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POLYNOMIALS

EXERCISE 2.1

QUESTION 1. The graphs of y = p(x) are given below, for some polynomials p(x). Find the number of zeroes of p(x),
in each case.
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SOLUTION. (#) There are no zeroes as the graph does not intersect the x-axis.
(i/) The number of zeroes is one as the graph intersects the x-axis at one point only.
(#ii) The number of zeroes is three as the graph intersects the x-axis at three points.
(iv) The number of zeroes is two as the graph intersects the x-axis at two points.
(v) The number of zeroes is four as the graph intersects the x-axis at four points.
(vi) The number of zeroes is three as the graph intersects the x-axis at three points. Ans.

EXERCISE 2.2

QUESTION 1. Find the zeroes of the quadratic polynomials and verify a relationship between zeroes and
its coefficients.

@) x*-2x-8 (i) 4s>—4s+1 (iii) 6x* -3 —7Tx
(iv) 4u®+8u v £-15 i) 3x2-x—4
SOLUTION. (i) x> - 2x—8=x?—4dx+2x-8=x(x -4 +2(x-4)=(x—-4) (x +2)
So, the value of x2 — 2x — 8 is zero whenx —4 =0 orx+2 =0, i.e., when x =4 or x = — 2.
So, the zeroes of x*> — 2x — § are 4, —2.

—(=2) - ffici
Sum of the zeroes =4 -2=2 = (=2) _ _ cocflicient of ¥ _

1 coefficient of x’
-8 tant t
Product of the zeroes =4(-2)=—-8 =—= M =-8 Verified.
1 coefficient of x

(i) 452 —4s+1 =452 25— 25+ 1
=2s(2s—1)-1(2s—1)
=2s-1)(2s—1)=2s—1)?

So, the value of 45> — 4s + 1 is zero when 2s — 1 = 0, or s =%

Zeroes of the polynomial are

9

N | =
N | =
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Sum of the zeroes :l+l =1= —(;4) :M= 1
2 2 4 coefficient of s
1
Product of the zeroes = (lj(lj = %ﬁermz = — Verified.
2)\2) coefficient of s 4

(i) Wehave : 6x> -3 - Tx=6x>—Tx -3 =6x>—9x +2x -3
=3x(2x-3)+1 (2x-3)=Cx+ 1) (2x-3)
The value of 6x? — 3 — 7x is 0, when the value of (3x + 1)(2x —3) is 0, i.e.,

when 3x + 1 =0 or 2x— 3 =0, i.e., when x=—%0rx=é.

2
The zeroes of 6x% — 3 — 7x are — L and >.

—(- — Coefficient of 7

Therefore, sum of the zeroes = L3 7 A e I.Clen -~ ; = -

3 2 6 6 Coefficient of x 6
doroduct of ( 1)(3)_—3 Constant term -3 Verified
||| 2= = == = erified.

and product of zeroes 31276 Coofficient of x° 6

(iv) We have :  4u? + 8u = 4u(u + 2)
The value of 4u? + 8u is 0, when the value of 4u(u +2) =0, i.e., when u =0 or u + 2 = 0, i.e., when
u=0oru=-2.
The zeroes of 4u? + 8u are 0 and — 2.
—8 _ Coefficient of u
Therefore, sum of the zeroes =0+ (-2)=-2= 4 Coofficientof i~ 2.
Constant term

0
and roduct of zeroes = (0) (-2)=0=—=———"— =0 Verified.
P 02 4  Coefficient of u’

(v) We have:  2—15= (1 =/15)(t +/15)
The value of 2 — 15 is 0, when the value of (¢ —\/E)(t +\/E) is 0,i.e.,when r —\/15=00r¢ ++/15 =0,
i.e., when ¢ —/15 or t +/15.

The zeroes of 2 — 15 are /15 and — V15.

Therefore, sum of the zeroes = /15 +(=~/15)=0 = —0_ —Coefficient of £ _

1 Coefficient of >

—15  Constant term

and product of the zeroes = (V15) (—/15) = -15=—=————- =-15 Verified.
1 Coefficient of ¢
(vi) We have : 32 —x—4=3x2+3x—4x—4=3x(x+1)—4x+1)=(x+1)(3x—4)

The value of 3x? — x — 4 is 0, when the value of (x + 1)(3x —4) is 0, i.e., whenx + 1 =0 or 3x —4 =0,

4
ie., whenx=—1orx= 3
4
The zeroes of 3x* — x — 4 are — 1 and 3
_ —(— ; 1
Therefore, sum of the zeroes = -1 + 4_3+4_ 1_-CD _ _ Coefficient of xz =3
3 3 3 3 Coefficient of x
d q fth 1) 4\ _ Constant term -4 Verified
an product of the zeroes = 3 Cocfficient of <2 3 erified.

QUESTION 2. Find a quadratic polynomial whose sum of zeroes and product of zeroes are respectively.
1 1

0 5,—1 (i) 2, é (i) 0,5 @) 1,1 ORI i) 4,1



POLYNOMIALS 3
SOLUTION. Let the polynomial be ax* + bx + ¢ and its zeroes be o and p. (1)

(i) Here, 0&+B=% and a-f=-1

Thus the polynomial formed =x? — (Sum of zeroes) x + Product of zeroes = x* - ij -1 = x* —% -1

The other polynomials are k(x2 —% - lj

If k = 4, then the polynomial is 4x? — x — 4. Ans.

1
(i) Here, a+p=+2 ap=2
Thus the polynomial formed
= x> — (Sum of zeroes) x + Product of zeroes

= xz—(\/z)x+% or xz—\/zx+%
Other polynomials are k(x2 -2 x +%j

If k = 3, then the polynomial is 3x?- 3v/2x+1 Ans.
(iii) Here, a+pB=0 and a-B:\/g

Thus the polynomial formed

= x2 — (Sum of zeroes)x + Product of zeroes = x> — (O)x + /5= x* + V5. Ans.

(iv) Let the polynomial be ax? + bx + ¢ and its zeroes be o and . Then,

wip =1o=ED b

1 a
o =1= Lo
1 a
Ifa=1,thenb=-1andc=1.
One quadratic polynomial which satisfy the given conditions is x* — x + 1. Ans.
(v) Let the polynomial be ax? + bx + ¢ and its zeroes be o and 3. Then,
wipo Locicb
4 4 a
1 ¢
and of = 12

Ifa=4,thenb=1and c=1.
.. One quadratic polynomial which satisfy the given conditions is 4x? + x +1.
(vi) Let the polynomial be ax? + bx + ¢ and its zeroes be o and B. Then.

wip oo tCH_ b

C
and of =1=-=;

Ifa=1,thenb=-4and c=1.
One quadratic polynomial which satisfy the given conditions is x? — 4x + 1. Ans.
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EXERCISE 2.3
QUESTION 1. Divide the polynomial p(x) by the polynomial g(x) and find the quotient and remainder in each given
of the following :
(i) p(x) =x>-3x?+5x-3,8(x) =x?-2
(i) p(x) =x* -3’ +4x+5,g(x)=x>+1-x
(iii) p(x) =x*-5x+6,g(x) =2-X’
SOLUTION. (i) Here, dividend and divisor are both in standard forms. So, we have :

x-3
x2—2)x3 — 3 + 5x - 3
X3 - - 2x
- +
- 3 + Tx - 3
— 3x? + 6
+ _
Tx — 9
. The quotient is x — 3 and the remainder is 7x — 9. Ans.

(i) Here, the dividend is already in the standard form and the divisor is not in the standard form. It can
be written as x> —x + 1.

We have :
X2+x-3
xz—x+1)x4 — 3%+ 4x +5
DA S
_ 4+ _
X - 4xr+ 4x
X -+ x
_ + _
- 32+ 3x +5
— 3>+ 3x -3
- - -
8
The quotient is x? + x — 3 and the remainder is 8. Ans.
(iif) We have divisor [-x? + 2] and divident : x* — 5x — 6
—x2-2
—x2+2)x4 - 5x + 6
x*t - 2
-+
2x2 - 5x + 6
2x2 - 4
— -
- 5x + 10

The quotient is — x* — 2 and the remainder is — 5x + 10. Ans.
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QUESTION 2. Check whether the first polynomial is a factor of the second polynomial by dividing the second
polynomial by the first polynomial :
) 2-3;2+3 -2 -9t 12
(@) xX2+3x+1;3x*+ 53 - x4+ 2x +2
(i) ¥ -3x+1;x°-43+x2+3x+1
SOLUTION. (i) Letus divide 2¢*+ 38 — 22— 91— 12 by 2 - 3.

We have : 22+ 3¢+ 4
£-3)204+ 38— 22— 9 — 12

2¢4 — 6
- -
3+ 42 — Ot
38 - 9t
- -
442 - 12
442 - 12
— -
0
Since the remainder is 0, therefore, 2 — 3 is a factor of 2¢* + 32 — 22 — 9t — 12. Ans.

(i) Let us divide 3x* + 5x — 7x2 + 2x + 2 by x? + 3x + 1. We get,
32— 4x + 2

X2 +3x+1 ) 3+ 53— Tk 4+ 2x 4+ 2
3x*+ o3+ 3x?

— 43— 102 + 2x
— 43— 12%% - 4x
- -

2x2 6x + 2
2x2 6x + 2

0

+ + |+

Since the remainder is 0, therefore, x2 + 3x + 1 is a factor of 3x* + 5x3 — 7x2 + 2x + 2 Ans.
(iii) Letus divide x> — 4x3 + x> + 3x + 1 by x> — 3x + 1. We get,
x2-1
x2—3x+1)x5 — 43 + ¥ + 3x+1
x> — 3x3 + X2
_ + _

- X + 3x + 1
- X + 3x — 1
- - -

Here, remainder is 2( 0). Therefore, x> — 3x + 1 is not a factor of x> — 4x3 + x>+ 3x + 1. Ans.

5 5
QUESTION 3.  Obtain all the zeroes of 3x* + 6x3 — 2x? — 10x — 5, if two of its zeroes are \/; and ,_\/; .
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5 5 5 5
SOLUTION. Since two zeroes are \/; and —\/; , X= \/; , X= —\/g

= [x - \/g ][x + \/gj = x*? —% or 3x% — 5 is a factor of the given polynomial. Now, we apply the division

algorithm to the given polynomial and 3x> — 5.

X2+ 2x+1
3t
3x2 5| 3x* + 6x3 - 2x* — 10x - 5 First term of quotient is 3% =x’
3x* - 5x? g
_ 4
. . 6x°
6x3 +3x2—10x -5 Second term of quotient is 32 2x
6x3 — 10x ¥
— + )
) . Lo 3xT
3xc-5 Third term of quotient is FYe) =1
32— ¥
_ +
0

So, 3x*+6x —2x2 -~ 10x - 5=3x>-5) (> +2x+ 1) +0=(3x> - 5) (x + 1)?
Quotient = x> + 2x + 1 = (x + 1)?; Zeroes of (x + 1)> are 1, —1.

. 5 5
Hence, all its zeroes are \/;, - \/;, -1,-1 Ans.

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).

px)=x3-3xr+x+2
gx)=x-2and r(x)=—2x+4
SOLUTION. By Division Algorithm, we know that
p(x) = q(x) x g(x) + r(x)
Therefore, x3 — 3x? +x + 2 = (x — 2) X g(x) + (2x + 4)
= X -3 +x+2+2x—4=(x—2) x g(x)

¥ =3x% +3x-2

= g(x)=
x=2
On dividing x> — 3x2 + 3x — 2 by x — 2, we get g (x)
x—-x+1
x—2| x¥-3x*+3x-2 3
X3 —2x? First term of g(x) = oy
— + X
—x?+3x-2 )
—x*+2x Second term of g(x) - -
Lo x
X2 Third term of ¢(x) =§=1
x—2

0 Hence, g(x) =x*—x+ 1. Ans.
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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 ¢(x) (i) deg q(x) = deg r(x) (iii) deg g(x)="0
SOLUTION. (i) Letg(x) =3x>+2x+6, degree of g(x) =2
p(x) = 12x% + 8x + 24, degree of p(x) = 2
Here, deg p(x) = deg ¢g(x) Ans.
(i) px) =x3+ 224+ 33+ 5x2 + 2
gx) =x>+x+1, degree of g(x) =2
gx) =x*+x*+x+1
r(x) =2x% - 2x + 1, degree of r(x) = 2
Here, deg g(x) = deg r(x) Ans.
@ii)  Let p(x) = 2x* + 8x3 + 6x2 + 4x + 12
q(x) =2, degree of g(x) = 0
g(x) =x*+4x3 +3x2 +2x + 1
r(x) =10
Here, deg g(x) = 0. Ans.

EXERCISE 2.4 (OPTIONAL)*

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 :

1
(i) 23 +x2-5x+2; >’ 1,-2 (i) X -4’ +5x-2;2,1,1
SOLUTION. (i) Comparing the given polynomial with ax® + bx* + cx + d, we get
a=2,b=1,c=-5andd=2.

3 2
p(l) _ 2(1) +(l) _5(1)+2:1+1_§+2=w=9=0
2 2) 2 2 4 4 2 4 4

p(1) =2(1P + (12 -5(1)+2=2+1-5+2=0
P(-2) =220+ (=22 -5(-2)+2=2(~-8)+4+10+2=-16+16=0

1
—, 1 and - 2 are the zeroes of 2x> + x2 — 5x + 2.

2
1
So,oc=5,[3=1andy=—2.
1 1+2-4 1 -b
Therefore, oc+[3+y=5+l+(—2)= +2 ===
1 1 1 1-4-2 -5 ¢
+By+ya=|-|D+DE2)+=2)| = |==-2-1= =—=—
o+ By +1a= (1 )0+ 02+ 212 2B
1 -2 -d
andocBy=E><1><(—2) :_IZTZT Verified.

(if) Comparing the given polynomial with ax® + bx? + cx + d, we get
a=1,b=—4,c=5andd=-2.
p(2) =2 -4(2P +5(2)-2=8-16+10-2=0
p(1) =17 -4(12+5(1)-2=1-4+5-2=0
2,1 and 1 are the zeroes of x> — 4x? + 5x — 2.
So,a=2,B=1andy=1.
-(-4) -b
1 a

Therefore, at+tBt+y=2+1+1=4=
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QUESTION 2.

SOLUTION.

QUESTION 3.
SOLUTION.

QUESTION 4.

SOLUTION.

aay +yp+ =) (1) + )1 +(H2)=2+1+2=5= §=§

1
-2 -d
1  a

and afy = (2)(1)(1) =2 =

Verified.

Find a cubic polynomial with the sum, sum of the products of its zeroes taken two at a time, and the

product of its zeroes as 2, — 7, — 14 respectively.
Let the cubic polynomial be ax® + bx? + cx + d, and its zeroes be a., B and 7.
-=2)_-b

1 a

Then, atBt+y =2=
-7 ¢
of + Py tya =-7=—"="

d _ g4 -4
an ofy =—14= 1 p

Ifa=1,thenb=-2,c=-"7and d= 14.

So, one cubic polynomial which satisfy the given conditions will be x3 — 2x? — 7x + 14.
If the zeroes of the polynomial x> —3x’ +x + 1 are a — b, a and a + b, find a and b.
Since (a — b), a and (a + b) are the zeroes of the polynomial x* — 3x? + x + 1, therefore

(@a-b)+a+(a+b)= _(;3)=3

So, 3a=3 = a=1

(a—b)a+a(a+b)+(a+b)(a—b)=%=1

= d-—agb+at+tab+adt-r=1=3a2-b=1
So, 31 -b>=1 = 3-b>=1

= p2=2 or b= +.2

Hence, a=1and b= ++/2.

If two zeroes of the polynomial x* — 6x3 — 26x? + 138x — 35 are 2 + /3, find other zeroes.

We have : 2 + /3 are two zeroes of the polynomial
p(x) =x*—6x3 —26x> +138x - 35

Let x=2+ f3 So,x-2=%f3

Squaring, we get
X2—4x+4=3, je, x*—4x+1=0

Let us divide p(x) by x> — 4x + 1 to obtain other zeroes.

x?—2x—35
P—dx+1) x4 — 63— 26x2 + 138x — 35
- 4+ X2
_ + _
— 2x* — 27x* + 138«
- 2+ 8?2 - 2
- - -
— 35x% + 140x — 35
— 35x% + 140x — 35
- - -

(e}

Ans.

Ans.
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px) = x*— 6x° —26x> + 138x — 35
= (x? — 4x + 1)(x? — 2x — 35)
= (x% — 4x + 1)(x? — 7x + 5x — 35)
=% —4x + Dx(x—7) + 5(x—7)]
=% —4x+ D)(x+5)(x—7)
So, (x +5) and (x — 7) are other factors of p(x).
— 5 and 7 are other zeroes of the given polynomial. Ans.

QUESTION 5. Ifthe polynomial x* — 6x° + 16x? — 25x + 10 is divided by another polynomial x* — 2x + k, the remainder
comes out to x + a, find k and a.

SOLUTION.  Let us divide x* — 6x3 + 16x* — 25x + 10 by x> — 2x + k.

P dx+ (8- K)
x2—2x+k)x4 — 6 + 16x? — 25x + 10
- 23+ k?
¥ _
— 4 + (16 —kx?— 25x
— 43+ 8?2 — 4kx
+ - +
Bk + (4k—25)x +10

B—kx? — 28-kx +(8-kk
_ + _
2k-9x —-(@&—-kk +10
Remainder =(2k-9)x—(8—-k) k+10
But the remainder is given as x + a.

On comparing their coefficients, we have :
2k-9 =1 = 2k=10 = k=5
and -8-hk+10 =a
So, a=—@8-55+10
=-3x5+10=-15+10=-5
Hence, k=5 and a = - 5. Ans.





