:\rt-jl. I'ransform a given equation into another whose roots are the roots of the given
equation, each diminished by a number /.
Proof : Let the given equation of nth degree be

3 = ,." ' = n"l ”_2
J(x)=age + ax +tax " t..tapxtay,=0 sesl 1)

Let a),a,, ..., a, beits roots.
We want to form an equation whose roots are «, - h, ¢, h, ... (1, - h.
Let new equation be in y
y=x-h
or x=y+h
Putting x = y + A in (1), we get the required equation as
ao(y+h)" +a (y+h)"" L4 a; ()'Jrh)"—:Z totag 1 (y+h)tap=0

or
which after expanding with the help of Binomial theorem for positive integers takes
the form

Aoy”+A.y”"+A2y”'2+...+A,,_|y+A,,=0 (2)
where Ay, Ay, A,, ..., Ay aretobe determined.
Put y=x-hin(2)

Ao ) + A (x—h)' "+ A e=h) 24 A1 (x=h)+ A, =0
or (e [Ao Gm A" H A G TR A =) T
A s (x=h)+ Ap-1 ]+ AR =0 ..(3)

L H.S. of (1) is identical with L.H.S. of (3)

Now
(x) by x—h, then A, is the remainder. Then we divide the quotient

if we divide f
Ag(x -+ A (=B 24 Ap 2 (=) + A

by x -/, weget Ap-12a5 the remainder

Proceeding in this way, we £€l An-2, - Ac-
Method, (/) Make the equation f(x)=0 complete, if it is not, by supplying zeros as

coetficients of missing terms.
(i) Divide f(x)by x =/ and denote the remainder by Ap.
(1) Divide the quotient obtained in step (i) by x = /i to obtain remainder A,-1
ess upto Ag.

(v} Continue with this proc
cased by A, then the division should be done by v h

‘T?,C

.10 case each root is to be incr
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= () 10 the form in which the g

‘. + g l’ + 3 e T W
kﬂ-& Reduce the cubic ao 3 ty. all other coefficien, ;’4
1

term i missing and coefficient of the leading term is uni

(Pbi. U. 2005, 2009, 20115 HP.U. 2008 5,

Proef : The given equation 1s
w’+3a,x:+3a}r+m=0
Let us diminish each root of it by /. Let new equation be in ).
y=x-h oOr x=y+h
Putting x =y + hin (1), we get,
a(y+h +3a (y+h +3am(y+h+a:=0
or Q(}’S+3}’Zh+3yhz+h3)+3a|(}':+2}'h"h:)°30:('\""}1)*0:;0
or @) +(@h+a)y+3(ah+2a h+a)y
t(ah'+3aki+3ah+a)=0 o
Second term will be missing when coefficient of 3 = 0
Gh+a=0 = h=..f|_
4
Now in equation (2), coefficient of
y=3(ak +2a h+a)

r
a,2 a . ar,2 2a,2 |
'3 ao _"2 +20i T S—— +az - 2 S——— - +0-.
. 9y aq Qg }
-

[ 2 _, 2 5
=3 | & —28" +agay | (aga;-a7)  3H .
-3 B where H=g,a,-a,"

Constant term=ay i’ + 3 a, i + 3 a, h + a

)’ 2
= ____l___ a[ [ a
@ T *+39 —35 [*+3a, -1 +a,
d a
0 0 L
B )
a” la” 3 3 ;
| 1 2y a, - 4 -1 +d J‘
aiaby B st ORI W Wt LU LY B B
tl
e 3 . 1 2
. “ ‘ l’o"! Gl-., ””(} u‘
’ e
i
i
& ' i Y ? ;
o~ ; ‘\hb"‘ (‘ g‘“ Q" . 1'.‘” ”‘ (‘:b 3 ? ‘.“1
b

i

Scanned with CamScanner




.. eguation (2) becomes

3 *H G

Guy +—y+—s =0
g AJ[':‘
;  3H G
Qr | . — JP e 0
4 .
(7 P ag’

Multiply its each roots by a,. Let new equation be in z.

0.3, 2 3H 3 G
()O z f(?i} '——?- +an '—'-'*‘:{ -0
ap a
or Z+3Hz+G =0

which is required equation.

Cor. The relation between roots of the equation
- +3H :z+ G =0 and that of equation (1) is

a

— — = |
2= agy = ag(x—h) = ag| x+—
ag

Let x,.,x,.x; be roots of equation (1) and z,.z,,z; be corresponding roots of
equation

S +3Hz+G=0
a
Xy +txy+x3=— —a-—
0
a

P ¢ a
Similarly z, = —-39—(2,\*2 ~ X3 = X))

7, = 0.
3 3

) ) - 2 = . :
Art-6. Reduce the quadratic a, x' + 4 a x4 6 a; X+ 4 a. x + ag = 0 to the form in

hach the second term is missing and the coefficient of the leading term is unity, all other
(G.N.D.U. 2012)

(21’3 ”"‘xl "XZ)

o F37

wwsents being integers,

ﬁm»,*r’ ) & 2
TN ¢ It given g guation {6

¥

My A&y v 6 > !'.J v 4 oat ay =0 -.‘(l)
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Let us diminish each root of # by &
Let new equation be in ¥.

or x=y~-h

L

v=x-h

Putting x =y + A in (1), we geL.
y+h'+4a(y+ hy +6a(y+ W +<da;(y+hy+a=0
*4_;-'/1'-' +hy+4a (y—‘ + 3);' h 3)//1] )

as

a (' + 4y h+ 6V I

s6a(VA2yhr H)rda(yshys, .,
L

or @y +4(amh+a )3’ + 6 (ao WB+2a h+a)y
4 (agh +3a ks 3[,,;;,4”)
'y

-_—(anh"*éta,h.‘+éazh2+4ajh+a,)=() 12
. . ) a |
Second term will be missing when aoh+a, +0 ie. h=-—
a
0
coefficients of V' =6 (ag " +2a h+ay)
) 7
alz a a,” 2012 —a,2 +dya,
6H
= — where H= q, 4, —a,z
9y
Coefficient of y=4[ag K +3 a1 H* +3ayh+ as]
_ 013 “12 a
=4 |-ag --—3—4-31.!'——-2——3(12 -;—4- ay
aq ag 0
] a]3 3a,3 3aa, 20,3 3a, a,
=4|- s+t—5 +ay | =4 5 =+ 43
a,”  q 2 g 0

3 2
2(1' —3(10 aya, +a, dy :4_.—0—— where G
2 ,

2
ag aq

-
s . 3
' ““ u‘ - 3“0 {Jl az + 2(!,

4 , 3 .
& prstart leTm™ oy W vdarh +6a }1z v dayhoag

1 ]
e a ! a

da, -~y i l
- o i bbay — g ~A4ay — +dy

ik i u“‘ iy
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4 4 4 6 2
@ a . ya,” a, 4“! ay
- : 3 ’ -4?-—-— e + ‘I‘
“"..‘ dy a“, a()
3 4 . 2 ’ 2 3
_q —4q, *(ja”z” a, —~8uU aydytay a,
- P20 -
(f”

24 . 2 2 5 5
._,’LJI +6UO (Jl (12 "'4(10 U[ (13 4+ [1{,) 04

3
ay

2 2 2.2

3

ay
a,?1-3H? 2

=——-a—2——,wherel= agay —4a;a; +3a,
0

equation (2) becomes

2 2
H 4G a,“1-3H
aoy4 +’6_’)"2 t— T ’ 3 = ()
aO aO ao

2 12
4 6H 2 4G ao l"‘3h
g JE— P gl -
ay" ap aq

=0

Multiplying its roots by do, we get,
:’4+6H:z+4(3:—(ao2 1 -3H?)=0

which is the required equation.

equation
Cor. Let z,, 22,23, 24 beroOts of transformed eq

£+6H£+4G:+wﬁl-m$)=o

and x,, x>, X3, X b€ corresponding roots of (1)

a
z, = dpl Xy +—
] 0] "1 a
a
But x, +x, + X3+ Xa=—4 =
ut x, + xp =/ a,
) | '..~',’1‘4.1"
,_,L B —-‘- (_\' +xs t X 1)

d”

Scanned with CamScanner



Similarly z, = —
. - 4

o = (3.‘4—,‘-|_‘\2_r")

ILLUSTRATIVE EXAMPLES. ,

Example 1. Diminish the roots of the equation 2x" —x + 10x -8 =0 by &5

'
4
$=

Sol. The given equationis 2x -x +10x-8=0
or 2x+0x* =X -0x*+10x-8=0

We are to diminish each root by 5

s | 2 0 =i 0 10 -8

10 50 245 1225 7175

2 10 49 245 1235|6167 = A
10 100 745 4950

2 20 149 990 | 6185 = A,

B 10 150 1495

230 299 |2485= A,
10 200

2 40 | 499 = A,
10

2| 50=a,

2= Ao

. transformed equation is
2"+ 50y +499 )74 2485 )2 + 6185 4 6167 = 0
Example 2. Increase by 4 the roots of the equation 3v* 5 + 7 - 0.
(Pbi. U. 2008, 201%
Sal. The given equation is I -85y 4 7=0
p 1 +0x° 5.\'5*()\'3v(),\47;(,

Woe are lo INCiease el hroot by 4.
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uaton be in ¥

o 3 0 - § 0 0 7
12 48 172 68% - 2752
.————f » 12 43 172 688 | -2745
12 96 ~ 556 2912
. a4 139 - 728 3600
12 144 - 1132
3 - 36 283 | - 1860
; -12 192
g 3 — 48 475
- 12
3 - 60

. transformed equation is
3y 60y +4753° — 1860y + 3600 y — 2745 =0.

Example 3. Find the equation whose roots exceed by 2 the roots of sthe equation

1x =324 =83 x =76 x+21=0. Hence find the roots of the equation.

(H.P.U. 2002)
Sol. The given equation is
4 +32x+83x+76x+21=0 e
-2 < 32 83 76 21
-8 —-48 -70 -12
4 24 35 6 .
-8 -32 -6
4 16 3 0
-8 - 16
4 8 -13
-8
] o
4
. tramaformed equation is 4y -13)y'49=9
4y -4y -9y 90
4y (¢~ 1)~ 91 y - 1=0
(s 1y (4 Y -9)" 0
! 0]
AR
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.,
I
pa—

i
tad | two
|
g b Lod

x=y—2
3 3
roots of equation (1)are 1-2,-1-2, 5—2.-——2-—2
1 7
or ~-1,-3, - —,——.
2 2

Example 4. Transform the equation x’ — 6 x* + 11 x— 6 = 0 by the transform.. .

and hence find all roots of the given equation. |

Sol. The given equationis X’ —6x*+ [1x-6=0

Example 8. Remove the second 1o

|

G.N.D.U. 2((( he ¢
( )00 Py | mi

|
The transformation is y=x -2

[t means that the new equation is in y and we are to diminish each root of (1) by

g 1 -6 I -6
2 -8 6
1 -4 3 0
2 -4
I -2 -1
2
I 0
]
transformed equation is
Y -y=0

y(¥-1=0
y(v-D(y+ =9
y=0,1, -1,

N()\r\" y * XY - 2 2 y= V4 2
roots of equation (1) are 0 + 2,142,149 r 230
’ ' dor2il.

™m from the equation

* s .} L
Thy 807 - 176x + 108 = 0 and hence salve completely.

b _ . %
TNDU 2001, 2002, 2008, p.1. 20101

The given gquation iy

o 18627 196 oy

of fesigd vimgig 16

> B 2
N T

SRS N

0

& ﬁ':i i

Wiesvi
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second term will be missing when we decrease each root by 4.

4 | I ~16 86 -176 108
4 ~4R 152 96
o1 12 38 4 |9
{ 4 -32 24 |
| 8 .’)' T M)
u 1 ~16 |
! -4 ~10
4
I 0
I

Let new equation be in y
transformed equation is y* - 10,7 +9=0
(V-1 -9=0
y2=l,9
y=-1,1,-3,3
Now y=x-4 = x=y+4
rootsof (1)are —1+4,1+4,-3+4,3+4 or 3,5,1,7

Example 6. Transform the equation x* —4 x’ — 18 x> — 3 x + 2 = 0 into one which shall
want the third term.

Sol. The given equationis x'—4x’ -~ 18x -3x+2=0 (D
Let us diminish each root by A.
Let new equation be in y
h I -4 - 18 -3 2
h W—4h W—-4h-18h W-4r - 18R -3 4

| h-4 W -4h-18 K -4KF - 18h-3 | -4 - 18K -3 h+2
h 20 -4 h 3N -8KH — 18k

| 2h-4 3KW-8h-18 |4 -12/-36h-3
H IH -4 h

t Yh-4|6KH -12h-18

]
=i
-
-
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transformed equation is

Dy 6 -2h-3))y  +@H 12K -36h-3)y

»
y ~4(h-

s (AR 18K -3 h+2)=0

D
- o a0 oy
Now third term will be missing when coefficient of ) )

-

6(W-2h-3)=0 = HK-2h-3=0

(h+=Dh-3)=0 = h=-1.3

third term will be missing if we diminish each root of (1) either by — | or by 3

) 1 -4 18 -3 2
1 5 13 - 10
1 -5 -13 10 -8
-1 6 7
] -6 -7 17
-1 iy 17
I -7 0
-1
1 -8
1
transformed equation is y4—8y3+ 17y-8=0
Let us diminish each root by 3
3 I -4 - 18 -3 2
3 -3 -63 - 198
! -1 -2l - 66 - 196
3 6 -45
| 2 15 - 111
3 15
! S 0
3
]
L
: W" A eaquation v ¥4 Ev' 1y 196 0

progyrie
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