A
"7 Ol R
T
41"5

Grade IX

Lesson :2POLYNOMINALS

INTRODUCTION TO POLYNOMIALS AND PLOYNOMIALS IN TWO VARIABLES

POLYNOMIALS CONSISTS OF

* *
Constants Variables
(fixed numerical values) (assigned different numerical values)

Combination of two or
more terms connected
by +, -, =, x is called an

algebraic expression

(fixed numerical values)

Each part is called Term

In which

Variables involved having only
non- negative integral exponents

is called Polynomial denoted by
p(x), q(x), r(x), s(x),etc

Classification on
the basis of

v
v

Degree
highest power of the variable in a
polynomial is called degree

Number of terms

_> Monomials
Zero One Two Three Not eg. 3, 4x, —iy, etc
Degree Degree Degree Degree Defined
¢ ¢ * ¢ ¢ —P Binomials
Constant Linear Quadratic Cubic Zero
Polynomial Polynomial Polynomial Polynomial Polynomial
eg.ax+b
One Constant e.g. e.g. ax’ +bx tc,

2 +5x,x -2y, efc
eg Coefficient
term ax + b, where a,b,c

ax® + bx?cx + d of each ’ Trinomials
(non-zero) e.g. where, a,b are C;rftoants' where a, b, c, d terms is
2,-b.3 etc aret 3 are constants,
constants
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eg.ax’+bx+c
3x? —4x + 2. etc




ZEROES OF A POLYNOMIAL
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ZEROES (ROOTS) OF A POLYNOMIAL

Can be obtained by

[ A number x = a is called zero of the polynomial p(x), if p(a) =0 ]

\
[ Hit and trial method ]

By putting x = a in a given polynomial and check
(i) If p(a) = 0,then'a’ is a zero of the given polynomial
(ii) If p(a) # 0,then'a’is not a zero of the given polynomial

-
Example:
» Verify whether 3 and O are zeroes of the polynomial 2x? — 3x
Sol.Let p(x) = 2x%—3x
Thenp(3) =2 x32-3 x3=18—-9=9+ 0
p(0)=0-0=0
Hence, O is a zero of the polynomial 2x* — 3x, but 3 is not

Solving the polynomial equation by taking p(x) = 0
Example: Let p(x) = 2x+3

Itsrootisgivenby  p(x)=0 = 2x+3=0 = x=—2
Thus, x = —; isazeroof p(x) = 2x +3

Its properties are

N [

)\

> Every linear polynomial has unique zero

> A non-zero constant polynomial has ho zero

> A ploynomial can have more than one zero depending upon its nature.
> Every real number is a zero of the zero polynomial

> A zero of a polynomial need not be zero

» 0 may be the zero of a polynomial.
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THEOREMS IN POLYNOMIALS
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[ THEOREMS IN POLYNOMIALS ]
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[ Remainder theorem ]

If p(x) be any polynomial of degree, n>1, and 'a’ be
any real number. When p(x) is divided by linear
polynomial g(x) = (x — a) the remainder is y(x) =
p(a) and focuses on finding the remainder even if

p (x) is not divided by f(x)

Example : Find the remainder when the polynomial
p(y) = y* - 2y* + 3y - 1 is divided by g(y) =y - 1
Sol. Here, the zero of y - 1 is 1. By remainder
theorem, the remainder is :
p(1)=1*-2x12+3x1-1
=1-2+3-1
=1

A

[ Factor theorem ]

Ve

.

If p(x) is a polynomial of degree, n>1 and 'a’ is any real
number, then
(i) x—aisa factor ofp(x) if p(a) = 0 and
(it) p(a) =0if (x —aisa factor of p(x))
It focuses on
% Checking operation in division of number
% Finding linear factor ofp p(x)

Example

p(x) = x%—4x% —3x + 18
Sol. For x-3 to be a factor of
p(x), by factor theorem,p(3) should be zero,where 3 is
the zero of x — 3
Now, by remainder theorem,
p(3) = 3%-432-33+18
= 27-36—9+18
= 45-45=0
Hence, by Factor theorem, x-3 is a factor of the given
polynomial p(x)
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FACTORISATION OF POLYNOMIALS ]
A 4
v \4 \4 \4
[ MONOMIALS ] [ BINOMIALS ] [ TRINOMIALS ] CUBIC POLYNOMIALS
p(x)= ax®+b%+cx+d
v ! v
[ No factor ] o Tt has one real or distinct real root
v e One pair of repeated roots and a
district roots
Two Perfect squares [ Two perfect cubes ]
l ) \4
Can be found by using the following steps:
[ Quadratic polynomials ax® + bx + ¢ ] e Write all factors of constant term
e By trial, find p(q) = 0
v e (x -q)isa factor of p(x)
( . I ) e Divide p(x) by (x — q)
LBy tn;:idle Ter‘m spilliting e Quotient is a quadratic equation.
P q o fq - 2 e Factorise quadratic equation.

(i) ax*+bx+c=x*+@+qgx+pq axd +br? +ex+d = (- p)(x — q)x — 1)
(i) ax?+bx+c= (x+p)+@x+q) soax x% 4+ cx = P q

(ii)ax? —bx+c= (x—p)+ (x—q)

() ax?+bx—c= (x+p) + (x—q)
Note : in point (iv).
o If b is negative, then negative sign goes with bigger number.
o If bis positive, then negative sign goes with smaller humber.
2. If quadratic, polynomial is a perfect square, then use
x24+2xy+ y* = (x +y)?
x?—2xy+ y? = (x—y)*
3. By using factor theorem.
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ALGEBRAIC IDENTITIES

Identity
Identity
Identity
Identity
Identity
Identity

Identity

Identity

IT

ITI

Iv

VI

VII

VIII

(x + y)? = x2 + 2xy + y?
(x =) =x% - 2xy + y?
x?-y?=(x+y) (x— y)
(x+a)(x+b)=x*+(a+b)x+ab
(x+y+2)° =x%+y% +2%2 +2xy + 2yz + 2zx
(x+y)° =x+y3+3xy (x +)
(x=9)° =2 -y*-3xy (x~y)

= x3 - 3x%y + 3xy? - y3

x3+y3+2723—3xyz=(x+y+2) (x* +y? +z%-xy —yz — zx)
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ﬂ Objective Type Questions ]

[ I. Multiple choice questions 2.1 j

1. The polynomial 2x — x?+5 is

a) an equation b) a trinomial ¢) a binomial d) a monomial
Sol: b) a trinomial
2. Degree of a zero polynomial is (NCERT)
a)0 b) 1
c) any natural number d) not defined

Sol: d) because zero polynomial means coefficient of any variable, i.e. 0x?, 0x3, 0x*,
Yy
0x5,0x%,.......... is zero.

3.Write True or False and justify your answer. The degree of the sum of two
polynomials each of degree 5 is always 5. (NCERT)

5

Sol: False, because x° + 1 and -x°+ 3xare two polynomials each of degree 5, but the

degree of the sum of the two polynomials is 1.

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

i) 3y2 + 4y i) 262+ 5 i)y + ;iv) JVx + 4
v) -x2 + 3x% + Bx—3vi) 3x2-5x+ 8 vii) ¥Vt + t2 viii) 4 Vt + tV/3

Sol: i), ii), v) and vi) are polynomials in one variable because these expressions contain
one variable only. iii) iv), vii) and viii) are not polynomials because the exponent of the
variable in these expressions are not a whole number.

5. Write the coefficients ofx* in each of the following:
i)ax?+bx + ¢ ii) 4x* +5x -3 i) 3-5x%+ x% iv) V2x%+4y + 5
The coefficients of x* in each of the given polynomials are

Sol: i)a i) 4 iii) -5 iv) V2
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6. Write the coefficients of x* in each of the following:

i)5x3 -6x2+7x -9 i) 27x3- Y3 iii) §x3 - x
iv) 2x3 + 5 V)23 +x+6 vi) V5x3 + 1
vii) Y3 — 16x3 viii) 3x* -4 x> -3x-5

Sol: The coefficients of x3 in the given expressions are :
N5 i) 27 i) = iv) 2
v) 1 vii) V5vi) -16 vii) -4

7. Write the degree of each of the following polynomials:
i) 4x°> - 3 x*+ 9 i) 3- 2y? - 593 + 2y8
iii) 3 iv) 4y + 5

Sol: The highest power of the variable in a polynomial is called the degree of the
polynomial. Hence, degree of the given expression are

)5 i) 8 iii)0(-3=3x2) vl
8. Write the coefficient of y in the expansion of (5 - y)?
Sol: (5-y)=52-2 xb5xy +y?
[Using (a — b)? = a® - 2ab -b?]
=25-10y +y?

Required coefficient of y = -10

7 4{1,. Created by Pinkz
"



[ II. Multiple choice questions 2.2 j

1. Given a polynomial p(t) = t* - t3 + t2+6, then p(-1) is

(a) 6 (b) 9 (c) 3 (d)-1
Sol:  P(t)=t*-t3+t%+6
=p 1)z (~D* (~1)% + (12 + 6
=1-(-1) +1+6=1+1+7=9
=~ Correct option is (b)
2. Zero of the zero polynomial is
a) 0 b) 1 c) any real number d) not defined
Sol: ¢) Consider g(x) = 0 (x - a) where 'd’ is any real number.
Zero of g(x) isequal tog(x)=0 =x-a=0=x-a
So, zero of the zero polynomial is any real number.
3. If p(x) = x+ 3, then p (x) + p (—x) is equal to
a) 3 b) 2x c)0 d) 6

Solip(x)+p(—=x)=x+3+(-x)+3=6
=~ Correct option is (d)
4. Find the value of polynomial y*> - 5y + 6 at
)y=0 i)y = -1
Sol: The value of polynomial p(y) = y* - By + 6

i) aty = O is given by

p(0)=0-5(0)+6=6

ii) at y = -1 is given by

p(-1)= (-1)2-5(-1)+6=1+5+6=12
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5. Find the value of each of the following polynomials at the indicated value of variable:
)ply) =5y? -3y +7aty=1, -1
ii)q(x) = 3x> - 4x + V8 at x = 2
Sol: i)p(y) =5y*-3y+7
#Aty =1,p(1)=5(1)?-3(1) +7=5-3+7=9
andaty=-1,p(-1)=5(-1)?-3(-1) +7=5+3+7=15
i) q(x) = 3x3 - 4x+ /8
~atx =2, q=(2) =3(2)°-4x2+/8=24-8+V8=16+ /8
6. Verify whether the following are zeroes of the polynomial, indicated against them.
p(x)=x3-3x2 +4x-12, x=3
iNpO)=y*-3y>+2y+1, y=1
Sol: i) p(x) = x3 - 3x% + 4x - 12,
2p(3)=33-3(3)2 +4(3)-12=27-27+12-12=0
So, x = 3 is a zero of the polynomialp(x) = x> - 3x% + 4x - 12.
i)p()=y*-3y*+2y+1
ap()=14-3(1)2 +2(1)+1=1-3+2+1=1=0

So,y = 1is not a zero of the polynomialp(y) = y* - 3y% + 2y + 1

[III. Multiple choice questions 2.3 and 2.4j

1. If p(x) = (x - 1) (x + 2), then we say,

(a) (x — 1)is a factor of p(x) (b) (x +2) is a factor of p(x)
(c) p (x) is divisible by both (x - 1) and (x + 2) (d) All of these

Sol: (d) All of these
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2. Factors of 3x* — x—4 are
a) (x—1)and(3x —4) b) (x+ 1) and (3x—4)
c) (x+ 1)and(3x + 4) d)(x—1) and (3x+4)
Sol: 3x* — x—4=3x>+4x+3x—4
=x(Bx—4)+1 (3x—4) = (x + D(3x —4)

~. correct option is (b)

[ IV. Multiple choice questions 2.5 j

1. Expansion of (x —y)3 is

a) x3+y3+ 3 x%y + 3xy? b) x* + y°- 3 x?y - 3xy?
c) x3 - y3- 3 x?y + 3xy? d) x* - y°- 3 x’y - 3xy?
Sol: ¢

2. Which identity, do we use to factorise x* - 2 ?
a) (a+b)?> =a? + b?> + 2 ab b) (a—b)? = a? + b?> - 2 ab
c)(a@a-b)2=a3 +3a’?b +3ab? - b3 d)a®’ - b*=(a-b)(a+b)
Sol: d

3. To find the value of (28)3 + (-15)3 - (—13)3, we use the formula
a)x3 +9y3+23 -3 xyz =(x+y+2) (k2 + y2+2%2 - xy -yz - zx)

b) we calculate all the cubes and add.

c)we use x3 + y3+23 = 3xyzwithx =28 y=-15 z =13

d) we use x3 + y3 +23 = 3xyzwithx =28 y=-15 z=-13
Sol: d

4. Zeros of the polynomial p(x) = (x —2)% - (x +2)% are
a) 2, -2 b) 2x )0, -2 d) 0

Solip(x) =(x—2)?-(x+2)>=x*+4-4x-(x*+4+4x)
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=x?+4-4x-x2-4-4x=-8x
Now, p(x) =0=-8x=0=x=0

«. Correct option is (d)

E I Short Answer Type Questions j

1. If -1 is a zero of the polynomial p(x) = ax® - x% + x + 4, then find the value of ‘a’.
Sol: If -1isa zero of the polynomial p(x), then
P(-1) =0
=a(-1)3- (-1)?+(-1) +4=0
=-a-1-1+4 =0
= -a+2=0 = a=2
2. What is the value of polynomial x2 + 8x + k. If -1 is a zero of the polynomial?
Sol: p(x) = x2 + 8x + k
If -1 isazero of the polynomial = p(x), then
p(-1) = 0= (1) +8 (-1) +k= 0

1-8+k =0= k=7.

[ IT Short Answer Type Questions j

3.Ifx = - % is a zero of a polynomial. p(x) = 27x3 - ax? - x + 3, then find the value
of 'a'.
Sol: Given, p(x) = 27x® -ax®-x+3

Ifx = - § is a zero of p(x), then,

p(- %) =0 =>27(—§)3 -G(—§)2 -(-§)+3:O
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1 a 1 _
ﬁ—27X5- E+§ +3=0

a 10 7
ﬁ—:—1+—:—
3 3

= a=7

4. If f(x) = 5x%- 4x + 5, find f(1) + f (-1) + f (O)

Sol: If f(x) = 5x2 - 4x +5

f(1)= 5(1)% -(4)(1)+5=5-4+5 =6
f(-1)= 5(-1)2 -(4)(-1)+5=5+4+5 =14
f(0)=5(0)2-40+5=0-0+5=5

~f1)+f(-1)+f(0)= 6+14+5=25

E III. Short answer Type questions j

1. Find the remainder when 4x> - 3x> + 4x - 2 is divided by

i)x -1 i) x -2
Sol: i) Let p(x) = 4x? - 3x? + 4x - 2 and g(x) = x -1
Zero of g(x)is 1
By the remainder theorem, the remainder is, p(1)
=4x (1) -3x12+4x1-2
=4-3+4-2=-8-5=3
Hence, remainder is 3.
i) Let p(x) = 4x? - 3x? +4x - 2 and g(x) =x - 2
Here, zeroof g(x) =2 [g(x)=0 =x=2]
Using remainder theorem, when p(x) is divided by g(x) , we get the remainder p(2)
p(2)=4(2)3-3(2)*+4(2)-2=32-12+8-2=40-14= 26.

Hence, remainder is 26
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2. By remainder theorem, find the remainder when p(y) is divided by g(y)
i) ply) = 4y° - 12y* + 5y -4 and g(y) = 2y - 1
iiyply) = y*-4y> -2y +6andg(y) =1 -%y.

]

N |-

Sol: i) Here, zero of g(y) is% ~[2y-1=0=y-=

Using remainder theorem, when p(y) is divided by g(y) , we get the remainder p(%)

SR CRSCREIOR

8

Hence, required remainder is (-4).
i)yply) = y®-4y? -2y+6andg(y)=1 —%y.

]

Wl

Here, zero of g(y) is g [1- %y SNl — v =

Using remainder theorem, when p(y) is divided by g(y) , the remainder, we get is p G)

P ) - -4 2 (s

64 64 8
= 6

27 9 3

64 -192 — 72 -162 _ 226-264 _ 38
- 27 - 27 27

. . . 38
Hence, required remainder is (— ;)

3. Check whether p(x) or not
i) p(x) = 23 + 27x% - 8x + 18, g(x) = (x—1)
ii) p(x) =2v2x3 - 5 V2x% + 7V2, g(x) = (x+1)
Sol: g(x) = (x — 1) -~ zero of g(x) is 1
Now, p(x) = x3 + 27x? - 8x + 18,
p(1) = 13 - 27(1)2 - 8(1) + 18,
=1+27-8+18

=380
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Since p(1) # 0, so p(x) is not a multiple of g(x)
i) g(x) =x+1 -~ zero of g(x) is -1
Now, p(x) = 2v2x3 - 5v2x2 + 7V/2
p(-1) = 2v2(-1)3- 5V2(=1)2 + 7V2
=-2V2-5v2+7v2=0
Since p(1) = O then p(x) is a multiple of g(x)
4. Examine whether x-1 is a factor of the following polynomials:
i)2x3 - 5x? + x + 2 ii) 4x3+ 5x%- 3x+ 6
Sol: If x - a is a factor of p(x), then by factor theorem, p(a) = 0.
Here for all expressions x = 1.
i)Let p(x) = 2x3 — 5x% + x + 2
p(1)= 2(1)%-51)*+ 1+ 2
=2-5+1+2 =5-5=0
Hence, x — 1 is a factor of p(x) = 2x® - Bx? + x + 2
i) Let p(x) = 4x3+5x%- 3x+ 6
p(1) = 4 (1)°+5(1)*-3(1)+6
=4+5-3+6=15-3=12
=p(1) = 12+ 0 Hence, x - 1 is not a of p(x) = 4x3+5x%- 3x+ 6
5. Find the value of k, if x+k is the factor of the polynomials:
Sol: i) x3+ kx? -2 x +k + 5 i) x* -k?*x* + 3 x - 6k

Using factor theorem, if x + k is a factor of p(x) then p(-k) =0. Here for all
expressions x = — k.

i) Let p(x) = x3+kx? -2x+k + 5

£ p(-K) = (—k)% + K ()2 -2 (-k) + k+5=0
=-k3+k’+3k+5:=0

= k= —g

i) Let p(x) = x*-k?x? + 3x- 6k
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p(-K) = (=k)* -k2.(=k)? + 3 (-K) - 6k = 0
= k*- k*-3k- 6k=0

— 9k=0= k=0

E IV. Short answer Type questions j

6. Let Riand R, are the remainders when polynomial f(x)= 4x3+ 3 x*> + 12 ax -5 and

g(x) = 2x® + a x2 - 6 x — 2are divided by (x-1) and (x-2) respectively.
[CBSE 2015, HOTS]

If 3R, + R, — 28 = O,Find the value of a.
Sol: Given, f(x) =4x3+3x?2+12ax-5
g(x) =2x3+ax?-6x—-2
Now ,R; = remainder when f(x) is divided by x - 1
=Ry = f(1)
>R =413+ 3(1)?+ 12a(+1) =5
=4+3+12a-5=12a+2
And R, = remainder when g(x) is divided by x - 2
=Ry = g(2)
=223 + a(2)? + 6 (2) — 2
=16+4a-12-2=4a+2
Substituting the value of Riand R, are in 3R+ R, = 28 = 0, we get
3(12a+2)+4a+2-28=0
36a+6+4a-26=0

40a = 20

_20 1
az2 =
40 2

44« Created by Pinkz
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7. Divide 3y* - 8y% -y?
[CBSE2014]

Quotient = 3y3 +y2+2y+1

Remainder = -2

3y3+y2+2y+1

Sol:  Y-3| 3y*-8y3-y?-by-5

3y* —9y3
.

y3 - y?

y3 —3y?
— 4+

2y? — 5y

2y% — 6y

E V. Short answer Type questions j

1. Find the following products by using suitable identities.

(i) 2x+5)2x—5) (i) (x*+ 4)(x* - 4)

(iii) (4 + 5x)(4 + 5%)

(iv) 3x +4y)(3x — 8y)

Sol: (i) 2x +5)(2x — 5) = (2x)? — 52

= 4x2-25

[Using (a+b)(a-b)= a? — b?]

(i) Using identity (a+b)(a-b)=a? — b2

We have (x2 + 4)(x? — 4) = (x?)2 - (4)? = x* - 16

(iii) Using identity (a + b)* = a* + 2ab + b?

16 ,_4{1,. Created by Pinkz
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We have (4 + 5x)(4 + 5x) = (4 + 5x)?
=42 + 2(4)(5x) + (5x)?
= 16 + 40x +25x% = 25x% + 40x + 16
(iv) Using identity (x + a)(x + b)= x* 4+ (a + b)x + ab
We have, (3x + 4y)(3x — 8y)
= (307 + [(4) + (=8y)](3x) + (4¥)(—8Y)
= 9x2 + (—4y)(3x) — 32y% = 9x% — 12xy — 322
2. Evaluate the following products by using suitable identities.
(i) 104 x 105 (i) 102 x 98 (iii) 116 x 116 — 106 x 106
Sol : (i) 104 x 105 = (100 + 4) x (100 + 5)
21002+ (4+5)x100+4 x5
[Using (x + a)(x + b) = [(x?) + (a + b)x + ab]
= 10000 + 900 + 20 = 10920
(ii) 102 x 98 = (100+2) (100-2)
= (100)% - (2)*
[Using (x + Y)(x —y) = x* = y?]
= 10000 - 4=9996
(iii) 116 x 116 — 106 x 106 = (116)% — (106)2
= (116+106) (116-106)
= [Using a®> — b? = (a + b)(a — b)]

=222 X 10 = 2220
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3. Factorise the following using suitable identities:

(i) x*—y*+2x+1
(ii) 9a% — 4b* —6a + 1
(iii) a* — 16b*

Sol: (I)x?2—y?+2x+1=(@x%+2x+1) —y?

= (x 4+ 1)% —y? [Using a? + 2ab + b? = (a + b)?]
]

=(x+1+y)(x+1-y) [(@®*=b?) =(a+b)(a-Db)]
s(x+y+1D)(x—y+1)
(ii) 9a% —4b? —6a+ 1= (9a® — 6a + 1) — 4b*
= [Ba)? - 2Ba)(D) + (1)?] — (2b)?]
[Using x% — 2xy + y% = (x — y)?]
= (3a—1)2 - (2b)?
= (3a—1+2b) (3a—1—2b)
[Using x* = y* = (x + y)(x — y)]
=(3a+2b—1) (3a—2b-1)
(iii) a* — 16b* = (a?)? — (4b?)?
= (a® + 4b?)(a? — 4b?)
[Using x* — y* = (x + ¥)(x — y)]
= (@® + 4b?)[(@)? — (2b)?]

= (a® + 4b?*)(a + 2b)(a — 2b)

18
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4. Factorise the following

(i) 3%3a3 +8b3 —27¢% + 183/3abc

(ii) a® —8b3 +1 + 6ab

(iii) (a + b)3-(a — b)3

Sol : (i) 33/3a3 + 8h3 — 27¢3 + 183/3abc

= (V3a)’ + (2b)* + (=3c)® — 3(V3a)(2b)(—30)

= (V3a+ 2b—3c) x [(v3a) + (2b)* + (=3¢)> = (V3a)(2b) — (2b)(~3c) — (-30) (v3a)]
[By Using, x>+ y3 + 23 — 3xyz= (x +y + 2)(x* + y2 4+ 2% — xy — yz — zx)]
= (V3a+ 2b—3c)(3a? + 4b? + 9c? — 2v/3 ab + 6bc + 3V3 ca)

(ii) a® — 8b3 + 1 + 6ab

= a® + (—2b)3 + (1) — 3(@)(~2b)(1)

= (a-2b+1) [(@? + (=2b)* + (1)? a(-2b) — (-2b)(1) — (a)(1)]
=(a-2b+1)(a®+4b*+ 1+ 2ab+2b—a)

(iii) Using identity x3 — y3 = (x — y)(x? + xy + y?)

We have, x =a+bandy =a—b

So, (a +b)3- (a—b)? = [(a+b) — (a—b)]

[(a+ b)?+ (a+ b)(a—Db) + (a—b)?]
=(a+b—a+b)(a®+b?+2ab+a®—b%*+ a? + b% —2ab)

= 2b (3a? + b?)
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[ VI. Short answer Type questions j

5. Prove that (x+ )3+ (3 +2)% + (z+x)3 -3(x+y)(y + 2)(z+ x) = 2(x3 + y3 + 23 — 3xyz)

Sol : We knowna? + b3 +¢3 —3abc = (a+b+c)(a?+ b?>+ c>—ab—bc—ca) .. 0]
Leta=x+y,b=y+zandc=z+x

So,a+b+c=(x+y)+ (y+2)+(z+Xx)

=2x+2y+2z=2(x+y+2)

anda? + b%+c?— ab—bc—ca

=@+ 0+ + 2+ 0 - NG+ - G+ D+ ) -+ +y)

= x4+ y*+2xy+y*+z5+2yz+ 22+ x*+22x —xy —xz2—y* —yz—yz —xy — 2% — 7x —
zx —zy — x% — xy

=x2+y%+2z%+ 2xy + 2yz + 2zx — 3xy — 3yz — 3zx
=x2+y?+z2—xy—yz—zx

Substituting the value in (i) we get

x+y)2+ +2P3+ @+x)* -3+ +2)(z—-x)
=2(x+y+2z2)(x? +y? + 22— xy — yz — zx)

= 2(x3 + y® + z3 — 3xyz)Hence proved.

6. If 2x+3y = 12 and xy = 6, find the value of 8x3 + 27y3. [CBSE 2016]
Sol: We know that (x + y)3 = x3 + y3 + 3xy(x + y)
=  x*4+y3= (x+y)-3xy(x+y)

Now, 8x3 + 27y = (2x)%3 + (3y)3

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

=123 -18 X 6 X 12 [Given 2x + 3y = 12 and xy = 6]
= 1728 -1296 = 432

Hence, 8x3 + 27y3 = 432
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7. If 22 +le = 34, find the value of z3 +Zl3 using only the positive value of z +% [CBSE2016]

Sol : Using identity
(x+y)2 = x?+2xy + y?
2
We have (z +l) =22 4+ 2z~ + —
zZ z Z
= (,2 1 — —
= = (22+5)+2=34+2=36
= =z+-= +V36=16
According to the given condition, we should use only positive value of z +§
Z+2=6
zZ
Now, again using the identity
Byl =(+y)>-3xy(x+y)
3, 1 _ 1)\3 1 1
We have z +Z_3 = (Z +;) — 3Z.;(Z +;)

=63-3 x 6=216—18 =198

[ I. Long answer Type questions j

1. Find the value of a and b so that x +1 and x - 1 are factors
of x*+ ax3+2x%2—-3x+b.

Sol : Let f(x) = x* + ax®+ 2x? —3x + b be the given polynomial and g(x) = x + 1,h(x) =
x — 1g(x)is a factor of f(x), then by factor theorem.

f(=1)=0
>  (-D*+a(-1)%+ 2(-D?-3(-1)+b=0
= 1-a+2+3+b=0
= —a+b=-6..(i)
If h (x) be a factor of f(x), then again by factor theorem.

f)=0
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= M*+a)®+ 21)2-3(D)+b=0

= 14a+2+3+b=0
= a+ b =0..(ii)
Adding (i) and (ii), we get

2b = -6 or b=-3

From (ii), we havea-3=0,>a=3

Hence, required value of a and b are 3 and -3 respectively.

2. State factor theorem. Using this theorem, factorise x3 —3x% —x +3 [CBSE 2011]

then

Sol : Factor theorem : if p(x) is a polynomial of degree n =1 and a is any real number,

(i) x = ais a factor of p(x) if p(a)= 0 and
(i) p(a) =0 if (x — a) is a factor of p(x)
Let p(x) =x3—-3x2—x+3 e (1)
Factors of 3 are +1and + 3.
By trial method. p(1)=13-3(1)%-1+3
=1-3-1+3=0

Therefore, by factor theorem, (x — 1) is a factor ofp(x)
Similarly, p(-1) = (-1)3-3(-1)?-(-1)+3

=-1-3+1+3=0
So, (x+1) is also a factor of p(x) and p(3) = (3)3 — 3(3)? - 3+3=27-27-3+3=0
So, (x-3) is also a factor of p(x)
Since p(x) is a polynomial of degree, 3, so it cannot have more than three linear factors.
Let p(x) =k (x —(x + D(x —3) ..... (ii)
N B3 —x+3=k(x-Dx+1Dx—-3)
Putting x = O both sides, we get
3=k (-1)(1)(-3) =3k
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= k=1
Putting k = 1 in equation (ii), we get

fG)= (x=Dx+1Dx-3)

3. Divide polynomial p(x) = 3x* 4+ 4x3 + 4x? — 8x + 1 by q(x) = 3x + 1, Also, find what should be
added to p(x) so that it is completely divisible by q(x)

x3+ x%+x-3

3x+1\3x* + 4x3 + 4x% — 8x +1

3x* + x3
3x2% + 4x?
3x3 + x?
3x?% — 8x
3x3 4+ «x
9x+1
—9x -3
+ o+
4
Quotient = x3 + x>+ x —3 = g(x)
Remainder = 4 = r(x)
Now, we know that
p(x) = (x —a)g(x) + r(x)
= For r(x) to be zero, then we must added -4 to p(x) so that p(x) must be exactly

divisible by g(x)
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E II. Long answer Type questions j

1. Factorise the following [CBSE 2016]

)x2- 2 (i) 2x2 — 7x — 15

so: 05232 = (9 = (= Do+
[x2 —y? = (x +y)(x — y)]
(ii) 2x? — 7x — 15 = 2x%2 — 10x + 3x — 15

2x(x —5)+ 3(x—5)

= (x — 5)(2x + 3)

2. If ab + bc + ca = 0, find the value of

1 1 1
a2—-bc  b2%- ca cZ—ab

[CBSE 2016, HOTS]

Sol : Given:ab+bc+ca=0
= —ab = bc+ ca; —bc = ca + ab and — ca = ab + bc

1 1 1
Ther‘efore' a? - bc b%2-ca c2—ab

_ 1 1 1
“a2+ab+ca b2+ ab + bc c2+bc+ca

_ 1 n 1 1
_a(a+b+c) b((b+a+c) c(c+b+a)

sl i

_(a+b+c)z c

_ 1 (ab+bc+ca)
- (a+b+c)

abc

_ 0

-m=o asab+bc+ca=0
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3. It is given that 3a + 2b = 5¢, then find the value of 27a3+ 8b3 —125¢3 if abc =0
[CBSE 2016]

Sol : Given: 3a + 2b = B¢
Taking cube both sides, we have
(3a + 2b)3 = (5¢)3
= (3a)® + (2b)3 + 3(Ba)(2b)(3a + 2b) = 125¢3
[Using: (x +y)% = x3 +y3 + 3xy(x + y)]
= 27a%+ 8b3 + 18ab (3a + 2b) = 125¢3
= 27a3+ 8b3 + 18ab(5¢) = 125¢3
[+ 3a+2b=5c]
= 27a® + 8b3 + 90abc = 125¢3
= 27a%+ 8b3+90 x 0= 125¢3
= 27a%®+ 8b% —125¢3 =0 [+ abc = 0]

2 2 2
4.If a+b+c=0, then prove that &X9" (ra”, @+

3bc 3ac 3ab

1

) _(+0?  (c+a)? | (a+b)?
Sol:LH.S. = e T S5 g

b%+ c? + 2bc n c? +a? +2ac n a?+b?%+2bc
3bc 3ac 3ab

[Using: (x + ¥)? = x% + y? + 2xy]

1

o [ab? + ac? + 2abc + bc? + ba? + 2abc + a’c + b?c + 2abc]

= 3albc [ab? + ac? + bc? + ba? + a’c + b?c + 6abc]

= ﬁ[ab (b + a) + ac (¢ + a) + be(c + b) + 6abc]

= 3albc [ab (=c) + ac (—b) + bc (—a) + 6abc] [“a+ b+ c=0]

= 2 [-abc — abc — abc + 6abc]
3abc

__3abc
" 3abc

=1=R.H.S. Hence, proved.

25 i‘” Created by Pinkz
u



