Chapter 2 —= POLYNOMIALS
Exercise —2.1

Question 1: The graphs of y = p(x) are given in Fig. 2.10 below, for some
polynomials p(x). Find the number of zeroes of p(x), in each case.
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(i)



R 1

(ii)

(iii)

Y

This graph shows p(x) has no zero.

This graph shows p(x) has one zero.

(iv)

This graph shows p(x) has three zeroes.



This graph shows p(x) has two zeroes.

(v)

This graph shows p(x) has four zeroes.

(vi)

This graph shows p(x) has three zeroes.

Exercise 2.2

Question 1: Find the zeroes of the following quadratic polynomials and verify
the relationship between the zeroes and the coefficients.
(i) x?=2x -8



(i) 4s?—4s + 1

(iii) 6x% = 3 = 7x
(iv) 4u? + 8u
(v) t2-15
(vi)3x2=x -4

Answer: (i) x? —2x — 8

=x?—4x+2x-8

=X(x —4) + 2(x — 4)

=(x—-4)(x+ 2)
Zeroes of polynomial equation = (4, -2)
Hence, sum of the zeroes = (4 — 2) = 2 = (=2 - Z(coe//icient of )

1 (coef ficient of x?2)
8) _ constant term
1

And, product of the zeroes =4 x (-2) =-8 = (

coefficient of x2

(i) 4s?—4s + 1
=4s2-2s—-2s+1
=2s(2s—-1)-1(2s-1)
=(2s-1)(2s-1)

Zeroes of polynomial equation = (% %)

. B »
Hence, sum of the zeroes = > 4+ 1 =1 = _ 2 = Z(coef/icient of )
2 2 4 (coefficient of s2)

1 _  constant term
4 (coefficient of s2)

And, product of the zeroes = % X % =

(i) 6x2— 3 — 7X
=6x> —7x—3
=6x°> —9x + 2x—3
= 3x(2x — 3) +1(2x — 3)
=(3x+1)(2x-3)
. . 1 3
Zeroes of polynomial equation = (—5 'E)
4 3_7_ —(coefficient of x)
2 6 (coefficient of x2)

Hence, sum of the zeroes = —

W |

And, product of the zeroes = _§ X z = (%) = — (Z) =

constant term

coefficient of x2

(iv) 4u? + 8u =4u (u + 2)
Zeroes of polynomial equation = (0, -2)
8

Hence, sum of the zeroes =0 +(-2)=-2= '(Z)

_ —(coefficient of u)

" (coefficient of u?)
constant term

And, product of the zeroes =0 x (-2) =0 = 2= — >
4  coefficient of u



(v) t2-15
or, t=+V15
Zeroes of polynomial equation = (v15, —V15)

Hence, sum of the zeroes = V15 + (—V15) =0 = (9) = Z(coefficient of )

1)~ (coef ficient of t2)

And, product of the zeroes = V15 x (—/15) = (-15) = — (E) = %

1

(vi) 3x2—x—4

= 3x2-4x+3x-4
=x(8x—4)+1(3x—-4)
=(Bx—-4)(x+1)

Zeroes of polynomial equation = G ,—1)

Hence, sum of the zeroes == + (-1) =5 = — (_l) —(coefficient of x)

3/ (coefficient of x2)
And, product of the zeroes = gx (-1) = (f) = =

3 - coefficient of x?2

constant term

Question 2: Find a quadratic polynomial each with the given numbers as the
sum and product of zeroes respectively:

()3 -1
(i) V2,3
(i) 0, V5
(iv) 1, 1
O
(vi) 4, 1

Answer:
() Let the zeroes of the polynomial be « and 8 ,then, a + g = i and aff = -1

Therefore, the required polynomial will be,
X2 —(a+ )X+ af
=x2- ix + (- 1)
=x2 - Ix—1
4
=4x°—-x—-4

1

(ii) Let the zeroes of the polynomial be @ and 8, then, a + 8 = V2 and af = 3



Therefore, the required polynomial will be,
X2 —(a+ p)x+ ap
= X2 —2x + %

=3x2-3V2x+1

(iii) Let the zeroes of the polynomial be @ and 8, then, a + 8 = 0 and af =+/5

Therefore, the required polynomial will be,
X2 —(a + B)X + apf

=x2—-0x++/5

= X2 + \/g

(iv) Let the zeroes of the polynomial be @« and §,then,a + =1 and aff =1

Therefore, the required polynomial will be,
x> —(a + p)x + ap

=x?-1x+1

=x2—-x+1

(v) Let the zeroes of the polynomial be « and 8 ,then, a + § = - G) and af =§

Therefore, the required polynomial will be,
X2 —(a+ )X+ af

—y2_( _1 1

=x2— (=3 )x+g

or, 4x>+x+1=0

(vi) Let the zeroes of the polynomial be « and g ,then,a + f =4 and aff = 1

Therefore, the required polynomial will be,
X2 —(a+ B)X+ af
=x?-4x+1

Exercise 2.3

Question 1: Divide the polynomial p(x) by the polynomial g(x) and find the
guotient and remainder in each of the following:

() p(x) =x3-3x2+5x -3 ,g(X) =x2-2

(i) p(X) =x*-3x2+4x +5,g(x) =x?>+ 1-x

(iii) p(x) =x*=5x + 6, g(x) = 2 — x?

Answer: (i)Given , dividend = p(x) = x3-3x?+5x—3

Divisor = x2— 2



X-3
X2— 2) X3-3x2+5x—3

X3 +0x2 -2x
-3x2 +7x -3

-3x2 +0x +6
Tx-9

Therefore , on division we get:
Quotient = x-3

Remainder = 7x-9

(i) Given, Dividend =x*— 3x2 + 4x +5
Divisor = x? +1-x

X2 +x -3

X2 +1 -x) X4 +0x3-3x2+4x+5
X4 -3+ x2
X3 -dx2+4x+5

x2-x2 +x
-3x%2+3x+5

-3x2+3%-3
8

Therefore, on division, we get :
Quotient: x% +x-3
Remainder: 8
(iii) Given, Dividend = p(x) = x* — 5x + 6 = x* +0x3+0x>-5x+6
Divisor = 2—x? = —x2-2  x*+0x3
—x2-2

_x2+2>x4 +0x3+0x2-5x + 6

x4+ 0X — 2¢2
2x2-5x +6

2x2+0x -4
-5x + 10




Question 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* + 3t3 - 2t>- 9t - 12

(i) x2+3x +1,3x* +5x3=7x2+ 2x + 2

(i) x2+3x + 1, x°=4x3+x2+3x + 1

Answer:
(i) Given , first polynomial = t2-3
Second polynomial = 2t* +3t3-2t>-9t-12

2t2 + 3t + 4
t2-3> 2t4+ 3t3- 212- 9t -12

2t4 + ot3 - 612
3t* +4t?- o9t -12

3t +0t2- ot
4t?+ 0t -12

4t2+ Ot -12
0

We see, the remainder is 0. Therefore, t2-3 is a factor of 2t2+3t+4.
(i) Given , first polynomial = x?+3x+1

Second polynomial = 3x*+5x3-7x2+2x+2

3x2 - 4x + 2

X2+3x+1 )3)(4 +503-Tx2+2x + 2

3x4 + 9x3+ 3x?
43 10X2+ 2x + 2

-4%3- 12X2- 4x
2X2+BX + 2

2X2+ 6x + 2
0

We see , the remainder is 0. Therefore , x2+3x+1 is a factor of 3x*+5x3-7x2+2x+2
(iii) Given, first polynomial = x3-3x+1

Second Polynomial = x>-4x3+x?+3x+1



x2-1

x3-3x+1>x5 + 04 -4+ X2+ 3x + 1
Xo+ 0x4- 33 + x2

X3+ 0X%+ 3x +1

-x3 + 0x2+ 3x -1
2

We see, the remainder is 2 (# 0). Therefore x3-3x+1 is not a factor of x>-4x3+x?+3x+1

Question 3: Obtain all other zeroes of 3x* + 6x3 - 2x? - 10x - 5, if two of its

5 5
zeroes are \E and —\/;

Answer: As the given polynomial equation has degree 4, hence there will be total 4
roots.

Given, \E and — \E are zeroes of polynomial f(x).

Hence, (x—\E) (x+\/§):x2-§ =0

3x?-5)=0, is a factor of given polynomial f(x). -6x3+3x%-510x-5 2x+1
( given poly

X2+ 2% + 1

3x2-5 | 3x*+6xF-2%x2-10x-5
3x - 5x2
() (+)
+6x3+ 3x2- 10x -5
-6x3 - 10x
(+) (+)
3x2 -5
3x2 -5
) (+)

Therefore, 3x* + 6x3 —2x?> = 10x—-5=(3x? = 5)(x* + 2x + 1)

And on further factorizing (x* + 2x + 1) we get,
X2+2Xx+1=x2+x+x+1=0

Or,x(x+1)+1(x+1)=0

or, x+1)(x+1)=0



So, its zeroes are: x = (—-1) and x = (—-1).
Hence, all the four zeroes are (-1), (-1), \E and —\E

Question 4: On dividing x® - 3x? + X + 2 by a polynomial g(x), the quotient and
remainder were X — 2 and —2x + 4, respectively. Find g(x).

Answer: Given that, dividend, p(x) = x3—3x2+ x + 2
Quotient = (x — 2) and Remainderis —2x + 4

So, as we know that,
Dividend = Divisor x Quotient + Remainder
or, x*=3x2+x+2=g(xX) x(x-2)+ (-2x + 4)
or,x3—3x2+x+2—(-2x+4)=9g(x) x (x-2)
or, x3—3x?+Xx+2+2x—4=9g(x) x (X - 2)
x3 -3x2% +3x -2

or, ——— =g(x)

xX—2

Question 5: Give examples of polynomials p(x), g(x), q(x) and r(x), which
satisfy the division algorithm and

(i) deg p(x) = deg q(x)

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

(iiiydeg r(x) =0

Answer: According to the division algorithm, dividend p(x) and divisor g(x) are two
polynomials, where g(x)#0.

(i) Let, p(x) =2x?>+ 2x + 8

9(x) =2
gx) =x>+x+4
rx) =0

clearly, p(x) is divisible by g(x) and remainder r(x) =0
And we can see that, the degree of quotient is equal to the degree of dividend.
Hence, division algorithm is satisfied.

(i) Let, p(x) = x2 + X

gx)=x+1
a(x) =x
rx) =0

Clearly, p(x) is divisible by q(x) and remainder r(x) =0
And we can see that, the degree of quotient is equal to the degree of remainder.
Hence, division algorithm is satisfied.

(i) Let, p(x) =x2 + 1
g(x) = x
So, Clearly, q(x) = x
rx) =1



Hence, we can see that, the degree of remainder here is 0.
Therefore, division algorithm is satisfied here.

Exercise 2.4

Question 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:

(i) 2x3 + x2=5x + 2; % 1,-2
(i) x®=4x2+5x-2;2,1,1

Answer: (i) p(x) = 2x3 + x? — 5x + 2

so.p(}) =2(0)"+ €)' - 5c+2
O+ Q) @)

=-2+2 =0

p(1) =2(1)° + (1) = 5(1) + 2
=2+1-5+2=0

p(-2) = 2(-2)° + (-2)* -5(-2) + 2
=-16+4+10+2=0

Hence, it is proved that % 1, -2 are the zeroes of the given eq.

Now, comparing with ax® + bx? + cx + d = 0, we get,
a=2

b=1

c=(-5)

d=2

As we know, if a, B, y are the zeroes of the cubic polynomial ax® + bx? + cx + d, then;
b

o+ ev=-()

a

ap + By +ya==
apy = —(%).

a
Therefore, putting the values of zeroes of the polynomial,
1 b

a+Bry=3+1+(2)=-(;)=-(])

oB + By +ya=( x 1)+ [1x (2] +(-2x3)=—(3) =2
2 d

ohy=txix@==()=-()

a

Hence, the relationship between the zeroes and the coefficients are satisfied.



(i) p(x) = x3 - 4x% + 5x — 2

S0, p(2) = (2)° - 4(2)?+5(2) -2=8-16+10-2=0
p(l) = (13— 4(1)2+5(1)-2=1-4+5-2=0

Hence, 2, 1, 1 are the zeroes of the eq.

Now, comparing with ax® + bx? + cx + d = 0, we get,

a=1

b =(-4)

c=5

d=(-2)

Therefore, putting the values of zeroes of the polynomial,
rpry=2eiviza=—(3)=—()

0([3+By+yo(=(2x1)+(1x1)+(2x1)=2+1+2=5=(§):

c
a

-2 d

apy=2x1x1=2=-(F)=-(7)

a

Hence, the relationship between the zeroes and the coefficients are satisfied.

Question 2: Find a cubic polynomial with the sum, sum of the product of its
zeroes taken two at atime, and the product of its zeroes as 2, -7, -14
respectively.

Answer: Let the polynomial be ax® + bx? + c¢x + d and the zeroes be q, B, v.
Hence, accordingtothegs.a+B +y= — (S) :%

aB +By+ya= 2= ()
apy=-(9)=-(2)
Therefore,a=1,b=(-2),c=(-7),d=14

Hence, the required cubic polynomial is x3 - 2x2 - 7x + 14

Question 3: If the zeroes of the polynomial x3-3x?+x +larea-b,a, a+b,
find a and b.

Answer: Let a, B, and y be the zeroes of polynomial x3 — 3x? + x + 1.

Then,a=a-b
B=a
y=a+b

Hence, sum of the zeroes=a+f +vy
or,3=(a—-b)+a+(a+b)
or,3=3a
OF, @ = T (1)

product of the zeroes =a By



or,-1=(a—b)a(a+b)
or, -1 = a(a?-b?

O -l =ad—ab2 (2)
Putting the value of a form eq.(1) and eq.(2) we get,
13 -1b%?=-1
or,1-b?=-1
or,b?2=2
or, b =#\2

Hence,a=1 and b = +\2

Question 4: If two zeroes of the polynomial x* — 6x° — 26x2+ 138x — 35 are 2
+\3, find other zeroes.

Answer: The degree is 4, so there will be 4 roots. Two roots are given that, 2 + V3
and 2 - V3.

Therefore, [x - (2 + V3)] [x - (2-V3)] =0
or, x—2-V3)(x—2++3)=0
or, X2 —4x+1=0

Hence,

X2 - 2% - 35

X2 —ax+1| x* —6x3—26x2+ 138x - 35
Xt -4+ x
() ) 6
-2x*- 27x?+ 138x - 35
-2x3+ 8x% - 2x
SECENS.
-35x?+ 140x - 35
-35x7+ 140x - 35
) 6 &)
0

S0, x* - 6x3 - 26%x% + 138x - 35 = (X2 - 4x + 1)(x?> — 2x — 35)
On further factorizing (x? — 2x — 35) we get,
X2—(7-5)x-35=x2-7x+5x+35=0

or, X(x=7)+5(x-7)=0

or, x+5)(x-7)=0

So, its zeroes are (-5) and 7.

Therefore, all four zeroes of the given polynomial equation are: 2+v3 , 2-\3, -5 and
7.









