Polynomials

Exercise 2.1 Multiple Choice Questions (MCQs)

Q. 1 If one of the zeroes of the quadratic polynomial (k — 1)x? + kx + 1 is =3,

then the value of k is
4 -4

@ Thinking Process

d—

() 3

w | N

Ifot is the one of the zeroes of the quadratic polynomial f(x)=ax’ + bx+ c. Then, f(ov)
must be equal to 0.

Sol. (@) Given that, one of the zeroes of the quadratic polynomial say p(x) = (k — 1)x2 + kx + 1

is =3, then p(=3)=0
= (k=1)(=3)° + k(=3)+1=0
= 9k -1)-3k+1=0
= % -9-3k+1=0
= 6k—8=0
. k=4/3

Q. 2 A quadratic polynomial, whose zeroes are —3 and 4, is

X2 X

@x*—x+12 (b) x* + x+12 (c)3—§—6 d) 2x* + 2x - 24

Sol. (¢c) Letax? + bx + ¢ be arequired polynomial whose zeroes are —3and 4.

Then, sum of zeroes = -3+ 4 =1 [ sumof zeroes = ;b]
a
N —b_1 o -b__(0) 0
a 1 a 1
and product of zeroes = -3 x4 =-12 [ product of zeroes = 9]
a
- c =12 0
a 1

From Egs. (i) and (ii),
a=1b=-1andc=-12
—ax®+ bx+cC
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. Required polynomial = 1-x% — 1-x — 12

=x®-x-12
_x o«
2 2

We know that, if we multiply/divide any polynomial by any constant, then the zeroes of
polynomial do not change.

Alternate Method
Let the zeroes of a quadratic polynomial areot = -3 and § = 4.
Then, sum of zeroes =a+pf=-3+4=1
and  product of zeroes = of = (-3) (4)=-12
Required polynomial =x? — (sum of zeroes)x + (product of zeroes)
=x?—(Dx+ (-12)=x% —x—-12

2
X X
=X _Y_g

2 2

Q. 3 If the zeroes of the quadratic polynomial x? + (a+ 1)x + b are 2 and -3,

then
(@a=-7,b=-1 (bya=5,b=-1
(©a=2,b=-6 (d)a=0,b=-6

Sol. (d) Let px)=x®+(a+Tx+b

Given that, 2 and —3 are the zeroes of the quadratic polynomial p(x).
p@)=0and p(-3)=0

= 22+ @+1)@R)+b=0
= 4+2a+2+b=0
= 2a+b=-6 ... (i)
and (=32 + @+ N(=3)+b=0
= 9-3a-3+b=0
= 3a-b=6 (i)

On adding Egs. (i) and (i), we get
5a=0=2a=0
Put the value of a in Eq. (i), we get
2x0+b=-6=>b=-6
So, the required values are a=0 and b=-6.

Q. 4 The number of polynomials having zeroes as —2 and 5 is
@1 (b) 2 (©3 (d) more than 3

Sol. (d) Let p(x)=ax? + bx + ¢ be the required polynomial whose zeroes are —2 and 5.

-b
Sum of zeroes = —

a
= b5y 5-3_79 0
a 1 1
and  product of zeroes = c
a
= €o _2x5=_19 (i
a 1
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From Egs. (i) and (ii),
a=1b=-3andc=-10
p(x)=ax®+bx+c=1-x%-3x-10
=x?-3x-10

But we know that, if we multiply/divide any polynomial by any arbitrary constant. Then,
the zeroes of polynomial never change.

p(x) = kx? — 3kx — 10k [where, k is a real number]
x> 3. 10 .
= p(x) = " - ;x - = [where, k is a non-zero real number]

Hence, the required number of polynomials are infinite i.e., more than 3.

Q. 5 If one of the zeroes of the cubic polynomial ax® + bx? + cx + d is zero,

the product of then other two zeroes is
@ =< (o) < ©0 2

a a a
@ Thinking Process

Firstly, we find the sum of product of two zeroes at a time and put the value of one of the
zeroesi.e., zero, we get the required product of the other two zeroes.
Sol. (b) Letp(x)=ax®+ bx® +cx +d

Given that, one of the zeroes of the cubic polynomial p(x) is zero.
Leto, B and y are the zeroes of cubic polynomial p(x), where a = 0.
We know that,

Sum of product of two zeroes atatime=2
a
c
= of+Py+yu==
a
= 0><[3+[3y+\(><0=9 [ a =0, given]
a
c
= 0O+By+0==
a
c
= By =~
a

Hence, product of other two zeroes = =
a

Q. 6 If one of the zeroes of the cubic polynomial x> + ax? + bx + c is -1, then
the product of the other two zeroes is

@b-a+1 b)b-a-1 (©a-b+1 (da-b-1
® Thinking Process

Firstly, we find the value of constant term ¢, by using p(—1)=0. After that we find the
product of all zeroes and put the value of one of the zeroes. Finally, we get the required
result.

Sol. (a) Let p(x) =x° + ax® + bx + ¢
Leto, B and y be the zeroes of the given cubic polynomial p(x).

R oa=-1 [given]
and p(=1)=0
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= 0 + a2+ b(=)+c=0
= -1+a-b+c=0
= c=1-a+b 0)
We know that,

Product of all zeroes = (-1)°. _Constantterm _ _c

Coefficient of x°® 1
afy=-c

= =D Py=-c [coo==T1
= By=c
= py=1-a+b [from Eq. (i)]

Hence, product of the other two roots is1—a + b.

Alternate Method

Since, — 1is one of the zeroes of the cubic polynomial f(x) = x? + ax® + bx +c i.e.,
(x + 1)is a factor of f(x).

Now, using division algorithm,

’+@-Nx+(b-a+1)

x+1> x3+ax’ +bx+c

x2 + x?

(@-1x2 + bx

@-1x>+@-1Nx

(b-a+Mx+c
b-a+Nxb-a+1)
c-b+a-1)

woxlt+axl+bx+c=@+ Nx{xP+@-x+b-a+)+c-b+a-1)
= 2P +ax’+bx+b-a+N=@+N{x?+@-1x+b-a+)}
Letowand B be the other two zeroes of the given polynomial, then
— Constant term
Coefficient of x°
—-(b-a+1)
1
= of=-a+b+1
Hence, the required product of other two roots is (— a + b+ 1).

Product of zeroes = (- )a-B =

= _(x.Bz

Q. 7 The zeroes of the quadratic polynomial x% + 99x + 127 are
(@) both positive (b) both negative
(c) one positive and one negative (d) both equal
Sol. (b) Let given quadratic polynomial be p(x) = x> + 99x + 127.
On comparing p(x) with ax? + bx + ¢, we get
a=1b=99andc =127
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b+ ./p%—
We know that, x = w [by quadratic formula]
a
—99+ /(99 - 4x1x127
2x1

_ -99+ ,/9801 - 508

2
—99 £ 49293 _ -99+ 964

2 2
99+ 964 —99 - 964
2 02
_ 26 1954
S22
=13 -977

Hence, both zeroes of the given quadratic polynomial p(x) are negative.
Alternate Method

We know that,

. ....a>0 _ b>0c>0
In quadratic polynomial, if or
a<0 b<0c<0

In given polynomial, we see that

a=1>0,b=99>0andc =127>0
which satisfy the above condition.
So, both zeroes of the given quadratic polynomial are negative.

}, then both zeroes are negative.

Q. 8 The zeroes of the quadratic polynomial x? + kx + k where k =0,

(a) cannot both be positive (b) cannot both be negative
(c) are always unequal (d) are always equal
Sol. (a) Let p(x)=x>+ ke +k k%0

On comparing p(x) with ax? + bx + ¢, we get
a=1b=kandc =k

_h+ ./p2 —
Now, x = w [by quadratic formula]
a

k£ K - 4k
DL

_ kK=, L, =0 4 ¥
—

Here, we see that
kk—4)>0
= k € (—oo, 0) U (4, o)
Now, we know that
In quadratic polynomial ax® + bx + ¢

lfa>0b>0c>00ra<0b<0c<0,
then the polynomial has always all negative zeroes.

and ifa>0,c<0ora<0c>0 then the polynomial has always zeroes of opposite
sign.
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Casel If Ke (-, 0)le., k<O
= a=1>0 b,c=k<0
So, both zeroes are of opposite sign.
Caselll If ke (4 ~)ie, k=4
= a=1>0 bc=4

So, both zeroes are negative.
Hence, in any case zeroes of the given quadratic polynomial cannot both be positive.

Q. 9 If the zeroes of the quadratic polynomial ax?+ bx+ c, where c #0, are
equal, then
(@) c and a have opposite signs (b) c and b have opposite signs
(c) ¢ and a have same signs (d) c and b have the same signs

Sol. (¢) The zeroes of the given quadratic polynomial ax® + bx +c, ¢ #0 are equal. If
coefficient of x? and constant term have the same sign i.e., ¢ and a have the same
sign. While b i.e., coefficient of x can be positive/negative but not zero.

eg, ()x®+4x+4=0 (i) x> —4x+4=0
=  (@+22=0 =  (x-2F=0
= x=-2-2 = x=22

Alternate Method
Given that, the zeroes of the quadratic polynomial ax® + bx + ¢, wherec # 0, are equal
i.e., discriminant (D)= 0

= b? —4ac =0
= b? = 4ac
2
= ac=b—
4
= ac>0

which is only possible when a and ¢ have the same signs.

Q. 10 If one of the zeroes of a quadratic polynomial of the form x? + ax + b is
the negative of the other, then it

(@) has no linear term and the constant term is negative
(b) has no linear term and the constant term is positive
(c) can have a linear term but the constant term is negative
(d) can have a linear term but the constant term is positive

Sol. (a) Let p(x)=x% + ax + b.
Constant term
Coefficient of x?

Letow and B be the zeroes of p(x).

Now, product of zeroes =

Product of zeroes (o -B) = %

= af=b )
Given that, one of the zeroes of a quadratic polynomial p(x) is negative of the other.
af<0

So, b<0 [from Eq. (i)]

Hence, b should be negative
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Puta = 0, then, px) =x+b=0
= x2=-b
— x =+ -b [-b<(

Hence, if one of the zeroes of quadratic polynomial p(x) is the negative of the other,
then it has no linear term i.e., a = 0 and the constant term is negative i.e., b < 0.

Alternate Method
Let flx)=x% +ax+b
and by given condition the zeroes are oo and — .

Sum of the zeroes=a. —a = a
= a=0

f(x) = x2 + b, which cannot be linear.

and product of zeroes =a-(-a)= b
= -0’ =b
which is possible when, b < Q.
Hence, it has no linear term and the constant term is negative.

Q. 11 Which of the following is not the graph of a quadratic polynomial?

i A A
/

()

A
Y

(b)) = 3

Sol. (d) For any quadratic polynomial ax® + bx + ¢, a # 0, the graph of the Corresponding
equation y = ax? + bx + ¢ has one of the two shapes either open upwards like U or
open downwards like m depending on whether a> 0 or a < 0. These curves are called
parabolas. So, option (d) cannot be possible.

Also, the curve of a quadratic polynomial crosses the X-axis on at most two points but in
option (d) the curve crosses the X-axis on the three points, so it does not represent the
quadratic polynomial.
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Exercise 2.2 Very Short Answer Type Questions

Q. 1 Answer the following and justify.
(i) Can x® —1 be the quotient on division of x® +2x*> +x—1 by a
polynomial in x of degree 5?
(ii) What will the quotient and remainder be on division of ax® + bx + c by
pxd +qx? +rx+s,p#£0?

(ii1) If on division of a polynomial p(x) by a polynomial g(x), the quotient
is zero, what is the relation between the degree of p(x) and g(x)?
(iv) If on division of a non-zero polynomial p(x) by a polynomial g(x), the
remainder is zero, what is the relation between the degrees of p(x)
and g(x) ?
(v) Can the quadratic polynomial x? + kx + k have equal zeroes for some
odd integerk > 1?

Sol. (i) No, because whenever we divide a polynomial x® + 2x° + x — 1by a polynomial in x of
degree 5, then we get quotient always as in linear form i.e., polynomial in x of degree 1.
Let divisor = a polynomial in x of degree 5

=ax® + bx* +cx® +dx® +ex + f
quotient = x2 — 1
and dividend = x5 + 2x% + x — 1
By division algorithm for polynomials,
Dividend = Divisor x Quotient + Remainder
=(ax® + ba* + cx® + dx? + ex + f)x (x2 — 1) + Remainder
= (a polynomial of degree 7) + Remainder
[in division algorithm, degree of divisor > degree of remainder]
= (\a polynomial of degree 7)
But dividend = a polynomial of degree 6
So, division algorithm is not satisfied.
Hence, x° — 1is not a required quotient.

(i) Given that, Divisor px® + gx°> + rx + s, p# 0
and dividend = ax® + bx + ¢

We see that,
Degree of divisor > Degree of dividend

So, by division algorithm,
quotient = 0 and remainder = ax® + bx + ¢
If degree of dividend < degree of divisor, then quotient will be zero and remainder as
same as dividend.

(iii) If division of a polynomial p(x) by a polynomial g(x), the quotient is zero, then relation
between the degrees of p(x) and g(x) is degree of p(x) < degree of g(x).

(iv) If division of a non-zero polynomial p(x) by a polynomial g(x), the remainder is zero,
then g(x) is a factor of p(x) and has degree less than or equal to the degree of p(x). i.e.,
degree of g(x) < degree of p(x).
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(v) No, letp(x) = x% + kx + k
If p(x) has equal zeroes, then its discriminant should be zero.
: D=8 -4AC=0 ()
On comparing p(x) with Ax® + Bx + C, we get
A=1B=kandC =k

k) —4M(k)=0 [from Eq. ()]
= k(k —4)=0
= k=04

So, the quadratic polynomial p(x) have equal zeroes only at k =0, 4.

Q. 2 Are the following statements ‘True’ or ‘False’? Justify your answer.

(i) If the zeroes of a quadratic polynomial ax? + bx + c are both positive,
then a, b and c all have the same sign.

(i1) If the graph of a polynomial intersects the X-axis at only one point, it
cannot be a quadratic polynomial.

(i11) If the graph of a polynomial intersects the X-axis at exactly two
points, it need not be a quadratic polynomial.

(iv) If two of the zeroes of a cubic polynomial are zero, then it does not
have linear and constant terms.

(v) If all the zeroes of a cubic polynomial are negative, then all the
coefficients and the constant term of the polynomial have the same
sign.

(vi) If all three zeroes of a cubic polynomial x° +ax? —bx +c are
positive, then atleast one of @, b and ¢ is non-negative.

(vii) The only value of k for which the quadratic polynomial kx? + x + k has

.1
equal zeroes is >

Sol. (i) False, if the zeroes of a quadratic polynomial ax® + bx + ¢ are both positive, then
oc+[3=—9 and oc-[i’>=9
a a

where avand B are the zeroes of quadratic polynomial.
: c<0a <0 and b>0
or c>0a>0 and b<0
(ii) True, if the graph of a polynomial intersects the X-axis at only one point, then it cannot

be a quadratic polynomial because a quadratic polynomial may touch the X-axis at
exactly one point or intersects X-axis at exactly two points or do not touch the X-axis.

(i) True, if the graph of a polynomial intersects the X-axis at exactly two points, then it may
or may not be a quadratic polynomial. As, a polynomial of degree more than z is
possible which intersects the X-axis at exactly two points when it has two real roots and
other imaginary roots.
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(iv) True, let o, B and y be the zeroes of the cubic polynomial and given that two of the
zeroes have value 0.

Let B=y=0

and fle) = (x — o) (x = B)(x —v)
=(x —o)(x —0)(x -0
=% — ax?

which does not have linear and constant terms.

(v) True, if f(x) = ax® + bx® + cx + d. Then, for all negative roots, a, b, ¢ and d must have
same sign.

(vi) False, leta, f and v be the three zeroes of cubic polynomial x° + ax® — bx + c.

3 Constant term

Then, product of zeroes = (-1)° ———————
Coefficient of x

= ofy= _@

o oby =0 )
Given that, all three zeroes are positive. So, the product of all three zeroes is also positive
ie., By > 0

X >0 [from Eq. (i)]
- c<O0

1) Coefficient of x?

Now, sumofthezeroes=a+p+ y=(-1)—""""TF —"_
Coefficient of x®

a
= oc+[3+y=—?=—a

Buto, B and y are all positive.
Thus, its sum is also positive.

So, oa+pf+7y>0
= -a>0
= a<o0

> Coefficient of x
Coefficient of x°

and sum of the product of two zeroes at a time = (- 1) _Tb

= o +Py+yo=-b
off +PBy+oy>0 = -b>0
= b<0

So, the cubic polynomial x® + ax? — bx + ¢ has all three zeroes which are positive only
when all constants a, b and ¢ are negative.

(vii) False, let f(x) = kx? + x + k
For equal roots. Its discriminant should be zero i.e., D = b? — 4ac = 0
= 1-4k-k=0
= K= J_r1

2
So, for two values of k, given quadratic polynomial has equal zeroes.
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Exercise 2.3 Short Answer Type Questions

Find the zeroes of the following polynomials by factorisation method and
verify the relations between the zeroes and the coefficients of the
polynomials

() 4x% - 3x — 1.

@ Thinking Process

Firstly, we use the factorisation method e, splitting the middle term of quadratic
polynomial and find its zeroes. After that use the formula of sum of zeroes and product
of zeroes for verification.

Sol. Let f(x) = 4x° - 3x — 1
=4x% —dx + x -1 [by splitting the middle term]
=dx(x - 1)+ 1(x - 1)
=(x—1)(4x + 1)
So, the value of 4x? — 3x — 1is zerowhen x —1=0o0r 4x + 1= 0i.e, whenx =1orx = —%.
So, the zeroes of 4x° — 3x — 1are 1 and — %
Sum of zeroes = 1— 1.3_=9
4 4 4

= (-1 Coefficient of x
Coefficient of x°

and product of zeroes = (1) (—%) = —%

_(_9? [ _Constant term
Coefficient of x?

Hence, verified the relations between the zeroes and the coefficients of the polynomial.

(ii) 3x° + 4x — 4.
Sol. Let flx)=3x° + 4x — 4
=3x% + 6x —2x — 4 [by splitting the middle term]
=3x(x +2)-2(x + 2)
=(x+2)(8x-2)
So, the value of 3x° + 4x — 4 is zero when x + 2 =0o0r 3x =2 =0, i.e., when x =—2 or

x = % So, the zeroes of 3x° + 4x — 4are -2 and %

Sum of zeroes = -2 +%=—f

3
(1 (Coefficient of x )

Coefficient of x?
and product of zeroes = (-2) (%) = %4
= (-1 (M)
Coefficient of x?

Hence, verified the relations between the zeroes and the coefficients of the polynomial.
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(iii) 5t% + 12t + 7.
Sol. Let ft)=5t2 +12t +7
=5t2 47t + 5t +7 [by splitting the middle term]
=t(5t+7)+ 15t +7)
=GBt+7)¢t+1)

So, the value of 5t + 12t + 7 is zero when 5t + 7 = Qort + 1= 0,

ie., whent = % or t=-1

So, the zeroes of 5t° + 12t + 7 are —7 /5and —1.

7 -12

P 1 e —

5 5

= (1) ( Coefficient of t )
Coefficient of t°

Sum of zeroes = -

and product of zeroes = (—%) -1 = %
= (-1 (M)
Coefficient of t?

Hence, verified the relations between the zeroes and the coefficients of the polynomial.

(iv) t* —2t? — 15t.

Sol. Let fit)=t3 -2t —15¢

=t(t? -2t —15)
=t({% -5t + 3t —15) [by splitting the middle term]
—t[t(t - 5)+ 3¢ - 5)]
=ttt -5+ 3)

So, the value of t® —2t2 — 15t is zero whent = Oort —5=0ort + 3=0

ie., whent =0ort =50rt =-3.

So, the zeroes oft® —2t% — 15t are -3, 0 and 5.

Sum of zeroes = -3+ 0 + 5=2=@

- ). (Coefficient of tz)
Coefficient of t°
Sum of product of two zeroes at a time
=(=3)(0)+ (0)(5) + (5) (-3)
=0+0-15=-15
= (1P ( Coefficient of ¢ )
Coefficient of t°

and product of zeroes = (-3) (0) (5) = 0
- (1 3( Constant term )

Coefficient of t°
Hence, verified the relations between the zeroes and the coefficients of the polynomial.
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7 3
(V) 2x% + —x + =,
2 4
Sol. (et f(x)=2x2+gx+%=8x2+14x+3

=82 +12x +2x + 3 [by splitting the middle term]
=4dx Rx+ 3)+1@2x + 3)
=@x+ 3)(4x + 1)

So, the value of 8x° + 14x + 3is zerowhen?2x + 3= 0or4x + 1=0,

ie., Whenx=—§orx=—l.
2 4

So, the zeroes of 8x> + 14x + 3are — g and — %

Sumofzeroes=—§—1=—z -
2 4 4 2 X2

_ _ (Coefficient of x)
(Coefficient of x?)

And roductofzeroes=(—é)(—1)=§:i
2 4 8 2x4

_ Constant term
Coefficient of x2
Hence, verified the relations between the zeroes and the coefficients of the polynomial.

(vi) 4x2 + 5v2x — 3.
Sol. Let f(x) = 4x® + 5J2x - 3
=4x” + 6v2x —2x - 3 [by splitting the middle term]
=2+2x (W2x + 3) - 1(2x + 3)

=(2x +3)@V2-x - 1)
So, the value of 4x? + 5v2x — 3is zero when +2x + 3=00r2+2 - x —1=0,

ie., Whenx=—iorx=i.
V2 2.2
3 1
So, the zeroes of 4x> + 5v2 x — 3are — -~ and —_.
N2 232
3 1
Sum of zeroes = — —— + ——
V2 22
= — 75 = _5\/5
242 4

(Coefficient of x)

(Coefficient of x?)
and product of zeroes = — 3.1 __3
N2 242 4
_ Constant term
Coefficient of x?

Hence, verified the relations between the zeroes and the coefficients of the polynomial.
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(vif) 252 — (1+ 242)s + /2.
Sol. Let f(s)=2s% —(1+ 242)s + /2
=252 —s-22s5+2
=s@s-1)-+2@s-1)
=@2s —1)(s —~2)
So, the value of 252 — (1+ 24/2) s + +/2 is zerowhen2s — 1=00ors — /2 = 0,

ie., when s =%ors =2

So, the zeroes 0f 2s? — (1+ 2+/2) s + /2 are % and /2.
1+242 _ —[-(1+242)] _ (Coefficient of s)

2 2 (Coefficient of s%)
1 1 Constant term

and product of zeroes = — 2 = —— = "> =
2 V2 Coefficient of s?

Hence, verified the relations between the zeroes and the coefficients of the polynomial.

Sum of zeroes = % + 2 =

(Vi) V% + 4+/3v — 15.

Sol. Let f(v)=v2 + 4/3v —15
=v?+(5V3-+/3)v-15 [by splitting the middle term]
=v? + 5J3v —/3v-15
= V(v + 5J3)—V/3(v + 5V3)

= (v + 5V3)(v —+/3)
So, the value of v2 + 4/3v — 15is zero when v + 53 = 0orv — /3 =0,
ie, whenv = - 53 orv = +/3.

So, the zeroes of v2 + 4+/3v — 15are =53 and /3.

Sum of zeroes = - 5J3 + /3 = - 443
- (-1 (Coefficient of v )

Coefficient of v

and product of zeroes = (=5+/3) (v3)
=-5x3=-15
= (1P ( Constant term )

Coefficient of v2
Hence, verified the relations between the zeroes and the coefficients of the polynomial.

(ix) y2+§x/§y—5.
> . 3
Sol. Let  fy=y +Eﬁy_5=2y2+3\6y—10
=2y + 4/5y-5y-10 [by splitting the middle term]
=2y (y+2+5) =5 (y + 2/5)
=(y+25) 2y - 5)
So, the value of y* + g 5y — 5is zero when (y + 24/5) = 0or Ry — +/5) = 0,

ie., when y=—-2+50ry = ?
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So, the zeroes of 2y* + 35y — 10are — 24/5 and %

Sum of zeroes — — 25 + V5 _-3J5 _ _ (Coefficient of y)
2 2 (Coefficient of y?)

And product of zeroes = — 2+/5 x ﬁ =-5= _Constant term
2 Coefficient of y?

Hence, verified the relations between the zeroes and the coefficients of the polynomial.

11 2
X 7y -—y--—
) 3 3
11 2
Sol. Let =72 = y_<
W=7y 3773
=21y — 11y -2
=21y* — 14y + 3y -2 [by splitting the middle term]

=7y(8y—-2)+ 18y —2)
=@By-2)7y+1)
So, the value of 7y —%y—%is zerowhen3y -2 =0o0r7y+ 1=0,

. 2 1
ie., wheny==ory=—-—
Y 3 / 7

2 1

So, the zeroes of 72 — uy _2 are —and ——.
3 3 3 7

Sumofzeroes—g—1 14- S_H__( ‘11)
3 21 3x7

7
Coefficient of y.
Coefficient of y?

and product of zeroes = (2) ( )_ c = -2
3 21 3x7

— (-7 [ _Constant term
Coefficient of y?

Hence, verified the relations between the zeroes and the coefficients of the polynomial.
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Exercise 2.4 Long Answer Type Questions

Q. 1 For each of the following, find a quadratic polynomial whose sum and
product respectively of the zeroes are as given. Also, find the zeroes of
these polynomials by factorisation.

-8 4 21 5 -3 1
i) —, = i) =, = (i) —2/3, -9 (iv) —, - =
) 53 ()816 (iif) ()2\/52
@ Thinking Process

(i) Firstly we use the concept or method of formation a quadratic equation,
le, flx)= & —(sum of the zeroes) x+ (product of zeroes).

(i) After making a quadratic polynomial we factorise it by splitting the middle term
and get the required zeroes.

Sol. (i) Given that, sum of zeroes (S) = —g

and product of zeroes (P) = g

Required quadratic expression, f(x) = x2 — Sx + P

=x2+§x+é=3x2+8x+4
3 3

Using factorisation method, = 3x% + 6x + 2x + 4

=3x(x+2)+2(x+2)=(x+2)(3x +2)
Hence, the zeroes of f(x)are —2 and — g.

3
(i) Given that,S = 2 and P = 2
8 16
Required quadratic expression, f(x)=x® —Sx + P
=2y S _qe? —42x 4 5
8 16

Using factorisation method = 16x? — 40x —2x + 5
=8x 2x —-5)-1@Qx - 5=02x-5)(8x—1)
Hence, the zeroes of f(x) are S and %

(iii) Giventhat,S =-2+/3andP=-9
Required quadratic expression,
flx)=x% —=Sx + P=x2 + 2/3x = 9
=x% + 3/3x —/3x -9 [using factorisation method]
=x (x + 3v3) - V3 (x + 3V3)
= (x + 3v3) (x — V/3)

Hence, the zeroes of f(x)are — 3v/3 and /3.

(iv) Given that, S = — °_and P = — %

245
.. Required quadratic expression,
3 1
- X — —
25 2

flx)=x® =Sx + P =x° +

=26x% + 3x —+/5
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Using factorisation method, =2+/5 x2 + 5x —2x — /5

=/5x 2x + v/5) - 12x + v/5)
=@x + +/5) (+/5x — 1)
V5 1

Hence,the zeroes of f(x) are — > and —.

J5

Q. 2 If the zeroes of the cubic polynomial x> — 6x2 + 3x + 10 are of the form

Sol.

a, a+ b and a + 2b for some real numbers a and b, find the values of aand b
as well as the zeroes of the given polynomial.

@ Thinking Process

Using the following relations related to a cubic polynomial.
Coefficient of x°
(i) Sum of the zeroes =(=1): ———
f Coefficient of

. . Coeffici f
(if) Sum of product of two zeroes at a time = (— 1)° ~w
Coefficient of x

Let fx)= 2% — 6x2 + 3x + 10
Given that, g, (@ + b)and (a + 2b) are the zeroes of f(x). Then,
(Coefficient of x?)

Sum of the zeroes =— 3
(Coefficient of x*)

= a+(a+b)+(a+2b)=—7(_16)
= 3a+3b=6
= a+b=2 ()

Sum of product of two zeroes at a time = ( Coefficient of x )

Coefficient of 3

= a(a+b)+(a+b)(a+2b)+a(a+2b)=%
= a@+b)+@+b){l@+b)+bt+a{la+b)+b}=3
= 2a+22+b)+a(2+b)=3 [using Eq. (i)]
= 2a+2@R+2-a+a@R+2-a)=3 [using Eq. (i)]
= 2a+8-2a+4a-a’=3
= -a®+8=3-4a
= a®-4a-5=0
Using factorisation method,
a®-5a+a-5=0
= a@-5+1@-5=0
= (@-5@+1n=0
= a=-15
when a=-1then b=3
When a=5 then b=-3 [using Eq. ()]
~.Required zeroes of f(x) are
When a=-1landb=3
then, a@+b),@+2)=-1(-1+3), (-1+6) or =125
When a=>5and b =- 3 then

a@a+b),@+2b)=5(>B-3),(5-6) or 52,—-1.
Hence, the required values ofa and b area=—-1and b = 3ora = 5 b = — 3and the zeroes
are—1,2and 5.
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Q.3 If +/2 is a zero of the cubic polynomial 6x 3 + 222 — 10x — 4+/2, the find
its other two zeroes.
@ Thinking Process

Use division algorithm and get a quadratic polynomial. Further factorize the quadratic
polynomial by factorisation method and get the other two required roots.

Sol. Let f(x)=6x> + v2x2 = 10x — 442 and given that, v/2 is one of the zeroes of f(x) i.e.,

(x —+/2)is one of the factor of given cubic polynomial.
Now, using division algorithm,

6x2 + 7\2x + 4
(x —x/§))6x3 +72x% —10x — 42
6x° — 6v2x°
- +
72x% —10x — 42
72x2 —14x
- +
4y — 42
4x — 42

X
6x° + 2% —10x — 42 = (6x° + 7v2x + 4) x (x —~2)+ 0
[ dividend = divisor x quotient + remainder]
= (x —2) (6x% + 4v2x + 3\2x + 4)
(x )

= (x —2) {N2x (3V2x + 4)+ 1(3V2x + 4)}
=(x —2){(3V2x + 4) (+2x + 1)}
=(x —2) W2x + 1) (3V2x + 4)
. 1 4
So, its other zeroes are — ﬁ and — ﬁ'

Q. 4 Find k, so that x® + 2x + k is a factor of 2x* + x* — 14x® + 5x + 6. Also,
find all the zeroes of the two polynomials.

Sol. Given that, x® + 2x + k is a factor of 2x* + x® —14x® + 5x+ 6, then we apply division
algorithm,
2x% — 3x + (-8 -2k)
x% +2x + K))2x* + x° —14x> + 5x + 6

2x* + 4x3 + 2kx?

—3x% =@k +14)x® + 5x + 6
—3x% — 6x% — 3kx
N

+ +

(6 -2k —14)x® + 3k + 5)x + 6
(-8 —2K)x2 +2(-8 = 2K)x + k(-8 — 2kK)

(Bk + 5+ 16+ 4K)x + (6 + 8k + 2k?)
Since, (x? + 2x + k)is a factor of 2x* + x°® — 14x? + 5x + 6.
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So, when we apply division algorithm remainder should be zero.
Tk+20)x+ @k +8k+6)=0-x+ 0
7k+21=0 and 2k®+ 8k+6=0
k=-3 or k?+4k+3=0
k®+3k+k+3=0 [by splitting middle term]
kk+3)+1(k+3)=0
k+1)(k+3)=0
k=-1or -3
Here, if we take k = — 3, then remainder will be zero.

| | A

Thus, the required value of kis — 3.
Now, Dividend = Divisor x Quotient + Remainder
= 2x* + x% —14x% + 5x + 16=(x° + 2x — 3) 2x® — 3x — 2)
Using factorisation method,
=(x? + 3x —x — 3) (2x° — 4x + x —2) [by splitting middle term]
={x(x+3)-Tx+3IH2x (x -2)+1(x —2)}
=x-Nx+3x-2)Cx+1)
Hence, the zeroes of x° +2x —3are 1, -3 and the zeroes of 2x* + x® —14x® + 5x + 6
are 1, =3, 2,11.
2

Q.51fx - /5 is a factor of the cubic polynomial x 3 — 36x 2 + 13x — 35,
then find all the zeroes of the polynomial.

Sol. Letf(x)=x® - 3/5x2 + 13x — 3/5 and given that, (x — +/5)is a one of the factor of f(x).
Now, using division algorithm,

x% —2/5x + 3
x—ﬁ>x3—3«/§x2+13x—3x/5
x% — J5x?
-+

—25x° + 13x - 3V5
—2/5x% + 10x
R T

3x — 3J5
3x - 3J5
-+t

X

x® - 3J5x% + 13x — 3J5 = (x? — 24/5x + 3) x (x — +/5)

[ dividend = divisor x quotient + remainder]
=(x —/5)[x° = {5+ V2)+ (5 —2)}x + 3] [by splitting the middle term]
= (x —B)[x* = (V5 + v2)x — (/5 —2)x + (V5 + v2) (/5 - +/2)]

[-3=(5++2) (5 -+2)
= (x =B [x{x = (V5 + ¥2)} - (VB = 2) {x - (/5 + +2)}]
= (x =v/5) {x = (5 + v2)}Hx - (5 -~2)}
Hence, all the zeroes of polynomial are v/5, (v/5 + +2)and (+v/5 — v/2).
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Q. 6 For which values of @ and b, the zeroes of q(x) = x> + 2x° + a are also the
zeroes of the polynomial p(x) = x° — x* — 4x> + 3x% + 3x+ b? Which
zeroes of p(x) are not the zeroes of p(x)?

@ Thinking Process
(i) Firstly, we use the division algorithm to get the remainder. Since, q(x) is a factor of
p(x). So, remainder should be zero.

(i) Now, equating the like terms of x and get the values of ‘a’ and 'b’. After that factorise
the quotient by splitting the middle term method.

(iii) Finally, we get two more zeroes, which are not the zeroes of p(x).

Sol. Given that the zeroes of g(x)=x° +2x° + a are also the zeroes of the polynomial
plx)=x° —x* —4x3 + 3x® + 3x + bie., g(x)is a factor of p(x). Then, we use a division
algorithm.

x2—3x+2
x® +2962+a>x5—x4 —4x3 +3x%+3x+b

2%+ 2x* + ax®

~3x* - 4x®*+ (3-an®+3x+ b

—3x* - 6x% - 3ax
+ + +

2x3 + (3-ax®+ B3+ 3ax+b

2x° + 4x°% + 2a

—(1+a)x? + (3+ 3a)x + (b —2a)

If (x2 + 2x2 + a)is a factor of (x° — x* — 4x® + 3x® + 3x + b), then remainder should
be zero.
ie, —(+a)x>+@B+3a)x+(b-2a)=0

=022+ 0-x+0

On comparing the coefficient of x, we get

a+1=0
= a=-1
and b-2a=0
= b=2a
= b=2-1=-2 [ra=-1]

Fora=—-1and b = -2, the zeroes of g(x) are also the zeroes of the polynomial p(x).
qx)= x> +2x% -1
and plx)=x% — x* — 4x® + 3x° + 3x -2
Now, Divident = divisor xquotient + remainder
plx) = (x° +2x% =1) (x® = 3x +2)+ 0

=3 +2x2 - ) {x® -2x —x + 2}

=@ +2x2 - (x—-2)(x 1)
Hence, the zeroes of p(x) are 1and 2 which are not the zeroes of g (x).



