Class IX Chapter 6 — Factorization of Polynomials Maths

Exercise - 6.1

1. Which of the following expressions are polynomials in one variable and which are not?
State reasons for your answer:

(i) 3x* —4x+15

(i) y*+243
(i)  3Vx+2x
(iv) X 4

X
(V) X +y 1%
Sol:

(i)  3x*-—4x+15is a polynomial of one variable x.
(i) y?+2+/3is a polynomial of one variable y.

(iii) 3JX ++/2xis not a polynomial as the exponents of 3Jxis not a positive integer.

: 4. : -4 . L
(iv) x——is not a polynomial as the exponent of — is not a positive integer.
X X

tSO

(v)  x?+y>+t™is a polynomial of three variables x,y,t.

2. Write the coefficient of x? in each of the following:
(i) 17-2x+7%°
(i) 9-12x+x°
(i) =x*—3x+4
6
(iv) V3x-7
Sol:
Coefficient of x%in
(i) 17-2x+7x%is 7
(i) 9-12x+x%is0

(i) Zx*-3x+4is =
6 6

(iv) 3x—7is0
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3. Write the degrees of each of the following polynomials:
(i) 73+ 4x2—3x + 12
(i) 12-x+2x°

(i) 5y-+2
(iv) 7=7xx°
v o0

Sol:

Degree of polynomial

(i) 7x°+4x°-3x+12is3
(i) 12-x+2x%is3

(iii) 5y—+2is1

(iv) 7=7xx°is0

(v)  0isun defined.

4.  Classify the following polynomials as linear, quadratic, cubic and biquadratic polynomials:

(i) X+x°+4

(i)  3x-2

(i) 2x+x?

(iv) 3y

V) 2+l

(vi) Tt'+4t+3t-2
Sol:

Given polynomial

(i)  x+x*+4is quadratic as degree of polynomial is 2.

(i)  3x—2is linear as degree of polynomial is 1.

(iii)) 2x+x’is quadratic as degree of polynomial is 2.

(iv) 3yis linear as degree of polynomial is 2.

(v) t*+1 is quadratic as degree of polynomial is 2.

(vi) T7t*+4t° +3t—2is bi-quadratic as degree of polynomial is 4.

5. Classify the following polynomials as polynomials in one-variable, two variables etc:
(i) X2 —xy+7y°
(i)  XP-2tx+T7t? —x+t
(iii) t*-3t°+4t-5
(iv)  xy+yz+zx
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Sol:
(i)  x*—xy+7y?is apolynomial in two variables x,y.
(i) X*—2tx+7t> —x+1t isa polynomial in 2 variables x,t.
(iii) t°—3t>+4t-5 is a polynomial in 1 variables t.
(iv)  xy+yz+zxis apolynomial in 3 variables x, y, z.
6. Identify polynomials in the following:
(i) f(x)=4x*—x*=3x+7
(i)  g(x)=2x"-3x*+/x-1
2 ., 71
iii X)=—X"——x+9.
(i) p(x)=5x"~
(iv) q(x):2x2—3x+;+2
3
(v)  h(x)=x"-x>+x-1
(vi) f(x):2+§+4x
Sol:
(i)  f(x)=4x>-x*-3x+7isa polynomial
(i) g(x)=2x*-3x ++/x —1is not a polynomial as exponent of x in +/X is not a positive
integer.
2 ., 7 . : L
(i) p(x)= 3 X 3 X +9.is a polynomial as all the exponents are positive integers.
. 4 . : .4 .
(iv) ¢ (x) =2x* —3x+ " + 2 is not a polynomial as exponent of x in " IS not a positive
integer.
3 8
(v)  h(x)=x*-x2+x-1is not a polynomial as exponent of xin —x2 is not a positive
integer.
. 3 . : . 3. e
(vi) f (x) = 2+;+4x is not a polynomial as exponent of x in ” IS not a positive integer.
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7.

Identify constant, linear, quadratic and cubic polynomials from the following polynomials:

(i) f(x)=0

@) of

1

(i)  h(x)= —3x+—
(

g(x)=2x°-7x+4

(iv)  p(x)= 2x2—x+4
(v)  a(x)=4x+3
(vi)  r(x)=3x*+4x"+5x-7

Sol:
Given polynomial
(i)  f(x)=0isa constant polynomial as 0 is a constant

(i) g(x)=2x>-7x+4is a cubic polynomial as degree of the polynomial is 3.
(iii) h(x) —3X+— L; |s a linear polynomial as degree of the polynomial is 1.
(iv) p(x)=2x*—x+4 isaquadratic as the degree of the polynomial is 2.

(v) q(x

(%)
(vi) r(x)

4x+3is a linear polynomial as the degree of the polynomial is 1.

3x* +4x* +5x—7is a cubic polynomial as the degree is 3.

Give one example each of a binomial of degree 35, and of a monomial of degree 100.
Sol:

Example of a binomial with degree 35 is 7x* -5
Example of a monomial with degree 100 is 2t'®
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Exercise - 6.2

1. Iff(x) =2x3 — 13x2% + 17x + 12, find (i) f(2) (ii) f (—3) (iii) f(0)
Sol:
We have

f(x)=2x>-13x* +17x +12

() f(2)=2x(2) -13x(2)" +17x(2)+12
= (2x8)—(13x4)+(17x2)+12
=16-52+34+12=10

(i) f(-3)=2x(-3) ~13x(-3)" +17x(-3)+12
= 2x(-27)-13x(9) +17x(-3)+12
=-54-117-51+12=-210

(i) f(0)=2x(0)’~13x(0)’ +17x(0)+12
=0-0+0+12=12

2. Verify whether the indicated numbers are zeroes of the polynomials corresponding to them
in the following cases:

(i) f(x):3x+1,x:—%

(ii) f(x)=x*-1x=1-1

s .2 2

(i) g(x)=3x*-2,x 5

(iv)  p(x)=x’-6x"+11x-6,x=1,2,3
4

(v) f(x)=5x—7r,x=g

(viy f(x)=x"and x=0

(vii)  f(x)=Ix+m, x=—

(viii) f(X)=2x+1,x=%
Sol:
(i) f(X)=3x+1,x=_%

We have
f(x)=3x+1
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Put x:—%: f (—%):3x£—%)+1:—1+1:0

.-.x=—%isarootof f(x)=3x+1
(i) f(x)=x*-1x=1-1

We have f(x),x*-1

Put x=1and x=-1

= f(1)=(1)"-1and f(-1)=(-1)" -1
~1-1=0 ~1-1=0
f

x =1,—1are the roots of f(x)=x*-1
2 2
iii X)=3x* -2, X=—,——
(i) g(x) TBNE
We have g(x)=3x*-2
2 2
Put x=—=and x=——F7
N NG
2 2
2 2 -2 -2
=0 —=1|=3—=| -2 and — =3 —=| -2
g[ﬁj (ﬁJ g(ﬁJ [ﬁJ
4 4
3 3
=4-2=2+%0 =4-2=2+0

2 2 )
X=—,—arenotroots of g(x)=3x"-2
NEIN g(x)

(iv) p(x)=x>-6x*+11x-6,x=12,3
Put x=1= p(1)=(1)’-6(1)° +n(1)-6=1-6+11-6=0
x=2=p(2)=(2)"-6(2)" +11(2)-6=8-24+22-6=0
x=3=>p(3)=3"-6(3")+11(3)-6=27-54+33-6=0
~.x=1,2,3are roots of p(x)=x’—6x*+11x—6

(v)  We know f(X)=5X—7Z',X=%

4 4 4
Put x===f| = |=B8x—-7=4-720
c (5) 5><5 Vd Vs

.-.x=gis not aroot of f(x)=5x-7z
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(vi) We have f(x)=x?and x=0
Put x=0= f (0)=(0)" =0

X2

~.x=0isarootof f(x)

(vii) f(x)=Ix+mand x=-

_|3

Put x:_l—m:> f(_l—mj=lx(_l—m)+m:—m+m:0

.-.x=—|misarootof f(x)=Ix+m

(viii) f(x)=2x+1x=

Put x:1:> f(1
2

~—— N

X

:Zx(%)+l=1+l=2¢0

x=%is not a root of f(x)=2x+1

3. Ifx =2isaroot of the polynomial f(x) = 2x? — 3x + 7a, find the value of a.
Sol:

We have f(x)=2x*-3x+7a
Put x=2= f(2)=2(2)"-3(2)+7a
=2x4-3x2+7a=8-6+7a

=2+7a

Given x=_2isarootof f(x)=2x*-3x+7a
= £(2)=0

s2+7a=0

=T7a=-2> a:—é

4, Ifx= —% is a zero of the polynomial p(x) = 8x3 — ax? — x + 2, find the value of a.

Sol:
We have p(x)=8x°—ax’—x+2
Put x=—l

2
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zzx_—l—ax%+%+2

8
=—1-—+—+2
4

3 a

2 4

Given that x = _71 is a root of p(Xx)

(s

3 a a 3 3
=0 —=—a=—x A’
2 4 4 2 yA A
=[a=6]

5. Ifx=0and x = -1 are the roots of the polynomial f(x) = 2x3 — 3x2 + ax + b, find the
value of aand b.
Sol:

We have f(x)=2x°-3x*+ax+b

Put

x=0= f (0)=2x(0)’~3(0)" +a(0)+b=0-0+0+b=b
x=-1= f(-1)=2x(-1)’ =3x(-1)’ +a(-1)+b=2x(-1)-3x(1)-a+b
=-2-3-a+b

=-5-a+b

Since x=0and x=—1are roots of f (x)

= f(0)=0 and f(-1)=0

=b=0 —-5-a+b=0

and a—b=-5

=a-0=-5

=|a=-5|

s.a=-5and b=0

6.  Find the integral roots of the polynomial f(x) = x3 + 6x2 + 11x + 6.
Sol:
We have
f(x)=x"+6x*+11x+6
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Clearly, f(x)isa polynomial with integer coefficient and the coefficient of the highest
degree term i.e., the leading coefficients is 1.
Therefore, integer roots of f (x)are limited to the integer factors of 6, which are
+1,+2,4+3,+6
We observe that

f(~1)=(-1)’ +6(-1)° +11(-1)+6=-1+6-11+6=0

f(-2)=(-2) +6(-2)" +11(-2)+6=-8+24-22+6=0

f (-8)=(-3)" +6(-3)" +11(-3)+6=—27+54-33+6=0

. Hence, integral roots of f (x)are —1,-2,-3.

Find rational roots of the polynomial f(x) = 2x3 + x2 — 7x — 6
Sol:
We have

f(x)=2x*+x"-7x—6
Clearly, f(x)is a cubic polynomial with integer coefficient. If % is a rational roots in

lowest terms, then the value of b are limited to the factors of 6 which +1,+2,4+3,4+6 and
values of c are limited to the factors of 2 which are +1,+2.

Hence, the possible rational roots of f (x)are

142,43, 46,45 +>

2
We observe that

f(-1)=2(-1) +(-1)" -7(-1)-6=-2+1+7-6=0
f(2)=2(2)"+(2)° -7(2)-6=16+4-14-6=0

3 2
EXCIRC RN RE S
2 2 2 2 4 4 2

~.Hence, -1,2, 23 are the rational roots of f (x)

N
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Exercise-6.3

In each of the following, using the remainder theorem, find the remainder when f(x) is divided
by g(x) and verify the result by actual division: (1 — 8)

1. f(x)=x*+4x*-3x+10, g(x)=x+4
Sol:
We have f(x)=x>+4x*-3x+10and g(x)=x+4
Therefore, by remainder theorem when f (x)is divided by g(x)=x—(—4), the remainder
is equal to f (—4)
Now, f(x)=x’+4x*-3x+10
= f(~4)=(-4)’ +(-4)" -3(-4)+10
=—-64+4x16+12+10

=—64+64+12+10=22
Hence, required remainder is 22.

2. f(x)=4x"-3x-2x*+x-7, g(x)=x-1

Sol:
We have

f(x)=4x"-3x’-2x’+x-7and g(x)=x-1

Therefore by remainder theorem when f (x)is divide by g(x)=x—1, the remainder is
equal to f (+1)

Now, f(x)=4x*-3x*-2x*+x-7

= f(1)=4(+1)" —3(+1)° —2(+1)" +(+1)-7

= 4x1-3(+1)-2(1)+1-7

=4-3-2+41-7=-7
Hence, required remainder is —7

3. f(x)=2x"-6x"+2x*-x+2, g(x)=Xx+2
Sol:
We have
f (x)=2x"-6x°+2x*—x+2and g(x)=x+2
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Therefore, by remainder theorem when f (x)is divide by g(x)=x—(-2), the remainder is
equal to f (-2)

Now, f(x)=2x*-6x>+2x*-x+2

= f(-2)=2(-2)"-6(-2)" +2(-2)" —(-2)+2

= 2><16—6><(—8)+2><4+2+2

=32+48+8+4=92
Hence, required remainder is 92.

4. f(x)=4x’-12x* +14x-3, g(x)=2x-1

Sol:
We have

f (x)=4x*-12x* +14x-3and g(x)=2x-1

Therefore, by remainder theorem when f (x)is divide by g(x)= 2£X—%J, the remainder

) 1
isequalto f| =
| [2j

Now, f(x)=4x>-12x*+14x-3
3 2
- f(l :4(Ej _12(1j +14(1j_3
2 2 2 2

(et Hometfie2)
1 1 3

==-3+7-3=-+1="
2 2 2

: : .3
Hence, required remainder is rh

5. f(x)=x"-6x"+2x-4, g(x)=1-2x

Sol:
We have

f(x)=x*-6x*+2x—4and g(x)=1-2x

Therefore, by remainder theorem when f (x) is divided by g (x) = —Z[X—%j, the

remainder is equal to f (%j
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Now, f(x)=x’-6x*+2x—4

- (2] )

. . .35
Hence, the required remainder is Y

6. f(x)=x"-3x’+4, g(x)=x-2

Sol:
We have

f(x)=x"-3x*+4and g(x)=x-2

Therefore, by remainder theorem when f (x)is divided by g(x)=x—2, the remainder is
equal to f(2)

Now, f(x)=x"-3x*+4

= f(2)=2"-3(2) +4

=16—(3><4)+4=16—12+4=20—12=8

Hence, required remainder is 8.

7. f(x)=9%-3x*+x-5, g(x)zx—g
Sol:

We have f(x)=9x*-3x*+x-5and g(x)= x—%

Therefore, by remainder theorem when f (x)is divided by g(x)= x—%, the remainder is

2
equalto f| =
i (sj

Now, f (x)=9x°-3x*+x-5

SOEEREREE
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8 4| 2
= gx— — gx— +——5
27 g 3
3 3
=§—£+3—5=§—5:2-5=—3
3 3 3 3

Hence, the required remainder is -3.

a2 X2 )= 2
8.  f(x)=3x"+2x 3 9+27,g(x) X+3
Sol:
We have
2
f(x):3x“+2x3—%—g+2—27 and g(x):x+§

Therefore, by remainder theorem when f (x)is divided by g(x) = x—(—%), the remainder

) 2
isequalto f| ——=
| ( 3]

2
Now, f(X):3x4+2x3_X__§+£
3 9 27

5 )

4 3 | = —

— f(_gjzsx(__zj +2[__2j _3—_i+£
3 3 3 3 9 27
6 . -8 4 (—2) 2

=BX 42X ————— +—

B2 57 ox3 (3x9j 27

27

16 16 4 2 2
= +

_16-16-4+2+2 0 _
27 27
Hence, required remainder is 0.

0

9.  If the polynomials 2x3 + ax? + 3x — 5 and x3 + x? — 4x + a leave the same remainder

when divided by x — 2, find the value of a.
Sol:

Let p(x)=2x"+ax*+3x—5and q(x)=x’+x*—4x-+abe the given polynomials

The remainders when p(x)and q(x)are divided by (x—2)are p(2)and q(2)

respectively.
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10.

By the given condition we have

p(2)=a(2)

=2(2) +a(2)" +3(2)-5=2°+2"-4(2)+a

=16+4a+6-5=8+4-8+a

=3a+13=0=3a=-13=ja=—

The polynomials ax® + 3x? — 3 and 2x3 — 5x + a when divided by (x — 4) leave the
remainders R1 and R2 respectively. Find the values of a in each of the following cases, if
() Ri=R2(ii) Rt +R2=0 (iii) 2R1 — R2=0.

Sol:

Let p(x)=ax’+3x*-3and q(x)=2x*—5x+abe the given polynomials.

Now,

R, =Remainder when p(x)is divided by x—4

=R, =p(4)

=R =a(4) +3(4)" -3 [ p(x):ax3+3x2—3]

= R =64a+48-3

- [=eha

And,

R, =Remainder when q(x) is divided by x—4

=R, =q(4)

:>R2:q(4)3—5(4)+a [':q(x):2x3—5x+a]

—R,=128-20+a

~[R=108+4
(i)  Given conditionis R, =R,

= 64a+45=108+a

—63a—63=0=63a=63=[a=1]
(if)  Given conditionis R, +R, =0

= 64a+45+108+a=0

= 65a+153=0=65a=-153=|a

153
65
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11.

(iii) Given condition is 2R, —R, =0
= 2(64a+45)—(108+a)=0
=128a+90-108-a=0

18

=127a-18=0=>127a=18=|a=——
127

If the polynomials ax3® + 3x? — 13 and 2x3 — 5x + a, when divided by (x — 2) leave the
same remainder, find the value of a.
Sol:

Let p(x)=ax’+3x*-13and q(x)=2x"—5x+abe the given polynomials
The remainders when p(x)and q(x)are divided by (x—2)are p(2)and q(2).
By the given condition we have
p(2)=a(2)
=a(2)’ +3(2)" -13=2(2)'-5(2)+a
=8a+12-13=16-10+a
:>7a—7:0:>7a=7:>a:;:>
(i) x=>x-0
By remainder theorem, required remainder is equal to f (0)
Now, f(x)=x’+3x"+3x+1
= f(0)=0°+3x0"+3x0+1=0+0+0+1=1
Hence, required remainder is 1.
(i) x+7=>x—(-7)
By remainder theorem, required remainder is equal to f (—7:)
Now, f(x)=x°+3x"+3x+1
= f(-z)= (—72')3 +3(—7r)2 +3(-7)+1
=—7°+37° =37 +1

Hence, required remainder is —7° +37° —37 +1.

w s (3

By remainder theorem, required remainder is equal to f (—gj

Now, f(x)=x"+3x"*+3x+1




Class IX Chapter 6 — Factorization of Polynomials

Maths

=125 3x25 3x-5
= + + +

1
8 4 2
-128 75 15
=——+—-—+1
8 4 2
_2
8

. . . =27
Hence, required remainder |37.

Exercise - 6.4

In each of the following, use factor theorem to find whether polynomial g(x) is a factor of

polynomial f(x) or, not: (1 —7)

1. f(x)=x"-6x"+11x—6; g(x)=x-3
Sol:
We have f(x)=x*-6x*+11x—6and g(x)=x-3

In order to find whether polynomial g(x)=x-3is a factor of f (x), it is sufficient to show

that f(3)=0

Now, f(x)=x°—-6x*+11x—6
= f(3)=3-6(3)" +11(3)-6
=27-54+33-6=60-60=0

Hence, g(x)is a factor of f (x)

2. f(x)=3x"+17x*+9x* -7x-10; g(Xx)=x+5
Sol:

We have f(x)=3x*+17x°+9x*-7x—-10and g(x)=x+5

In order to find whether g(x)=x—(-5)is a factor of f(x)or not, it is sufficient to show

that f(-5)=0
Now, f(x)=3x"+17x>+9x*-7x-10
= f(-5)=3(-5)" +17(-5)’ +9(-5)° —7(-5)-10
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= 3x625+17x(—125)+9x 25+35-10
=1875-2125+225+35-10

=0

Hence, g(x)is a factor of f(x)

3. f(x)=x"+3x"—x*-3x*+5x+15, g(x)=x+3
Sol:
We have f(x)=x"+3x"-x*-3x*+5x+15and g(x)=x+3
In order to find whether g(x)=x—(-3)is a factor of f(x)or not, it is sufficient to prove
that f(-3)=0

)
Now, f(x)=x"+3x"-x>-3x*+5x+15

= f(-3)=(-3)" +3(-3)" —=3(-3) +5(-3) +15
— —243+243—(-27)-3(9)+5(-3)+15
=-243+243+27-27-15+15

=0

Hence, g(x)is a factor of f(x)

4. f(x)=x"-6x"-19x+84, g(x)=x-7
Sol:
We have f(x)=x>-6x*-19x+84and g(x)=x-7
In order to find whether g(x)=x—7is a factor of f(x)or not, it is sufficient to show that
f(7)=0
Now, f(x)=x"-6x"-19x+84
= f(7)=7"-6(7)"-19(7)+84
=343-294-133+84 =427 427
=0
Hence g(x)is a factor f(x)

5. f(x)=3x>+x*-20x+12and g(x)=3x-2
Sol:
We have
f(x)=3x"+x*-20x+12and g(x)=3x-2
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In order to find whether g(x) = S(X —%) is a factor of f (x)or not, it is sufficient to prove

that f [gj =0
3

Now, f(x)=3x%+x*-20x+12

- (4342

8 4 40

=3x—+—=—+12

27 9 3

9
:E_@+12212—20+108:120—120:0
9 3 9 9

Hence g(x)=3x-2is a factor of f(x)

6. f(x)=2x"-9x*+x+12, g(x)=3-2x
Sol:
We have f(x)=2x°-9x*+x+12and g(x)=3-2x

In order to find whether g(x)=3-2x= —2[x—§j is a factor of f (x)or not, it is sufficient

to prove that f (g} =0

Now, f(x)=2x>-9x*+x+12

- (Ao

27 9 3
=2x——-9x—+—+12
z 8 4 2
4
27 81 3 27-81+6+48 81-81
=—-——+4+—412= =
4 4 2 4 4

=0
Hence g(x)=3-2xis a factor of f(x)

7. f(x)=x"-6x"+11x-6, g(X)=x"-3x+2

Sol:
We have

f(x)=x>-6x*+11x—-6and g(x)=x"-3x+2
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= g(x)=x*-3x+2=(x-1)(x-2)

Clearly, (x—1)and (x—2)are factors of g(x)

In order to find whether g(x)=(x—1)(x—2)is a factor of f (x)or not, it is sufficient to
prove that (x—1)and (x—2)are factors of f(x).

i.e., we should prove that f (1)=0and f(2)=0

Now, f(x)=x’—-6x*+11x—6

= f(1)=1-6(1)+11(1)-6=1-6+11-6=12-12=0

— f(2)=2°—6(2)° +11(2)—6=8-24+22-6=30-30=0

~.(x—1)and (x—2)are factors of f(x)

= g(x)=(x-1)(x—2)is factor of f(x)

8.  Show that (x — 2), (x + 3) and (x — 4) are factors of x3 — 3x? — 10x + 24.
Sol:

Let f(x)=x’—3x"-10x+ 24 be the given polynomial.

In order to prove that (x—2),(x+3),(x—4)are factors of f(x),it is sufficient to prove
that f(2)=0,f(-3)=0and f (4)=0respectively.

Now f(x)=x>-3x*-10x+24

9.  Show that (x + 4), (x — 3) and (x — 7) are factors x3 — 6x? — 19x + 84
Sol:

Let f(x)=x>-6x*-19x+84 be the given polynomial

In order to prove that (x+4),(x—3)and (x—7)are factors of f(x),it is sufficient to
prove that f (—4)=0, f (3)=0and f (7)=0 respectively

Now, f(x)=x’—6x"—19x+84

= f(~4)=(-4)’—6(-4)" —19(—4)+84 =—64-96+76+84=0

= f(3)=(3)’~6(3)" ~19(3)+84=27-54-57+84=0
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10.

11.

= f(7)=7"-6(7)" ~19(7)+84=343-294-133+84 =0

Hence, (x+4),(x—3)and (x—7)are factors of the given polynomial x° —6x* —19x +84.

For what value of a is (x — 5) a factor of x3 — 3x2? + ax — 10?
Sol:

Let f(x)=x>-3x*+ax—10 be the given polynomial
From factor theorem,

If (x—5) is a factor of f(x)then f(5)=0

Now, f(x)=x°-3x*+ax—10

= f(5)=5"-3(5) +a(5)-10=0

= 125-3(25)+5a-10=0

=5a+40=0
=5a=-40

=[a=-8]

Hence (x—-5)is a factor of f(x)if a=-8

Find the value of a such that (x — 4) is a factor of 5x3 — 7x? — ax — 28.
Sol:

Let f(x)=>5x°—7x*—ax—28be the given polynomial from factor theorem, if (x—4)is a
factor of f(x)then f(4)=0

= f(4)=0

=5(4)’-7(4)" —a(4)-28=0

= 5x64-7x16—-4a-28=0

=320-112-4a-28=0

—=180-4a=0

= 4a =180

180

=a 45

Hence (x—4)is a factor of f(x)when a=45
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12. For what value of a, if x + 2 is a factor of factor of 4x* + 2x3 — 3x? + 8x + 5a.
Sol:

Let f(x)=4x"+2x>-3x*+8x+5a be the given polynomial
From factor theorem if (x+2)is a factor of f (x)then f(-2)=0
Now, f(x)=4x"+2x°-3x*+8x+5a

= f (—2) =0

= 4(-2)" +2(-2)" -3(-2)" +8(~2)+5a=0
=64-16-12-16+5a=0=5a+20=0

= 5a=20

rew)

Hence (x+2)is a factor of f(x)when a=-4

13. Find the value of k if x — 3 is a factor of k?x3 — kx? 4+ 3kx — k.
Sol:

Let f(x)=k?x>—kx*+3kx —k be the given polynomial from factor theorem if (x—3)is a
factor of f(x)then f(3)=0

=k?(3)" —k(3)" +3k(3)-k =0

= 27k’ -9k +9k —k =0

= 27k? —k =0 =k (27k -1)=0

=k =0and 27k—1=0:>k=%

Hence, (x—3)is a factor of f (x)when k =0or kzé

14. Find the values of aand b, if x? — 4 is a factor of ax* + 2x3 — 3x? + bx — 4.
Sol:

Let f(x)=ax"®+2x*-3x*+bx—4and g(x)=x*-4
We have g(x)=x"-4=(x-2)(x+2)
Given g(x)is a factor of f(x).

= (x—2)and (x+2)are factors of f (x)

From factor theorem,
If (x—2)and (x+2)are factors of f(x)then f(2)=0and f(-2)=0respectively

= f(2)=0=>a(2) +2(2)°-3(2)" +b(2)-4=0
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15.

=16a+16-12+2b—-4=0
=16a+2b=0=2(8a+b)=0

~[Batb=0] 1)
Similarly f (-2)=0=>a(-2)" +2(-2)’~3(-2)" +b(-2)-4=0
—=16a-16-12-2b-4=0
—=16a-2b-32=0=2(8a+b)=32

—[8a=b=16] = ... (2)

Adding equation (1) and (2)
8a+b+8a-b=16=16a=16=[a=1]

Put a=1in equation (1)

= 8x1+b=0=[b=—8]

Hence, a=1and b=-8

Find a and B, if x + 1 and x + 2 are factors of x3 + 3x? — 2ax + B.

Sol:

Let f(x)=x’+3x"*—2ax+ /3 be the given polynomial from factor theorem, if (x +1)and

(x+2)are factors of f(x)then f(-1)=0and f(-2)=0
= f(-1)=0=(-1)’ +3(-1)’ —2a(-1)+ =0

= -1+3+2a+pB=0=2a+p+2=0 ... (1)
Similarly,

f(-2)=0=(-2)"+3(-2)" —2a(-2)+ =0

= -8+12+4a+pB=0=4a+p+4=0 ... (2)

Subtract equation (1) from (2)
=d4a+f+4—-(2a++2)=0-0
=d4a+pf+4-2a--2=0
=20+2=0=2a=-2=[a=-]

Put « =—1in equation (1)
:>2(—1)+,B+2:O:—2+,B+2:O:

Hence, o =—1and =0
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16.

17.

Find the values of p and q so that x* + px3 + 2x? — 3x + q is divisible by (x? — 1)
Sol:

Let f(x)=x"+ px®+2x®—3x+qbe the given polynomial.
and let g(x)=x*-1=(x-1)(x+1)

Clearly, (x—1)and (x+1)are factors of g(x)

Given g(x)is a factor of f(x)

= (x—1)and (x+1)are factors of f (x)

From factor theorem,

If (x—1)and (x+1)are factors of f(x)then f(1)=0and f(—1)=0 respectively
= f(1)=0=1"+p(1)’ +2(1)° -3(1)+q=0

=1+p+2-3+q=0=p+q=0 ... (1)

= f(-1)=0=(-1)" + p(-1)’ +2(-1)" -3(-1)+q =0
=1+(-p)+2+3+q=0=>q-p+6=0 ... (2)

Adding equation (1) and (2)

= p+0+q-p+6=0=20+6=0=>20=-6=[q=—3]

Put g =-3in equation (1)

= p—3:O:>

Hence x* -1 is divisible by f (x)when p=3,q=-3

Find the values of a and b so that (x + 1) and (x — 1) are factors of x* + ax3 — 3x? + 2x +
b.
Sol:

Let f(x)=x"+ax®—3x*+2x+b be the given polynomial.
From factor theorem; if (x+1)and (x—1)are factors of f(x)then f(-1)=0and f(1)=0
respectively.

= f(-1)=0=(-1)" +a(-1)’-3(-1)"+2(-1)+b=0
—=1-a-3-2+b=0=b-a-4=0 .. (1)
= f(1)=0=(1)"+a(1)’ -3(1)" +2(1)+b=0
=1+a-3+2+b=0=a+b=0 ... (2)
Adding equation (1) and (2)
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18.

=b-a-4+a+b=0+0

2
:>2b—4:032b:4:>b:’4—:>

2z
Substitute b = 2 in equation (2)
=a+2=0=>

Hence, a=-2and b=2

If x3 + ax? — bx + 10 is divisible by x*> — 3x + 2, find the values of a and b.
Sol:

Let f(x)=x>+ax*—bx+10and g(x)=x*—3x+2be the given polynomials.
We have g(x)=x*-3x+2=(x—-2)(x-1)

= Clearly, (x—1)and (x—2)are factors of g(x)

Given that f (x),is divisible by g(x)

= g(x)is a factor of f(x)

= (x—2)and (x—1)are factors of f(x)

From factor theorem,

If (x—1)and (x—2)are factors of f(x)then f(1)=0and f(2)=0respectively.
= f(1)=0=(1)’+a(1)’ -b(1)+10=0
=1+a-b+10=0=a-b+11=0 ... (1)

= f(2)=0=(2)"+a(2)"-b(2)+10=0

—=8+4a-2b+10=0

—4a-2b+18=0

= 2(2a—b+9)=0

—2a-b+9=0 .. (2)
Subtract equation (1) from (2)

=2a-b+9—-(a—b+11)=0-0
—2a-b+9-a+b-11=0=a-2=0=[a=2]

Put a=2in equation (1)
:>a—b+11:0:>2—b+11:0:13—b:0:

Hence, a=2and b=13

- x> +ax® —bx+10is divisible by x> —3x+2when a=2and b=13
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19.

20.

If both x + 1 and x — 1 are factors of ax® 4+ x? — 2x + b, find the values of a and b.
Sol:

Let f(x)=ax’+x*-2x+b be the given polynomial.
Given (x+1)and (x—1)are factor of f(x).

From factor theorem,
If (x+1)and (x—1)are factors of f(x)then f(-1)=0and f(1)=0 respectively.

2

= f(-1)=0=a(-1)’ +(-1)"~2(-1)+b=0
—-a+1+2+b=0=b-a+3=0 ... (1)
= f(1)=0=>a(1)’+(1)' -2(1)+b=0
=a+l-2+b=0=>b+a-1=0 .. (2)

Adding equation (1) and (2)
—=b—-a+3+b+a-1=0+0

=2b+2=0=2b=-2=[b=—1]

Put b =—1in equation (1)

:>—1—a+3:0:>2—a:0:>

Hence the values of a, b are 2, —1 respectively.

What must be added to x3 — 3x? — 12x + 19 so that the result is exactly divisibly by x? +
X—67

Sol:

Let p(x)=x’-3x*-12x+19and q(x)=Xx*+Xx—6.

By division algorithm, when p(x)is divided by q(x), the remainder is a linear expression
in X

So, let r(x)=ax+hisadded to p(x)sothat p(x)+r(x)is divisible by q(x).

Let f(x)=p(x)+r(x)

= f(x)=x>-3x*-12x+19+ax+b

=|f(x)=x>-3x*+x(a-12)+b+19
We have,
q(x)=x*+x-6=(x+3)(x-3)
Clearly, q(x)is divisible by (x—2)and (x+3)
i.e., (x—2)and (x+3)are factors of q(x)

We have,
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21.

f (x)is divisible by q(x)
= (x—2)and (x+3)are factors of f(x)

From factors theorem,

If (x—2)and (x+3)are factors of f(x)then f(2)=0and f (-3)=0respectively.
= f(2)=0=2"-3(2)" +2(a-12)+b+19=0
=8-12+2a-24+b+19=0

—2a+b-9-0 L. (1)
Similarly

f(-3)=0=(-3)’-3(-3)" +(-3)(a—12)+b+19=0

= -27-27-3a+36+b+19=0

=b-3a+1=0 L. (2)
Subtract equation (1) from (2)

b-3a+1-(2a+b-9)=0-0

—=b-3a+1-2a-6+9=0
:>—5a+10=0:>5a:10:>

Put a =2in equation (2)
=b-3x2+1=0=b-6+1=0=b-5=0=[b=5|

s r(x)=ax+b=|r(x)=2x+5

Hence, x°—3x*—12x+19 s divisible by x*+X—6 when 2x-+5is added to it.

What must be subtracted from x3 — 6x2 — 15x + 80 so that the result is exactly divisible
by x? +x — 12 ?

Sol:

Let p(x)=x’—6x>-15x+80and q(x)=x"+x-12

By division algorithm, when p(x)is divided by q(x)the remainder is a linear expression
inx.

So, let r(x)=ax+bis subtracted from p(x), So that p(x)—r(x)is divisible by q(x)
Let f(x)=p(x)—r(x)

Clearly, (3x—2)and (x+3)are factors of q(x)

Therefore, f (x)will be divisible by q(x)if (3x—2)and (x+3)are factors of f (x)

i.e., from factor theorem,

f(%ijand f(-3)=0 {.-3x—2=0:>x=§and x+3:0:>x:—3}
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22.

= f(§j=3(§j3+(gf+§(a—22)+b+9:0

:>3xi+ﬂ+ga—ﬁ+b+9:0
27 9 3 3

12+6a-132+9b+81
9
= 6a+9-39=0

=3(2a+3b-13)=0=2a+3b-13=0 ... (1)
Similarly,

f(~3)=0=3(-3)’ +(-3)" +(-3)(a—22)+b+9=0

= -81+9-3a+66+b+9=0

—=b-3a+3=0

=3(b-3a+3)=0=3-9+9=0 .. (2)
Subtract equation (1) from (2)

= 3b-9a+9-(2a+3b-13)=0-0
—=3b-9a+9-2a-3b+13=0

Put a =4in equation (2)

= 4x4-b-20=0

=16-b-20=0=-b-4=0=[b=—4]

Putting the value of aand b in r(x)=ax+b,

0

We get |r(x)=4x—4

Hence, p(x)is divisible by q(x),if r(x)=4x—-4is subtracted from it.

What must be added to 3x3 + x? — 22x + 9 so that the result is exactly divisible by 3x? +

7x — 67
Sol:
Let p(x)=3x"+x*—22x+9and q(x)=3x"+7x—6

By division algorithm,

When p(x)is divided by q(x),the remainder is a linear equation in x.
X)

So, let r(
Let f(x)=p(x)+r(x)

=ax+bisadded to p(x),sothat p(x)+r(x)is divisible by q(x)
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= f (x)=3x"+x*—22x+9+(ax+b)

=[f(x)=3x°+x*+x(a—-22)+b+9
We have,
q(Xx)=3x"+7x—6=3x"+9x—2x—6=3x(x+3)—-2(x+3)
=(3x—2)(x+3)

= f (x)=x*—6x*—15x+80—(ax+h)

=|f (x)=x"-6x*-x(a+15)+80-b

We have,

q(x)=x*+x-12=x*+4x—-3x—-18 = x(x+4)—3(x+4)

=(x—3)(x+4)

Clearly, (x—3)and (x+4)are factors of q(x).

Therefore, f (x)will be divisible by q(x)if (x—3)and (x+4)are factor of f(x).

i.e., from factors theorem,

f(3)=0and f(-4)=0 [x-3=0=x=3and x+4=0= x=—4]
= f(3)=0=(3)’-6(3)" ~3(a+15)+80-b=0

= 27-54-3a-45+80-b=0

—8-3a-b=0 L. (1)

3 2

= f(-4)=0=(-4)’ ~6(-4)’ —(4)(a+15)+80-b =0
— —64—-96-4a+60+80—b=0

=4a-b-20=0 L. (2)
Subtract equation (1) from (2)

= 4a-h-20-(8-3a-h)=0-0

— 4a-b-20-8+3a+b=0
=7a-28=0=7a=28=[a=4|
—-11a+22=0=1la=22=[a=2]

Put a=2in equation (1)
= 2x2+3b-13=0

= 4+30-13=0=30-9=0=3b=9=[b=3]
Putting the value of aand b in r(x)=ax+b,

We get, |r(x)=2x+3

Hence, 3x* +x* —22x+9 will be divisible by 3x? +7x—6, if 2x+ 3is added to it.
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23.

24,

If x — 2 is a factor of each of the following two polynomials, find the values of a in each
case:

(i) x> —2ax® +ax—1
(i)  x°-3x"-ax®+3ax’ +2ax+4
Sol:

(i) Let f(x)=x>-2ax’+ax—1 be the given polynomial.
From factor theorem,
If (x—2)is afactor of f(x)then f(2)=0 [+x-2=0=x=2]
= f(2)=0=>2"-2a(2)" +a(2)-1=0
—=8-8a+2a-1=0

=>7-6a=0=6a=7T= a:%

Hence, (x—2)is a factor of f(x)when a:g

(i) Let f(x)=x>-3x"—ax’+3ax” + 2ax+4be the given polynomial.
From factor theorem
If x—2 isafactor of f(x)then f(2)=0 [-x-2=0=x=2]
:>f(2):0:25—3(2) -a(2 ) +3a(2 ) +2a(2)+4=0
—=32-48-8a+12a+4a+4=0

| w

=8a-12=0=8a=12=|a=

~ DN

Hence, (x—2)is a factor of f(x)when azg

In each of the following two polynomials, find the value of a, if x — a is a factor:

(i) X°—ax’ +x* —ax® +3x-a+2
(i) x -a’x*+2x+a+l
Sol:

(i) Let f(x)=x"—ax’+x"—ax’+3x—a+2be the given polynomial.
From factor theorem,
If (x—a)is a factor of f(x)then f(a)=0 [-x—a=0=x=a]
= f(a)=0:>a6—a(a)5+a4—a(a)3+3(a)—a+2=0
=a’-a’+a*-a*+3a-a+2=0
:>2a+2=0:>2a:—2:>
Hence, (x—a)is a factor of f(x),if [a=—1]
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25.

(i) Let f(x)=x"-a’x’+2x+a+1 be the given polynomial.
From factor theorem,
If (x — a) isafactor of f(x) then f(a) =0[*x—a=0 = x =a]

= f(a):0:>as—az(a)3+2(a)+a+1:0

= a’-a’+2a+a+1=0

. 3a+1-=0=3a=_l1=la=_1+

3

Hence, (x—a)is a factor of f (x),if a:—%

In each of the following two polynomials, find the value of a, if x + a is a factor:
(i) x> +ax’ —2x+a+4
(i) x'-a’x*+3x-a
Sol:
(i) Let f(x)=x>+ax*—2x+a+4be the given polynomial.
From factor theorem,
If (x+a)is a factor of f (x)then f(-a)=0 [“x+a=0=x=-a]

= f(—a):0:>(—a)3+a(—a)2—2(—a)+a+4=0

—=-a*+a’+2a+a+4=0

=3a+4=0=3a=-4= a:—i

3

Hence, (x+a)is a factor of f(x), if a:-%

(i) Let f(x)=x*-a’x*+3x—a be the given polynomial
From factor theorem,
If (x+a)is a factor of f(x)then f(-a)

0 [ x+a=0=x=-a]
- f(—a)=0:>(—a)4—az(—a)2+3(—a)—a:0
—=a'-a*'-3a-a=0

:—Ba—a:0:>—4a:0:>

Hence, (x+a)is a factor of f(x),if a=0




Class IX Chapter 6 — Factorization of Polynomials Maths

Exercise - 6.5

Using factor theorem, factorize each of the following polynomials:

1. X*+6x*+11x+6
Sol:
Let f(x)=x>+6x*+11x+6 be the given polynomial.

The constant term in f (x)is 6 and factors of 6 are +1,+2,+3and +6

Putting x=—1in f (x), we have

f(-1)=(-1)’ +6(-1)" +11(-1)+6=-1+6-11+6=0

. (x+1)is a factor of f(x)

Similarly, (x+2)and (x+3)are factors of f (x).

Since f (x)is a polynomial of degree 3. So, it cannot have more than three linear factors.
() =k(x+1)(x+2)(x+3)

= X° +6X* +11x+6 =k (x+1)(x+2)(x+3)

Putting x = 0on both sides, we get
0+0+0+6=k(0+1)(0+2)(0+3)

6=K(1)(2)(3)
= 6 =06k :>

Putting k =1in f (x)=k(x+1)(x+2)(x+3), we get
f (x)=(x+1)(x+2)(x+3)
Hence, X°+6x* +11x+6=(x+1)(x+2)(x+3)

2. X*4+2x-x-2
Sol:
Let f(x)=x"+2x"—x-2

The constant term in f (x)is equal to —2and factors of —2 and +1,£2.
Putting x=1in f (x), we have

f(1)=2+2(1)-1-2=0

~.(x—1)is a factor of f(x)

Similarly, (x+1),(x+2)are factors of f (x).
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Since f (x)is a polynomial of degree 3. So, it cannot have more than three linear factors.
() =k(x=1)(x+1)(x+2)

= x°+2x* = x—-2=k(x-1)(x+1)(x+2)

Putting x =0on both sides, we get0+0-0-2 =k (-1)(+1)(+2)

—2=-2k = [k=1]

Putting k =1in f (x)=k(x—-1)(x+1)(x+2),we get

f(x)=(x-1)(x+1)(x+2)

Hence, x°+2x* —x—2=(x-1)(x+1)(x+2)

3. x*-6x2+3x+10
Sol:
Let f(x)= x3 —6x% +3x+10

The constant term in f (x)is equal to 10 and factors of 10 are +1,+2,+5and +10

Putting x=—-1in f(x), we have

f(-1)=(-1)° -6(-1)" +3(-1)+10=-1-6-3+10=0

~.(x+1)is a factor of f(x)

Similarly, (x—2)and (x—5)are factors of f(x)

Since f (x) is a polynomial of degree 3. So, it cannot have more than three linear factors.
s f(x)=k(x+1)(x-2)(x-5)

Putting x = 0on both sides, we get

= x° —6x" +3x+10=k (x+1)(x-2)(x-5)

0-0+0+10=k(1)(-2)(-5)
=10=10k :>

Putting k =1in f(x)=k(x+1)(x—2)(x~-5), we get
f(x)=(x+1)(x—-2)(x-5)

Hence, x° —6x* +3x+10=(x+1)(x+2)(x-5)
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4, x*-7x*+9x*+7x-10
Sol:
Let f(x)= X' —7x3+9x% +7x-10

The constant term in f (x)is equal to —~10and factors of —10are +1,+2,+5and +10
Putting x=1in f (x), we have

f(1)=1"-7(1)’+9(1)" +7(1)-10=1-7+9+7-10=0

~.(x—1)is a factor of f(x)

Similarly (x+1),(x—2),(x—5)are also factors of f(x)

Since f (x) is a polynomial of degree 4. So, it cannot have more than four linear factors
s f(x)=k(x-1)(x+1)(x—-2)(x~-5)

= X' =7} +9x* +7x-10 =k (x—1)(x+1)(x - 2)(x-5)

Putting x = 0on both sides, we get

= 0-0+0+0-10=k(-1)(1)(-2)(-5)

= -10=k(-10)

~ k=T

Putting k =1in f (x)=k(x—-1)(x+1)(x-2)(x—5), we get

f (x)=(x+1)(x—1)(x—2)(x-5)

Hence, X' —=7x* +9x* + 7x—10=(x+1)(x-1)(x—2)(x-5)

5 x*=2x3-7x*+8x+12
Sol:
Let f(x)=x"-2x"-7x*+8x+12

The constant term in f (x)is equal to+12and factors of +12are +1,+2,+3,+4,+6 and +12
Putting x=—-1in f(x), we have

f(-1)=(-1)"-2(-1)’ -7(-1) +8(-1)+12

=1+2-7-8+12=0

~.(x+1)is a factor of f(x)

Similarly (x+2),(x—2),(x—3)are also factors of f (x)
Since f (x) is a polynomial of degree 4. So, it cannot have more than four linear factors.

s (X)=k(x+1)(x+2)(x-2)(x-3)
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= X' =2x* - 7x* +8x+12 =k (x+1)(x+2)(x-2)(x—3)
Putting x = 0on both sides, we get
—0-0-0+0+12=k(1)(2)(-2)(-3)

= =K(%)
=1

Putting k =1in f(x)=k(x+1)(x+2)(x-2)(x—3), we get
f(x)=(x+1)(x+2)(x—2)(x—3)

Hence, X’ —2x* —=7x* +8x+12 = (x+1)(x+2)(x-2)(x-3)

6. x*+10x®+35x%+50x+24
Sol:
Let f(x)= x* +10x3 +35x% +50x + 24

The constant term in f (x)is equal to +24and factors of +24are
11,42, 43,4, 46,48, £12, 424

Putting x=—1in f (x), we have

f(~1)=(-1)" +10(-1)’ +35(~1)" +50(-1)+24
=1-10+35-50+24=0

. (x+1)is a factor of f(x)

Similarly, (x+2),(x+3)and (x+4)are also factors of f (x).

Since f (x)is polynomial of degree 4. So, it cannot have more than four linear factors.
s (X)=k(x+1)(x+2)(x+3)(x+4)

= X" +10%° + 35X +50x + 24 =k (x +1)(x+2)(x+3)(x+4)

Putting x = 0on both sides, we get
= 0+0+0+0+24=k(1)(2)(3)(4)

— 24 =24k = [k =1]

Putting k =1in f (x)=k(x+1)(x+2)(x+3)(x+4), we get
f (x)=(x+1)(x+2)(x+3)(x+4)

Hence, x* +10%° +35x* +50x + 24 = (X +1)(x +2)(x+3)(x+4)
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7. 2x'-7x*-13x*+63x—45
Sol:
Let f(x)=2x"-7x>-13x*+63x—45
The factors of the constant term -45 are £1,£3,45,%£9,+15and +45
The factor of the coefficient of x*is 2. Hence possible rational roots of f (x)are

9,15 45
2 2 2

il,i3,i5,i9,i15,i45,i1,i§,i§ t
2 2 2

We have,

f(1)=2(1)" -7(1)’ -13(1)° +63(1) - 45
=2-7-13+63-45=0
And f(3)=2(3)"' -7(3)’~13(3)" +63(3)-45
=162-189-117+189-45=0
And f(3)=2(3)"' -7(3)’-13(3)" +63(3)—-45
=162-189-117+189-45=0

So, (x—1)and (x—3)are factors of f (x)

= (x—1)(x—-3)is also a factor of f(x)

= (x* —4x+3)is a factor of f(x)

Let us now divide

f(x)=2x* =7x* ~13x* +63x — 45 by (x* —4x+3)to get thee other factors of f (x).
By long division, we have

x? —4x+3)2x4 —7x°~13x* +63x— 45 (2x* + x—-15

2x* —8x3 + 6x
p— + p—
x® —19x? + 63X

x3 —4x? +3x

— + —
—15%% +60x — 45
—15x% +60x —45
+ -+
0
S 2% —T7x® —13x% +63x—45= (x2 —4x+3)(2x2 + x—15)

= 2x* —7x* —13x* +63x—45= (x—l)(x—3)(2x2 + x—15)

Now,
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2X* +x—15=2x* +6x —5x—15=2x(x+3)—5(x+3)
=(2x-5)(x+3)
Hence 2x*—7x*—13x* +63x—45=(x—1)(x—3)(x+3)(2x-5)

8. 3x*-—x*-3x+1
Sol:
Let f(x)=3x*-x*-3x+1
The factors of the constant term +1 is +1.
The factors of the coefficient of x%is 3.

. . 1
Hence possible rational roots of f (x)are J_rl,J_r5

We have,

f(1)+3(1)° -(1)° ~3(1)+1=3-1-3+1=0

So, (x—1)is a factor of f(x).

Let us now divide f(x)=3x>-x"-3x+1by (x—1)to get the other factors.
By long division method, we have

X—1)3x° - x ~3x+1(3x* + 2x~1

3x° —3x?
-+

2x% —3x
2X% —2X
-+
—X+1

—-x+1
L
0
=3 =x? —3x+1:(x—1)(3x2 +2x—l)
Now,
3x? +2x—1=3x" +3x— x—1=3x(x+1)-1(x+1)=(3x-1)(x+1)
Hence, 3x° —x* —3x+1=(x-1)(x+1)(3x-1)
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10.

x® —23x? +142x-120
Sol:

Let f(x)=x>-23x*+142x-120
The constant term in f (x)is equal to —120 and factors of —120 are
+1,+2,+3,+4,£5,+6,£8, +£10,£12, +15, 20, +24, +30, +40, £60, +120 .
Putting x =1we have
f(1)=1°—23(1)* +142(1)-120 =1-23+142-120 =0
So, (x—1)is a factor of f(x).
Let us now divide f(x)=x°—23x*+142x-120by (x—1)to get the other factors.
By long division, we have

x—1) X* — 23x” +142x—120 (X* - 22X +120

X —X
-+

—22x% +142x

~22X% + 22X

+ -

120x-120

120x-120

- 4+

0

o % = 23%% +142x 120 = (x—1)(X* —22x+120)
Now,
x? —22x+120 = x* ~10x —12x+120 = x(x—10)—12(x —10)
=(x-12)(x-10)

Hence, x°—23x*+142x—-120=(x-1)(x—10)(x-12)

Yy —7y+6
Sol:
Let f(y)=y’-7y+6

The constant term in f (y)is +6and factors of +6are +1,+2,£3and +6
Putting y =1we have

f(1)=-7(1)+6=1-7+6=0
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~.(y-1)isafactor of f(y)
Similarly it can be verified that (y—2)and (y +3)are also factors of f(y)

Since f(y)is a polynomial of degree 3. So, it cannot have more than 3 linear factors.
= (y)=k(y-2)(y-2)(y+3)

=y +7y+6=k(y-1)(y-2)(y+3)

Putting y = 0on both sides, we get

=0-0+6=k(-1)(-2)(3)

= 6=06k :>

Putting k =1in f(y)=k(y-1)(y—2)(y+3),we get

F(y)=(y-2)(y-2)(y+3)

Hence, y*-7y+6=(y—-1)(y-2)(y+3)

11.  x*-10x* -53x—42
Sol:
Let f(x)=x>-10x*-53x—42
The constant term in f (x)is —42and factors of —42are +1,%2,+3,46,+7,+14,421,+42
Putting x = -1, we get
f(~1)=(-1)’ ~10(1)* ~53(-1)-42=-1-10+53-42=0
So, (x+1)is a factor of f(x)
Let us now divide f (x)=x*—-10x*—53x—42by (x+1)to get the other factors.
By long division, we have
X+1)x° ~10x” ~53x — 42 (X* ~11x - 42

x® + x?
~11x* —53x
—11x* —11x
+ +
—A2x—-42
—42x—42
+ o+
0
- X3 =10X* —53x—42 = (x+1)(x* ~11x—42)
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Now, x*—11x—42 = x* —14x+3x—42 = x(x—14)+3(x—14)
=(x+3)(x-14)
Hence, x°—10x* —53x—42 =(x+1)(x+3)(x—14)

12, y*-2y*-29y-—42
Sol:
Let f(y)=y’-2y?—29y-42
The constant term in f (y)is —42and factors of —42are +1,+2,£3,+6,+7,+14,+21, +42
Putting y =—-2 we get
f(-2)=(-2)’—2(-2)" —29(-2)-42
=-8-8+58-42=0
So, (y+2)isafactor of f(y)
Let us now divide f(y)=y®-2y*-29y—42by (y+2)to get the other factors
By long division, we get
y+2) Y’ —2y*—29y-42(y*-4y-21

y3+2y2
- +

—4y? - 29y
—4y* -8y
+ o+
21y —-42
~21y - 42
- -

0

y3—2y2—29y—42:(y+2)(y2—4y—21)

Now,
y?—4y—-21=y*-7y+3y—-21=y(y-7)+3(y-7)
=(y+3)(y-7)

Hence, y®-2y?-29y-42=(y+2)(y+3)(y-7)
(y—2)to get the other factors.

By long division, we have
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y—2)2y3—5y2—19y+42(2y?—y—21

2y% —4y?
.

-y*-19y
-y’ -2y
+ -

21y + 42
21y + 42
+ -

0

- 2y°? —5y? —19y+42:(y—2)(2y2—y—21)

=(y-2)(y+3)(2y-7)

13. 2y®-5y? 19y + 42
Sol:
Y-2)(y+3)(2y-T7)

14. x> +13x*+32x+20
Sol:

Let f(x)=x’+13x*+32x+20
The constant term in f (x)is 20 and factors of +20are +1,+2,+4,+5,+10,£20.
Putting x = -1, we get
f(—1)=(-1)° +13(-1)" +32(~1)+20
=-1+13-32+20=0
So, (x+1)is a factor of f(x).
Let us now divide f(x)=x’+13x*+32x+20by (x+1)to get the remaining factors.
By long division, we have
X+1)x° +13x° +32x+ 20 (X* +12x + 20
x° +X?

12%°% + 32X
12x2 +32x

20x+20
20x+20

0
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15.

2 ¢ +13x +32x+ 20 = (X +1) (X* +12x+ 20)

Now,
X* +12x+20 = X* +10x + 2x + 20 = x(x+10)+ 2(x +10)

=(x+2)(x+10)
Hence, x* +13x* +32x+20 = (x+1)(x+2)(x+10)

x°* —3x* -9x-5

Sol:

Let f(x)=x"-3x*-9x-5

The constant term in f (x)is—5and factors of —5are +1,+5.
Putting X =-1, we get
f(-1)=(-1)’-3(-1)"~9(-1)-5=-1-3+9-5=0

So, (x+1)is a factor of f(x).

Let us now divide f(x)=x°-3x*-9x—5by (x+1)to get the other factors.

By long division, we have
x+1) X° =3x* —9x—5(x* —4x—5

X3+ x?

—4x? —9x

—4x% — 4x
+ o+

-5x-5

-5x-5
+  +

0
o % =3x* —9x—5=(x+1)(X* —4x-5)
Now,
(X* —4x—5)=x* =5x+X—5=x(x—5)+1(x-5)
=(x+1)(x-5)
Hence, x* —3x* —-9x—-5=(x+1)(x+1)(x-5)

=(x+1)2(x—5)
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16. 2y*+y*-2y-1
Sol:
Let f(y)=2y°’+y*-2y-1
1

The factors of the constant term of y*is 2. Hence possible rational roots are +1,+=.

2
We have,
f(1)=2(1) +(2)* -2(1)-1=2+1-2-1=0
So, (y—1)is a factor of f(y)
Let us now divide f(y)=2y®+y®-2y-1by (y-1)to get the other factors.
By long division, we have
y-1)2y° +y* -2y -1(2y* +3y+1

2y° —2y?
S

3y* -2y

3y* -2y
—

y-1

y-1
- +

0
. 2y°—y? -2y -1=(y-1)(2y* +3y+1)
Now,
2y? +3y+1=2y* +2y+y+1=2y(y+1)+1(y+1)
=(2y+1)(y+1)
Hence, 2y’ +y?-2y-1=(y-1)(y+1)(2y+1)

17. X =2X*—x+2
Sol:
Let f(x)=x3—2x2—x+2

The constant term in f (x)is 2 and factors of 2 are +1,+2.
Putting X =1,we have

f(1)=1-2(1) -1+2=1-2-1+2=0

So, (x—1)is a factor of f (x)

Let us now divide f(x)=x’-2x*-x+2 by (x—1)to get the remaining factors.
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By long division, we have
x—1>x3—2x2—x+2(x2—x—2

x3 —x?
- 4+
—x? =X
X% +X
+ —_
—2X+2
—2X+2
+ p—
0
x3—2x2—x+2=(x—1)(x2—x—2)
Now,

X2 —Xx—=2=X*=2X+X-2=X(x-2)+1(x-2)

=(x+1)(x-2)

Hence x°—2x* —x+2=(x-1)(x+2)(x-2)

18. Factorize each of the following polynomials:

(i) x> +13x* +31x — 45given that x + 9is a factor
(i)  4x®+20x*+33x+18given that 2x + 3isa factor
Sol:

(i) Let f(x)=x>+13x"+31x—-45
Given that (x+9)is a factor of f (x)
Let us divide f (x)by (x +9)to get the other factors. By long division, we have
x+9>x3 +12x° +31x—45(x2 +4x-5

X3 +9x?

4x% +31x
4x% + 36X

—5x—-45

—-5x-45
+ +

0
o (x)=x+13x% +31x - 45

= f (x):(x+9)(x2+4x—5)
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Now,

x> +4x-5=X*+5X—Xx-5=x(Xx+5)-1(x+5)

=(x-1)(x+5)

= f (x)=(x+9)(x+5)(x-1)

= X% +13x% +31x— 45 = (x—1)(x+5)(x+9)
(i)  Let f(x)=4x>+20x*+33x+18

Given that 2x +3is a factor of f (x)

Let us divide f (x)by (2x+3)to get the other factors. By long division, we have

2x+3>4x3+20x2 +33x+18( 2X> +7X+6

4% + 6X°

14%° +33x

14%° + 21x
+ p—

12x+18
12x+18

0
Now,

4x° +20X° +33x +18 = (2x +3)(2x* + 7x+6)

We have,

2X7 +TX+6 =2X> +4%x* +3x+6 = 2X (X +2) +3(x+2)
=(2x+3)(x+2)

= 4x* +20x” +33x +18 =(2x+3)(2x+3)(x+2)

= (2x+3)" (x+2)

Hence, 4x* +20x? +33x +18=(x+2)(2x+3)’

We have,
2X* +TX+6=2X" +4x+3x+6 = 2X(X+2)+3(x+2)

=(2x+3)(x+2)

= 4x% +20x* +33x+18 = (2x+3)(2x +3)(x + 2)
=(2x+3)2(x+2)

Hence, 4x° +20x? +33x +18=(x+2)(2x+3)’




