2.1

2.2

POLYNOMIALS

THEORY

In earlier classes, we have learnt about polynomials in one variable, their degrees, factors, multiples and
zeros (or roots). In this chapter, we will study about the geometrical representation of linear quadratic
and cubic polynomials and geometrical meaning of their zeros. We will also study about the relationship
between the zeros and coefficients of a polynomial. LCM and HCF of two or more polynomials, rational
expressions, basic operation on polynomials and concept of square root of polynomials.

POLYNOMIALS:

An algebraic expression f(x) of the form f(x) =a, +a,x + a2x2 o +a x", whereag,a, a,,.......,a
are real numbers and all the indices of variable x are non-negative integers, is called a polynomial in
variable x and the highest indices n is called the degree of the polynomial, ifa_ = 0. Here, a, a,x,
azxz, ........ and a x" are called the terms of the polynomial and a, a,, a,............... a_ are called various
coefficients of the polynomial f(x). A polynomial in x is said to be in standard form when the terms are

written either in increasing order or in decreasing order of the indices of X in various terms.

Forexample: x* —a?, ax® + bx + ¢, x> +3x* +3x+1, y* — 7y + 6 etc. are the polynomials written in their
standard form.

Illustrations

Ilustration 1 : Which of the following expressions are polynomials?
1 1 1
(l) T2+_—1+_ (ll) _(x_l)(x_z)
X X x

(x* +x+1)(x+1)
(1+x)

(iii) (iv) X>+—
X

1 1 1 1
Solution : @) 2 Aty = x2+x!+ 5 x? [It is a polynomial]
X X

(i) %(x—l)(x—Z)le x'-1)x'-2)

=x1(x*-3x+2)
=x-3+2x"!
=x!-3x0+2x7! [Tt is not a polynomial]

(x* +x+1) (x+1)
(iif) (x+1)

=x?+x+1=x>+x"+1-x° [Itis a polynomial]

1
(ivy x>+ — =x>+x7? [It is not a polynomial |
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Illustration2.  Rewrite the following polynomials in the standard form :

(i) x — 7 + 8x% + 9x3 (ii) —-5x2 + 6 — 3x3 + 4x
Solution : @) 9x3 + 8x2 +x — 7 is the standard form of x — 7 + 8x% + 9x°.
()  —3x3—5x%+4x+6is the standard form of — 5x? + 6 — 3x3 + 4x.

»  Degree of a Polynomial in One Variable : In case of a polynomial in one variable, the highest power
of the variable is called the degree of the polynomial.
For example : the degree of 9x> + 8x% +x — 7 is 3.

» Degree of a Polynomial in Two or More Variables : In case of polynomials in more than one
variable, the sum of the powers of the variables in each term is taken up and the highest sum so obtained
is called the degree of the polynomial.

For example : the degree of 5x3 + 6x2y? + 12y is 2 + 2 = 4. Because the power of the variables in first
and third terms is 3 but the sum of power of variables in second term is 4 and 4 > 3. Hence the degree
is4.

P Additive Inverse of a Polynomial : A polynomial Q is the additive inverse of a polynomial P if the sum
of Q and P is zero, e.g. 3x> — 5x + 7 is the additive inverse of —3x2+ 5x — 7.
The additive inverse of a polynomial is obtained by reversing the sign of each of the coefficients of the
polynomial.

P Value of a polynomial : The value of a polynomial f(x) at x =a is obtained by substituting x = a in the
given polynomial and is denoted by f(a).
Consider the polynomial : p(x) = 6x>+7x —2
If we replace x by 1 everywhere in p(x), we get
p(1)=6(1)>+7(1)-2
=6+7-2 =11
So, we say that the value of p(x) atx =1 is 11.

P Zero(es)/ Root(s) of polynomials : x =ris a root or zero of a polynomial p(x), if p(r) = 0.
In other words, x =t is aroot or zero of a polynomial p(x), if it is a solution to the equation p(x) =0.
The process of finding the zeros of p(x) is nothing more than solving to the equation p(x) =0.

» Geometrical meaning of the zero(es) of a polynomial : Zero(es) of a polynomial is/are the
x-coordinate of the point(s) where the graph of y = f(x) intersects the x-axis.

»  Graphs of polynomial : In algebraic language the graph of a polynomial f(x) is the collection of all
points (x,y), where y = f(x). In geometrical or in graphical language the graph of a polynomial f(x) is a
smooth free hand curve passing through point (X, y,), (X, ¥,), (X5, ¥3).eveveene. etc, where y,, y,, ¥,
........... are the values of the polynomial f(x) at x|, X,, X5 ...............respectively. In order to draw the
graph of a polynomial f(x), we may follow the following algorithm.
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Algorithm

Step - 1:- Find the values y,, y,...... y, of polynomial f(x) at different points X , X,......x - and prepare a
table that gives values of'y or f(x) for various values of x.

Step - 2:- Plot the points (x,y,), (X,,¥,), (X3, ¥3)-veveee (x,, y,) on rectangular coordinate system. In
plotting these points we may use different scales on the x and y axes.

Step -3:- Draw a free hand smooth curve passing through points plotted in step 2 to get the graph of the
polynomial f(x).

X X1 X9  Jesssessvsse Xn

y=1x) |y1 =fx)|y2 =x)}.eennennns Yo = f(X,)

»  Graph of a Linear Polynomial :- Consider a linear polynomial f(x) = ax +b, a z 0. We know that the
graph of polynomial y =ax +b is a straight line, so it is called a linear polynomial. Since a straight line can
be determined by two points, so only two points need to be poltted to draw the graph of y=ax +b. The

-b
graph of y=ax +b crosses the x axis at exactly one point namely (7 ,Oj .

AN

X
y y
a#o0
' (?0/ .

) 0

1

y
»  Graph of a Quadratic Polynomial :- Consider a quadratic polynomial f(x) = y=ax?+bx + c. Where

a, b and c be real numbers and a # 0. We know that the graph of quadratic polynomial is a cup shaped
graph known as parabola.
In order to draw the graph of a quadratic polynomial f(x), we may follow the following algorithm.

Algorithm to draw the graph of quadratic polynomial :

Step -1 : Write the given quadratic polynomial f(x) =y =ax?+bx +c.

Step -2 : Determine the zero of the polynomial , if they exist. This can be done by puttingy=01i.e.
ax?+bx +c=0.

Step -3 : Calculate the discriminant D =b? —4ac

Step - 4 : Determine the point where the curve intersects y - axis. This can be done by putting x =0 in

the given function and calculating the value of y.

Step - 5 : Determine the vertex i.e., | — b ’2 .
2a 4a

Step - 6 : Prepare a table of selected values of x and corresponding values of y (generally two or three
points on the left and two or three points on the right of the vertex.)

Step - 7 : Draw a smooth curve, through these points.
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Graph of Quadratic Polynomial : The graph of a quadratic polynomial ax> +bx + ¢, a#0 isa
parabola which opens upward or downward as a> 0 or a <0, we have the following possibilities :-

Case-I : If a> 0, then graph of a quadratic polynomial looks similar to one of the graphs in Figure (i), (ii)
and (iii). In these figures parabola is opening upward.

Y
| 2 o/
@) When b“—4ac>0 = 5 ~ X

(minima)

The graph y = ax?> + bx + ¢, a # 0 cuts the x-axis at two distinct points A and B.
The x-coordinates of these points are the two zeroes of the polynomial y = ax? +bx +c¢, a #0.

Y

(ii) When b?—4ac=0 = \1\/

¢) A X
(minima)

In this case, the graph of polynomial y = ax? +bx + ¢, a # 0, touches the x-axis at exactly one

2a
two equal zeros of the polynomial y = ax? +bx + ¢, a = 0.

point A and whose coordinates are (_—b , Oj . So, in this case the x-coordinates of point A gives

(ii1) When b?—4ac <0 (In this case polynomial ax? + bx + ¢ is not factorizable.)
Y

- \/

A
Of (minima) X

The graph of polynomial y = ax? + bx + ¢, a # 0 does not cut or touch x-axis. The curve of
parabola remains completely above the x-axis.
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Case-I1 : If a <0, then graph of the quadratic polynomial looks similar to one of the graphs in Figure

(iv), (v) and (vi). Inthese figures parabola is opening downwards. (Maxima)

X

Ol /'<
A B
(ivi  When b?—4ac>0 = /

Y

The graph y = ax? + bx + ¢, a # 0 cuts the x-axis at two distinct points A and B. The

x-coordinates of these points are the two zeroes of the polynomial y = ax?> +bx +¢, a = 0.
(Maxima)

ol Ay~
X
v)  When b2—4ac=0 - /
v

In this case, the graph of polynomial y = ax? + bx + ¢, a # 0, touches the x-axis at exactly one

2a
two equal zeros of the polynomials y = ax* + bx + ¢, a#0.
(v When b?—4ac<0 (In this case polynomial ax? + bx + ¢ is not factorizable.)

-b
point A and whose coordinates are (—, Oj . So, in this case the x-coordinates of point A gives

(Maxima)

ol
¥ X

- /N

\'4

The graph of polynomial y = ax? + bx + ¢, a # 0 does not cut or touch x-axis. The curve of
parabola remains completely below the x-axis.

Illustration 3 : Draw the graph of quadratic polynomial x?— 2x + 3 & read off zeros
from the graph.
Solution : Lety= x>2x+3
Puty=0 = x>2x+3=0
Now, D=b?-4ac=(-2)>-4x1x3=4-12=-8<0. Hence no real zeros :
_(_b D\_{_(2) _(—8)j_
Now vertex of the parabola ( 2’ 4aj ( <1 Ax1 (1,2)
Required table fory =x?—2x +3
X y= X-2x + 3 y
X | -2x| 3
1 1 -2 3 2
2 4 -4 3 3
0 0 0 3 3
3 9 -6 3 6
4 16 -8 3 11
-1 1 2 3 6
-2 4 4 3 11
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Now, we have ordered pairs : (1,2) (2,3) (0,3) (3,6) (-1,6) (-2,11) and (4,11)
1 y [

11
T

a1y
2R

(411N
I\ IR Y]

1
T

T
//

N © O D
—~—

N
N

O (3,0)
Yo A
o]
(1,2
54 3 b [0 s 4 5 |

Since the graph of the polynomial does not meet or intersect the x-axis at all, therefore the given
polynomial has no real zeros.

Graph of a cubic polynomial :

A cubic polynomial is a function of the form y = ax3 + bx? +cx +d.

where a# 0, and a, b, ¢ and d are real constants.

Case-1: If a> 0, then graph of a cubic function looks similar to one of the graphs in Figure (1), (ii)

and (ii).

Yl
®

X

(ii)

0]

YV
(i)

X

(iii)

>

O X

Yl
(iif)

Case-11 : If a <0, then graph of the cubic function looks similar to one of the graphs in Figure (iv), (v)

and (vi).

(iv) «*

(iv)

Y'

()

)-(->

(vi)

X'

vY'
(vi)
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Illustration 4 : Look at the graphs given below. Each is the graph of y = p(x)
where p(x) is a polynomial. For each of the following graphs, find the number
of zeroes of p(x).

. | £ LI (R R S (R S

i e = :
% / 0 oK | x { 0 Y X
= | ! | :
A | | |
/ ? ’
il £ ; ' 1
Yi ‘ [ Yy
mE W TR TG \ B % S
Solution :
1) Since the graph intersects the x-axis at one point only, the polynomial p(x) has
only one zero.
(i1) Since the graph intersects the x-axis at two points, the polynomial p(x) has two
ZETOEs.

KEY CONCEPT

P Relation Between Zero(es) and Coefficient of a polynomial :

(a) Zero of a linear polynomial ax + b, is x =— "

(b) If quadratic polynomial ax? + bx + ¢ =k(x — ) (x —B). where k is any real constant ; then o.and
B are zeroes of quadratic polynomial ax>+bx + ¢
where a,b,c, e Randa=#0

8 b
at+tp=-—
a
. —coefficient of x
i.e.,  sumofzeros=

coefficient of x>

c
and o.p = 2

constant term

i.e.,  Productofzeros= - 5
coefficient of x
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() If cubic polynomial ax? + bx? +cx +d =k (x — o) (x — B) (x —y) where k is any real constant,
then a, 3, and y are zeroes of cubic polynomial.
ax® +bx%+cx +dwherea, b,c,d eRanda=0

coefficient of x>

sum of zeros =— ‘ 3
coefficient of x

. b
Le. a+[3+y=—;;

coefficient of x

sum of the product of the zeros taken two at a time = ; 3
coefficient of x

ie.ap + By + ya = 2;

constant term

and product of the zeros =— ' 3
coefficient of x

-d

iLe. ofy= P

2.3 HCF OF GIVEN POLYNOMIALS:
For two given polynomials, f(x) and g(x), r(x) can be taken as the Highest Common Factor, if
@) 1(x) is acommon factor of f(x) and g(x) and
(i1) Every common factor of f(x) and g(x) is also a factor of (x).
Highest common factor is generally referred to as HCF.

» Method for finding HCF of the given polynomials :
Step 1 : Express each polynomial as a product of powers of irreducible factors which also requires the
numerical factors to be expressed as the product of the powers of primes.
Step 2 : If there is no common factor then HCF is 1 and if there are common irreducible factors, we find
the least exponent of these irreducible factors in the factorized form of'the given polynomials.
Step 3 : Raise the common irreducible factors to the smallest or the least exponents found in step 2 and
take their product to get the HCF.

Illustration 5 : Find the HCF of (x> — 6x + 5) and (x> + 9x — 10).
Solution. : Factorising each expression
xX2—6x+5=(x-1)(x-5)
xX2+9x-10=(x—-1)(x + 10)
Since, the common factor of x? — 6x + 5 and x2+9x — 101is (x — 1)
therefore, HCF of (x> — 6x + 5) and (x?> + 9x —10)is (x— 1).

Illustrations
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2.4 LCM OF GIVEN POLYNOMIALS:
Least Common Multiple or the Lowest Common Multiple is the product of all the factors (taken once)

of the polynomials given with their highest exponents respectively.

» Method for finding LCM of the given polynomials :
Step 1 : First express each polynomial as a product of powers of irreducible factors.
Step 2 : Consider all the irreducible factors (only once) occurring in the given polynomials. For each of these
factors, consider the greatest exponent in the factorized form of the given polynomials.

Step 3 : Now raise each irreducible factor to the greatest exponent and multiply them to get the LCM.

Mustrations Illustration 6 : Find the LCM of (x?>— 6x + 5) and (x> + 9x — 10).
Solution : Factorising each expression
x2—6x+5=(x—1)(x-5)
x2+9x-10=(x—1) (x + 10)
Now, LCM of (x> — 6x + 5) and (x*> + 9x — 10) is
x-1)(x-=5x+10)

Remember

Relation between the HCF, the LCM and the product of polynomials :
If f(x) and g(x) are two polynomials then we have the relation,

[HCF of f(x) and g(x)] x [LCM of f(x) and g(x)] = % [f(x) X g(x)].

Illustration 7 : Let f(x)=(x+3)*(x—1) (x+2)%and g(x) = (x+3) (x—1)* (x +2)?
be two polynomials. Verify that
[f(x) x g(x)] = [HCF of f(x) and g(x)] x [LCM of f(x) and g(x)]
Solution : The common factors with the least exponents are (x + 3), (x — 1),
(x +2)%
= HCF=(x-1)(x +3) (x +2)?
All the factors (taken only once) with the highest exponents are (x + 3)?,
(x =12, (x+2)>.
= LCM = (x — 1)? (x + 2)? (x + 3)?
Now  f{x) x g(x) = {(x +3)* (x— 1) (x +2)’} x {(x +3) (x — 1)* (x +2)}
=(x-1P° (x+2)° (x+3)°
=[x-1)(x+2)* x+3P2][(x-1) (x+2)* (x+3)]
= [LCM of f(x) and g(x)] x [HCF of f(x) and g(x)]
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2.5 RATIONAL EXPRESSIONS:

Rational expression is ‘an algebraic expression which is of the form fx) , where f(x) and g(x) are
g(x)
polynomials and g(x) is not a zero polynomial.

For any rational number of the form % , where p,q € zand q# 0. p and q are called numerator and

denominator respectively. Eventhough p and q are integers % need not to be an integer. Similarly for any

rational expression fx) , f(x) is called numerator and g(x) is called denominator.

g(x)
Eventhough f(x) and g(x) are polynomials fx) need not to be a polynomial.
g(x)

For Example :
. 2x-1 | )

. O 3xal s rational expression.
5 x> +5x2 —3x+4/5 ) tonal '

. 3x% —J5x+8 is arational expression.

x?—5Vx -1, : . : :
3. BT isnot a rational expression as the numerator is not a polynomial.
X —
¥
IMPORTANT
. : : : f(x)
Note : 1. Everypolynomial is a rational expression as f(x) can be written as R
f(x)

2. @ is not a rational expression if either numerator f(x) or denominator g(x) or both f(x) and

g(x) are not polynomials.

» Rational expressions in lowest terms :

Let f(x) and g(x) have integer coefficients and HCF of f(x) and g(x) is 1, then the rational expression

f(x)
— . is said to be in its lowest terms.
g(x)
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» Addition/subtraction of rational expressions :

f h
The sum of any two rational expressions (x) and hx) is written as
gx)  p(x)
f)  hex) _ f(x)p(x) + h(x)g(x)
g(x)  px) g(x) p(x)
f h f(x)+h f(x)+h(x
If the denominators g(x) and p(x) are equal then (x) + (x) = (%) +hx) = (%) +h(x)
g(x)  p(x) g(x) p(x)
f h f(x)p(x)—h(x)g(x
The difference of the above rational expressions can be written as (x) — (x) = (0)p(x) ~h(x) g(x)
g(x) p(x) g(x) p(x)
¥
IMPORTANT
Note : 1. Sum or difference of two rational expressions is also a rational expression.
f - f
2. For any rational expressions (x) , ) is called the additive inverse of (x) .
g(x) g(x) g(x)
e, 10, (-“X)j 0
gx) \ g(x)

3x-1  2x-1
+
X+2 x+1

Hlustration 8 : Simplify

3x-1  2x-1  (x=DE-D+(2x-D(x+2)
X+2 " x—1 (x+2)(x—-1)

Solution :

O3 -3x—x+1+2x7 +4x-x-2  5x*-x-1
x> —x+2x-2 x> +x-2

»  Multiplication of rational expressions :

f(x).h
The product of two rational expressions ;3 and Eg; is given by ;Ez; x % = gg;pgg

KEY CONCEPT

1) product of two rational expressions is similar to the process of finding the product of

Note : 1. The process of finding the

two rational numbers.
(i1) product of two rational expressions is also a rational expression.
2. After finding the product of two rational expressions the resultant rational expression must be
put in its lowest terms.
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x> —6x+5 . x2 +12x+20
x+10 x2 -1

Example 9 : Find the product of

x? —6x+5 y X +12x+20  (x=1)(x-5) . (x+2)(x+10)

Solution : <210 21 (x+10) (x—1)(x+1)
C (x=5)(x+2)  x*-3x-10
 (x+)  x+l1
> Division of rational expressions :
Let ) and h(x) be two non-zero rational expressions, then =) = h(x) _ =) X p()
g(x) p(x) g(x)  pkx) g(x) hXx)
ie., 0 px) which is also a rational expression.
g(x) -h(x)

Note : The process of dividing two rational expressions is similar to the process of dividing two rational

numbers.

(x> +6x+5) (x> +9x+20)
(x?—4x+3)  (x?-3x+2)

Ilustration 10 : Express as a rational expression in its

lowest terms.

(x? +6x +5) . (x* +9x +20)

Solution : ~— : >
(x“—4x+3) (x°=3x+2)
Factorising quadratic expression,

_ (x+D(x+5) (x+H(Ex+S)
(x=3)(x-1)  (x-2)(x-1)

 xahx+5) | G-Dx-D) (D=2 xPox-2
C x-3)(x-1)  x+HE+5)  x-Hx+4)  xP4x-12

2.6 BASIC OPERATIONS ON POLYNOMIALS :
(i) Sum and Difference of two polynomials : The sum and difference of two polynomials can be
found by grouping like terms, taking the variable with same index common if any and then taking
algebraic sum of the coefficient of like terms.
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Illustration 11 : Add p(x) =4x3+5x> +2x—1and q(x) =3x3-6x>+7

Solution : p(X)+q(x)=(@4x3+5x2 +2x - 1)+ (3x3 - 6x*>+7)
=4x3+3x3 +5x2-6x2+2x -1 +7
=7x3—x% +2x+6

Illustration 12 : Subtract p(x) =8x*-3x2+x+9 from q(x) =10x*+5x3—2x?> —6x+4.
Solution : q(x) — p(x) = (10x* + 5x3 — 2x? — 6x +4) — (8x* - 3x> +x +9)

= 10x* - 8x* +5x3 - 2x2+3x2-6x—-x +4-9

= 2x4+5x3 +x2-7x-5

(ii) Multiplication of Monomials :

Product of monomials = (Product of their numerical coefficients) x (Product of their variable parts)

Illustration 13 : Find the product of 4x? yz3 and 3xy?.
Solution : (4x?yz?) x (Bxy?) = (4 x 3) x (x’yz> x xy?)

=12 . x> y*2 A=12xy} 7

(iii)  Multiplication of Two Polynomials :
Multiply each term of the multiplicand by each term of the multiplier and take the algebraic sum

of theses products.

Illustration 14 : Find the product of 2x>+5x+ 6 and x —1.
Solution : 2x® +5x+6)(x—1)=2x>(x-1)+5x (x - 1)+ 6 (x— 1)
=2x3-2x2+5x> - 5x + 6x — 6

=2x3+3x2+x-6

(iv)  Division of Polynomials :
On dividing a polynomial p(x) by a polynomial d(x), let the quotient be q(x) and the remainder
be r(x), then p(x) =d(x). q(x) + r(x), where either r(x) = 0 or deg. r(x) <deg. d (x).
Here, Dividend = p(x), Divisor = d(x), Quotient =q (x) and Remainder =r(x).

Note : Division algorithm helps in determining the other two zeroes of a cubic polynomial when one

zero is known.
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Division algorithm of a polynomial by a polynomial :

Step 1 : Arrange the terms of the dividend and the divisor in descending order of their degrees.

Step 2 : Divide the first term of the dividend by the first term of the divisor to obtain the first term of the
quotient.

Step 3 : Multiply all the terms of the divisor by the first term of the quotient and subtract the result from
the dividend.

Step 4 : Consider the remainder as new dividend and proceed as before.

Step 5 : Repeat this process till we obtain a remainder which is either 0 or a polynomial of degree less

than that of the division.

Illustration 15 : Divide p (x) = x* —3x?+ 5x —3 by the polynomial g (x) =x+2, find the
quotient and the remainder.

x'—5x + 15

3 2
Solution : x+2 ?3/_5)(2 +5x-3
+ 2X

— 5K +5x—3
— ¥x* - 10x

+7 4
19x -3
_126>§t3o

—33

Thus quotient = x> — 5x + 15 and remainder = -33.

Illustration 16 : Find the integral zero of the polynomial : f (y)=4y3 - 8y>—y+2

Solution : Suppose K is an integral zero of the polynomial f(y) =4 y3 — 8y? —y +2
Thus K is a factor of constant term 2, then possible values of k are 1,—1 and 2,—2
Now, f(1)=4(1)>-8(1)>-1+2
=4-8-1+2 =-3+#0
- f(1)=0
.. lisnota zero of f(y).
f(-1)=4 (1P -8(-1)>-(-1)+2
=—4-8+1+2=-9%0
Since f'(—1) # 0, therefore —1 is not a zero of f('y)
f(2) =42)-812)7%-12)+2
=32-32-2+2=0
.+ f(2)=0, therefore 2 is zero of f(y).
f(2) = 4(2P1-8(2)-(2)+2
=-32-32+2+2=-60 20
Since f(-2) # 0, therefore —2 is not a zero of f (y).
The only integral zero of f(y) is 2. If there are other zeroes then they are not integers.
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2.7 CONCEPT OF SQUARE ROOTS :
Ifx is any variable then x? is called the square of the variable and for x, x is called the square root.

Square root of x> can be denoted as /x> .
x and —x can both be considered as the square roots of x because (x) (x) = x> and (—x) (—x) = x>.

In this study we restrict /x> to X, i.e., + ve value of x.

> Methods of finding the square roots of algebraic expression other than monomials :
Here we are discussing two methods to find the square root of an algebraic expression which is not a
monomial. Theyare :
(1) Method of division.
(1)) Method of undetermined coefficients.

(i) Method of division : We discuss the method of division to find the square root of an algebraic
expression using the following example :

Illustration 17 : Find the square root of x> —4x +4.

Solution :

%2

—4x +4
2x-2 —4x +4
+ —

0

Step 1 : Arrange the given expression in the descending powers of the variable x.
Step 2 : Then the square root of the first term in the expression is calculated. In the above problem first
term is x> whose square root is x. This is now the first term of the square root of the expression.

Step 3 : Then the square of x i.e., x?

is written below the first term of the expression and subtracted.
The difference is zero. Then the next two terms in the expression —4x +4 are brought down as
the dividend for the next step. Double the first term of the square root and put it down as the
first term of the next divisor i.e., 2 (x) = 2x is to be written as the first term of the next divisor.
Now the first term — 4x of the dividend —4x + 4 is to be divided by the first term 2x (of the new
divisor). Here we get —2 which is the second term of the square root of the given expression
and the second term of the new divisor.

Step 4 : Thus the new divisor becomes 2x — 2. Multiply (2x — 2) by (-2) and the product —4x +4 is to
be brought down under the second dividend —4x + 4 and subtracted where we get 0.

Step 5: Thus x —2 is the square root of the given expression x> —4x + 4.
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Illustration 18 : Find the square root of 4x° — 12x5 + 9x* + 8x3 — 12x* + 4.

Solution : Follow the steps indicated in the previous example.
4x°—12x +9x* +8x’ —12x*> + 4
2x° 4x°
4x3 - 3x? —12x° +9x*
—12x° +9x*
+ _
4x3 — 6x%+2 8x* —12x° +4
8x’ —12x° +4
+ _
0

VA 12x5 1 9xt 4 8x3 —12x% + 4 =20 - 3x2+2,

(i) Method of undetermined coefficients : The method of undetermined coefficient to find the

square root of an algebraic expression is explained in the following example.

Illustration 19 :
Solution :

Illustrations

and

and

Find the square root of x* + 4x3+ 10x> + 12x + 9

The degree of the given expression is 4, its square root will hence be
an expression of degree 2.

Let the expression ax? + bx + ¢ to be the square root of
xt+4x3+10x*+ 12x + 9

Therefore, y/x* +4x> +10x2 +12x+9 =ax?+bx +¢

x*+4x3 4+ 10x2 + 12x + 9 = (ax? + bx + ¢)?

We know that (p + q +1)>=p*>+ > + >+ 2pq + 2qr + 2rp

Here, p=ax?, q=bx,r=c

x*+4x3+10x2+ 12x +9

= (ax2)? + (bx)? + 2 + 2(ax?) (bx) + 2(bx) (¢) + 2 (¢) (ax?)

x*+4x3 + 10x2 + 12x + 9 = a?x* + b2x? + 2abx3 + 2cax? + 2bex + ¢?
Now equating the like terms on either sides of the equality, we have

x*=a%x*
a?=1 = a=1
4x3=2abx? = 2ab=4
ab=2,buta=1
= b=2
b2+2ca=10 = 22+2¢(1)=10 (- a=1,b=2)
2c=6
= c=3

The square root of the given expression is
ax?+bx+cie,x?+2x+3.
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IMPORTANT FORMULAE

Algebraic Identities :

@)  (xtyl=x>+y+2xy

@i  (x-y)P’=x*+y*-2xy

() (x+y+z)?=x>+y>+2z2+2xy + 2yz +2zx

) (x+yP=x>+y>+3xy(x+y)

\2 (x—y)P=x} -y’ = 3xy (x-y)

™) -y =(x+y) (x-y)

(vi) X +y =(x+y) (x*-xy+y?)

(i)  x* —yP=(x-y) (CHxy +y?)

(x) (XP+y+72°-3xyz)=(x+y+2z)(x>+y*+2>—Xy—yz—2zX)
(x)  Conditional Identity : if (x + y+z) =0, then x> + y> + z> = 3xyz
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SOLVED EXAMPLES

Example 1
Factorise :
. .0 1
()  8a’+b3+12a%b + 6ab? @) at+ 5 -3
1
(i) 4xP+ 7 +2-9y7 (iv)  Factorise : y* +y? - 2ay + 1 - a?
X
Solution

@) 8a’ + b + 12a%b + 6ab? = (2a)® + b3 + 6ab(2a + b)
= (2a + b)(4a” + b? — 2ab) + 6ab(2a + b)
= (2a +b) (4a% + b? + 4ab)
= (2a+b) (2a +b)?
=(2a+b)3

) 1Y 1 1Y 1 1
() (ad)?+ (a_zj —2.(a2)(a—2j —1= (az _a_Zj —()? = (az —a—2+1j[a2 —a—z—lj

1 1Y
(i) 4xP+ o5 T2-9 =20 +2.(2x).(%) + (Xj — (3y)?

2
1 2 1 1
=|2x+—1| -3 =|2x+—+3y || 2x+—-3
( ZXJ (y) ( 2x yj( 2x yj

(iv)  Wearrange the expression in powers of a.
We have the given expression.
=—a?-2ay+1+y2+y
=[a?+2ay—y*—y*— 1]
~[a* +2ay +y>— 2y’ —y* - 1]
~(a+y)-@*+1)]
y*+1+a+y][-y*-1+a+y]
= [Y+1+atylly’+1-a-y]

Example 2

If f(x) = x*— 2x3 + 3x?> —ax + b is a polynomial such that when it is divided by (x—1) and (x + 1) the

remainders are respectively 5 and 19. Determine the remainder when f(x) is divided by (x—2).
Solution

When {(x) is divided by (x — 1) and (x + 1) the remainders are 5 and 19 respectively.

f(l)=5and f(-1)=19

= 14-2(1)* +3(1)>—a(l) +b=35

and (-1)*-2(-1+3(-1)>-a(-1)+b=19

= 1-2+3—-a+b=>5

and 1+2+3+a+b=19

= —at+b=3 (1)

and at+tb=13 ..(11)

From equation (i) and (ii)

Wehavea=5andb=8

So, f(x)=x*-2x>+3x>-5x+38

The remainder when f(x) is dividing by (x —2) is equal to

=f(2) =24-2(23)+3(2>-52)+8 =16-16+12-10+8 =10
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Example 3

1
If both x—2 and x — 5 are factors of px? + 5x + r, show that p =r.

Solution

1
Let f(x) = px2 + 5x + r be the given polynomial. Since x —2 and x — 5 are factors of f(x).

1 1 1
f(2)=0andf(5j=0 [.'.x—2=0:>x=2andx—§=0:>X:E]
1Y? 1
= pX22+5X2+r=0andp(E) +5><5+r=0
p 5
= 4px10+r=0and - + - +r=0
4 2
p+4r+10
= 4p+r=—10andT=O
= 4p+r=—10andp+4r+10=0
= dp+r=—10andp+4r= —10
= dp+r=p+dr [~ RHS of the two equations are equal]
= 3p=3r
= p=r
Example 4

What must be subtracted from 8x* + 14x3 — 2x? + 7x — 8 so that the resulting polynomial is
exactly divisible by 4x2 + 3x — 2.
Solution
We know that
Dividend = Quotient x Divisor + Remainder
= Dividend — Remainder = Quotient X Divisor
Clearly, RHS of the above result is divisible by the divisor.
Therefore, LHS is also divisible by the divisor. Thus, if we subtract remainder from the dividend, then it
will be exactly divisible by the divisor.
Dividing 8x*+ 14x3 —2x?+ 7x — 8 by 4x>+ 3x — 2, we get

2%° + 2x — 1

4X2+3X—2) 8X' + 14X — 22 + Tx — 8
8x* + 6x° — 4X
- 4+

8’ +2x*—7x—-8
8x* + 6x° — 4x
+

-4 +11x -8
—4x* = 3x+2
+ + =
14x - 10
. Quotient  =2x?+2x— 1 and Remainder
=14x-10
Thus, if we subtract the remainder 14x — 10 from 8x* + 14x3 — 2x? + 7x — 8, it will be divisible by

4x2+3x - 2.
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Example 5
Find the zeros of the quadratic polynomial f(x) =abx?+ (b?—ac) x—bc, and verify the relationship
between the zeros and its coefficients

Solution
We have,
f(x) = abx? + (b> —ac) x — bc
= f(x) = abx? + b>x —acx — bc

= f(x) bx(ax +b)—c (ax +b)

= f(x) = (ax + b)(bx —c¢)

The zeros of f(x) are given by
f(x)=0

= (ax+b) (bx—c)=0
= ax+b=0or,bx—c=0
b c
= X =—— 0o, X= —
a b
b c
Thus, the zeros of (x) are : o= — — and f = b
a
b c ac — b2 b ¢
+B=——+— = = —X— =_—
Now, o+ PR b and of b N
Coefficient of x b —ac ac—b?
Also, — s =T | =
Coefficient of x ab ab
Constant trem b
And, : ~-_X__¢
Coefficient of x ab a
H S fth _ Coefficient of x
eNee, SUM OTHC ZE0S = efficient of x>

Constant term
Coefficient of x>

And, Productofthe zeros=

Example 6
Draw the graph of the polynomial f(x) =—4x? + 4x — 1. Also, find the vertex of this parabola.

Solution
Lety=f(x)or,y=—4x>+4x -1
The following table gives the values of y for various values of x.

X 2 |3el -l o 2] 1 [32] 2 |52 3
y=—dx +4x—1|-25|-16] 9| 4| 1] 0| 1] 4] -9]-16]-25

Thus the following points lie on the graph of y =—4x%+4x—1:
(_ 2a 25)7 (_3/27 - 16)9 (_ 19 - 9)7 (_ 1/29 - 4)7 (09 - 1)9 (1/27 0)9 (17 - 1): (3/29 - 4)7 (27 - 9)7
(5/2,-16), (3,—25) etc.
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R

o T TR
Observations : From the graph of the polynomial f{x) =—4x> +4x — 1, we make the following observations
@) The coefficient of x? in f{(x) =—4x? +4x — 1 is— 4m a negative real number and so the parabola
opens downwards.

(ii) The polynomial f{x) =—4x?+4x — 1 =—(2x — 1)? is factorizable into two equal factors equal to
2x — 1. So, the parabola cuts X-axis at two coincident points having coordinates (1/2, 0).

(ii1) The polynomial f(x) = —4x? +4x — 1 has two equal roots each equal to 1/2. So, the parabola
touches X-axis at one point (1/2, 0) only i.e. it cuts X-axis at coincident points.

(ivy ~ Oncomparing the polynomial —4x? +4x — 1 with ax? +bx + ¢, we geta=—4,b=4and c= 1.
The vertex of the parabola has the coordinates (1/2, 0) i.e. (—b Dj ,

22 4a
where D = b? — 4ac.
v) d=b%—-4ac=4—-4=0. So, the parabola touches X-axis.

Example 7

5 5
Obtain all the zeros of 3x* + 6x3 — 2x% — 10x — 5, if two of its zeros are \/; and — \/; .

Solution
f(x) =3x*+6x>—2x> - 10x -5

5 5
Given : \/; and — \/; are the zeros of f (x).
5 5
X— \/; X+ \/; are the factors of f (x).
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5

(XZ - Ej are the factor of f (x) or (3x%— 5) are the factor of f (x).
X' +2 X+ 1

3% —5) 3x' + 6x' — 2¢ — 10x - 5(

3’ — 5y
+

6x’ +3xX—10x -5
6x° —10x
+

3 -5
3xX*=-5
-+

0
So, 3x*+6x3-2x2-10x-5 =(3x2-5) (x> +2x + 1)

5 5 5
=3 X (k1P =3 x| xS [ (x4 1)
( 3] x+1) (X 3][X 3 x+1)
Zeros are }2,_ /2,—1and—1.
3 3
Example 8

If o, B are zeros of quadratic polynomial kx? + 4x +4, find the value of k such that (o.+ B)*—20.p = 24.
Solution
f(x)=kx*+4x+4

4 4
atB=-— o=

Now, (o +B)>—20p =24

2
4 4 16 §
—2| -2 2 |=24 — 2224
= [kj (kj 7Kk

= 24k* + 8k —16=0 = 3kK2+k-2=0
= 3k2+3k-2k-2=0 = 3k(k+1)-2(k+1)=0
2
= k+1)Bk-2)=0 = =—10rk=§.
Example 9

The polynomials ax® + 3x? — 3 and 2x> — 5x + a when divided by (x — 4) leaves remainders R,
& R, respectively then value of ‘a’ if 2R, - R, = 0.

Solution
R, =a(4)3+3 (4)2—3
R,=64a+45

R2=2(4)3—5(4)+a=128—20+a=108+a

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

18

127a=18 = a=E
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CONCEPT APPLICATION LEVEL - I [NCERT Questions]

Q.1  Thegraphs of y =p(x) are given in figure for some polynomials p(x). Find the number of zeroes
of p(x), in each case.

A A% A i—/
«— /’

(1) X' O X (11) X' / O X
vY' vY'
A A% y v

(i) % 70 X (iv) < [ 5 >
vY' vY'

Sol. () no zero (i1) one zeroe (iii) two zeroes (iv)  threezeroes

Q.2  Find the Zeroes of the quadratic polynomial 6x* —3 — 7x and verify the relationship between
the zeroes and the coefficients.
Sol. 6x2-7x-3 =6x>-9x+2x-3
=3x(2x—-3)+1(2x-3)
=(2x-3)(3x+1)

3 1
(2x —3) and (3x + 1) are the factors of 6x* — 7x — 3 therefore, — and — — are the zeroes of

2 3
6x2—7x -3,
Now, relationship between the zeroes and the coefficients :
3 ( 1)_3 1 9-2 7 —(=7

. AT L
(1) Sum of zeroes 2 3

2 3 6 6 6

— coefficient of x

m of zer = :
Sum of zeroes coefficient of x>

.. 3 1 1 _3
(i) product of zeroes = (EJ (— Ej - -

constant term

product of zeroes = coefficient of x2
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1
Q.3  Find a quadratic polynomial with 1 and —1 as the sum and product of its zeroes respectively.

1
Sol. sum ofzeroes = Z

product of zeroes =—1
quadratic polynomial =x?— (sum of zeroes) x + product of zeroes

1
=x% - (%jxﬁL(—l):xz— 2% 1
_ 4x? —x —4 _ l
4 4
or quadratic polynomial =4x? —x —4

4x*>—x—4)

Q.4  Divide the polynomial p(x) by the polynomial g(x) and find the quotient and remainder in the

following :
p(x) =x*-3x>+4x +5, gx)=x2+1-x
Sol. x—-x+1/x'-3x+4x+5 X +x-3
X4+Xz - X3

- - +

X —4x*+4x +5
X - X+ x
_ 4+ _
-3x’+3x+ 5
-3x"+3x- 3
+ - 4+
8

quotient =x%+x—3
remainder =8

Q.5  Check whether the first polynomial is a factor of the second polynomial by dividing the second
polynomial by the first polynomial : x> —3x + 1, x3 —4x3+ x* +3x -1

Sol. X =3x+1 /] xX-4x+x+3x-1 [x*—1
x =3x’ +x° \

_ o+

—x +3x-1
—x +3x-1
+ -  +

0

remainder is 0 therefore, x3 — 3x + 1 is a factor of x> — 4x> +x2 + 3x —1

DNG Tutorial/Polynomials/ClassX/pardeepkumar/2026-27



CH-2: POLYNOMIALS Mathematics / Class-X

Q.6

Sol.

Q.7

Sol.

Q.8

Sol.

5 5
Obtain all other zeroes of 3x* + 6x3 — 2x% — 10 x — 5, if two of its zeroes are \/; and —\/; .

Two zeroes are \/g and — \E therefore , {x - \/g ] and (x + \E J are two factors of

3Ix*+6x3-2x2—-10x-5.

now (x—\/gj [X+\/§J=X2_( %J = xz—g =§ (3x?-5)

Now dividing 3x* + 6x3 — 2x2— 10x — 5 by (3x*>-5),

3)8—5) '+ 6x = 2x — 10x— 5 \?42+2X+1
3x* — 5%

- -

+6x +3x - 10x -5

+ 6x° —10x
- -
3x* -5
3x* -5
-+
0

Quotient=x?>+2x+1=(x+1)> =(x+1)(x+1)
therefore, other two zeroes are —1, —1.

On dividing x3 — 3x? + x + 2 by a polynomial g(x), the quotient and remainder were x — 2 and
—2x + 4, respectively. Find g(x).
Division algorithm :

dividend = quotient x divisor + remainder

X3 -3x2+x+2= (x-2)xg(x)+(-2x+4)

x> =3x2+x+2+2x—4
Xx—2

or  gx)=

x°—3x2+3x-2 _ (X2 -x+1)(x-2)
Xx—2 (x-2)

=x>-x+1

or  g(x)=

Find a cubic polynomial with the sum, sum of the product of its zeroes taken two at a time,
and the product of its zeroes as 2, —7, — 14 respectively.

Sum of zeroes = 2

Sum of the product of the zeroes taken two at a time=—"7

product of zeroes =—14

Cubic polynomial

=x3 — (sum of zeroes) x* + (sum of the product of the zeroes taken two at a time) x — product of zeroes
=x3-2x2+ (-7)x — (-14)

=x3-2x>-7x + 14
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Q.9  If the zeroes of the polynomial x> —3x?>+x+1area—b,a,a+b, find a and b.
Sol. (a—b),aand(a+Db)arezeroes of x> —3x>+x+1
or x3-3x2+x+1=x3-[(a-b)+(a)+(a+b)]| x>+ [(a—b)(a)+(a) (a+b)+(a+b) (a—b)]x
—(a-b) (@) (atb)
=x3—(3a) x>+ (a> —ab + a® + ab + a — b?) x — a(a® — b?)

or x3-3x2+x+1=x>-3ax?+ (3a> - b?)x —a(a’—b?)

Comparing both sides, we get.

—3a =-3
= a=1 [on comparing coefficients of x?]
and 3a’?-b’=1 [on comparing coefficients of X]

=  3(1)P2-b’=1 =3-b2=1=b=+2
a=1,b=ix/5 Ans.

Q.10 If the polynomial x* — 6x3 + 16x2 — 25x + 10 is divided by another polynomial x> — 2x + K,
the remainder comes out to be x + a, find K and a.

x' —2x’ + Kx’
_ 4+ _

Sol. X’ —2x +K) x'—6x + 16x° —25x + 10kxz—4x +(@-K)

—4x’+ (16 -K)x’—25x + 10
—4x’ + 8%’ —4Kx

+ — +

(8-K) x* + (4K -25) x + 10
(8-K)x*-2(8 —K)x + K(8 —K)

+ _
(25+16+2K)x+10- 8K + K’
Remainder = (-9 +2K) x + (K* - 8K + 10)

or (-9 +2K)x + (K2 - 8K + 10) =x + a (given)
Comparing both sides,
—9+2K =1 (on comparing coefficients of x)
2K =10

or K=5

and K?—8K+10=a (On comparing constant terms)
(52-8x5+10=a

or a=25-40+10
a=35-40 or a=-5

DNG Tutorial/Polynomials/ClassX/pardeepkumar/2026-27



CH-2: POLYNOMIALS Mathematics / Class-X

CONCEPT APPLICATION LEVEL - I [Previous Year Questions]

Multiple choice questions with one correct answer.( From Q.1 to Q. 13)

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Which polynomial represents (3x> +x —4) (2x—5) ?
(A) 6x3 — 13x2 — 13x — 20 (B) 6x3 — 13x2— 13x +20
(C) 6x3 — 13x2 + 13x = 20 (D) 6x3 + 13x2+ 3x + 20 (IMO, 2011)

2x+7) 2x'+ 21X + 35X —37x +46 =

4
3 2 +6_ —— 34+ 2 _ + _

(A)x°=Tx*=Tx+6 x 17 (B) 2x° + 14x°— 14x + 12 17
3_T7x2+7x-6 + 34+ Tx2-TX+6+

O)x°-Tx*+7x—-6 17 D)x°+7x=—-7x+6 17 (IMO, 2011)

If a.and B are the zeros of the polynomial f{x) = x? — 5x + K such that o — B = 1, then find the value of K.
(A)S B)6 <7 (D)2 (IMO, 2012)

When 6x3 + 11x% - 39x — 65 is divided by (x> — 1 + x ) then the remainder is :
(A)—38 x— 60 (B)—40 x +5 (C) =21 x—20 (D)31x+60 (IMO, 2012)

Find a quadratic polynomial whose zeroes are (2o. + 1) and (2 + 1) if o and 3 are the zeroes of the

polynomial f(t) =2t> — 7t + 6. (IMO, 2012)
(A)2t2-9t+ 10 (B) t2—-9t+20 (C)t2—-7t+ 10 (D) 2t2—7t+ 10
.. 3 2 (x-3)
Simplify : -t NIMO, Level-I
Pl Ty % o)) ( » Level-T)
2x% +6x +2 2x% +6x+2 2x% +6
(A) X;r—XJr (B) X AOX+ 2 (C) X H0X (D) None of these
X~ —X x—1 x—1
The zeroes of the polynomial f(x) = 3x? —x —4 are : (NIMO 2011)
4 -4 4 -4 4 -4
(A)—g, 3 (B)g,—l (©) 3 Y (D) 7.~ 1
The cubic polynomial whose three roots are 4, —2 and —4 is : (NIMO 2011)
(A)x3+2x2—16x—-32 (B) x> +2x2+ 16x + 32
(C) x> +2x%—16x +32 (D) x3+2x2+ 16x — 32

Divide the polynomial g(x) = x3 — 3x?+ 3x — 5 by the polynomial h(x) = x>+ x + 1 and the quotient and
remainder are : (NIMO 2011)
(A)(x—-4,6x—-1) B)(x+4,6x+1) (CO)>*+1,3x+2) D)(x>+1,x-2)
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Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

If a quadratic polynomial of the form x? + ax + b has no linear term and the constant term is negative,

then: (5% NIMO Level-I)
(A) one of the zeroes is reciprocal of the other (B) one ofthe zeroes is negative of the other.
(C) one of the zeroes is twice of the other (D) one of the zeroes is half of the other

Ifx=+7-+/5,y=+5 -3 andz= /3 — V7, then the value of x> + y? + 23 — 2xyz is :

(A)— 45 — 1243 + 7 (B)—4+/5 +243 +247

(C) 45 + 1243 + 247 (D) 445 — 1243 + /7 (5" NIMO Level-I)

Ifx, yand z are real numbers such that x + y+z=5 and xy + yz + zx = 3, what is the largest value that

x can have ? (5™ NIMO Level-I)
5 13

(A) 3 (B) V19 (©) 3 (D) None of these

Graph drawn from the equation y=x>—3x —4 will be : (NTSE 2013)

(A) Circle (B) Parabola (C) Straight Line (D) Hyperbola

Let p,(x) =ax? —bx —c, p, (x) = bx? — cx — a, p,(x) = cx* — ax — b be three quadratic polynomials
where a, b, ¢ are non-zero real numbers. Suppose there exists a real number such thatp (o) =p, (o) =

p;(a). Prove thata=b=c. (RMO 2010)
If the zero of the polynomial f(x) = k?x? — 17x + k +2(k > 0) are reciprocal of each other, then the value
ofkis [Delhi NTSE Stage-1_2013]
(A)2 (B)-1 (C)-=2 (D)1

If x, y, z are positive real numbers and a, b, ¢ are rational numbers, then the value of

1 1 1
+ Raj.NTSE Stage-1 2014
T+x"2 x5 14x* P 4+x° 14x"C4x¥° [Raj agel |
(A)-1 B)o O)1 (D) None of these
If x> —x —1=0, then the value of x> - 2x + 1 is [Harayana NTSE Stage-1_2014]
1++/5 1-/5
(A)0 (B)2 ©) ) (D) Y

The graph of y=p(x) is given below. The number of zeroes of polynomial p(x), is
[Raj. NTSE Stage-1_2015]

(A)3 (B)2 )1 (D)0
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Q.19 Ondividing 6x> + 8x? — 3x + 8 by a polynomial g(x), the quotient and remainder were 3x + 4 and

6x +20, respectively. Find g(x) [IMO - 2016]
(A)2x-3 (B) 2x>+4 (C)3x*-4 (D)2x>-3
Q.20 Find the number of zeroes of f(x), in each case [IMO - 2016]
Y Y Y Y

y = fx) = () y‘f(j/ y = fx)
X3 x (X //OFK\ X (iii) X' o\ X (iv) X /6\\/\\ X

Y Y' Y' Y'
@H (D) (i) (iv)
(A) 1 2 1 4
B) 1 2 4 1
©) 4 2 1 4
(D) 1 2 3 4
rror 1
Q.21 Thecuberootof x +y+ 3x3y? [x3 + y3J is [NTSE - 2016]
o1 1
(A)x+y (B) x* +y’ (©) (x+y)’ (D) (x +y)’
Q22 If (x +~2 ) isa factorkx2— +/2 x + 1, then the value of ks [NTSE -2016]
Ay =2 B) —2 o) 2 Dy 2
() B) (© 3 (D)
Q.23 Ifa=x-y,b=y-zandc=z-x then the value of a®> + b+ ¢ is [NTSE -2016]
A)3E-y (-2 (z-x) B) x-y) (y-2)*(z-x)*
©) x+y+2)° (D) x* +y* +72°
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CONCEPT APPLICATION LEVEL - III

wN = e

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

SECTION-A
Fillin the blanks
A polynomial of degree 1 is called
A quadratic polynomial can have ZEros.

If a, B, y are the zeroes of the cubic polynomial ax® + bx? + cx + d = 0 then off + By + ay =

Graph of a quadratic polynomial p(x) =ax?>+bx +cisa open. Ifa<0.
If discriminant D <0, a quadratic polynomial ;52 + px + ¢ has real roots.
SECTION-B

Multiple choice questions with one correct answer
Zero of p(x) =x>—2x—3is:
(A)0 B)1 ©) -1 (D)-3

If one root of the polynomial 5x?+ 13x + K is reciprocal of the other, then the value of k is :
(A)O B)5 ©)6 (D) 1/6

If o, B are the zeroes of the polynomial f(x) =x2 —p(x + 1) —c then (a.+ 1) (B + 1) is equal to :
(A)l+c B)l1-c (C)c—-1 (D)c

Quadratic polynomial having zeroes 1 and -2 is :
(A)x?—x+2 (B)x>—x-2 (C)x*+x-2 (D)x2+x+2

Ifa, b, ¢ are three natural numbers such that ¢ is a factor of ab and c is coprime to a then :
(A)bisafactorofc (B)cisafactorofb (C)aisafactorofb (D)bisafactorofa

If deg p(x) = m and deg q(x) =n, then deg [p(x) — q(x)] equal to:
(A) max {m,n} (B) min {m, n} (C)m+n (D)m—n

p(x) and q(x) are two reducible (factorisable) unequal polynomial with real coefficient and neither of
them is a factor of the other. If ¢/ and h are their LCM and HCF respectively, then ¢/ and h must satisfy
the equality:

(A) fp(x)=hq(x)  (B) hp(x)=(q(x)  (O) p(x)a(x)=¢h (D) th=1

The G.C.D. of (x + a)2 and x> +a° is :
(A) (x +a)? (B) x> —a? (C)x+a (D) x% +a?
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

The graph of the polynomial f(x) = ax? + bx + ¢ is as shown below,

then which of the following is true :

(A)a>0,b<0,c>0,D>0 \ /yf(x)
(B)a>0,b>0,c>0,D>0 R

(C)a<0,b<0,¢>0,D>0 y\/

(D)a<0,b>0,c<0,D<0

The graph of the polynomial f(x) = ax* + bx + ¢ is as shown n fig,

by
then which of the following is true : < ,x
(A)a>0,b>0,c<0,D<0
(B)a<0,b>0,c¢>0,D<0 / Yo
(C)a<0,b>0,c<0,D<0 Y’

(D)a<0,b<0,c<0,D>0

If ¢ and f arethe zeroes of the polynomials f(x) = x* — 5x + k suchthat o.—p =1, then value of k is

(A)4 (B)-6 (O (D)12
If zeroes of the polynomial f(x) = x* —3px? +qx —r areinA.P, then:

(A) 2p° =pq-r (B) 2p° =pq+r (C) p’ =pq-r (D) None of these

Ifthe sum of two roots of the polynomial f(x) = x> — px* +qx —r is zero, then which of the following

condition holds good :

(A) p* =1 (B) pq=r (©) p’-pr+r=0 (D) plq>=r’

The coordinates of the vertex of the parabola 4u” + 8u are :

(A)(=1,0) B) (1,4 O (1,4 (D) (=1,4)

The product of the zeroes of the polynomial bx(ax + b)—c(ax +b) is:

IS/ (B) aca_bbz ©~Y ) Y
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Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

SECTION-C
Multiple choice questions with one or more than one correct answers
If the zeroes of a quadratic polynomial ax?> + bx + ¢ are equal but opposite in sign then :
(A)a=b-c B)c=0 (C)b=a (D)b=0

If the zeroes of a quadratic polynomial ax? + Bx +y are reciprocals of each other then :
(A)B=a B)y=a ©)y-a=0 D)y=o+p

The polynomials of degree 2 is/are :
(A)xy+1 (B)x>+ax+c (C)x*+5x+y? (D)xy+yz+xz

If (x + a) is the factor of the polynomials x* + px +q and x* + mx +n, then which of the following

is/are true :

(A) am—pa—-n+q=0 (B) am—pm=an+q
n—q m-—q

C)a=—— D)a=

©a= = (D)a=1—

If (x* —1) isafactor of ax* +bx’ +cx” +dx +e , then which of the following is/are correct :
(A)a+c+e=b+d (B)atb+c+d+e=0
(C)atb+te=c+d (D)a+c+e=0

What are the value of a for which 3x° +9x* — 7x* —5x? —3ax +3a? is divisible by x — 1?
(A)0 (B)2 (©)-1 (D)1

What is the remainder when 3x° — 2x*y —13xy* + 10y’ is divided by x —2y?

(A)x+y (B)0 (C) 0x? (D)x +2y

If x—y =1and x> +y*>=41, then the value of x + y will be :

(A)S (B)9 ©)4 (D)-9

If (x +a) is the HCF of X2+ px + qand x? + /x +m , then the value of ‘a’ is given by :

q—m p—/ q+m —(m—q)
(A) 1t (B) q-m © Pt/ (D) e

Ifthe polynomial f(x) = ax’ + bx — ¢ is divisible by the polynomial g(x) = x* + bx + ¢ , then :
(A)ab=1 (B) ac—2b%>=0 (C) ac = 2b? (D)ab+1=0
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Q.1

Q.2

Q.3

Q.1

SECTION-D
Assertion & Reason (From Q. 1 to Q. 3)
Instructions: In the following questions an Assertion (A) is given followed by a Reason (R). Mark your
responses from the following options.
(A) Both Assertion and Reason are true and Reason is the correct explanation of “Assertion’
(B) Both Assertion and Reason are true and Reason is not the correct explanation of  Assertion’
(C) Assertion is true but Reason is false
(D) Assertion is false but Reason is true

Assertion: If o, B, y are the zeroes of x> — 2x?+ gx —rand o+ B =0, then 2q =r.

-b
Reason: If o, B, y are the zeroes of ax® + bx?> +cx +d, thena.+ B+ 7= o af + By +yo= E,
a

OCBY:T-

Assertion: If one zero of polynomial p(x) = (k? + 4)x? + 13x + 4k is reciprocal of other, then k = 2.

Reason: Ifx — o is a factor of p(x), then p(a) =0, i.e. a is a zero of p(X).

Assertion: Degree of a zero polynomial is not defined.

Reason: Degree of a non-zero constant polynomial is ‘0’.

SECTION-E
Match the following (one to many)
Column-I and column-II contains four entries each. Entries of column-I are to be matched with some
entries of column-II. One or more than one entries of column-I may have the matching with the some
entries of column-II and one entry of column-Il may have one or more than one matching with entries of

column-I

Match the polynomials given in column I with their zeros in column I1

Column I Column II
1) 4 —x? (p) 7
(ii) x3 - 2x2 @@ -2
(i) 6x>-3-7x (r) 2
av)y —=x+7 (s) 32
(t) 0
() —1/3
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ANSWER KEY

CONCEPT APPLICATION LEVEL - I1

Q1 B Q2 D Q3 B Q4 A Q5 B Q6 D Q7 B
Q8 A Q9 A Q10 B QIl B Ql2 B QI3 B QIl5 A
Ql6 C Q17 B Q18 A Q19 D Q20 A Q21 B Q2 A
Q23 A

CONCEPT APPLICATION LEVEL - III

SECTION-A
Q.1  Linear polynomial Q.2  Atmost2 Q3 «c/a
Q.4  parabola, down wards. Q5 no

SECTION-B

Q1 C Q2 B Q3 B Q4 C Q5 B Q6 A Q7 C
Q8 C Q9 A Q0 C Q11 C QI2 A QI3 B Ql4 B
Q.15 C

SECTION-C
Q1 D Q2 BC Q3 ABD Q4 AC Q5 ABD Q6 AD Q.7 BC
Q8 BD Q9 AD Q.10 AD

SECTION-D
Q1 A Q2 B Q3 B

SECTION-E
Q1 ()r,q @)t (i) s, u; (iv) p
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