5=0
Current Method
X - 3% -9x~5=0 (1)
CDI‘I’IDEHHE this with standard equation ax’
+ be +3cx+d=10
=], b=~1,
d=-5
)

D h= = =1
s h a |

To remove the 2"" term of (1) roots of (1)
are diminished by 1 as follows

c==3 and

Vedic Method

E=x"-3x"-9x-5=0

Sc=-16 « (x=1)is not a factor.
So= Se + (x+1)isafactor.

“ E=(x+1)A. A should contain x’.
X and constant terms.

By Adyanwdyena the first and last terms of
A are x° and — 5

E=(x+ l)(x +ax-5) =0
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] 1 -3 -9 =5
L =2
1 -2 -1l —16‘
l =1 _
] -1| -12
]
l 0 |
-, The transformed equation is
y - 12y-16=0 (2)
Wherey =x -1 =y+1
| 1
Lety= p’+¢’

| |
=Y =p+q+3p'a’(p’ +q’)
ory’ -3p"q'y-(p+q)=0
Comparing with (2)
| | 1

13 3

Pq =4=q =

[ TS ——.

4
T 3)
P}

pq = 64 ﬂnd(p+q)*‘ 16

B‘.v usmg P-9° =(p+q) -4pq
(p- q} =256-256=0

or(p-q)=0

. 4
andq” = —7 (By (3))
p.'l
. 4 4 4
q 2 2w 2w’
=2,2w", 2w w=
W

L y=( +a’)=(2+2) 2w+ 2wd),
{2w1+7w}
=4, 2(w+w)2(w + w)
=4,2(-1),2(-1) " w+w+1=0
L y=4,-2,-2
Butx=y+1=4+1),(-2+1),(-2+1)
=5,-land-1
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Factorization

@ can be determined by Argumentation
comparison of X terms on both sides

a-3=-9 g=-4
L E=(x+1)(x*-4x-5)=0
The Quadratic equation can be solved
by the differential relation.

Di=2x-4=1%

X =2Xx-4=46

X=35,-1

So the factors are (x + 1) (x - 5) (x + 1)
v Xx==1,-1,5

Verification of the result by Gunita

Samuccayah

Sc==16=2x2(-4)=-16
As (x + 1) repeats, it can be obtained from
Successive Differentiation also
Di=3x"-6x-9=0
Se=Sy o(x+ l]isafactnr

Hence E should have (x + l) as a factor.

Thls can be venﬁed by writing down

=(x+1)'B B should have x and

cunstant terms.

By Adyamadyena the first and the last
terms of B are x and - §

By Gunita Samuccayah factorisation is
verified - 16=4x-4=-16

- E 1S factnnzable in terms of (x + I)

=(x+ l) (x-5)=0
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3.

200

E=x'~15x*+20x-6=0

Factorization

Current Method Vedic Method
Letx' - 15x* +20x -6 = (x* + kx + £;) E=x'-15x*+20x-6=0
(X —kx + £3) By Vilokanam
Equating the coefficients of like terms S.=0 (x—1) 1s a factor. '
Coeffof x*: £y +£6-K=-15 : E=(x-1)A. A should contain

= L+ =K -15
Coeffof x: k (fa— £)=20& £, £r=—6
= fz—ﬁ— E

We know that

(& + 6) — (L - ) = 44, £,

i.e., K —30k* +225 - ff—ﬂ = 4(- 6)
e, k®— 30k® +225Kk% + 24Kk* - 400 = 0
or k® - 30k* + 249K% - 400 = 0

i.e., (k%) - 30k* +249k* - 400=0

By inspection if k* = 16, the equation is
satisfied.

k=16 = k=4
Hh+b6h-16=-15
£, + {3 =land fz—fl-‘-ﬁ
— Zfz=6
=3
L=-2
Given equation is (x* + kx + ¢,)
(x* —kx+F1} 0
=:~ (x* + 4x - 2) (x* -4x+3)=0
x*+4x-2=0

~4+416+8
= Xx=
=-2 46
and x* —4x +3 =0
_41416-2 4xJ4 412
2 2
x=3,1
x=l,3,—2,i\/g

x’, X°, x and constant terms.

The 1* and last terms of A can be
obtained by applying Adyamadyena
These are x> and 6

E=(x-1)(x’+ ax’*+ Bx+6)=0
a and f are obtained by
Argumentation
- f+6=20 g =-14
—14—a=—15 a=1
=(x-1)(’+x*- 14x +6) =0

We have to solve the Cubic Equation
(x*+x2-14x+6)=0
By Vilokanam (x + 1), (x - 1) are not
factors.

But a trial in Succession,

x =3, satisfies the Cubic equation

(x - 3) is a factor

E=(x-1)(x-3)B

(x*~4x+3)B B should have x, x and
constant terms. The first and last terms of
B can be determined by

Ad}ramadyena Thcy are x” and - 2.

(x? —4x+3](x +ax-2)=0

Comparing coefficients of x we get
3a+8=20 .. a=4
(X’ —4x +3) (X2 +4x -2) =0

are the two factors of E

thram we have determined already
x'—4x+3=(x- 1) (x -- 3)

Solving the second Quadratic equation
by differential relation

2x+4=++16+8

2x+4=126 - x =-2 V6
The 4" degree equation is factorised as

x-1)(x-3)(x+2 £6)
(x=1)(x-3) (x+2+V6 )(x +2-v6)
Cx=+1,+3, 2+46
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4, E=x+5-20x"-60x+ 144 =
Current Method

X' + 5%’ —20x" = 60x + 144 =0 — (1)
-a, -5

h:
na,

To remove the 2™ term of (1)
first we multiply the roots with 4 and
then diminish the roots by - 5
Multlplymg the muts nf (1 wrth 4
vy’ + 5(4) - 20(4)°x* - 60(4)’x + (4"
{144} D
y +2{l'x ~320x —-3 840x+36864=0— (2)

\7)

'I"I'II.EI.IJ’ — A 9 AT 41
Now diminishing the roots of (2) by - 5

I 20 -320 3840 36864
-5 -175 1975 9325
I 15 -395 -1865|__46189
- S0 2228
1 10 -445 360
-5 175
1 5 1-470
_5
1 0

. The lransfnnned equation is
z' —4702° + 360z +46189 = 0 —— (3)
Wherez=y+5 = y=2z- 3 — (B)
Let
Z* - 4702" + 360z + 46189 = (2* + kz +
b (7 — b+ £ (4

On comparing the like terms
€y+ € — k' =~ 470 and k(f2 - £1) = 360
and £, £ = 46189

360
=k’ -470and & £, = —

{,4 1
= "2t k

Eliminating ¢, and £; by using
(L+ ) — (- b)) = 44,4,

201

Factorization

Vedic Method

E=x"+5x -20x* - 60x + 144 =0

f(x) = x* + 5x° = 20x” - 60x = - 144
By Vilokanam

Sc* 0 ~ (x—1)is not a factor.
Se # Se (x—]grsnntafa:tur

Let f(x)=x +5x - 20x" - 60x =~ 144

LHS RHS DIFF
fix) -144 RHS - LHS
x=2 - 144 0
X=3 - 144 0

o (x=2), (x ~ 3) are two factors
E= (x 2)(x-3IHA
=(x*~5x+6)A A should have x°. x
and constant terms
By !}d?amadvena the first and last terms
are X', 24.
E=(x"-5x+6) (X’ +ax +24)
a 18 to be determined by argumentation
By comparing x coefficients on both sides
6a - 120=-60 a=10
o A= +10x+24
This 1s verified by Gunita Samuccayah
S=T70=(1-5+6)(1+10+24)=70
A is further solved by using the
Differential relation

Ix + ]n=¢\’100—96
2x+10=% 2

X=-4,-6

The factors are
x=2)x-3IHx+4)(x+6)
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2
(k*- 470)° _(%‘ﬂ = 4(46189)

k*-940k*+220900 - 12?:00 184756
k°-940k* + 36144k - 129600 = 0

This is a cubic in k*

By inspectionk’=4 .. k=2

By using this

G+ 6 =k - 470 = - 466

ﬂndfz 6= EEQ =180

Adding 2/,=-286 = f,=- 143

and £) = {;- 180 =-1323

substituting £, ¢; and k values in (4)
the two quadratic equations are

2+ 23 323=0 I

andz* - 2z-143 =0 |

Solving I Quadratic equation

2+22-323=0

——————————

_T28V441292  -2436
2 2
orz=-1118
=17, —19
Sulvmg the II™ Quadratic equation
7' - 22-143 =0

_2+44+572 2124

2 2
=1+12
wz=13,-11
Soz=13,17,-11,-19
Buty = (z-5) (from (b))
L.e.y=(13~5),(17-5),(-11-5) and
(-19-5)
ory=8,12,- 16 and - 24

Butx=% (from (A))
8 12 -16 ~24

L, X = —, — — —

4’ 4" 4 4
" x=2,3,-4and-6

The continuation of the Lecture Notes ~ IIi(a) will be published shortly as Lecture Notes 111(b)



