Factorization

7.1 POLYNOMIAL AND RELATED TERMS

1 n n—1 n—2 - >
An expression of the form a,x" + a; x™! + a,x"* + ... + a,_;x +a,, where a,, a;, a,, ..., a, are

real numbers and n is a non-negative integer, is called a polynomial in the variable x.

The polynomials in the variable x are usually denoted by the symbols f (x), g(x), h(x)
etc. Thus,

(1)

) = 2 N L A XY s A, X A

If a, # 0, then n is called the deégree of the polynomial f(x), is written as
deg f(x) = n. Degree of a polynomial can never be negative.

(ii) agx", a;x" 1, a,x"2, ..., a, %, @, are called the terms of the polynomial f (x); a, is

called the constant term.

(i) ay a4y, @ ..., 4, 1, 4, are Galled the coefficients of the polynomial f (%)

(iv)

(v)

(v1)

If a, # 0, then a,x" is called the leading term and a, is called the leading
coefficient of the polynomial.

If all the coefficients ay, a,, 4, ..., 4, 4, are zero, then f(x) is called a zero
polynomial; it is denoted by the symbol 0. The degree of the zero polynomial is
never defined.

The degree of a polynomial is zero if and only if it is a non-zero constant
polynomial. Thus, if deg f (x) = 0, then f (x) is a (non-zero) constant polynomial;
it is usually denoted by c i.e. f(x) = ¢, ¢ # 0.

For example :

(1)

2x + 7 is a polynomial of degree 1, called a linear polynomial.

(i) 3x% — 5x + V2 is a polynomial of degree 2, called a quadratic polynomial.

4

(iii) 5x3 + 7x% — Fx+1lisa polynomial of degree 3, called a cubic polynomial.

(iv) 7x* —3x% + 2 x - % is a polynomial of degree 4, called a biquadratic polynomial.

(v) 7 is a polynomial of degree 0, it is a (non-zero) constant polynomial.
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Polynomial equation

Let f(x) = agx" + a; x" 1+ a,x" 2+ ... +a, x+a,a,#0,bea polynomial in x of degree n, then

f(x)=0ie agx"+ a;x"t+ax"2+ ... +4a,,x+a,=01s called a polynomial equation of
degree n. Thus,

(i) 3x2 — V5 x + 7 = 0 is a polynomial equation of degree 2.
(if) 7x3 — 3x2 + 5x + 11 = 0 is a polynomial equation of degree 3.

Equality of two polynomials
Let f(x) = agx" + a;x" L+ @22+ . +a, ;% +a, and
g(xX) = Box™ + bypxt b xt e SEl e
be two polynomials in the variable x, then f(x), g(x) are said to be equal, written as

f(x) = g(x), if and only if deg f(x) = deg g(x) i.e. n = m and a; = b, for all i re. all their
corresponding coefficients are equal.

Division algorithm for polynomials
If a polynomial f (x) is divided by a non-zero polynomial g(x) then there exist unique polynomials
q(x) and r(x) such that f(x) = g(x) q(x) + r(x) where either r(x) = 0 or deg r(x) < deg g(x).
Here, dividend = f (x), divisor = g(x), quotient = g(x) and remainder = r(x).

Remarks

Let f (x) be any polynomial and it be divided by‘a non-zero polynomial g(x) and
r(x) be the remainder. \

71 If g(x) is a quadratic polynomial ther, 7(¥) is of the form ax + b, where 4, b
may be zero.

O If g(x) is a linear polyngm;_iiaf then r(x) is a constant polynomial ie.
r(x) = ¢, where ¢ may be z¢ro,

For example :

Let us divide 2x® — 7x* + 539 by 2x — 3.

Here, quotient = g(x) :
1 X% — 2% — E
= x2-2x - =
2 2x —3)2x3 —7x2 + 5x — 9

21 2x3 — 3x2
2 "

and remainder

I

r(x) = —

— 4x2 + 5x
— 4x2 + 6x

Factor of a polynomial

A non-zero polynomial g(x) is called a factor of any polynomial f(x) iff there exists some
polynomial q(x) such that f (x) = g(x) g(x).

Thus, a non-zero polynomial g(x) is a factor of a polynomial f (¥) iff on dividing f (x)
by g(x), the remainder = 0.
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For example :
1. As2x2+7x + 6 = (x ; 2) (2x + 3), therefore, x + 2 is a factor of 2x* + 7x + 6.
2. As X3 —5x2 + 7x — 3 = (x — 3) (x® - 2x + 1), therefore, x — 3 is a factor of

—5x% + 7x — 3.
Value of a polynomial f(x) at x = «
Let f(x) = agx™ + a;x"™! + a,x"2 + ... +a, ;X +a, bea polynomial in x and o be a real
number, then the real number
AR d, Ay O+ ... 4 B, {0+ 8,

is called the value of the polynomial f (x) at x = «; it is denoted by f(a).
For example :
1. Let f(x) = 322 — 5x + 2 be a quadratic polynomial in x, then

() f@)=322-52+2=12-10+2=4
(i) f(=3) = 3.(-3P2—5(-3)+2=27+15+2 = 44
(ii)) f(1) =312-51+2=3-5+2=0etc
2. Let f(x) = 2x3 — 7x% — 5x + 4 be a cubic polynomial in x, then
(i) f(0)=203-702-50+4=0-0-0+4-=4
i) f(1)=213-712-51+4=2-7-5+4=-6
G 1) = 2(=1P =712 - 5i-1) + 4 =~2-7 + 5+ 4 = 0 etc.

Root of a polynomial equation

Let f (x) = 0, where f (x) = @yx™ + a;x™1 + a,x"2 + ... gy, x+a,, bea volynomial equation

n’
in x and o be a real number then o is a root of the polynomial equation f (x) = 0 iff f (&) = 0
ie iff agat™ + a; 0"l + a2 + ...+ a4, 0G0,

For example :

1. Let f(x) = 0, where f(x) = 3¥2 '~ 5x + 2, be a polynomial equation, then
fd) =312-51+ 2 =3 §¥ 2 = 0, therefore, 1 is a root of the polynomial
equation f(x) = 0 .. l'ﬁiﬁi root of the quadratic equation 3x* — 5x + 2 = 0.

2. Let f(x) = 0, where f(x) = 2x> — 7x* — 5x + 4, be a polynomial equation, then
f1) =2.(-1P-7.(-12-5(-1)+4=-2-7+5+4=0, therefore, —1 is a root
of the polynomial equation f(x) = 0 ie. —1 is a root of the cubic equation
2x3 — 7x* - 5x + 4 = 0.

7.2 REMAINDER THEOREM
If a polynomial f (x) is divided by (x — ), then remainder = f ().

Proof. By division algorithm, for f (x) and (x — o), there exist unique quotient g(x) and
constant remainder, say ¢, such that

f) = (x-0).q(x) +c
On putting x = o, we get
f(@) = (- 0).q(0) +c
=0.g)+c=0+c=c
Hence, remainder = f (o).
Thus, when a polynomial f (x) is divided by (x — o), then

remainder = f (o)
= the value of the polynomial f(x) at x = «
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Corollary 1. If a polynomial f (x) is divided by (x + &), then remainder = f (- ).
Proof. Since x + o = x — (— @), therefore, when a polynomial f (x) is divided by (x + o)
.e. by (x - (- a)), then
remainder = f (- o)
= the value of the polynomial at x = — 0.

Corollary 2. If a polynomial f (x) is divided by (ax + b), a # 0, then remainder = f (— E).

a

Proof. To find the remainder on dividing f(x) by (ax + b) ie. by a ["HE) Le. by

i

by (x—-(-— %D then

f )

a [x - (— E)), let Q(x) and r be the quotient and remainder respectively on dividing f (x)

|
—
-
|
I
n | o
el
ST
Q
=
+
-

= (xﬂ-%) Q(x) + r

- @r+ b 22

a

This shows that when f (x) is divided by (ax + b), the remainder = r, which is the same

as obtained on dividing f (x) by (x—(# ED
a
Hence, the required remainder = f(— —J

the ‘alue of f(x) at x = —

I

b
~

ILLUSTRATIVE EXAMPLES g%

Example 1. Find the remainder (without division) on dividing f (x) by (x + 3) where
(i) f(x)=2x*-7x - 1 (i) f(x) = 3x> —7x* + 11x + 1.
Solution. Since x + 3 = x — (-3), by cor. 1 to remainder theorem :
() remainder = f(-3)
= 2.(-3)%-7.(-3) -1
=29+21-1=18+21 -1 = 38.
(i) remainder = f(-3)
= 3.(-3)3 - 7.(=-3)* + 11.(-3) + 1
= 3.-27)-79-33 + 1
= —-81-63-33 +1=-176.

Example 2. Using remainder theorem, find the remainder on dividing 3x*> + 5x — 11 by 2x + 5.
Solution. Let f (x) = 3x% + 5x — 11.

' A
Since 2x + 5 = Z[x +—Z] = 2(1’ —(— %) , by cor. 2 to remainder theorem, we get
A
:
the required remainder = f (_%
y

Il
('8
|
b | W
h,
[ o= ]
+
w
|
ba | n
e
|
[
p—
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Example 3. Find the remainder (without division) on dividing 3x> + 5x* — 11x — 4 by 3x + 1.
Solution. Let f(x) = 3x3 + 5x2 — 11x — 4.

Since 3x + 1 = 3(x+%] = 3(x —(— %)], by cor. 2 to remainder theorem, we get

the required remainder = f (—%]
e 1y 1Y 1
= 3.(_5] +5.[ 3) —11.[-§J-4
e 3.[Fi)+5.l+£—4
27 9 N3
1L ey S | -14+5+33-36 1
= —— g —gp= —4 = = —.
9 oLy &3 9 9

Example 4. When x3 + 3x% — kx + 4 is divided by x — 2, the remainder is k. Find the value
of the constant k.

Solution. Let f(x) = x® + 3x% — kx + 4.
By remainder theorem, when f (x) is divided by (x <{2),
the remainder = f(2)
23 + 3226 k2 + 4
= 8 +Wl2/>2k + 4 = 24 - 2k
According to given, 24 — 2k = &
= k=2 = k=8

Example 5. What number should pedied to 2x° — 3x* — 8x so that the resulting polynomial
leaves the remainder 10 when diviged by 2x + 17

Solution. Let the number to be added be k and the resulting polynomial be f (x), then

f(x) = 2x3 — 3x2 — 8x + k.

By cor. 2 to remainder theorem, when f (x) is divided by 2x + 1,

L 2x+1=2(x—(—%))

the remainder = f [— EJ

R ey 1

2. (-1] _-3.(-5] —8(—5) ik
( 1“\
SORCY

2 -l—%+4+k=3+k.

4
According to given, 3 + k=10 = k=7.
Hence, the number to be added is 7.

I
b9

4—3.l + 4 + k.
4

Example 6. The polynomials ax’> — 7x* + 7x — 2 and x3 — 2ax* + 8x — 8 when divided by
x — 2 leave the same remainder. Find the value of a.

Solution. Let f(x) = ax® — 7x2 + 7x — 2 and g (x) = x° — 2ax* + 8x — 8.
By remainder theorem, when f (x) is divided by (x — 2), remainder = f(2), and when
¢ (x) is divided by (x — 2), the remainder = g (2).
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Since the polynomials f (x) and g (x) when divided by (x — 2) leave the same remainder,
f(2) =g(2)

= a28-7224+472-2=23-222*+82-8

= 81-28+14-2=8-81+16-8

= 168 =82 = =2

7.3 FACTOR THEOREM

If f (x) is a polynomial and o is a real number, then (x — o) is a factor of f (x) iff f (a) = 0.
Proof. By remainder theorem, when f (x) is divided by (x — @), then remainder = f (o).
Now, (x — o) is a factor of f (x) iff remainder = 0 i.e. iff f () = 0.

Hence, (x — o) is a factor of f (x) iff f (o) = 0.
Corollary 1. If f (x) is a polynomial and o is a real number, then (x + ) is a factor of f (x)

iff f(—a) = 0.

Corollary 2. If f (x) is a polynomial and a # 0, b are real numbers, then (ax +b) is a factor

quuﬁfﬂg]=o.

Corollary 3. If f (x) is a polynomial and o is a real number, then (x — @) is a factor of f (x)
iff o is a root of the equation f (x) = 0.

Proof. By factor theorem, (x — o) is a factor of f (x) iff f (o) = 0
i.e. iff o is a root of the equation f (x) = 0.
Hence (x — o) is a factor of f (x) iff o is a root of the equation f (x) = 0.

7.4 USE OF FACTOR THEOREM

The following examples illustrate the usetof the factor theorem.

ILLUSTRATIVE EXAMPLES

Example 1. Show that (x 45hamd (2x — 1) are factors of 2x% - 11x + 5.
Solution. Let f(x) = 2x2 — ITx + 5 2o(T)
Putting x = 5 in (1), we get
f(5) = 252 -115+5=225-55+ 5
= 50 =556+ 5 = 1.
. By cor. 2 to factor theorem, (x — 5) is a factor of f ().

As2x -1 =2 (x-—%], putting x = -% in (1), we get

2
1) _ ¥ _qq Vg 1 A1
f[z) 2 (2) 11.145=2.1-0 45

i ikik
= ——— +5=0.
z 2

. By cor. 2 to factor theorem, 2x — 1 is a factor of f (x).
Hence, (x — 5) and (2x — 1) are factors of 2x* — 11x + 5.

Example 2. Show that (x + 2) and (3x + 1) are both factors of 6x7 + 11x* — 3x — 2.
Solution. Let f(x) = 6x3 + 11x2 — 3x — 2 ...(1)
As X+ 2 =x-(-2), puttingx=-—2in(:), we get
f(c2) = 6.(-2) + 11.(-2)2 = 3.(-2) - 2
= —-48+44 +6-2 =0.
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. By cor. 1 to factor theorem, (x + 2) is a factor of f(x).

Since 3x +1 = S(x—[— %D, putting x = — % in (1), we get

o (4 e (4] -2 () -2

N T )
9

o. By cor. 2 to factor theorem, (3x + 1) is factor of f ().
Hence, (x + 2) and (3x + 1) are both factors of f(x).

b
I
| =
Il

Example 3. Show that (x + 3) is a factor of 2x* — x — 21. Hence factorise 2x* — x — 21.

Solution. Let f(x) = 2x* — x — 21 e(0)
As x + 3 = x — (-3), putting x = -3 in (i), we get i S0y
f(=3) = 2.(3P%-(-3)-21=29+3-21 ¥4 3 )2 —x — 21
= 18 + 3-21 =0. 2x* + 6x
By cor. 1 to factor theorem, x + 3 is a factor of 2x* — x — 21. — T
— X —
Dividing 2x2 — x — 21 by x + 3, we get 2x — 7 as quotient e
and remainder = 0, % s
2x2 —x —=21 = (x + 3) (2x - 7). X
Example 4. Show that (x — 1) is a factor of x° - 7x2 #0%x — 8. Hence, completely factorise
the above expression. (2007)
Solution. Let f(x) = x3 — 7x% + 14x - 8 (1)

Putting x = 1 in (1), we get
f@) = 13-71% + 141 AN~ 7 +14-38
= (0.

~. By factor theorem, x — Iisja factor of x3 — 7x% + 14x - 8.

ot 3 x2 — 6x + 8
On dividing x*> — 7x* + 14x — 8 by x — 1, we get
‘ x—1)x—7x% + 14x — 8
x2 — 6x + 8 as the quotient and remainder = 0. o5 32
The other factors of f(x) are the factors of 5 AT
x2 — 6x + 8. — 6x2 + 14x
Now x2—6x+8 = x2—-2x—-4x+ 8 :6x~+6x
=x(x—2)—4(x"‘2) 8y — 8
= (x—-2) (x —4). 8x — 8
-+
Hence x3 — 7x%2 + 14x -8 = (x - 1) (x — 2) (x — 4).
X

Example 5. Show that 2x + 7 is a factor of 2x* + 7x* — 4x — 14. Hence factorise
223 + 7x% — 4x — 14.
Solution. Let f(x) = 2x3 + 7x% — 4x — 14 ()

As 2x+7 = 2 (x-i—%):Z(x—-(—%)], putting x = —»% in (1), we get

() -2 (3 (3 -+ 3) - ;
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2.[ 3‘;3] +7. 8 1414

o o 38,080 1 qui=0)
4 4

.

. By cor. 2 to factor theorem, 2x + 7 is a factor of o, 7) ;;:3 +2 7v2 _ Adx — 14

2x3 + 7x% - 4x - 14. 2x3 + 7x
On dividing 2x3 + 7x* — 4x — 14 by 2x + 7, L
we get x* — 2 as the quotient and remainder = 0. : :i : ii
. The other factors of f (x) are the factors of x* — 2. a1
Now ,1'2—2.=:c—(\/_) %

= (4 V2= A2
Hence, 2x3 + 7x2 —4x - 14 = 2x + 7) (x + V2) (x - v2).
Example 6. Use factor theorem to factorise completely x> + x* — 4x — 4 2004)
Solution. Let f (x) = x> + x* — 4x - 4. ..(1)
Putting x = 2in (1), we get
f(2) =28 420 A0 14 il

=8+4-8-4=0.

x—2)x3 + x2—4x—4

. By factor theorem, x — 2 is a factor of f (x). at ol
On dividing x® + x2 — 4x — 4 by x — 2, we get x* + 3%+ 2 as e
the quotient and remainder = 0. 332 — 4x
:. The other factors of f (x) are the factors of X¥*'+ 3x + 2. 3x2 — 6x
Now 2 +3x+2=x2+x+ 2N -+
= x (x +olleg ¥ (x + 1) 2x — 4
= (x > ¥ 2). 2x—4
Hence, x¥® +x2-4x-4 = (x€Q) (x +1) (x + 2). E +><

Ll Nt Y

1

A factor of f(x) can sometimes be found by ‘trials’. For that, calculate f(1),
f(=1), f (2), f(-2) etc. and see which one out of these is zero. If f(1) = 0 then
x — 1 is a factor of f(x) etc.

In the above example, f(2) = 0, so x — 2 is-a factor of f (x).

Example 7. Find the value of a, if (x — a) is a factor of x* — ax* + x + 2. (2003)
Solution. Let f(x) = x® —ax®> + x + 2.

Given (x — a) is factor of f(x), by cor. 2 to factor theorem, f(a) =

= ad-aat+a+2=0

= d-a+a+2=0

= @+ d=0 =D g==2

Example 8. Find the value of 'k’ if (x — 2) is a factor of x3 + 2x2 — kx + 10. Hence determine

whether (x + 5) is also a factor. (2011)

Solution. Let f(x) = x* + 2x* — kx + 10 ..(1)
Given (x — 2) is a factor of f (x), by factor theorem, f (2) =

= 22+2x2%-kx2+10=0

= 8+8-2k+10=0

= 26 -2k =0=>2k =26 = k = 13.

Hence, the value of k is 13.
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On putting k = 13 in (1), we get
f(x) = x> + 2x2 -13x + 10 ...(1i)
Putting x = -5 in (i1), we get
f(=5) = (-5 + 2 x (=52 -13 x (-5) + 10
= —125 + 50 + 65 + 10 = 0.
By factor theorem (x + 5) is a factor of f(x).

Example 9. What number should be subtracted from 2x° — 5x* + 5x so that the resulting
polynomial has a factor 2x — 3?

Solution. Let the number to be subtracted be k and the resulting polynomial be f (x),
then

f(x) = 2x> - 5x2 + 5x - k.
Since 2x — 3 is a factor of f (x), by cor. 2 to factor theorem,

R

3\ Y 3 :
= 2.(3) -5.(3) #5.5-k=0

2x — 3 = 2(1‘—%)

27 45 15 m
=3 4-4+2-k—0
= 27 -—-45 +30-4k =0

= 4k=12 = k=3

Hence, the number to be subtracted is 3. c&

Example 10. Given that x + 2 and x + 3 are factors o&d + ax* + 7x — b. Determine the values
of a and b. “b" (2009)

Solution. Let f(x) = 2x* + ax? + 7x — b'ﬁ (1)

Given x + 2 is a factor of f (x), by @ to factor theorem, f(-2) = 0
= 2.(-22+a.-22%+7. (—2)
- -16+4a-14-b=0 Q
= 4a-b-30=0 ...(11)
Also x + 3 is a factor of f(x), by cor. 1 to factor theorem, f(-3) = 0
= 2.(-32%+a.-3%+7.(-3)-b=0
= -54+9%-21-b=0
= 9%-b-75=0 ...(111)
Subtracting (i) from (iii), we get
564 —45=0 =a=09.
Putting @ = 9 in (i1), we get 36 - b-30=0 = b = 6.
Hence, a = 9 and b = 6.

Example 11. Given that (x + 1) and (x — 2) are factors of x3 + ax* — bx — 6, find the values
of a and b. With these values of a and b, factorise the given expression completely.

Solution. Let f(x) = x* + ax?> — bx - 6 (1)
Given x + 1 is a factor of f(x), by cor. 1 to factor theorem, f(-1) = 0

= (12+a.(-12-b(-1)-6=0

= a+b-7=0 (1)
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Also, as x — 2 is a factor of f (x), by factor theorem, f(2) = 0

= 234+422-b2-6=0

= 4a-2b+2=0

= 20-b+1=0

Adding (if) and (i), we get 3a -6 =0 = a = 2.

Putting a = 2 in (ii), we get 2+ b-7=0 = b=5.

Hence,.qa =2, b ='D.

Substituting these values of a and b in (1), we get

given expression = f(x) = x> + 2x* - 5x -6 ...(Iv)
Since (x + 1) and (x — 2) are factors of f (x), f (x) is exactly

divisible by (x + 1) (x — 2) i.e. by x* — x - 2.

On dividing f(x) by x> — x — 2, we get x + 3 as the

quotient and remainder = 0.
. The remaining factor is (x + 3).
Hence, x3 + 2x2 -5x -6 = (x + 1) (x — 2) (x + 3).

... (i)

X+ 3

x‘?'—x—Z)x3+2xz—5x—6

x3 — 2x% — 2x

=R +
3x2 - 3x -6
3x2 - 3x — 6

g o AR
X

Example 12. If 2x° + ax? + bx — 2 has a factor (x + 2) and leaves a remainder 7 when divided by
2x— 3, find the values of a and b. With these values of a and b, factorise the given polynomial completely.

Solution. Let f(x) = 2x3 + ax* + bx — 2

..(i)

Given (x + 2) is a factor of f(x), by cor. 1 to factor theorem, f(-2) = 0

= 2.(=2P+a.(-2%+b.(-2)-2=0
= -16+42-2b-2=0 = 4a-2b- 1§_/"Y
= 20-b-9=0

Also, when f(x) is divided by (2x — 3\ by 2 [x SN

the remainder = f (E]

2
3 2
o 3 3
= . - +4q.l — +p,— —
2% +a.(3) +b.2-2
= AL 20y B0 L e S e
4- 4 2 4 2

According to given, %a+%b+12 =87

4
= 9%2+6b-9=0
= 3a+20-3=0
Multiplying (if) by 2 and adding it to (ii7), we get
71 -21=0 = a=23.
Putting a = 3 in (it), we get
23-b-9=0 = -b-3=0 = b=-3.
Hence, a = 3, b = - 3.
Substituting these values of a and b in (i), the given
polynomial = f (x) = 2x3 + 3x* — 3x — 2.
On dividing f (x) by x + 2, we get 2x* — x — 1 as the
quotient and remainder = (.

The other factors of f(x) are the factors of
2x2 — x — 1.
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(By cor. 2 to remainder theorem)

... (1)

) e, |

x+2)2x3+3x2-3x—2
2x° + 4x2

% 3%
S, ot o A
o o g

-—x—2
—x—-2
+ +
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Now 2x2—-x—-1 = 2x2-2x+x-1

=2x(x-1) + I(x-1) = (x - 1) (2x + 1).

Hence, 2x3 + 3x2—-3x-2=(x + 2) (x = 1) 2x + 1).

Exercise 7

1. Find the remainder (without division) on dividing f (x) by (x — 2) where
() f(x) =5x>—7x + 4 (@) f(x) = 2% —Tx2 + 3.
2. Using remainder theorem, find the remainder on dividing f (x) by (x + 3) where
() f(x) =2x%— 5x + 1 (i) f(x) = 3x® + 7x*> - 5x + 1.
3. Find the remainder (without division) on dividing f (x) by (2x + 1) where
(i) f(x) = 4x% + 5x + 3 (i1) f(x) = 3x3 — 7x% + 4x + 11.
4. (i) Find the remainder (without division) when 2x* — 3x* + 7x — 8 is divided by
xX— 1. (2000)
(ii) Find the remainder (without division) on dividing 3x* + 5x —9 by (3x + 2).
5. When kx® + 9x2 + 4x — 10 is divided by (x + 1), the remainder is 2. Find the value of k.
6. Using remainder theorem, find the value of a if the division of |
x3 + 5x2 —ax + 6 by (x— 1) leaves the remainder 2a.
7. (i) What number must be subtracted from 2x2 — 5x so that the resulting
polynomial leaves the remainder 2 when divided by 2x + 17
(i) What number must be added to 2x* — 7x* 4 2x so that the resulting
polynomial leaves the remainder —2 when diVided by 2x — 37
8. (i) When divided by x — 3 the polynomials x*-)px* + x + 6 and
23 — x2 — (p + 3) x — 6 leave the same remainder. Find the value of “p".
(2010)
(if) The polynomials kx3 + 3x% — 4 and@x>"— 5x + 4k when divided by x + 3 leave
the same remainder. Find the,valtevof k.
9. By factor theorem, show that (x ¢ 3Y and (2x — 1) are factors of 2x* + 5x — 3.
10. Show that (x — 2) is a factor of 3x* — x — 10. Hence factorise 3x% — x — 10.
11. Show that (x — 1) is a factor ofg? — 5x2 — x + 5. Hence factorise x3—5x2—x + 5. |
12. Showthat (x—3)isafactor of x3—7x% + 15x — 9. Hence factorise x3—7x2+15x-9. (2002)
13. Show that (2x + 1) is a-factor of 4x3 + 12x2 + 11x + 3. Hence factorise
4x3 + 12x2 + 11x + 3.
14. Show that 2x + 7 is a factor of 2x3 + 5x2 — 11x — 14. Hence factorise the given
expression completely, using the factor theorem. (2006)
15. Use factor theorem to factorise the following polynomials completely :
(i) x> + 2x2—-5x -6 (i) x3 — 13x — 12.
16. (i) Use the Remainder Theorem to factorise the following expression :
203 + x2—13x + 6. ~ (2010)
(if) Using the Remainder Theorem, factorise completely the following polynomial:
3x3 + 2x* - 19x + 6 - | (2012)
17. If (2x + 1) is a factor of 6x® + 5x* + ax — 2, find the value of a. :
18. If (3x — 2) is a factor of 3x3 — kx? + 21x — 10, find the value of k.
19. What number must be added to 4x3 — 8x2 + 3x so that the resulting polynomial has
a factor 2x + 17 '
20

. If (x - 2) is a factor of 2x* — x* — px — 2, then

(i) find the value of p. . |
(if) with this value of p, factorise the above expression completely. (2008)
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21. Find the value of the constants a and b, if (x — 2) and (x + 3) are both factors of
the expression x3 + ax? + bx — 12. (2001)

22. If (x + 2) and (x — 3) are factors of x? + ax + b, find the values of a and b. With these
values of a and b, factorise the given expression.

23. (x — 2) is a factor of the expression x* + ax* + bx + 6. When this expression is
divided by (x — 3), it leaves the remainder 3. Find the values of a and b. (2005)

24. If (x — 2) is a factor of the expression 2x° + ax* + bx — 14 and when the expression
is divided by (x — 3), it leaves a remainder 52, find the values of 2 and b.

(2013)

25. If ax3 + 3x2 + bx — 3 has a factor (2x + 3) and leaves remainder —3 when divided

"~ by (x + 2), find the values of 2 and b. With these values of a and b, factorise the
given expression.

26. Given f(x) = ax? + bx + 2 and g (x) = bx* + ax + 1. If x — 2 is a factor of f(x) but
leaves the remainder —15 when it divides g (x), find the values of 2 and b. With
these values of a and b, factorise the expression

f(x) + g(x) + 4x* + 7x.

f(2) =0and g(2) =-15
= 4a+2b+2=0and4b+2a+1=-15
= 2+b+1=0anda+2b+8=0=>a=2 b=-5. |
f(x)+g(x) +4x* + 7x=(2x2 —5x + 2) + (-5x% + 2x + 1) + 4x% + 7x
= x% + 4x + 3.
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CHAPTER TEST

1. Find the remainder when 2x® — 3x% + 4x + 7 is divided by

(1) x — 2 (if) x + 3 (111) 2x + 1. _
2. When 2x3 — 9x2 + 10x — p is divided by (x + 1), the remainder is —24. Find the value
of p.

3. If (2x — 3) is a factor of 6x2 + x + g, find the value of a. With this value of 4, factorise
the given expression.

4. When 3x% — 5x + p is divided by (x — 2), the remainder is 3. Find the value of p.
Also factorise the polynomial 3x* — 5x + p - 3.

5. Prove that (5x + 4) is a factor of 5x° + 4x? — 5x — 4. Hence, factorise the given
polynomial completely.

6. Use factor theorem to factorise the following polynomials completely :
(i) 4x> + 4x>* - 9x -9 (i1) x* — 19x - 30.

7. If x3 — 2x2 + px + q has a factor (x + 2) and leaves a remainder 9 when divided by
(x + 1), find the values of p and g. With these values of p and g, factorise the given
polynomial completely.

8. If (x + 3) and (x — 4) are factors of x> + ax? — bx + 24, find the values of a and b.
With these values of a and b, factorise the given expression.

9. If 203 + ax® — 11x + b leaves remainders 0 and 42 when divided by (x — 2) and
(x — 3) respectively, find the values of a and b. With these values of a and b,
factorise the given expression. Q)

10. If (2x + 1) is a factor of both the expressions Zq@-—5x + p and 2x* + 5x + g, find
the values of p and g. Hence find the other<aetors of both the polynomials.

11. When a polynomial f (x) is divided by (x'\—1), the remainder is 5 and when it is
divided by (x — 2), the remainder i 7. Eind the remainder when it is divided by
(x - 1) (x - 2) NN

o
According to given, f(1) = 5and f(2) = 7.
Let f(x) = (x-1) (x-2)gq(x) +ax + b xA1)
where g (x) is quotient.

V

Putting x = 1, x = 2 we get
f(l)=a+bandf(2)=2a+b::'a+b=5and2a+b=7.

AP Y ' ~ FACTORIZATION

191



	042_R
	043_L
	044_R
	045_L
	046_R
	047_L
	048_R
	049_L
	050_R
	051_L
	052_R
	053_L
	054_R

