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MATHEMATL = POLYNOMIALS

(Syllabus J

/ > Definition of a polynomial in one variable, with examples and counter examples. Coefficients of a
polynomials, terms of a polynomial and zero polynomial. Degree of a polynomial. Constant, linear,
quadratic, cubic polynomials. Monomials, binomials, trinomials. Factors and multiples. Zeroes of
a polynomial. Factorization of ax?> + bx + ¢, a # 0, where a, b and c are real numbers, and of cubic
polynomials using the Factor Theorem.

> Recall of algebraic expressions and identities. Verification of identities: (x + y + 2z)?
=X+ Y+ 22Xy +2yz+ 22x, (x tyP =Xt P E3xy(x 2t y), ¥ty = (x ty)C F xy + y),
k X+ Yy +22-3xyz = (x+y+2)(x*+y? + 22— xy — yz — zx ) and their use in factorization of polynomials. )

Revision Notes

( Polynomials )

» Polynomial : The algebraic expression in which the variables involved have only non-negative integral exponent
is called "Polynomial’.

A polynomial p(x) in one variable x is an algebraic expression in x of the form
px)=ax"+a x"+a x*+ .. +ax+ax+a,
wherea, a,a,, ..., a are real numbersand a # 0. Here,a, a,a, . a_are respectively the coefficients of ', x', 2,
..., x"and n is called the degree of the polynomial.
This form of polynomial is known as the “Standard form of Polynomial”.
eg.: (i) 2x*-4x* + 5x-7is a polynomial in one variable (x).
(ii) 3y°-12y* + 7y -9 is a polynomial in one variable (y).
» Coefficients of a polynomial: From the definition of polynomial, if -4x* + 5 is a polynomial, then
the coefficient of x* is —4.
» Constant Polynomial : A polynomial of degree zero is called a constant polynomial.

7
/=5’y A€ constant polynomials.

» Zero Polynomial : Zero is also known as zero polynomial and the degree of the zero polynomial is not defined.
» Degree of a Polynomial : Highest power of variable in a polynomial is called the ‘degree of a polynomial’.
e In polynomial of one variable, the highest power of the variable is called the degree of the polynomial.

eg.: 4

eg.: (i) 4x7-3x* + 2x* + 3x - 6 is a polynomial in x of degree 7.

(ii) V3 x* +3/3 x+ 3is a polynomial in x of degree 2.
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MATHEMAT = POLYNOMIALS

(iii} %r‘ + %xz + 7x — 3 is a polynomial in x of degree 4.

® In a polynomial of more than one variable, the sum of the powers of variables in each term is taken up and the
highest sum so obtained is called the degree of the polynomial.

e.g.: (i) 7x° —4x** + 3x*y — 3y + 9 is a polynomial in x and y of degree 4.

(ii) V3 x°—4y® + 7x%y + 2x — 3 is a polynomial in x and y of degree 5.
Types of Polynomials :
® On the basis of terms
Term : In a polynomial x? + 3x + 4, the expressions x% 3x and 4 are called terms.
e.g.: (i) Polynomial x* + 3x + 7 has three terms.

(ii) Polynomial x2 — 4 has two terms.
(I) Monomial : A polynomial of one non-zero term, is called a monomial.
e.g.: 2x, —4x* 7x* 10x are monomials.
(II) Binomial : A polynomial of two non-zero terms, is called a binomial.
e.g.: (4x* + 8), (742 — 3y), (3x — 6), (10x2— 4) are binomials.
(III) Trinomial : A polynomial of three non-zero terms, is called a trinomial.

eg.: (2 + 2x +4), (4> + gx-i- 14), (3x2+3+/3 x + /3 ) are trinomials.

® On the basis of degree

(I) Linear Polynomial : A polynomial of degree 1 is called a linear polynomial. It is expressed in the form of
ax + b, where a and b are real constants and a # 0.

e.g.: (i) 3x + 6is alinear polynomial in x.
(ii) +/3 x—3is a linear polynomial in x.

(iii) g y —10is a linear polynomial in y.

(ITI) Quadratic Polynomial : A polynomial of degree 2 is called a quadratic polynomial. It is expressed in the form
of ax* + bx + ¢, where a, b and c are real constants and a = 0.
e.g.: (i) 3x® + 4x + 1is a quadratic polynomial in x.
(i) /3 2+ 3x + 343 is a quadratic polynomial in x.
(iii) % y* + 3y —1is a quadratic polynomial in y.

(IIT) Cubic Polynomial : A polynomial of degree 3 is called a cubic polynomial. It is expressed in the form of
ax® + bx® + cx + d, where g, b, c and d are real constants and a = 0.
e.g.:(i) 2x*—4x* + 8x — 3 is a cubic polynomial in x.
(ii) 4* + 3y* + 7y — 14 is a cubic polynomial in y.
Zeroes of a Polynomial :
Zero of a polynomial p(x) is a number c such that p(c) = 0.
(i) ‘0’ may be a zero of a polynomial.
(ii) Every linear polynomial in one variable has a unique zero of a polynomial.
(ili) A non-zero constant polynomial has no zero of a polynomial.
(iv) Every real number is a zero of the zero polynomial.
(v) Maximum number of zeroes of a polynomial is equal to its degree.
Example 1 : Find whether -1 and 1 are the zeroes of the polynomial x — 1.
Solution : Letp (x) = x -1
Then,p(1)=1-1=0,p(-1)=-1-1=-2
Therefore, 1 is a zero of the polynomial, but -1 is not.
Example 2 : Find the zero of the polynomial p (x) = 3x + 1.

Solution : Finding the zero of p (x), is the same as solving the equation
p(x)=0

Now,3x+1=0,=x= %1 - So, _?1 is the zero of the polynomial 3x + 1.
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C Factor Theorem )

» If p(x) is a polynomial of degree = 1 and a is any real number, then
(i) Graph of linear equation is a straight line, while graph of quadratic equation is a parabola.
(ii) Degree of polynomial = Number of zeroes of polynomial.
(iii) If remainder r(x) = 0, then g(x) is a factor of p(x).
(iv) (x + a)is a factor of polynomial p(x), if p(— a) = 0.
(v) (x-—a)is a factor of polynomial p(x),if p(a) = 0.
(vi) (x—a)(x—b)is a factor of polynomial p(x),if p(a) = 0and p(b) = 0.
(vii) (ax + b) is a factor of polynomial p(x), if p(—¥b/a) = 0.
(viii) (ax — b) is a factor of polynomial p(x), if p(b/a) = 0.
» Factorization of a Polynomial :
e By Splitting the Middle Term :
Let a quadratic polynomial be x> + Ix + m, where I and m are constants.
Factorize the polynomial by splitting the middle term Ix as ax + bx, so that ab = m. Then,
x> +Ix+m =+ ax+ bx + ab
= (x + a) (x + b).
® By using Factor Theorem :
Consider a quadratic polynomial ax® + bx + ¢, where a, b and ¢ are constants. It has two factors (x — o) and (x — B).
ax’* + bx + ¢ = a(x — )(x - B)
or, ax’ + bx + ¢ = ax™a(o + B)x + aop

On equating the coefficient of x and constant term, we geto. + 3 = =2 and off = L.
a a

On simplifying, we get the value of e and B.

Example 1. Factorize 6x*> + 17x + 5 by splitting the middle term and by using the Factor Theorem.

Solution :

(i) By Splitting the Middle Term :

It we find the two numbers a2 and b, such thata + b = 17 and ab = 6 X 5 = 30, then we can get the factors. Factors
of 30 are 1 and 30, 2 and 15, 3 and 10, 5 and 6. Of these pairs, 2 and 15 will give usa + b = 17.

So, 6x*+17x+5 =6x*+ 2+ 15)x + 5
=6x?+2x +15x + 5
=2x(3x + 1) + 5(3x + 1)
=(2x+5)(Bx+ 1)

(ii) By Factor Theorem :

6x>+ 17x + 5 = 6(5{2 +%7x+2) = 6p(x), say.
If 2 and b are the zeroes of p(x), then, new line 6x2 + 17x + 5 = 6(x —a)(x — b) and ab = g
Then, see some possibilities for 2 and b.

They could be il, il, ié, ié’ +1.
2" 3 3 2

WPlz) T4 e\2) 6"
P(_—l) = [1_2+§)=0
3 9 18 6
-1 1) .
But, p 3 = 0. So, x+§ is a factor of p(x).
p(ﬁ) _ [§_§+E]=U
2 4 12 6

5
Similarly, we will get (x + E) as a factor of p{x).
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6x2+ 17x + 5

39

6(3"3+1)(2"2+5) = (B3x + 1)(2x + 5).

In this example, the use of the splitting method appears more efficient.

C Algebraic Identities )

> Algebraic Identities :
An algebraic identity is an algebraic equation that is true for all values of the variables occurring in it.
» Some useful algebraic identities:

(i) (x+yP=x+2y+y

(i) (x—) = = 2xy + 2

(iii) -y = (x+y)(x-y)

(iv) (x+a)(x+b)=x*+ (a+ b)x+ab

(v) x+y+zP=x>+y"+ 2+ 2xy + 2yz + 2zx

(vi) x+y)P =+ +3xy(x +y)

(vii) (x-yy =2 -y’ -3xy(x-y)

(viii) X+ 1* + 22 -3xyz = (x + y + 2)(a* + y* + 22— xy — yz— 2x)
(ix) If x+y+z=0thenx®+ y* + 2> = 3xyz

(x) P4y =@x+y)P-xy+y)

(xi) P-y = (x-y)x+xy + 37

Example 1. Factorize the following :

(i) 2+ dxy + 4P (i) -8
(iii) 4% — 12xy + 9 (iv) ¥ + 8y + 622y + 12xy?
Solution :

(i) P+ dxy + 47 = (0 + 2(x)(2y) + (2y)*= (x + 2y)* = (x + 2y)(x + 2y)
(i) ¥-8=x-20=(x-2)(x2+2x+2)
= (x-2)(+2x + 4)

(iii) 4x*—12xy + 9y* = (2x)> — 2(2x)(3y) + (3y)?

= (2x-3yy

= (2x - 3y)(2x - 3y)
(iv) x® + 8y® + 6x%y + 12xy°

= @)’ + 2y + 3(x)(2y)(x + 2y)

= (x + 2y)’ = (x + 2y)(x + 2y)(x + 2y)

Q (A) OBJECTIVE QUESTIONS ( 1 Mark Each
Q.2.\2 isa polynomial of degree
Stand Alone MCQs (A) 2 (B) 0
1
Q. 1. Which one of the following is a polynomial ? )1 (D) 3
2
2
@ -5 (B) V2x -1
2 x i [RI [NCERT Exemp.]
p 2 =1 Ans. Option (B) is correct.
© x*+22 ®
x ;
Explanation: 2 =/2x°
[U [NCERT Exemp.] 2 x
Ans. Option (C) is correct. Because exponent of x is 0.
Explanation: It is a polynomial because degree 23 I?\eg;ee otithe polynomnal;x‘ ; i i
of polynomial is whole number. A) (B)
3 3/2 S (C) 3 (D) 7
X+ % =x+3x2 2 Rl + [U [NCERT Exemp.]
e 3x§ Ans. Option (A) is correct.
=x2+3x Explanation: Highest power of variable x is 4.
So, degree of the polynomial is 4.
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Q. 4. Degree of the zero polynomial is
(AY O (B) 1
(C) any natural number (D) not defined
[NCERT Exemp.]

Ans. Option (D) is correct.

Explanation: Zero polynomial has no non-
zero terms hence polynomial has no degree.

Q.5.1f p(x)=x" - 2V2x+1, then p(Zw,/E) isequalto
(A) O (B) 1
© 42 (D) 82 +1
[NCERT Exemp.]
Ans. Option (B) is correct.
Explanation:

On putting x = 242 in given polynomial, we get
P(2V2) = (2v2)* — 242 %22 +1
—8 8]0 81

Q. 6. The value of the polynomial 5x — 4x*+ 3, when

x=-1is
(A) -6 (B) 6
© 2 (D) -2
[NCERT Exemp.]
Ans. Option (A) is correct.
Explanation: On putting x = —1 in given
polynomial
5(-1) —4(-1)*+ 3
=-5-4+3
=-9+3=-6
Q.7.If p(x) = x + 3, then p(x) + p(—x) is equal to
(A)3 (B) 20
©o (D) 6
[NCERT Exemp.]
Ans. Option (D) is correct.
Explanation:
() +p(—x)=x+3+(—x+3)
=xt3 X3

=6

Q. 8. Zero of the zero polynomial is
(A)0 (B) 1
(C) any real number (D) not defined
[R [NCERT Exemp.]
Ans. Option (C) is correct.
Explanation: In zero polynomial O(x - k),
where k is a real number. For determining the
zero of the given polynomial putx—k = 0, z.e.,
x = k, where k can be any real number.

" / www -I('p\lll(l'\'('ll'i‘ll' ¢ ()llln
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Q. 9. Zero of the polynomial p(x) = 2x + 5 is

(A) —% (B) 5

2 5
C) = D) —
< 5 @) 3

[NCERT Exemp.]
Ans. Option (B) is correct.

Explanation: On putting p(x) = 0
2x+5=0
2x=0-5
2x=-5

5)
Xx=——
2

Q. 10. One of the zeroes of the polynomial 2x2 + 7x -4 is

1
(A) 2 . (B) 2
(©) B (D) -2
[A] [NCERT Exemp.]

Ans. Option (B) is correct.

Explanation: By splitting the middle term
2x" +Tx—4=2x"+(8x—x)—4
=2x" +8x—x—4
=2x(x+4)—1(x+4)
=(x+4)(2x-1)
On putting the factors equal to 0, we get zeroes
of the polynomial.
: (x +4)(2x-1) =0
(x+4)=0and 2x—1) =0

or, x=—-4or, x =

L
2;
Hence, % is one of the zeroes of the given

polynomial.

Q. 11. One of the factors of (25x>-1) + (1 + 5x)*is
(A)5+x (B) 5-x
(C) 5x-1 (D) 10x
[NCERT Exemp.]
Ans. Option (D) is correct.

Explanation:

(25x% —1)+(1 +5%)°
(25x% —1) + (1+5x)

e [(5::)2 ~ (1)2] +(1+5x)"

[ Usingidentity a* ~b° = (a + b)(a —b) |
[(1+5x)(5x 1) ]+ (1+5x)°
(1+5x)[5x—1+1+5x]
=(1+5x)(10x)

One of the factors = 10x

A EPSTUDY CIRCLE
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Q. 12. The factorization of 4x>+ 8x + 3 is
(A) (x+1)(x+3)
(B) 2x+1)(2x + 3)
(C) 2x +2)(2x + 5)
(D) (2x-1) (2x-3)
Ans. Option (B) is correct.

/Al [INCERT Exemp.]

Explanation:

4x* +8x+3
= 4x” +(6x + 2x) + 3 (By splitting the middle term)
=4x* +6x+2x+3
=2x(2x+3)+1(2x +3)
=(2x+1)(2x+3)

Q. 13. The value of 249> - 248%is :
(A) 12 (B) 477
(C) 487 (D) 497
[A| [NCERT Exemp.]
Ans. Option (D) is correct.

Explanation : 249° — 248> = (249 + 248) (249 — 248)

=497x 1
=497
Q. 14. The coefficient of x in the expansion of (x + 3)’is :
A1 (B) 9
(C) 18 (D) 27

[A] [NCERT Exemp.]
Ans. Option (D) is correct.

Explanation :
(x+3)' =(x) +(3) +3xxx3x(x +3)
=x"+27+9x(x+3)
=x’+27+9x% +27x

Coefficient of x = 27

Q.15.1If X Y- (x,y #0), the value of x¥*~ i/’is :
¥y X
(A) 1 (B) -1
1
Qo0 D) —
©) (D) >
[A] [NCERT Exemp.]
Ans. Option (C) is correct.
Explanation :
1 L 1 =—1
y x
2 2
XHy
Xy
Xy =-xy
¥+ +xy=0 (i)

MATHEMAT = POLYNOMIALS

x’—y’:(x—y)(x2+y2+xy)

-y’ =(x-y)(0)

[Using equation(i)]
x} _ y3 — 0
Q.16.If 49x* -b =(7X+%I7X—%)' then the value of b is :
(4) 0 ®) -
3
1 1
C) — D) —
©) 1 (D) 2

[A| [NCERT Exemp.]
Ans. Option (C) is correct.

Explanation : 49x* ~(\b) = [(7" )= (lﬂ

2
[Using identity a’ —b* =(a+b)(a —b)]
49x? —(\/5)2 =49x? —%

On comparing both the sides, we get

2 1
(AT
() =3
On multiplying both sides by -1, we get
T
b) =—
=
b=
4
Q.17.1fa + b + ¢ = 0, then a*+ b*+ ¢’ is equal to
(A) 0 (B) abc
(C) 3abe (D) 2abc

[U/ [NCERT Exemp.]
Ans. Option (C) is correct.
a+b+c=0
a+b=-c
On cubing both the sides, we get
(a+b)’ =(~c)
@ +b* +3ab(a+b) = (-c)’

Explanation :
(i)

@ +b* +3ab(—c) = ()’
[By using equation (i)]

a® +b* —3abc =—c’
a’ +b’ +c*=3abc

A EPSTUDY CIRCLE
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| Case-based MCQs

I. Read the following text and answer the following
questions on the basis of the same:

Beti Bachao, Beti Padhao (BBBP) is a personal
campaign of the Government of India that aims to
generate awareness and improve the efficiency of
welfare services intended for girls.

In a school, a group of (x + y) teachers, (x* + )
girls and (x* + 1°) boys organised a campaign on
Beti Bachao, Beti Padhao.
Q. 1. Which mathematical concept is used here?
(A) Linear equations (B) Triangles
(C) Polynomials (D) Area
Ans. Option (C) is correct.
Q. 2. Which is the correct identity?
(A) (@ + b)> =a* + b*-2ab
(B) (a +b)*=a*>+ 1>+ 2ab
(©) (a + b)*=a*-b*-2ab
(D) All are correct.
Ans. Option (B) is correct.
Q3. (x+y)y=
(A) X -y’ =3xy(x + y)
(B) ¥+ i + 3xy(x + y)
(©) X+ y’-3xy(x-y)
(D) ¥* -y’ + 3xy(x - y)
Ans. Option (B) is correct.

Q. 4.If in the group, there are 10 teachers and 58 girls,
then what is the number of boys?

(A) 300 (B) 360
(C) 350 (D) 370
Ans. Option (D) is correct.
Explanation:
No. of teachers = x + y = 10
= (x + y)* = (10)
= 2+ y* + 2xy = 100
[Since (a + b)* = a* + b* + 2ab]
No. of students = (x* + y*) = 58
= 58 + 2xy = 100
= 2xy = 100 -58
= 2xy = 42
_ 42
= xy = =

MATHEMA T =3 POLYNOMIALS
= xy =21
Now, since  (x + y)> = [x¥® + 1 + 3ay(x + y)]
= (10 = [2® + »® + 3 x 21(10)]
=> 1000 = (»* + 3 + 630)
=> 1000 - 630 = (x* + 1)
= (x* + y?) = 370
Q. 5. Using part (D), find (x> - y?) if x —y = 23.
(A) 200 (B) 330
(C) 120 (D) 230
Ans. Option (D) is correct.
Explanation: Given
x—-y=23
Also, x+y=10
-yt =(x+y) (x-y)
=10 x 23
= 230

II. Read the following text and answer the questions
given below:

National Association for the Blind (NAB) aimed
to empower and well-inform visually challenged
population of our country, thus enabling them to
lead a life of dignity and productivity.

3

Ravi donated % (x3+i) to NAB. When his
X

cousin asks to tell the amount donated by him, he
just gave a below hint.

x+l=10
X
Ql.(x+a)(x+b) =22+ ccueeueee. x + ab
(A)a+b (B) ab
(C) a—b (D) %

Ans. Option (A) is correct.
Explanation:
(x + a)(x + b) = x(x + b) + a(x + b)
=x*+bx+ax+ab
=x2+x(@a+b)+ab
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