NCERT Solutions for Class 10
Mathematics
Chapter 2 — Polynomials

Exercise 2.1

1. The graphs of y=p(x) is given in following figure, for some Polynomials
p(x). Find the number of zeroes of p(x),in each case.

(i)

Ans: The graph does not intersect the x-axis at any point. Therefore, it does not
have any zeroes.

(if)

% [}

/—\

v

Ans: The graph intersects at the x-axis at only 1point. Therefore, the number of
zeroes is 1.

(iii)
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Ans: The graph intersects at the x-axis at 3 points. Therefore, the number of zeroes
is 3.
(iv)

NEeer

X \_/ ) X

o
Ans: The graph intersects at the x-axis at 2 points. Therefore, the number of zeroes
is 2.

(V)

Enr /

X'/ 0 X

Ans: The graph intersects at the x-axis at 4 points. Therefore, the number of zeroes
is 4.

(Vi)
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X'/ ) \x

Y

Ans: The graph intersects at the x-axis at 3 points. Therefore, the number of zeroes
Is 3.

Exercise 2.2

1. Find the zeroes of the following quadratic polynomials and verify the
relationship between the zeroes and the coefficients. x*> —2x —8

Given: x? —2x -8,

Now factorize the given polynomial to get the roots.

= (Xx—4)(x+2)

Ans: The value of x?> —2x -8 is zero.

when x —4=0 or x+2=0.1i.e., X=4 or x= -2
Therefore, the zeroes of x> —2x -8 are 4 and -2.
Now, Sum of zeroes=4-2=2=-"=— Coefficient of x

1 Coefficient of x?
Coefficient of x

Coefficient of x?
Product of zeroes =4x(—2)=-8= (-8) = Constant term

1 Coefficient of x?
Constant term

Coefficient of x2

.. Sumof zeroes = —

.. Productof zeroes =

(i) 45> —4s+1
Ans:Given: 4s? —4s+1
Now factorize the given polynomial to get the roots.

= (25 -1)?
The value of 4s? —4s+1 is zero.

when 2s-1=0, 2s-1=0.i.e., S :E and s =E
2 2
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1 1
Therefore, the zeroes of 4s* —4s+lare _ and _

2 2
Now, Sum of zeroes = -+ L =1= (=4 _ «(Coefficient of 5)
2 2 4 Coefficient of s
—(Coefficient of s)
0 fflcient of s
Product of zeroes=~x~ =~ = Constant term
2 2 4 Coefficient of s?
Constant term

Coefficient of s2’

..Sum of zeroes =

..Product of zeroes =

(ii) 6x2 —3-7x

Ans:Given: 6x? —3—7x

= 6X? —7X -3

Now factorize the given polynomial to get the roots.
= (3x+1)(2x -3)

The value of 6x? —3-7x is zero.

_ 3
when 3x+1=0 or 2x-3=0. i.e., x—gl or X_E
-1 3
Therefore, the zeroes of 6x?> —3—-7x aré 3 and >
Now, Sum of zeroes="* S —(-=7) =(Coefficient of x)

+ =
3 2 6 6 Coefficient of x?
—(Coefficient of x)

..Sum of zeroes=
Coefficient of x?

Product of zeroes= —3 Constant term
_ X_=__ =

3 2 6 Coefﬂmentofx2
Constant term

Coefficient of x?

..Product of zeroes=

(iii) 4u?+8u

Ans:Given: 4u®+8u

= 4u?+8u+0

= 4u(u+2)

The value of 4u?+8u is zero.

when 4u=0 or u+2=0.i.e., u=0oru=-2
Therefore, the zeroes of 4u?+8u are 0 and -2.
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—8 _—(Coefficient of u)

4  Coefficient of u?
—(Coefficient of u)

Coefficient of u?

Product of zeroes=0x(—2)=0 _0_ Conétz?mt term
4 Coefficient of u?

Constant term
Coefficient of u?

Now, Sum of zeroes=0+(—2)=-2=

..Sum of zeroes=

..Product of zeroes=

(iv) t2-15

Ans:Given: t? 15

=t -0t -15

Now factorize the given polynomial to get the roots.
= (t—/15)(t ++/15)

The value of t?> 15 is zero.

when t—\/1_5=0 or t+ \/E=O, e, t= \/Eor t=-— \/1_5
Therefore, the zeroes of t?> —15 are J15 and —/15.

—0 _ —(Coefficient of t)
Now, Sum of =v/15+(~V15) =0=—== ici
ow, Sum of zeroes ( ) 1  Coefficient of t?

—(Coefficient of t)
Coefficient of t°

..Sum of zeroes =

_ _ =15 Constant term
Product of Zefoes-(*’lf’)x(‘ﬁ)'_l‘n’" 1 Coefficient of t2

Constant term

..Product of zeroes = —_ ,
Coefficient of t?

(V) 3x2 —x—4

Ans:Given: 3x2 —x—-4

Now factorize the given polynomial to get the roots.
= (3x - 4)(x +1)

The value of 3x2 —x—4 is zero.

4
when 3x —4=0 or x+1=0, i.e., ng or x=-1

4
Therefore, the zeroes of 3x2 —x —4 al€ 3 and -1.
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1

Now, Sum of zeroes —(-1) —(Coefficient of x)

= H)m
3 3 3 Coefficient of x?
, _ —(Coefficient of x)
..Sum of zeroes= —
Coefficient of x?
Product of zeroes=__x(-1)= = Constant term
3 3 Coefficient of x?
Constant term

..Product of zeroes =

Coefficient of x2

2. Find a quadratic polynomial each with the given numbers as the sum and
prloduct of its zeroes respectively.

: -1
| —
(i) 2 1
Ans:Given: "_-1
4
Let the zeroes of polynomial be a and 3.
Then,
a+p =E
4
af=-1

Hence, the required polynomial is x? — (o + B)x+ap.

= X2 — Ex -1
4
—=4X° —Xx -4
Therefore, the quadratic polynomial is 4x? —x —4.

1
(i) x/zg 1
Ans: Given: \/25

Let the zeroes of polynomial be a and 3.
Then,

a+f =2

aB=E
3

Hence, the required polynomial is x? — (o + B )x+a.
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:>x2—\/"ZX+E
3

= 3x% - 3/2x+1
Therefore, the quadratic polynomial is 3x? —3 J2x+1.

(i) 0,4/5

[here, root is missing]

Ans:Given: 06

Let the zeroes of polynomial be a and 3.

Then,

atp=0

(x[3=x/§

Hence, the required polynomial is x? — (a + B)x+a.
— X2 — Ox+~/5

— x2++/5

Therefore, the quadratic polynomial is x2++/5 .

(iv) 11

Ans:Given: 1,1

Let the zeroes of polynomial be a and 3.

Then,

ot+p =1

af =1

Hence, the required polynomial is x? — (a + B)X+aB.

= X2 —1x+1
Therefore, the quadratic polynomial is x? — x+1.

11
(v) -Z.Z

4 4
Ans:Given: —E,E

4 4
Let the zeroes of polynomial be a and 3.

Then,

atf=—-_
4
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aff = _
4
Hence, e{e\quirfd polynomial is x? — (o + B)x+ap.
=>x2— -7 x+
[ a) @
= 4x2+ x +1

Therefore, the quadratic polynomial is 4x2+ x +1.

(vi) 4,1

Ans:Given: 4,1

Let the zeroes of polynomial be o and 3.

Then,

otB =4

af =1

Hence, the required polynomial is x? — (a + B)x+ap.
= X% —4x+1

Therefore, the quadratic polynomial is x? — 4x+1.

Exercise 2.3

1. Divide the polynomial p(x) by the polynomial g(x) and find the quotient and
remainder in each of the following:
(i) p(x) =x3-3x2 +5x-3,9(X) = x> -2
Ans:Given: p(x)=x3—3x2+5x —3 and g(x)=x? -2
Then, divide the polynomial p(x) by g(x).
X—3
x? —2 x3 —3x245x -3
x3 —2X
— +
—3x2+7x — 3 )
-3x2 +6
+ —
/x-9

Therefore, Quotient= x —3and Remainder=7x —9.
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(i) p(xX)=x*-3x2 +4x+5,g(X)=x*> +1-X
Ans:Given: p(x) =x* —3x2+ 4x + 5= x*+0x® - 3x?+ 4x + 5
g(x) = x2+1-x = x? —x+1
Then, divide the polynomial p(x) by g(x).
X2 +x -3
x? —x+1>x4 +0x3 -3x?+4x + 5

x* —x3 + x?

- 4+ —

X3 — 4x2+ 4X +5
X3 — X2 +X
_ o+
~3x?+3x+5
—~3x?+ 3x -3
+ -+
8
Therefore, Quotient= x>+ x —3 and Remainder =8.

(iii) p(x) = x* —=5x +6,g(x) = 2 — x>
Ans:Given: p(x) = x* —5x+6 = x*+0x3+0x? — 5x+6
g(x) =2-x> = —x*+2
Then, divide the polynomial p(x) by g(x).
—x% -2
—x? +2) x*+0x3+ 0x? — 5x+6

X4 — 2x?2
_ +

2X2 —-5X + 6
2X° —4
— +
—5x + 10
Therefore, Quotient=—x? — 2 and Remainder = —5x+10
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2. Check whether the first polynomial is a factor of the second polynomial by
dividing the second polynomial by the first polynomial:

(i) t2-3,2t"+3t5 -2t2 -9t -12
Ans:Given: t? —3, 2t*+3t® — 2t> -9t -12
Let us take first polynomial is t> —3= t2+0t — 3.

And second polynomial is 2t*+3t3 — 2t? — 9t —12.
Now, divide the second polynomial by first polynomial.

2t2+ 3t + 4
{2+ Of2 —3)2t4+3t3 — 22 — 9t -12
2t* +0t3 — 6t2
- - 4+
2t3 + 42 - 9t -12
3t3+ 02 — ot
- - 4+
412 +0t 12
4t +0t —12
0

Since the remainder is 0
Therefore, t? —3 is a factor of 2t*+3t® — 2t? — 9t —12.

(i) x> +3x +1,3x* +5x3 =72 + 2X + 2
Ans:Given: x2+ 3x + 1, 3x*4+5x3 — 7x2+ 2x+ 2
Let us take first polynomial is x2+ 3x + 1.

And second polynomial is 3x*+5x3 — 7x2+ 2x+ 2
Now, divide the second polynomial by first polynomial.
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X2 — 4x+2
X2+ 3x + 1)3x4+ 5X3 — X2+ 2X + 2

3x*+ 9x3+ 3x?

—4x3 —10x%+ 2x + 2
— 4x3 —12x% — 4x
+ o+ +
2X2+ 6X + 2
2X2+ 6X + 2

0
Since the remainder is 0
Therefore, x?+ 3x + 1 is a factor of 3x*+ 5x3 —7x%+ 2x + 2.

(iii) x2 —=3x+1,x° -4x3 + x2 + 3x + 1
Ans:Given: x? —3x + 1, X°> — 4x3+ x2+ 3x+1.
Let us take first polynomial is x? —3x + 1.

And second polynomial is x° — 4x3+ x2+ 3x+1.
Now, divide the second polynomial by first polynomial.

X2 -1
X2 —3X + 1) X° —4x3+ x2+ 3x+1
X° —3x3+ X
-+ —

-x3 +3x +1

-x3 +3x -1

+ — 4
2

Since the remainder=0.
Therefore, x> —3x + 1 is not a factor of x°> —4x3+ x®+ 3x +1.
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3. Obtain all other zeroes of 3x*+6x3 —2x%2 —10x -5, if two of its zeroes are \E

and —\/E
3

Ans:Let us assume, p(x)=3x*+6x3-2x2-10x-5

Then glven two zeroes are E and —\/g :
X"' \f | - |safactor of 3x*+6x3 —2x? -10x -5

5
Now, divide the given polynomial by X? _§

5 3x2+ 6X + 3
X2+ 0x — §)3x4+6x3 —2x2 —10x -5
3x*+0x® — 5x?
- -+
6x3+ 3x2 -10x -5
6x3+ 0x? —10x
- -+
3x2+ 0x -5
3x2+ 0x -5
- -+
0

-3+ 63— 2x% ~10x - 5=/ X - 5st? +6x+3)

3
:>3ix2—5\fx2+ 2x+1) ' /
3

= (3x2 —5)(x2 + 2X +1)

Now, factorize the polynomial x?+ 2x +1
= (x+1)2

Hence, its zero is given by x+1=0
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=x=-1
As it has the term (x+1)2, then, there will be 2 zeroes at x =—1.

Therefore, the zeroes of the given polynomial are \/‘f—\/ﬁ -1 and -1,
3 3

4. 0n dividing x3-3x?+x+2 by a polynomial g(x), the quotient and
remainder were Xx—2 and —2x + 4, respectively. Find g(x).
Ans:Let us take the dividend as p(x) . Then, p(x) = x3 —3x?+ x + 2
And the divisor is g(x) . Then, find the value of g(x).
Quotient=(x —2)
Remainder=(—2x+ 4)
Dividend = Divisor x Quotient + Remainder
X3 —3x%2+ X + 2 = g(X)X(X — 2)+(— 2x+4)
X3 -3+ Xx+2+2x-4=g(X)x(X—-2)
X3 -3x2+3x -2 =g(X)x (X -2)
Hence, g(x) is the quotient when we divide (x® -3x2+3x -2) by (x-2).
X2 —x+1
x—2>x3 ~3x%+3x - 2
x3 — 2x?
— +

- X%+ 3x-2

— X2+ 2X

+ —
X—-2
X-2
— +

0

g(x):(x2 —~ x+l)

5. Give examples of polynomial p(x), g(x), q(x) and r(x) , which satisfy the
division algorithm and
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(i) degp(x)=degq(x)

Ans:According to the division algorithm, if p(x) and g(x) are two polynomials with
g(x) # 0, then we can find polynomials q(x) and r(x) such that

p(x) = 9(x) x a(x) +r(x),

Where r(x)=0 or degree of r(x)< degree of g(x)

Degree of a polynomial is the highest power of the variable in the polynomial.

Given: deg p(x) = deg q(x)
Degree of quotient will be equal to degree of dividend when divisor is constant (i.e.,
when any polynomial is divided by a constant).

Let us assume the division of 6x%+ 2x + 2 by 2.
Here, p(x) = 6x2+ 2x + 2

g(x)=2

q(x) =3x?+x+1land r(x)=0

Degree of p(x)and g(x) is the samei.e., 2.
Checking for division algorithm,

p(x) =9(x) x a(x) + r(x)

6x2+ 2x + 2 = 2(3x2+ x + 1)

BX2+ 2X + 2= 6X2+ 2X + 2

Therefore, the division algorithm is satisfied.

(ii) deg q(x) = deg r(x)

Ans:Given: deg q(x) = deg r(x)

Let us assume the division of x3+x by x?
Here, p(x) = x3+ X

g(x) = x?

q(x) =x and r(x) = x

Clearly, the degree of q(x) and r(x) is the same, i.e.,
Checking for division algorithm,

p(x) =9(x) x a(x) +r(x)

X3+ X :(x2 )x X + X

X3+ x = x3+ X

Therefore, the division algorithm is satisfied.

(iii) degr(x) =0
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Ans:Given: degr(x) =0

Degree of remainder will be 0 when remainder comes to a constant.
Let us assume the division of x3+1 by x2.
Here, p(x) = x3+1

g(x) = x?

q(x) =x and r(x) =1

Clearly, the degree of r(x) is 0

Checking for division algorithm,

p(x) = g(x) x q(x) + r(x)

x3+1:(x2)x X +1

x3+1= x3+1

Therefore, the division algorithm is satisfied.

Exercise 2.4

1. Verify that the numbers given alongside of the cubic polynomials below are
their zeroes. Also verify the relationship between the zeroes and the
coefficients in each case:

1
(i) 2x* +x?=5x+2; 5’1’—2
Ans:Let us assume p(x) = 2x3+x? —5x + 2

And zeroes for this polynomial are E,l, —2. Then,

2
( \ (1 \| ‘( \I ( 1\+
“l2) ) )
Kl } . Z) \#)
_t+_—_+2
4 4 2
=0
p(1) = 2x13+12 —5x1+2
=0
p(—2)=2(—2)3+(-2)" =5(-2)+2
=-16+4+10+2
=0 .
Therefore, _,1 and -2 are the zeroes of the given polynomial.
2

Comparing the given polynomial with ax3+bx?+cx+d to get, a=2,b=1,c=-5,
and d =2.
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1
Let us take a=E,B=1, and y=-2.

Then,
a+pry=Ll4l4(-2)=-1_-D
2

1 2 a
LatPry=_

a
ap+ Py +oy = Ixt4l(-2)r1(2)= >=¢

2 2 2 a
Sop + By +ay =E
a
1 -1 —(2) -d
afy :_xlx(_z) = = =
2 ’ 1 2 a
sapy=
a
Therefore, the relationship between the zeroes and the coefficients is verified.

(i) x® —4x? +5x-2;2,1,1
Ans:Let us assume p(x) = X3 —4x2+ 5x — 2
And zeroes for this polynomial are 2,1,1. Then,

p(2) = 22 - 4(22)+5(2) -2

=8-16+10-2

=0

p(1) = 13 - 4(22)+5(1) - 2

=1-4+5-2

=0

Therefore, 2,1, and 1 are the zeroes of the given polynomial.

Comparing the given polynomial with ax3+bx?+cx+d to get,a=1,b=-4,¢c =5,
and d=-2.

Let us take a =2, =1, and y =1.

Then,
oc+[3+y=2+l+l=4=_(_4) P

; 1 a
sot B +y=__

d
af + By + ay =(2)(1)+(1)(D)+(2)(1)
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S
_puap=5=(80o¢
1 a
c
Sop+Py+tay=_
a
—(=2) _
aBy=2x1x1:2=i—):—d
d 1 a
sapy=
a

Therefore, the relationship between the zeroes and the coefficients is verified.

2. 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.

Ans:Let the polynomial be ax3+ bx?+ cx + d and the zeroes be «, B, and vy.

Then given that,

a+p+y :E:__b
1 a7
af+py+oay =__=E
1 a
=14 _—d
offy 1

If a=1,then b=-2,c=-7,d =14
Therefore, the polynomial is x3 —2x? —7x +14.

3. If the zeroes of polynomial x3® —-3x?+x+1 are a—b, a, a+b, find a and b.
Ans:Let us assume p(x) = x3 —3x2+ X +1.

And the zeroes are a-b, a, a+b.

Let us assume a=a-b, B =a and y = a+b.

Comparing the given polynomial with px3+ gx?+ rx +t to get,
p=1,9g=-3,r=1, and t=1.

Then,

atfty=a—-b+a+atb

= —=3a
P

= :(1—3)=3a

=3=3a
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sa=1
Then, the zeroes are 1-b,1+b.

Now,
afy = 1(1-b)(1+b)
= __t=1— b?

p
= __1=1— b?

1
=1-b?’=-1
=b? =2
~b=+/2

Therefore, a=1and b=+ J2.

4. 1f two zeroes of the polynomial x* —6x% —26x2+138x—35 are 2+/3, find
other zeroes.

Ans:Given that 2++/3 and 2 — /3 are zeroes of the given polynomial.
Therefore, (x ~2- Jg)(x - 2+\/§): X2 +4 — 4x -3
= x%2 —4x+1
Hence, x? —4x+1 is a factor of the given polynomial.
For finding the remaining zeroes of the given polynomial, we will find the quotient
by dividing the polynomial x* —6x® —26x?+138x —35 by x? —4x+1.
x? —2x-35
X2 = 4x+1)X* — 6xC — 26x°+138x - 35
x* — 4x3+x?
- 4+ —
— 2x% — 27x2+138x — 35
- 2%+ 8x* —2x
+ — +
— 35x2+140x — 35
— 35x2+140x — 35
+ — +

0
Clearly, x* - 6x® — 26x?+138x — 35=(x? — 4x+1)(x? - 2x - 35)
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Then, x? —2x —35 is also a factor of the given polynomial.
And, x? — 2x —35=(x — 7)(x+5)

Therefore, the value of the polynomial is also zero when x-7=0 Or x+5=0
Hence, x=7 or -5
Therefore, 7 and -5 are also zeroes of this polynomial.

5. If the polynomial x*-6x3+16x2-25x-10 is divided by another polynomial
x2-2x+k , the remainder comes out to be x+a, find k and a.

Ans:Given: x*-6x3+16x2-25x-10 and x2-2x+k .

Then, the remainder is x+a

By division algorithm,

Dividend = DivisorxQuotient+Remainder

Dividend-Remainder= DivisorxQuotient

x*-6x3+16x2-25x-10-x-a = x*-6x3+16x2-26x+10-a will be perfectly divisible by
X2-2Xx+K .
Let us divide x*-6x3+16x%-26x+10-a by x2-2x+k
X% -4x+(8-Kk)
X2-2x+K ) X*-6X3 +16x7-26x+10-a
x4 -2x3 +kx?
-+ -
-4%3+(16-k )x?-26x
-4x3+ 8x2-4kx
+ - +
(8-k) x?-(26-4k)x+10 - a
(8-k) x? -(16-2K)x+(8k-k? )
- + -

(-10+2K)x+(10-a-8k+k? )

Hence, the reminder (-10+2k)x+(10-a-8k+k? ) will be 0.
Then, (-10+2k)=0 and (10-a-8k+k? )=0
For (-10+2k)=0

2k=10
k=5
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For (1O-a-8k+k2 )=0
10-a-8x5+25=0
10-a-40+25=0
-5-a=0

c.a=-5

Hence, k=5 and a=-5.
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