IX CLASS-MATHEMATICS 2.POLYNOMIALS NCERT:2024-25

CHAPTER IX-MATHEMATICS-NCERT
2, POLYNOMIALS(notes)
2 PREPARED BY: BALABHADRA SURESH

1. Polynomial: An algebraic expression in which the variables involved have only non-negative integral

(whole numbers) powers is called a polynomial.

Polynomials Not polynomials
1
2% 4x2
|
—x—4 ¥ +4x1+5
1
*—-2-1 4+—
X

2. If a polynomial contains only one variable then it is called polynomial in one variable.
Ex:2x+3; 5x2—6x+2; 5y+6; —6y*+7y—5

3. Inthe polynomial x? + 2x, the expressions x? and 2x are called the terms of the polynomial.

4. Each term of a polynomial has a coefficient. In - x3 + 4x? + 7x- 2

The coefficient of x3 = —1 The coefficient of x = 7

The coefficient of x* = 4 constant term = —2

2,-5, 7, etc. are examples of constant polynomials.

The constant polynomial 0 is called the zero polynomial.

The degree of the zero polynomial is not defined.

If the variable in a polynomial is x, we may denote the polynomial by p(x), or q(x), or r(x), etc

0 o B on iR

The highest power of the variable in a polynomial as the degree of the polynomial.

Example:i)3x 2+ 7x+5 — degree=2

ii) 7x > +5x 2+ 2x — 6 — degree=3

Types of polynomials according to degree

1. Constant polynomial: A polynomial of degree 0 is called constant polynomial.
Ex: 5,-7,120,...

2. Linear polynomial: A polynomial of degree 1 is called a linear polynomial.
Example: 3x + 5,7x — 8, —9x, ...
The general form a linear polynomial in variable x is ax + b (a,b € R,a # 0).

3. Quadratic polynomial : A polynomial of degree 2 is called a quadratic polynomial.

Example: x2 — 5x + 6,2x% — 5,7x2, .....

The general form a quadratic polynomial in variable x is ax? + bx + ¢ (a,b,c € R,a # 0).
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4. Cubic polynomial : A polynomial of degree 3 is called a cubic polynomial.

Example: 5x% — 4x2 + x — 1,2x% — 3x + 5, —3x3 — 10,.......

The general form a cubic polynomial in variable x is ax® + bx? + cx + d (a,b,c,d € R,a # 0).
10. The general form of n* degree polynomial in one variable x:

p(x) = apx™ + ap_ X"+ @y x T e +a,x + aq is a polynomial of n'" degree ,

where ag, a4, ay, ... ... ... , 0,1, Qy are real coefficients and ay # 0.

{ EXERCISE-2.1 J

1. Which of the following expressions are polynomials in one variable and which are not? State
reasons for your answer.
(i) 4x* — 3x + 7 > polynomial in one variable x
(ii) y* + V2 — polynomial in one variable y
(iii) 3yt + tv2 - not a polynomial

2
(iv)y + ; — not a polynomial

(v)x1° + y3 + t5° > polynomial in three variables x, yand t
2. Write the coefficient of x % in each of the following
()2 + x* + x - coefficientof x? = 1

(ii)2 — x? + x3 > coefficient of x? = —1

N[

sous TE 2 . . 2
(lu)ix + x - coefficient of x* =

(iv)V2x — 1 - coefficient of x2 = 0
3. Give one example each of a binomial of degree 35, and of a monomial of degree 100.
Sol: A binomial of degree 35 : x3° + x2
100

A monomial of degree 100: 3x

4. Write the degree of each of the following polynomials:

Polynomial Degree
(i) 5x3 + 4x27x 3
(ii) 4 — y? 2
(ii))5t — 7 1
(iv)3 0

5. Classify the following as linear, quadratic and cubic polynomials:
Sol: Linear polynomials: (iv)1 + x (v)3t
Quadratic polynomials: (i)x? + x (iii) y + y? + 4 (vi) r?

Cubic polynomials: (ii) x — x3 (vii) 7x3
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Example 2 : Find the value of each of the following polynomials at the indicated value of variables

(@) p)=5x*-3x+7atx=1 (i) q(y)=3y3—4y+Vilaty=2
Sol: p(1) =5(1)2—3(1) +7 Sol: q(2) = 3(2)° — 4(2) + V1T
=5-3+7 —3x8—4x2+yI1
SESTE =24 —8++11
=° =16 + V11

(iii) p(t) =4t* +583 —t’+ 6att=a

Sol: p(a) =4a*+5a®>—a?+6
Zeroes of a Polynomial

1. Areal number ‘c’ is a zero of a polynomial p(x) if p(c) = 0. In this case, ‘c’ is also called a root of the
polynomial equation p(x) = 0.

2. Every linear polynomial in one variable has a unique zero, a non-zero constant polynomial has no
zero.

3. Every real number is a zero of the zero polynomial.

Linear Polynomial Zero of the polynomial
x+a —a
x—a a
ax+b —_b
a
ax—b b
a

Example 3 : Check whether -2 and 2 are zeroes of the polynomial x + 2.
Solu:Letp(x) = x + 2

p(2) =2+ 2 =4

p(-2) =-2+2=20

~ —2 is a zero of the polynomial x + 2, but 2 is not.
Example 4 : Find a zero of the polynomial p(x) = 2x + 1.

Sol: Letp(x) =0

2x +1=0

2x =-—1
-1

“=7
—q

SO,T is a zero of the polynomial 2x + 1

Example 5 : Verify whether 2 and 0 are zeroes of the polynomial x* - 2x
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Sol: Let p(x) =x?- 2x
p(2)=(2)*-2(2)=4-4=0
p(0) = (0)?-2(0)=0-0=0
Hence, 2 and 0 are both zeroes of the polynomial x2 - 2x.
EXERCISE 2.2
1. Find the value of the polynomial 5x - 4x% + 3 at (i) x = 0 (ii) x = =1 (jii) x = 2
Sol:Let p(x) = 5x - 4x* + 3
(i) p(0)=5(0)-4(0)?*+3=0-0+3=3
(i) p(-1)=5(-1)-4(-1)>+3=-5-4+3=-9+3=-6
(iii) p(2) =5(2)-4(2)*+ 3=10-16+3=13-16 = -3
2. Find p(0), p(1) and p(2) for each of the following polynomials:
@ P =9 -F+1
Sol:p(0)=(0)>-0+1=0—-0+1=1
p(D=1)?2?-1+1=1-1+1=1
p(2)=(2)*-2+1=4-2+1=5-2=3
(iDp)=2+t+2t>—-¢t3
Sol:p(0)=2+0+2x(0)2—(0)*=24+0+0—-0=2
p()=2+4+1+42x12-13=2+1+2-1=4
p(2)=2+2+2%x22-2=4+8-8=4
(iii) p(x) = x3
Sol: p(0) =03=0
p(LD=1=1
p(2)=2*=38
(v) p(x) = (x-D(x + 1)
Sol: p(0) =O0-DO+1D=(-1)x1=-1
p(HD=A-DA +1)=0x2=0
p(2) =02-1)2+1)=1x3=3

3. Verify whether the following are zeroes of the polynomial, indicated against them

@) px)=3x+ 1, x = _%

1
Sol:p(— = 3x(—§> +1=-141=0

1
So, (— §) is a zero of the polynomial 3x + 1
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vt

(ii) p(x) = 5x—m; x =
Sol: p(g) = SX(g) -t=4—-m1

(-

So % is not a zero of the polynomial 5x —.
(i) p(x) = x*-1; x = 1,-1
Sol: p(1)=12-1=1-1=0
p(-1)=(-1)?-1=1-1=0
p(1) =0 and p(-1) =0
So, 1,—1 are the zeroes of the polynomial x? —1.
ivpx)=@x+1)(x-2),x =-1,2
sol: p(—1)= (-1 + 1)(-1-2)=0x%x(-3)=0
p(2)= 2+ 1)(2-2)=3%x0=0
So,—1,2 are the zeroes of the polynomial (x + 1) (x - 2)
) p(x) =x%;x=0
Sol: p(0)= 0° =0

So, 0 is a zero of the polynomial x?

i) p(x) = Ix + m,x = _?

Sol: ()= lx # m

(D)= 1)+ m=omem=o

(vii) p(x) = 3x*- 1,x = _\/%’\/Z_g
sok: p(~2) = 3(~) ~1=3x3-1=1-1=0
p(%)= 3(%)2—1=3X§—1=4—1=3

2
— — is the zero of the polynomial 3x%- 1,but — is not.

V3 V3
(wiii) p(x) = 2x + 1,x :%

1 1
Sol: p(5)= Z(E) +12+1=3

1
> is not a zero of the polynomial 2x + 1

Find the zero of the polynomial in each of the following cases
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@O px)=x+5
Sol: Letp(x) =0

x+5=0

x=-=5

~ —5is the zero of the polynomial x + 5
(i) p(x)=x—->5
Sol: Letp(x) =0

x—5=10

x=5

~ 5isthe zero of the polynomial x — 5
(iii) p(x) =2x+5
Sol: Letp(x) =0

2x +'5=1~0

2 =—5 = —
X =X 2

_T is the zero of the polynomial 2x + 5

(vi) p(x) =3x—-2
Sol: Letp(x)=0
3x—2=0

3x=2=x= 3
2

"3 is the zero of the polynomial 3x — 2
() p(x) =3x
Sol: Letp(x) =0

3x=0

x=0

~ 0isthe zero of the polynomial 3x
(wi) px)=ax ,a+0
Sol: Letp(x) =0

ax =0

x=0

~ 0 isthe zero of the polynomial ax
(vii) p(x) =cx +d,c + 0,c,d are real numbers.
Sol: Letp(x)=0

cx+d=0

BALABHADRA SURESH-AMALAPURAM-9866845885 Page 6




IX CLASS-MATHEMATICS 2.POLYNOMIALS NCERT:2024-25

cx=—d=>x=—
c

—4
- is the zero of the polynomial cx + d

Remainder Theorem: Let p(x) be any polynomial of degree greater than or equal to one and let ‘a’
be any real number. If p(x) is divided by the linear polynomial (x —a), then the remainder is p(a).
Factor Theorem : p(x) is a polynomial of degree n = 1 and ‘a’ is any real number
(i) If p(a) = Othen (x —a)is a factor of p(x) . and
(i) If (x —a) is a factor of polynomial p(x) then p(a) = 0.
Example 6 : Examine whether x + 2 is a factor of x> + 3x?> + 5x + 6 and of 2x + 4.
Sol:Letp(x) =x® + 3x%+ 5x + 6
p(—=2) = (-2)% + 3(-2)>+ 5(-2) + 6
=—-8+12-10+6=18-18=0
~x + 2isa factorof x> + 3x*+ 5x + 6
since 2x + 4 = 2(x + 2) but 2 is not a factor of p(x)
So0,2x + 4 isnot a factor of p(x)
Example 7 : Find the value of k,if x - 1is a factor of 4x3 + 3x*- 4x + k
Sol: Let p(x) = 4x3 + 3x%- 4x + k
If x - 1isa factor of p(x)then p(1) =0
4(1)% + 3(1)%*-4(1) + k=0
44+3-44+k=0
3+k=0
k=-3
Factorisation of the polynomial ax?* + bx + c by splitting the middle term.
Letits factors be (px + q) and (rx + s).
ax?>+ bx + ¢ = (px + Q)(rx + s)
ax?+ bx + c=prx*+ (ps+qr)x + gs
psXqr=aXcand ps+qr=>b
Example 8 : Factorise 6x?> + 17x + 5 by splitting the middle term, and by using the Factor
Theorem
Sol:6x% + 17x + 5=6x% + 2x +15x+ 5
=2x(3x+1)+5@Bx+1)
=Bx+1)(2x+5)
Example 9 : Factorisey? - 5y + 6 by using the Factor Theorem.

Sol: p(y) =y%2 -5y + 6
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p(D=(1?*-51)+6=1-54+6=7-5=2
p(2)=(12)?-52)+6=4-10+6=10—-10=0
(y—2)isa factor of p(y)
p3)=(0B)2-5(3)+6=9-15+6=15—-15=10
(y —3)isa factor of p(y)
Yt -5y +6=0@H-2)r-3)
Example 10 : Factorise x® - 23x% + 142x - 120.
Sol:p(x) = x® - 23x% + 142x - 120
p(1) = (1)3 - 23(1)% + 142(1) - 120 =1 — 23 + 142 — 120 = 143 — 143 = 0
o~ (x —1) is a factor of p(x)
x3 - 23x% + 142x - 120 = x3 -x% — 22x% + 22x + 120x - 120
=x?(x—1)—22x(x—1) +120(x — 1)
= (x — 1)(x? — 22x + 120)
(x%? —22x +120) = (x? — 12x — 10x + 120)
=x(x—12) —10(x — 12)
=(x—12)(x — 10)
x3% - 23x% + 142x - 120 = (x — 1)(x — 12)(x — 10)
(OR)
By using Horner’s synthetic method
p(x) = x3 - 23x%2 + 142x - 120

p(1) = (1)? - 23(1)% + 142(1) - 120

=1-23+142-120

=143-143=0
s~ (x — 1) is a factor of p(x)

Using Horner's synthetic division method

Divide p(x) by (x — 1) x=11]1 —23 142 —120

Quotient = (x? — 22x + 120) \ 1 -22 120
= {® = 12x ~ 10x + 120) 1 —227 120 0 - Remainder
— x(x—12) — 10(x — 12) o \:;‘l///l
= (x —12)(x — 10) x> X  constant

x% - 23x% + 142x - 120 = (x — 1)(x — 12)(x — 10)
EXERCISE 2.3
1. Determine which of the following polynomials has (x + 1) a factor
@D x*+x*+x+1
Sol: p(x)=x3 + X2+ x + 1
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p(-D =1+ (-1)’+(D + 1
=—1+41-1+1=2-2=0
(x + l)isafactorof x> + x2+ x + 1
(i) x*+x3 + x>+ x+ 1
Sol: p(x) =x*+x®> + x2+ x + 1
p-D =D+ (D + (-D*+ (D + 1
=1-141-14+1=3-2=1
(x + Disnotafactorof x*+ x® + x>+ x + 1
(iii) x*+3x3 +3x2+x+ 1
Sol: p(x) =x*+3x% + 3x2+ x + 1
p(-1) = (-D* +3x (1) + 3x (-2 + (1) + 1
=1—-348-1%1=1
(x + 1)isnotafactorof x* +3x3 + 3x?+ x + 1
(i) x®— x> — (2+V2)x +2
Sol: p(x) =x3 — Xz—(2+\/E)X +2
p(-1) = (-3 - (-1)? = (2++2) x (-1) +V2
=-1-1+2-V2+v2=0
(x + Disafactorof x> — x2 — (2 +V2)x +v2
2. Use the Factor Theorem to determine whether g(x) is a factor of p(x) in each of the following cases:

Hpx = 2x3 + x2-2x-1,gx) =x + 1
Sol: p(x) = 2x3 + x%2 -2x -1
p(-1) = 2(-1p +WQJ* —2(-0 -1
— Fep - F =1 =il
~ gx)isa factor of p(x)
@) px)= x> +3x2+ 3x+ 1,g(x) = x + 2
Solip(x) = x® + 3x2+ 3x+ 1
p(=2)= (-2)® + 3(-2)?+ 3(-2)+ 1
——B12 -6l

=14-14=0
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~ g(x)is a factor of p(x)
@p(x) = x* —4x*+ x+ 6,9(x) = x-3
Sol:p(x) = x* —4x*+ x + 6
p(3)=3*-4x32+2+6
=27-36+8
=36—-36=0
=~ g(x) is a factor of p(x)

3. Find the value of k, if x— 1 is a factor of p(x) in each of the following cases:

@D px)=x*+x+k
If x - 1is a factor of p(x)then p(1) = 0
1°+1+k=0
24+k=0
h=—2

(ii) p(x) = 2x%+ kx + 2
If x - 1isa factor of p(x)thenp(1) = 0
2X124+ EX1 4+ 2=0
2+k+2=0
k+4=0
k=-4

(iii) p(x) = kx®>-V2x + 1
If x - 1isa factor of p(x)then p(1) = 0
kx(1)2-vV2 x1+1=0
k—vV2+1=0
k=v2-1

(iv)p(x) = kx®>-3x + k
If x - 1is a factor of p(x)then p(1) = 0
k()?-3(1) + k=0

k—-3+k=0
2k—3=0
k_3

2

4. Factorise:
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(D 12x%- 7x + 1 12x 1
= .2
Sol: 12x%- 7x + 1 =12x%-3x—4x+ 1 /n\
X
=3x(4x—-1)—1(4x— 1) _3 _4

={x—-1Bx—-1)

(ii) 2x*+ 7x + 3

Sol: 2x*> + 7x + 3=2x%+ 6x + x+3
=2x(x+3)+1(x + 3)
=((x+3)2x+1)

(iii) 6x*>+ 5x- 6

Sol:6x”>+ 5x- 6=6x>+ 9x —4x- 6
=3x(2x+ 3) —2(2x + 3)
= (2x+3)(3x —2)

(iv)3x%- x- 4

Sol:3x%- x- 4=3x?-4x+3x- 4
=x(Bx—4)+1(3x —4)
=Bx—-4H(x+1)

. Factorise :

(D -2 x4 2
Sol: Let p(x) = x3 - 2x?- x + 2
p(x) =x3- 2x%-x + 2
p()=13-2x1% -1 + 2
=1—-2-14+2=
So (x — 1) is afactor of p(x)
x3-2x% -x + 2
=x3-x2—x%4+x-2x + 2
=x?(x—1)—x(x—1)—-2(x—-1)
=x—-1D*—x-2)
=x—-Dx+1D(x-2)
(iD)x® - 3x*-9x-5
Sot p(x) = x® —3x% —9% —5

p(-1) = (-1)® -3x (-1)? -9 x (-1) -5

=—-1-349-5
=9 —-'9=10
So (x + 1) is a factor of p(x)

\_J‘;‘/ 23

6 X (—6)
= —36

&,
\/

3x(—4)

x> —x—-2

—1%x2=-2
=x%?—-2x4+x-2
-14+42=1

=x(x—2)+1(x—2)

x3 —3x% -9x -5
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=x3+x%-4x% — 4x —5x -5
=x%(x+1)—4x(x+1)—-5(x+1)
= (x+ 1)(x2 — 4x - 5)
=x+1x+1)(x—-5)
= (x+1)?(x—5)

(iii)x® + 13x% + 32x + 20

Sol: p(x) = x® + 13x2 + 32x + 20

p(=1) = (=1)® + 13 x (=1)% + 32 x (=1) + 20

=-1+13-32+20
=33-33=0

x%—4x =5 —5x1=-5

=x2—5x+x-5 541=—4

=x(x—-5)+1(x—5)

So (x + 1) is a factor of p(x)

x® + 13x% + 32x + 20
=x3 +x%+ 12x% + 12x + 20x + 20
=x%(x+ 1)+ 12x(x + 1) + 20(x + 1)

2
= (x + 1)(x? + 12x + 20) B A 20 7 10—20
2
=(x4+Dlx+2)(x+10 =x“4+2x+ 10x+ 20
( )( b { ) .
(iv)2y3 + y*- 2y-1 =x(x+2)+10(x +2)

Sol: p() =y% + y* -y -1
p(-D=(1°+ (-1)?-(-D -1
=—14+1+1-1
=2-2=0
So (y + 1) is a factor of p(y)
Y+ ¥y -y-1=y’&F¥-y-1
=y*(y+D -1+ 1)
=@+DO*-1
=(+DO+DG-D
Algebraic Identities
(i) (x+y)2=x2%+ 2xy + y?
(i) (x—y)2=x%2—2xy + y?
(i) (x + Y)(x-y) =x?-y?
(iv)y (x + a)(x + b) =x* + (a + b)x + ab.
Example 11 : Find the following products using appropriate identities:
@ + 3)(x + 3)
Sol: (x +y)2=x%+2xy + y?
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(x+3)x+3)=((x+3)2=x2+2xxx3+ 32
=x24+6x+9
(iD)(x-3)(x + 5)
Sol: (x + a)(x + b) =x% + (a + b)x + ab
(x-3)x +5) =x% 4+ (=3 +5x +(-3)x5
=x?+ 2x- 15
Example 12 : Evaluate 105 X 106 without multiplying directly
Sol: (x + a)(x + b) =x? + (a + b)x + ab
105 X 106 = (100 + 5)(100 + 6)
= (100)2 + (5 4+ 6) x 100 +5 X 6
= 1000041100+ 30 =11130
Example 13 : Factorise:
(i)49a% + 70ab + 25b?
Sol: x%2 + 2xy + y2=(x + y)?
49a? + 70ab + 25b? = (7a)? + 2 x 7a X 5b + (5b)?
= (7a + 5b)? = (7a + 5b)(7a + 5b)
(ii)ZTSX2 _y;
Sol: x?2—-y2=(x + y)(x—y)

25 y2 5\ 9\ /5 /5y
Gy P AN (i = = [= o N |
2579 (2 x) (3) <2x+3) (zx 3)

IdentityV: (x + y + 2)2=x% + y%2 + z2+ 2xy + 2yz + 2zx
Sol:(x +y+2)?2*=[(x + y)+ 2]*= (x + y)?+ 2(x + y)z + z*
=x2 + 2xy + y*+ 2xz + 2yz + z*
=x? + y2 + 72+ 2xy + 2yz + 2zx
Example 14 : Write (3a + 4b + 5¢)? in expanded form
Sol:(x + ¥y + 2)?=x% + y? + z2 + 2xy + 2yz + 2zx
(3a + 4b + 5¢)? = (3a)? + (4b)% + (5¢)? + 2(3a) (4b) + 2(4b)(5¢) + 2(3a)(5¢)
= 9a® + 16b* + 25¢? + 24ab + 40bc + 30ac
Example 16 : Factorise 4x* + y* + z?> —4xy — 2yz + 4xz
Sol:x? + y2 + z2+ 2xy + 2yz + 2zx = (x + y + z)?
4x% + y? + 22 —4xy — 2yz + 4xz
= (2x)* + (=y)* + (2% + 220) (=) + 2(=y)(2) + 2(2x)(2)
=Qx—y+2?*=Qx—y+2)Q2x—y + 2)
Identity VI: (x + )3 =23 +3x%2y +3xy?+ 3 =23 + 3+ 3xy(x + y)
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Sol: (x + y))=(x+y)(x + )2 =(x+y)(x? + 2xy + y?)

=x3 +2x%2y+xy?+x%y+2xy? + y3=x3 + y3+3x%y+3xy2=x3 + y3 4+ 3xy (x + y)
Identity VII: (x— y)3 =23 -3x2y+3xy’ - y®  =x3— y® - 3xy (x— y)
Sol: (x — ¥)* = (x —y)(x — ¥)*> = (x —y)(x* — 2xy + y?)

=x3 —2x%y +xy? —x*y+2xy* — y3=x3— y3 = 3x%y+3xy? =x>— y3 - Bxy (x — y)
Example 17 : Write the following cubes in the expanded form:
()(3a + 4b)3
Sol: (x + y)®  =x* + y3+ 3ay(x + y)

(Ba + 4b)2 = (3a)® + (4b)% + 3(3a)(4b)(3a + 4b)

= 27a® + 64b* + 36ab(3a + 4b) = 27a® + 64b* + 108a?b + 144ab?
(id) (5p - 3q)°
Sol:(x—y)3=x3—y3=3xy(x — y)

(5p - 39)° = (5p)° — 39)* = 3(5p)(3q) (5p — 3q)

= 125p3 — 27q%® — 45pq(5p — 3q)

= 125p3 — 27q® — 225p?q + 135pq*
Example 18 : Evaluate each of the following using suitable identities:
(i) (104)°
Sol:(x + y)® =x* + y3+ 3xy (x + y)

(104)® = (100 + 4)® = (100)® + (4)® + 3(100)(4)(100 + 4)

= 1000000 + 64 + 1200 x 104
= 1000000 + 64 + 124800 = 1124864

(ii)(999)3
Sol: (x— y)3=x2—y3=3xy(x— y)

(999)% = (1000 — 1)3 = (100) — (1)? — 3(100)(1)(1000 — 1)

= 1000000 —1 —300 x 999

= 1000000 — 1 —2997000 = 997002999
Example 19 : Factorise 8x3 + 27y3 + 36x%y + 54xy>
Sol: x3 + y* +3x%y + 3xy? = (x + y)3

8x3 + 27y3 + 36x%y + 54xy? = (2x)° + (3y)3 + 3(2x)?(3y) + 3(2x)(3y)? = (2x + 3y)?3
Identity VIII : 23 + y3+ z3-3xyz=(x + y + 2)(x? + y? + 2% —xy —yz —xz)
Example 20 : Factorise: 8x3 + y3 + 27z3- 18xyz
Sol: x3 + y3+ z3-3xyz=(x + y + z)(x* + y? + 2% —xy —yz —x2)

8x3 + y3 + 27z3- 18xyz = (2x)® + (¥)% + (32)® — 3(2x)(v)(32)

= (2x +y+32)[(2x)* + (»)? + (32)* — 2x) () — () (32) — (2x)(32)]

= (2x +y + 32)(4x% + y* + 922 — 2xy — 3yz — 6x2)
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NCERT:2024-25

EXERCISE 2.4

1. Use suitable identities to find the following products
Dx+4)(x+10)
Sol:(x + a)(x + b)) =x% + (a + b)x + ab;a=4,b=10
(x+4)(x+10)=x%> + (4+10)x + 4x10=x% + 14x + 40
(i)(x+8)(x—10)
Sol:(x + a)(x + b)=x*> + (a + b)x + ab;a=8,b=-10
(x+8)(x—10) =x2 + (8—10)x + 8 x (—10) = x% — 2x — 80
(iii))(3x + 4)(3x-5)
Sol: (x + a)(x + b)=x? + (a + b)x + ab; x =3x,a=4,b =-5
(Bx + 4)(3x-5)=(Bx)? + (4—-5)(3x) +4 x(-5)
=9x% —3x— 20

; 2,3\ (,2_3
@) (v +3)(* -3)
Sol: (a+b)(a—b) =a?-b? a=y%b =;
2
o220 -
®)(@B-2x)(3 + 2x)
Sol:(@a+b)(a—b)=a?-b%a=3,b=2x
(3-2x)(3 + 2x) = (3)2 — (2x)? =9 — 4x?
2. Evaluate the following products without multiplying directly
(i)103 x 107
Sol:(x + a)(x + b) =x* + (a + b)x + ab;x =100,a=3,b=7
103 x 107 = (100 + 3)(100 + 7) = (100)2 + (3 + 7)(100) + 3 x 7
= 10000+ 1000 + 21 = 11021
(i0) 95 X 96
Sol:(x + a)(x + b)=x% + (a + b)x + ab;x =90,a=5,b=6
95 x 96 = (90 + 5)(90 + 6) = (90)2 + (5 + 6)(90) + 5% 6
= 8100+ 990 + 30 = 9120
(ii))104 x 96
Sol:(a+b)(a—b)=a?-b%a=100,b=4
104 x 96 = (100 + 4)(100 — 4) = (100)% — (4)2 = 10000 — 16 = 9984
3. Factorise the following using appropriate identities

(@) 9x2% + 6xy + y?
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Sol:a®* +2ab+b*=(a+b)? a=3x,b=y

9x2 + 6xy +y%2 = (3x)2 + 2(Bx)(y) + (y)? = Bx + y)?
(i) 4y* -4y +1
Sol:a? —2ab+ b?> =(a—b)?;, a=2y,b=1

4y? —4y +1=(2y)* + 22y)(D + (D* = 2y + 1)?
2
oo n ¥
(iii) x 00
Sol: a2 - b = (a+b)(a—b);a:x,b=%
2

2
#—ai=2 -] =lr+ )~
4. Expand each of the following, using suitable identities:
(@) (x+ 2y + 4z)*?
Sol:(a+ b +c¢)?> =a?+ b? + c? + 2ab + 2bc + 2ac
(x+ 2y +42)? = (x)? + (2y)? + (42)* + 2(x) 2y) + 2(2y) (42) + 2(x)(42)
= x2 +4y? + 162 + 4xy + 16yz + 8xz
(i) (2x —y + z)?
Sol:(a+b +c)? =a®+ b? + c? + 2ab + 2bc + 2ac
2x—y+2)* = (2x)* + (=y)* + (2)* + 22x) (=) + 2(-=y)(2) + 2(2x)(2)
=4x% +y% + 2% — 4xy — 2yz + 4xz
(fii)(—2x + 3y + 22)*
Sol: (a+ b +c)? = a? + b% + c? + 2ab + 2bc + 2ac
(—2x + 3y + 22)? = (—2x)* + 3y)? + (22)* + 2(—2x)(3y) + 2(3y)(22) + 2(—2x)(22)
=4x2 +9y? 4+ 422 — 12xy + 12yz — 8xz
(iv)(3a —7b — ¢)*
Sol:(x+y+2z)?=x?+y2+ 22+ 2xy + 2yz + 2xz
(Ba—=7b—c)? = (Ba)? + (=7b)?> + (—c)?> + 2(3a)(=7b) + 2(=7b)(—c) + 2(3a)(—c)
= 9a? + 49b% + c% — 42ab + 14bc — 6ac
(v)(—2x + 5y — 3z)?
Sol:(a+ b +¢)? = a? + b?> + c? + 2ab + 2bc + 2ac
(=2x + 5y — 32)%? = (—2x)? + (5y)? + (—32)? + 2(—2x)(5y) + 2(5y)(—3z) + 2(—2x)(—32)
= 4x% + 25y? + 9z%2 — 20xy — 30yz + 12xz
1 1 2
(vi) [Za — Eb + 1]
Sol:(x+y+2z)>=x?+y2+ 22+ 2xy + 2yz + 2xz
2 2

Ga—%b + 1)2 = Ga) + (—%b) +iCh° 42 Ga) (—%b) + 2(—%b) (A + 2 Ga) @®
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5. Factorise:
()4x* + 9y? + 162z% + 12xy — 24yz — 16xz
Sol:a? + b?> + ¢? + 2ab + 2bc + 2ac = (a+ b + ¢)?
4x2% +9y% + 1622 + 12xy — 24yz — 16xz
= (2x)% + (3y)? + (—42)* + 2(2x) (By) + 2(By) (—42) + 2(2x)(—42)
= (2x + 3y — 4z)?
(i)2x% + y? + 82% — 2V2xy + 4V2yz — 8xz
Sol:a? + b?> + c? + 2ab + 2bc + 2ac = (a + b + ¢)?
2x% +y? + 822 — 2V/2xy + 4V2yz — 8xz
= (=VZx)" + )2 + (2VZ2)" +2(—VZx) () + 20)(2VZz) + 2(—V2x)(2VZz)

= (—\/Ex + yZ\/EZ)Z
6. Write the following cubes in expanded form
(DHR2x+1)3
Sol:(a + b)?=a® + b®+ 3ab (a + b)
QCx+1)2=Qx)32+1)*+32x)(1DR2x+ 1)
=8x3+1+6x(2x+1)
=8x3+1+12x%+ 6x
=8x3+12x2+6x+1
(ii)(2a — 3b)3
Sol:(x + y)®=x®+ y3+ 3xy (x + y)
(2a —3b)® = (2a)® — (3b)® — 3(2a)(3b)(2a — 3b)
= 8a® — 27b% — 18ab(2a — 3b)

= 8a® — 27b3® — 36a?b + 54ab?
3 3
(iid) [Ex % 1]

Sol: (a + b)® =a® + b®+ 3ab (a + b)

e -

Y 3+1+9 (3 +1)
—?x EX Ex

3

+ (1) +3 (;x> 1) (;x + 1)

— D 2
—4x 4x Zx

ol
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Sol:(a— b)® =a®—- b®— 3ab(a— b)

[=3] == (y) —30(32) (—3)

— a3 8 3 2 ( 2 )
=X 27y xXy\{x 3y

8 4
= x3 — — 3 — 242 a2
X 27 y x°y + 3 xy
7. Evaluate the following using suitable identities:

(H(99)°
Sol:(x—y)® =x*— y* = 3xy(x— y)
(99)3 = (100 — 1)3

= 1003 — 13 — 3(100)(1)[100 — 1]
= 1000000 — 1 — 300(99)

= 1000000 — 1 — 29700
=9,70,299

(ii)(102)3
Sol:(x+ y)® =x3+ y3+ 3xy(x+ y)
(102)3 = (100 + 2)°

— (100)3 + (2)® + 3(100)(2)[100 + 2]
= 1000000 + 8 + 600(102)
= 1000000 + 8 + 61200
=10,61,208

(iii)(998)3

Sol:(x—y)® =x3—y3— 3xy (x— y)
(998)% = (1000 — 2)?

= (1000)* — (2)3 — 3(1000)(2)[1000 — 2]
= 1000000000 — 8 — 6000(998)

= 1000000000 — 8 — 5988000
=99,40,11,992

8. Factorise each of the following:
(i) 8a® + b3 + 12a?b + 6ab?
Sol:: x3 +3x%y +3xy2+ y3=(x + y)3
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8a® + b3 + 12a?b + 6ab?
= (2a)® + (b)® + 3(2a)?b + 3(2a)(b)?

= (2a + b)?®
(ii)8a® — b® — 12a%b + 6ab?

Sol:x® — y3 = 3x%y+ 3xy? = (x— y) 3
8a® — b3 — 12a®b + 6ab?
= (2a)® — (b)® — 3(2a)?b + 3(2a)(b)?
= (2a — b)?

(iii) 27 — 125a% — 135a + 225a2

Sol: x3 — y3 —3x%2y + 3xy? = (x — y)3
27 — 125a® — 135a + 225a?
=(3)? —(5a)®* —3x3*x5at3x3x%x(Ba)*
= (3 —5a)?

(vi) 64a3 — 27b® — 144a%b + 108ab?
Sal: x° — y*— 32y +3x92 ={x— ¥)°
64a® — 27b3 — 144a’b + 108ab?
= (4a)® — (3b)% — 3(4a)?(3b) + 3(4a)(3h)?
= (4a — 3b)3
1

1 9
(v)27p® —=——=—=p*+=p
216 2 4

Sol:x® — y3 —3x%y +3xy2 = (x— y)?

2

-2+ by~ s s}

18
=(3r-3)
9. Verify(D)x® +y3 = (x + y) (x%2—-xy +y?) (i) x3— y =(x—y) (x2+ xy +y?)
Sol:())RH.S=(x + y)(x?—xy +y?) =x(x?—xy +y?) +y(x?—xy +y?)
=2 -2y +xt + 2y —xy*+y =23 +93=LHS
(DRHS=(x— &+ xy +y?) =x(x?+ xy +y?) —y(x*+ xy +y?)
=x3+x%y+axy? —x?y—xy?—y3=x3—y3=LHS
10. (i)Factorise 27y3 + 12523
Sol: () a® + b® = (a + b)(a®>—ab + b?)
27y% + 12523 = (3y)3 + (52)% = By + 52)[(By)? — (3y)(52) + (52)?]

BALABHADRA SURESH-AMALAPURAM-9866845885




IX CLASS-MATHEMATICS 2.POLYNOMIALS NCERT:2024-25

= (8y + 52)(9y? — 15yz + 25z%)

(ii) Factorise : 64m3- 343n3

Sol:x®*— y3=(x—y)(x*+ xy +y?)
64m3- 343n3 = (4m)3® — (7n)2 = (4m — 7Tn)[(4m)? + (4m)(7n) + (7n)?]
= (4m — 7n)(16m? + 28mn + 49n?)

11. Factorise:27x33 + y3 + z3 - 9xyz
Solkx® + y3+ z23-3xyz=(x + y + z) (x* + y* + 2% —xy —yz —x2)
27x% + y® + 2% —9xyz = (3x)* +y3 + 23 = 3(Bx)(y)(2)
= QBx+y+2)[Bx)? +y* + 22 - Bx)(y) — (1 (2) — (2)(3x)]
=Bx+y+2)(9x* + y? + 2% — 3xy — yz — 3xz)
12. Verify that x® + y* + z° — 3xyz = %(x +y+ 2)[(x—y)?+@-—2)>%+(z—x)?]
Sol x® + y3 + z3-3xyz

=(x+vy+2)(x*+ y? +2z%-xy-yz—x2)

1
=(x +y+ 2)=Qx% + 2y% + 222 -2xy —2yz —2xz
2
1
=@ +y+2)F[(F-2xy+ y?) + (P -2yz+2°) + (27 ~2xz + x)]

1
=@ +y + 5= +G=-2"+ @ -x)7]

13. Ifx + y + z = 0,showthatx® + y3 + z3 = 3xyz.
Sol: We know that

2+ y3+z22-3xyz=(x +y + 2) (x* + y* + 2% —xy —yz —x2)

Ifx + y + z = 0 then

x* + y3+ z3-3xyz = (0) (x* + y* + 2% —xy —yz —x7)

x3 + y3 4+ z23-3xyz=0

x3 + y3+ z% = 3xyz
14. Without actually calculating the cubes, find the value of each of the following:
() 12)° + (7)? + (5)°

Solletx = —-12,y=7,2=5
x+p+z=—1Z24+7+5=0D

We know thatifx + y + z = Othen x> +y3 + z3 = 3xyz
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= (-12)% + (7)® + (5)% = 3(-12)(7)(5)
= (—12)® + (7)® + (5)% = —1260

(i) (28)% + (=15)° + (—13)3

Sol:Let x = 28,y = —15,z = —13
X+y+2=28-15-13=0
We know thatifx + y + z = Othen x®>+y3 + z® = 3xyz
= (28)° + (=15)% + (—13)3 = 3(28)(=15)(—13)
= (28)° + (=15)% + (=13)% = 16380

15. Give possible expressions for the length and breadth of each of the following rectangles, in which
their areas are given:

(i)Area: 25a% — 35a + 12

Sol: 25a%-35a + 12 = 25a%-15a — 20a + 12

=5a(5a—3) — 4(5a—3)
= (5a —3)(5a—4)
Length=5a — 3 and Breadth= 5a — 4

(ii)Area: 35y% + 13y — 12
Sol: 35y% 4+ 13y — 12 = 35y% + 28y — 15y — 12

=7y(5y +4) —3(5y + 4)
=Gy +49(7y-3)
Length=5y +4 and Breadth= 7y —3

16. What are the possible expressions for the dimensions of the cuboids whose volumes are given
below?

()Volume : 3x% — 12x

Sol: 3x2 —12x = 3x(x — 4)

length =3, breadth = x, height = x — 4
(ii) 12ky? + 8ky — 20k

Sol: 12ky? + 8ky —20k =

= 4k(3y* + 2y -5)
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= 4k(3y* — 3y + 5y —5)
=4k[3y(y -1 + 5@ — 1]
=4k(By+5)(@y—-1)=Ixbxh

length = 4k, breadth = (3y +5), height = (y — 1)
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