CHAPTER 2

Polynomials

EXERCISE 2A

For Basic and Standard Levels

1. (i)
(iD)
(i)

2. (i)

(i)

(i)

(iv)

(vi)

(vil)

(vii)

(ix)

The graph of i = p(x) cuts the x-axis at one point only.
. p(x) has only 1 zero.
The graph of y = p(x) cuts the x-axis at three points.
p(x) has 3 zeroes.

The graph of y = p(x) meets/cuts the x-axis at two
points.

. p(x) has 2 zeroes.
Since the graph of y = p(x) is neither a straight line
nor a parabola,

. p(x) is neither linear nor quadratic polynomial.
Also, the graph y = p(x) cuts the x-axis at one point.
. p(x) has 1 zero.
The graph of y = p(x) is a straight line.

- p(x) is a linear polynomial.

Also, the graph of y = p(x) cuts the x-axis at one point.

- p(x) has only 1 zero.
The graph of y = p(x) is a parabola.
- p(x) is a quadratic polynomial.

Also, the graph of y = p(x) does not touch the x-axis.

. p(x) has no zeroes.

The graph of y = p(x) is a parabola.

. p(x) is a quadratic polynomial.

Also, the graph of y = p(x) cuts the x-axis at two
points.

. p(x) has 2 zeroes.

The graph of y = p(x) is neither a straight line nor a
parabola.

. p(x) is neither linear nor quadratic polynomial.
Also, the graph of y = p(x) cuts the x-axis at three
points.

. p(x) has 3 zeroes.

The graph of y = p(x) is a parabola.

. p(x) is a quadratic polynomial.

Also, the graph of y = p(x) touches the x-axis at one
point.

. p(x) has only 1 zero.

The graph of y = p(x) is a straight line.

. p(x) is a linear polynomial.

Also, the graph of y = p(x) cuts the x-axis at one point.

. p(x) has only 1 zero.
The graph of y = p(x) is a parabola.
. p(x) is a quadratic polynomial.

Also, the graph of y = p(x) does not touch the x-axis.

. p(x) has no zeroes.
The graph of y = p(x) is a parabola.
. p(x) is a quadratic polynomial.

Also, the graph of y = p(x) cuts the x-axis at two points.

- p(x) has 2 zeroes.

EXERCISE 2B

For Basic and Standard Levels
1. (i) flx) =3x2+9x+6

=3(x%+3x +2)
=302+ x +2x + 2)
=3x (x+1)+2(x+1)]
=3(x+1) (x+2)

The zeroes of f(x) are given by f(x) = 0

=>3x+1)(x+2)=0

= x=-1or x=-2

So, the zeroes are — 1 and - 2.

Sum of zeroes = (-1) + (-2) = -3

_-3x3 -9

3 3

_ _ (Coefficient of x)

Coefficient of x>

Product of zeroes = (-1) x (- 2) =2
_2x3 _6

3 3

Constant term

Coefficient of x?
(i) flx) =9% —6x + 1
=92 -3x-3x+1
=3x Bx-1)-1(3x -1)
=(3x-1) 3x-1)
The zeroes of f(x) are given by f(x) = 0
= Bx-1)B3x-1)=0
=>Bx-1)Bx-1)=0

= x:l
3
So, the zeroes are 1 and 1.
3 3
_1,1_2
Sum of zeroes = 3+ 33
_2.3_6
=3%37 9
-(-6)

e

_ _ Coefficient of x_

Coefficient of x?

1.1 1
P f = ix> ==
roduct of zeroes 3 X 3 9

Constant term
 Coefficient of x2
(iif) flx) =9x*-5
= (3P - (5
=@x++5)@x-+5)
The zeroes of f(x) are given by f(x) = 0
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N | Polynomials

= Bx+ 5)Bx-+5)=0

__ 5 _\5
= x=- g orx= g
So, the zeroes are # and g
Sumofzeroes=——5+£=0
3 3
_0__0
1 1

Coefficient of x°

Product of zeroes = (_}FJ % (\/35 J _

Constant term

Coefficient of x°

(iv) f(x) = 522 + 2x
= x(5x + 2)
The zeroes of f(x) are given by f(x) = 0
= x5x+2)=0
= x=0orx= 2
5
So, the zeroes are 0 and _?2
Sum of zeroes = 0 + %2 = _?2

_ —(Coefficient of x)

Coefficient of x>

Product of zeroes = 0 x (_—2) =0= 0

5 5

_ Constant term
Coefficient of x*

=6x2-3-7x

=6x*-7x-3

=6x>-9x +2x -3

= 3x(2x — 3) + 1(2x — 3)

=(2x-3) 3x + 1)

The zeroes of f(x) are given by f{x) = 0

= 2x-3)3x+1)=0

@) flx

~

= x:é or x:_—1
2 3°
So, the zeroes are 3 and _—1.
2 3
_3 (A1) _9+(2
Sumofzeroes—2+(3)_ 5
_7 __(7)
6 6

—(Coefficient of x)

Coefficient of x?

_(3 -1
Product of zeroes = ( 2) X [3)

_1_-1 3_3

T2 7 2 736

_ (Coefficient of x)

=5

9

_ Constant term
Coefficient of x*

fix) = B2 - 8x + 43
= V3x2-6x-2v+443
= Bx(x-24/3)-2x- 24/3)
= (x- 23) (Bx-2)
The zeroes of f(x) are given by f(x) = 0
= (x-23)Bx-2)=0

= x:2\/§ or x:i

J3

So, the zeroes are 24/3 and 2 .
V3
2
Sum of zeroes = 23 + ——
J3
_2B3(WB)+2 _ 8
J3 J3

—(Coefficient of x)

Coefficient of x?

Product of zeroes = 24/3 2
NG
a4 B
1 3
43

Constant term
Coefficient of x*

(vii) We have

23x% -5x + 3

23x% =3y —2x + 3
V3x(2x - 3)-12x - 3)
- (2x-B)(x-)

. The zeroes of f(x) are given by
f) =0
= (Zx—x/g)(«/gx—l) =0

f0)

Either 2x —+/3 =0 = ng
1
or x-1=0 = Xx= —
J3
. J3 1
Hence, the required zeroes are ~—~— and —— .
Verification:
Sum of the zeroes of f(x) = 23 x> —5x + /3
_V3 .1
2 3
_3+2
243



Verification:

243 Sum of the zeroes of f{y) = 3\/— —=y-5
_ __Coefficient of x
Coefficient of x* = 25+ ﬂ
(vii)) We have fa) = 2% + %x -2 N
= 1(6x2+x—12) -
6 _ Coefficient of y
- T . . 2
_ %[6x2 + 9y — 8x — 12} Coefficient of y
) (x) We have fis) = 257 = (1+242)s ++2
= Z[3x(2x +3) - 4(2x +3)]
6 =282 —5— 2425 + 2
= %(2“3)(336-4) =s25-1)- V225 - 1)
The zeroes of f(x) are given by =2s-1)(s - \/E)
flx)=0 Hence, zeroes of f(s) are given by
= @+3)Bx-4)=0 fls)=0
Either 2v +3=0 = x=—% = (@s-1)(s-+2) =0
. 1
or 3x—4-=0 = ng Either2s-1=0 = s=3
. 4 3 Or s—v2 =0 = s=2
Hence, the required zeroes of f(x) are 3 and 5
Hence, the required zeroes are 1 and 2.
Verification: 2
Sum of the zeroes of f(x) = x? + 1, Verification:
6 Sum of the zeroes of f(s) = 25> — (1 + 2\/5)5 + 2
4 3_8-9_1
37276 6 - %Jr 2
_ _ Coefficient of x
Coefficient of x> _ 1+ 242
3J5 ?
(ix) Wehave fly) =y* + Y -5 _ _ Coefficient of s
1 Coefficient of s>
= E[Zy + 35y - 10} (xi) We have fity=92 -6t +1
=(3t-1)?
= l[2y2 + 45y — /5y - 10} . Zeroes of f(t) are given by
2 el
Gt-12=0
1 10 . 1 1
= = Y - t==, =
2[23/ (v+2v5y) - ﬁ(w\/gj] 33
= % [2]/ y+ 2\/—y \/g(y +245 )} Hence, the required zeroes are % and % .
e 1.1 2
1 : = 4= ==
_ E(erz\/—)(zy \/—) Verification: Sum of the zeroes 3t3 =3
The zeroes of f(y) are given by Also, —% of filt) =92 -6t + 1
fly) =0 oefficient o
= (y+245)(2y-5) =0 :_(%6]:%
Either y +2V5 =0 = y=-25 = sum of the zeroes
J5 (xii)) We have flx) =3x2 -2
or -5 =0 = y= 5 . Zeroes of ]";’x)2 are2 gi\;)en by
X — 2 =
: _ 5
Hence, the required zeroes are 2./5 and 2 - = + \/g
N3
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2. (i) We have f(x)

(i)

(i)

Hence, the required zeroes are \/% and —\/% .

Verification: Sum of the zeroes of f(x) = 3x? - 2

- 22 _
B
_ Coefficient of x _0_ 0

Coefficient of x> 3
+x-pp+1)
P+ p+Dx—px-pp+1)
xx+p+1]-plx+p+1]
(x+p+1) (x-p)
. Zeroes of f(x) are givenby (x + p+ 1) (x - p) =0
Eitherx +p+1=0 = x=-p-1=-(p+1)
Or x-p=0 = x=p
Hence, the required zeroes are —(p + 1) and p.
Verification:
Sum of the zeroes of f(x) = x> + x — p(p + 1)
=p-p-1=-1

_ _ Coefficient of x_

Coefficient of x*

We have f(x) = 22 = 3x — m(m + 3)
=x2—(m+3)x + mx —m(m + 3)
=x(x—m-23)+m(x—-m-23)
=(x+m) (x—m-=23).

. The zeroes of f(x) are given by
x+m)(x-m-3)=0
Eitherx + m=0 = x=-m

or x-m-3=0 = x=m+3
Hence, the required zeroes are —m and m + 3.
Verification:

Sum of the zeroes of f(x) = x2 — 3x — m(m + 3)
=-m+m+3=3
_ _ Coefficient of x

Coefficient of x?
fx) =6x*> -3 -7x
=6x*-7x-3
=6x>+2x-9x -3
=2x(Bx + 1) = 3(3x + 1)
=(2x-3)3x + 1)
.. The zeroes of f(x) are given by
2x-3)Bx+1)=0
=0

We have

Either (2x — 3) = x= %
-1
or Bx+1)=0 = x:i
. 3 -1
Hence, the required zeroes are > and 3
Verification:
Sum of the zeroes of f(x) = 6x> - 3 - 7x
_3_1
2 3
_9-2_7
6 6

_ _ Coefficient of x

Coefficient of x2
-(7) _7

6 6

6.

fx)=ax®+ @+ b)x+b
=ax®+ax +bx+b
=ax(x + 1) + b(x + 1)
=(x+1) (ax + b)
The zeroes of f(x) are given by f(x) = 0

= (x+1) (ax+b) =0

= x=-lorx=—
a

b
So, the zeroes are -1 and ——.
a

Let fly=2x%+x+k

A real number ‘@’ is a zero of a polynomial f(x) if fa) = 0.

Since 3 is a zero of the given polynomial,

f3)=0
= 2082 +@B)+k=0
= 18+3+k=0
= k=-21
(i) Let fl)=x2-x-(2k+2)
A real number ‘a” is a zero of a polynomial f(x)
if fla) = 0.
Since (- 4) is a zero of the given polynomial,
f=4)=0
= (-42-(-4)-2k+2)=0
16+4-2k-2=0
= 18-2k=0
= 2k =18
= k=9
(i) Since 1 is a zero of p(x) =ax*-3@-1) -1
" p(1)=0
= a(1>-3@-1)-1=0
= a-3a+3-1=0
= 20+2=0
= 20 =2
= a=1
(if) Since — 2 is a zero of f(x) = 3x> + 4x + 2k
f-2)=0
= 3(=2)2 + 4(=2) + 2k = 0
= 12-8+2k=0
= k=-2
(iv) Since 4 is a zero of f(x) = x* — x - (2k + 2),
fi4)=0
= (42 +4-(2k+2) =0
= 20=2k +2
= 2k =18
= k=9
Sum of zeroes =1 + (-3) = -2

and  product of zeroes =1 x (-3) = -3
Required polynomial = x* — (-2) x + (-3)
=x?+2x-3
2

_ZZ_T

_ (Coefficient of x)
2

Sum of zeroes

Coefficient of x
-_3
3= :

Constant term

Product of zeroes

Coefficient of x*



7. (a)

(i)

(i)

(iv)

(©)

(©i)

(vil)

(viid)

()S=4P=-2
Required polynomial = x> — Sx + P
=x2—4x + (-2)
=x—4x-2
—op=_10
S=0,P= 3

Required polynomial = x* — Sx + P

-10
— 42 _
=X O><x+( 3j

-3t B or - )
x 3orkx 3

where k is non-zero constant.
If k = 3, then the polynomial is 3x? - 10.

_5 n_
S= 7,P—O.
Required polynomial = x> — Sx + P
=x2—gx+0
_p2_D2 (2_§j
=x 7xorkx 7x

where k is non-zero constant.

If k = 7, then the polynomial is 7x? - 5x
S=-5P=-6

Required polynomial = x* — Sx + P

x2— (-B)x + (-6)
x> +5x—-6

S=v2,P=-12
Required polynomial = x*> — Sx + P
=22 - 2x+ (-12)

= x* -2x-12
S=3P=-2
Required polynomial = x> — Sx + P
=x2-3x+ (-2)
=x2-3x-2

The required polynomial is
x% = (o + B)x + af ... (A)
where o and P are zeroes of the polynomial, so that

w+P= 243 (1)
and o =-9 ...(2)
From (A), the required polynomial is
K2+ 243x -9
2nd part:
We have (o= PB)? = (a0 + B> —4af =12 + 36
[From (1) and (2)]
=48
o-PB= 43 ...3)

From (1) and (3), by adding and subtracting
successively, we get
33

a=+3 or
and B= -3J3 or 3
Hence, the required zeroes are V3 and 343 .

The required polynomial is
X% — (o + B)x + af . (A)
where o and P are the zeroes of the polynomial.

3

So that a+Pf=-——+ .. (1
p 25 1)
-1
and op = 5 . (2
From (A), the required polynomial is
PP BN
257 2
2nd part:
We have (a0 = B)? = (a0 + B)? — 4aff
-2
=2 +2  [From (1) and (2)]
7
-B=xt—— ...(3
oa-p 25 ©)
-9
20

From (1) and (3), by adding and subtracting
successively, we get

1 J5
o= —= or ————
J5 2
5 1
and = ——= or ——
p=-3 o
. 1 J5
Hence, the required zeroes are —— and —— or
q 5 2
V5 og Y5
5 2
(b) Let fly) = ky* + 2y — 3k
. Sum of zeroes = M -2 .. (D)
Coefficient of y k
Product of zeroes = _Constant term = =3k =-3

Coefficient of k

Given that sum of zeroes = 2(Product of zeroes)

- ‘72 = 2(-3) [From (1) and (2)]
= -2 = -6k
1
k=1
- 3
. (i) Polynomial = x? - (o + B) x + af
=x*-6x+4
(i) S=8 P =12
Required polynomial = p(x) = 2 - Sx + P
=x2-8x+ 12
Now, x2—-8x+12=x2—6x—-2x+12

= x(x — 6) — 2(x — 6)
=(x-6)(x-2)

The zeroes of p(x) are given by p(x) = 0

x-6)(x-2)=0
= x=6orx=2
So, the zeroes are 6 and 2.
(iii) Let o and P be the zeroes of the polynomial. Then
the required polynomial is
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9. (i)

(i)

(i)

2= (o + B)x + af = x% - ﬁx—%

where oa+p= NG (1)
and of = —% -(2)
(@ = B)* = (o0 + P)* — 4o
=2+6=8

o-PB= 122 ..3)

From (1) and (3), by adding and subtracting
successively, we get

= 2 o L

2 2
1 3
and = — or —
P V2 2

. 1 3
Hence, the required zeroes are ———= and —=.
q V2 V2

Let the other zero of the polynomial x> — 4x + 1 be o.
Sum of zeroes = (2 + \/5) +a

= a=4-(2+3)
=4-2-3
=2-3
Let one of the zeroes of the given polynomial be .

Then, the other zero is é.

Product of zeroes Constant term

Coefficient of x°

1 6a
o X — = 5
o a” +9
- 1= 26a
a-+9

= P +9=6a
= a2-6a+9=0
= a?-31-3a+9=0
= a@-3)-3a@-3)=0
= @-3)@-3)=0
= a=3
Let o and —a be the zeroes of the polynomial

fx) = 4x? — 8kx + 8x - 9

=4x> + (8- 8k)x -9

8k-8

Sum of the zeroes=a — o =0 = 1

= k=1
. The second given polynomial becomes
P+3x+2=x+2) (x+1)
. The zeroes of this polynomial are given by
x+2)(x+1)=0
Eitherx +2=0 = x=-2
or x+1=0 = x=-1

10.

11.

12.

The required zeroes of the 2nd given polynomial
are -2 and 1.
Given polynomial is ax?>— 6x — 6
Constant term

Product of zeroes = e
Coefficient of x

= 4:—é
a
= a—_é—j
T4 2

—Coefficient of x
Sum of zeroes =

Coefficient of x?

- (=6)

a
_ —(-6)
=3
2
-6
= T X 2 =-4
(1) Given polynomial is ky? + 2y + 3k
Sum of zeroes = Product of zeroes  (Given)
_ (Coefficient of y) _ _Constant term
Coefficient of Coefficient of
=  — (Coefficient of y) = Constant term
= -2 =3k
-2
= k= 3
(it) Let o and B be the zeroes of the polynomial
X2 —(k + 6)x + 22k - 1)
Then a+P=k+6 ..(D)
and of =22k -1) ...(2)
According to the problem,
a+p= %aﬁ e
= k+6=2k-1 [From (1) and (2)]
= k=7

Since (x + a) is a factor of the polynomial
Ax) =247 + 2ax + 5x + 10
. X =-ais a root of the given polynomial.

fl-a) =0

= 2(-a)® + 2a(-a) + 5(-a) + 10 =0
= 24> - 20> =52 + 10 = 0
= 52 +10=0
= 5a =10

10
= a==
= a=2

For Standard Level

13.

flx) = 3x% - 5x -2
= x2—(a+P)x+apf=3x2-5x-2

= (x+[3:gand(x[3:—% ()



15.

1 1 _ B+o
Now, E+B_ B
5
- .
-5 -5 [sing ()]
3
=4y _ 4?4 1, 1
U flx)=4x*-4x+1= 1 PR i
= xz—(a+B)x+aB=x2—x+%
= o+p=Tandof = e ()
2, g2
a B _o"+p
Now, B+0c_ o
= o3
o)
= [Using (1)]
4
1 1
B 3
1 1
4 4
-1 4
2772
2 _ 2, 7 5
o, B are the zeroes 2y +7y+5_y+§y+E
a+B——%andaB=% (D)
7 5 -7+5
o+ B +ap 5 t5 =3
-2
_7__1

16.

17.

Let a and B be the zeroes of the polynomial, where
a=1and B =-3 [Given]
.. The required polynomial is 2 — (o + B)x + af
=x2-(1-3)x-1x3
=x2+2v-3 (D)
Now, we see that the sum of the zeroes of this
polynomial x> + 2x -3 =1-3=-2

coeffcient of x

which is also equal to — of the

coefficient of x*
polynomial in (1).
Thus, we have verified the required relation.
(1) a, B are the zeroes of the polynomial x2 2x - 15
a+pB=2and aff = - .. (D)
Zeroes of the required polynomial are Z(x and 2.
Sum = 20 + 2B = 2(a + B)

= 2(2) =
Product = 2a x 2 = 4af
=4 x (-15) = -60

Required polynomial = x2 — (Sum of zeroes)x
+ Product of zeroes

=2 -4x - 60
(i) o, B are the zeroes of the polynomial x? + 6x + 9
o+B=-6 and af=9 ...(1)

Zeroes of the required polynomial are —o. and —.

Sum = -a + (-f)
=—0 — [3 = —

=-(-6)=6

Product = (-a)) (-B) = af =9
. Required polynomial = x? — (Sum of zeroes)x
+ Product of zeroes
=x2-6x+9
(iti) o, P are the zeroes of the polynomial

(a+p)

A2 +4x + 1 = x2+%x+%
_ .2 1
= x4ty
1
a+[3:—1andaB:Z ..(1)

Zeroes of the required polynomial are 2o and 2.
Sum = 2a + 2 = 2(a + B)

=2(-1)=-2

Product = Q2a) (2B) =

- 4[%):1

. Required polynomial = x2 — (Sum of zeroes)x
+ Product of zeroes
=x2—(x+1
=x2+2x+1
18. a, B are the zeroes of the polynomial x?+ 4x + 3
a+pB=-4and af =3 (1)

B o

Zeroes of required polynomial are 1 + o« and 1+ 3.

B

4(op)

B o

Sum of zeroes = 1 + o« +1+ =

B
_ op+B*+op+B?
==
o +20B+p>2
of
(o +B)2
of

- =18 [Using (1)]

Product of zeroes = (1 +E) (1 +g)
o B

1, o B op
_1+E+E+OTB
:1+%+%+1
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_ (a+p)?

of
_(EY 16
3 3
So, the required polynomial is x2 — 1?6 X+ %

or k(x2 _lox + E) where k is a non-zero constant.

3 3
If k = 3, then the polynomial is 3x2 - 16x + 16.
19. We have a+B=—(_T1) -1 (1)
-2
and op = T = -2 ...(2)

-. The polynomial whose zeroes are 1 + 20. and 1 + 28 is

-1 +20+1+2B)x+ (1+2a)(1+2B)
=x2-2(1+a+B)x + 2w+ P) + 1+ 4ap
=x2-201+1x+2+1-8 [From (1) and (2)]
= x? — 4x - 5 which is the required polynomial.

20. We have a+pB=24 (1)
and a-B=8 ...(2)
Adding (1) and (2), we get

200 =32
= a=16

Subtracting (2) from (1), we get,
2B =16
= =8
Hence, the required quadratic polynomial is
—(o+PBx+af=x2-(16+8x+16 x 8
=x2 - 24x + 128

21. Given polynomial is x2 - 4x + 3.

Its zeroes are m and n.

Sum of zeroes =m +n =4
and  product of zeroes = mn =3
1 14

LHS = £ + 1 oy 14
m n 3

= I o + 14
mn 3

14
—2x3+ =
X3+ 3

—6+?

-18+14
3
18-18
3
=0
= RHS
22. Let 20 and 2 be the roots of the polynomial x? + px + g.
Sum of zeroes = 2(a. + ) = —p
and  product of zeroes = 4aff = g .. (1)
and the zeroes of the polynomial 2x? - 5x — 3

4
3
4 14
3
4

or x% - gx— % are o and B.

Sum of zeroes = o + B = g and aB:—%
- Aa+p) =252 =5
3
and 4(x[3=—§ x4=-6 .. (2
From (1) and (2), we get
_p:5
= p=-5andg=-6

23. Since x — (n — k) is a common factor of two polynomials
fx)=x2+px+g
and dx) =2 -mx +n
. n —k will be zeroes of f(x) and ¢(x).
o fn—-k)y=¢(mn-%k =0
= n-kP?+pn-k+q=0 (D)
and m-kZ+mn-k +n=0 ...(2)
Subtracting (2) from (1), we get
pmn—ky-mmn-k)y+q-n=0

= km—-p)=n—-q—-pn+mn
=n—q+n(m-p)
= m-pk-n)=n-gq
= k-n= |
m-=p
= k=n+2"19
m-—p

Hence, proved.

EXERCISE 2C

For Basic and Standard Levels
1. (i) P)=x>-27x+54 = (2 + 0x% — 27x + 54)
: P(-6) = (=6)3 - 27(-6) + 54
=-216 + 162 + 54
=-216 + 216
=0
P(3) = (3)° - 27(3) + 54
=27-81 +54
=81-81
=0
Thus, -6, 3, 3 are the zeroes of the given polynomial P(x).
Leta=-6,p=3andy=3
a+B+y=-6+3+3=0
B (Coefficient of xz)
Coefficient of x°
aff + Py +ya = (=6)3) + (3)(3) + (3)(-6)
=-18+9-18
=-27
Coefficient of x

Then,

 Coefficient of x°

apy = (-6)(3)(3)
=-54



_(54)
1
Constant term

Coefficient of x°

(i) P(x) = x® — 8x%2+ 9x + 18
P(-1) = (<1)3— 8(-1)% + 9(-1) + 18
=-1-8-9+18
=-18 + 18
=0
P(3) = (3)° - 8(3)*> + 9(3) + 18
=27-72+27+18
=72-72
=0
P(6) = (6)° - 8(6)% + 9(6) + 18
=216 -288 + 54 + 18
=288 — 288
=0
Thus, -1, 3 and 6 are the zeroes of the given
polynomial P(x).
Let a=-1,p=3andy=6
Thus, a+PB+y=(-1)+3+6
o (=8)
=8=-

(Coefficient of x?)

Coefficient of x°
(=D(@3) + (3)(6) + (6)(-1)
-3+18-6

9

1
_ Coefficient of x
~ Coefficient of x°
oy = )E)(6) = -
—-(18)
1
Constant term

af + By + yo

Coefficient of x>

2. Let the zeroes of the required cubic polynomial be o, 8

and y.
(@) a+B+y=3
afy + Py + yoa = -8
and afy =-13

Cubic polynomial where zeroes are a,  and v is

given by x3 — (o + B + y)x% + (off + Py + yo) x — afy.

The required polynomial is x* - 3x2 + (—8) x — (-13)

=x3-3x2-8x + 13
a+PB+y=2,ap+Py+ya=-5
apy =-20

(ii) Here,
and

The required polynomial is x® — 2x? + (-5)x — (-20)

=5 -n2 -
(x+B+y=—4,0LB+By+y0L:%

5x + 20

Here

(i)
= _l
and apy = -3

. The required polynomial is x°— (-4)x2 + % x— (

-1

3

)

(iv)

3. (i)

(i)

4. (i)

=3+ 4% + %x+ %
or k(x3 +4x? +%x+%j

where k is a non-zero constant.
If k = 6, then the polynomial is 6x> + 24x2 + 3x + 2.
1

Here, +B+y=—,
arbrr=
af + By + yo = /3 and apy = %
. The required polynomial is
1 1
P =22+ J3x- —
2 NG
= k(x3 - Lx2+ J3x —ij
V2 NG

where k is a non-zero constant.
If k = V6, then the polynomial is

J6x® — 332 +32x - 1.

Let a, B, y be the zeroes of the required polynomial.
a=4pf=-3and y=-1.

Then, a+B+y=4-3-1=0,
af + By +ya = 4)(=3) + (-3)-1) + (-1)(4)
=-12+3-4
=-16+3
=-13
and oy =4x(-3)x(-1) =12
The required polynomial is

= (0 + B+ + (af + Py + yo)x — apy
=x2-(0) 22+ (-13) x - 12
=23 -13x-12

Let o, B, y be the zeroes of the required polynomial.

Then, a. =0, 5_, and y = ?2

Then, a+B+7vy= 0+g+ 72 =0,

)2 2H 2
(5

aB+Bv+Y0c—(0)

9

and ofy=0x = x

The required polynomial is
= (04 B )+ (af + Py + ya) x - oy

=x3-(0) 22 + (%)x—o

=x3- %x or k(x3 —%x)

where k is a non-zero constant.

If k = 9, then the polynomial is 9x3 - 4x.

Let a, B and y be the three zeroes of the given
polynomial f(x) = 2x3 — x2 — 5x — 2, where o = -1,
B = 2 (given). We shall determine the third zero y.

© | sjeiwouAjod
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Now, a+[3+y=—(_?1)=%
1
= —1+2+y:E
1 1
- =715

Hence, the required third zero is —% .
(ii) Let p(x) =203 —dx — 2%+ 2
=20 -x2—4x +2

Let oo = v/2 and B = —+/2 be the given zeroes of the

polynomial p(x) and Y its third zero.
Then,

Sum of zeroes =a + B +7Y = [\/E+(—\/§)+'Y]

_ —Coefficient of x?

Coefficient of x°

(1)1
- v= ( 2) T2
Hence, the zeroes of the given polynomial are
V2, ~\2 and 7.

(ifi) Let o, B and y be the three zeroes of the given
polynomial
flx) = 2% —4x? - 3x + 12

a:JaB=—J§

We shall determine the third zero y.
a+B+y= —(?j =4

= V3-B+y =4
= y=4
which is the required third zero.
(iv) Let p(x) = 23 + 3x% — 5x — 15.
Let o = +/5 and B = —+/5 be the given zeroes of the

polynomial p(x) and Y its third zero.
Then, sum of zeroes = a. + B + Y

[+ 5] ]

_ — Coefficient of x2

where [Given]

Now,

Coefficient of x*
__3
= v=-1
= Y=-3
p(x) = x3—2x? — 49x + 98

Let a, B and Y be the zeroes of the given polynomial.

Then, B=-a
Sum of zeroes =a+ B +yY=a+(-a)+Y
—(Coefficient of xz)

Coefficient of x°

:’Y:

= Y= ~(-2) =2 (D)

Product of zeroes = afy = (a)(-a)(2) [using (1)]

—Constant term

=202 = 3
Coefficient of x
-98
202= —
= o 1
22 B _y
= o )
= a==x7

Hence, the zeroes of the given polynomial are 7, — 7
and 2.

For Standard Level

6.

pix) =x3-7x>+14 x -8
Let a, B, Y be the zeroes of the given polynomial.

Then,
Product of two zeroes = 8
So, let apf =8 .. (D
Product of zeroes = afiy = 8y
—Constant term
~ Coefficient of x°
-(-8)
= ="
= 8y =8
= y=1
Sum of zeroes = o + 3 + Y
=a+p+1
—(Coefficient of x?)
"~ Coefficient of x°
-(=7)
= a+B+1= -
= a+B=7-1=6 . (2
(@ —B)* = (o + P)* — 4ap
=(6)2-4x8
[Using (1) and (2)]
=36-32
=4
= a-pf=x2
Thus, we have o + f=6and o - =% 2
When a-pf=2
then a=4and B=2
When a-p=-2
then a=2and =4

Hence, the zeroes of the given polynomial are 1, 2
and 4.

Let p(x) =x3-15x%2 + 7lx + p
Let the zeroes of the polynomial be a. — B, o and o + B.

Sum of zeroes = —-B+a+a+ P
=3a



_ —(Coefficient of xz)

Coefficient of x°

(-15)

= 3a:—f
= 30 =15
= a=>5

(a=PB)a+a(a+p)+(a=-P)(+p)
Coefficient of x

 Coefficient of x°

= a(a-PB+a+p)+(aZ-p?

7
1

= aa) + (o - B =71

= 52x5+(52-p)=71

= 50+25-p2=71

= B2=75-71=4

= p=+2

When p=2

then a-B=5-2=3

and a+pB=5+2=7

When B=-2,

then a-pB=5-(-2)=7

and a+BPp=5+(-2)=3

Hence, the zeroes of the given polynomial are 3, 5
and 7.

Product of the zeroes =3 x 5 x 7
_ —Constant term
~ Coefficient of x>
= 1056 =-p
= p =-105
. Letp(x) =232 +x+ 1
Sum of zeroes=a-b+a+a+b
=3a
—(Coefficient of x 2)

Coefficient of x°

_=(=3)

1
= 3a=3
= a=1
Product of zeroes = (a — b) a(a + b)
= a(a® - b?)
=1(1 -5
_ —Constant term
~ Coefficient of x°
1
= 1-0?= -1
= 1-1?=-1
= ¥=2
= b==x2

EXERCISE 2D

For Basic and Standard Levels
1.

x+4)3x3+16x2+21x+20<3x2+4x+5

3x3 + 12x2

4%+ 21x

4x2 + 16x
5x + 20
5x + 20
0

Quotient = 3x% + 4x + 5

Remainder = 0

2. (i)

2x+1)6x3+13x2+x—2(3x2+5x—2

6x3 + 3x2

100"+ x
102" + 5x
—4x-2
—4x-2
+ o+
0
Quotient = 3x2 + 5x — 2

Remainder = 0

(ii) We divide x* — 3x? + 4x + 5 by 12 — x + 1 by the

long division method as follows:

4 2
xz—x+1)x —3x +4x+5(x2+x—3
4 3 2
X=X +x
— + p—

X -4 +4x +5
3 2
X — X +x
— + —
—3x +3x+5
~3x +3x-3
+ - 4
8
Quotient = x2 + x - 3
Remainder = 8

(ii)) We divide 6x* + 8x® + 17x2 + 21x + 7 by 3x% + 4x + 1

by the long division method as follows:

3x2+4x+1) 6x4+8x3+17x2+21x+7<2x2+5

6x +8x +2x

15x° +21x + 7
15x" + 20x + 5

xX+2

| sielwouhjod
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o. Quotient = 2x2 + 5
Remainder = x + 2
3. (i) We divide 3x% — 2x2 + 5x — 5 by 3x + 1 by the long
division method as follows:

3x+1)3x3—2x2+5x—5<x2—x+2
3 2
3x + x
2
-3x +5x-5
—3x2— X
+ 4+
6x -5
6x +2

-7
Quotient = 2 —x + 2
Remainder = -7
Verification of Division Algorithm:
We have  Quotient = x2 — x + 2
Divisor = 3x + 1
Remainder = -7
Dividend = 3x% — 2x2 + 5x - 5
We have
Quotient x Divisior + Remainder
=(-x+2Gx+1)-7
=33 -3 +6x+x>—x+2-7
=33 -222+5x-5
= Dividend
Thus, the division algorithm is verified.
(i) We divide x* — 9x? + 9 by x? - 3x by the long
division method as follows:

x2—3x)x4 —9x2+9(x2+3x
4 3
x —3x
-+
3¢ -9x" +9

3¢ - 9%
-+

Quotient = a2 + 3x
Remainder = 9
Verification of division algorithm:
We have  Quotient = x% + 3x
Divisor = x2 — 3x
Remainder = 9
Dividend = x* — 9x% + 9.
We have
Quotient x Divisor + Remainder
=% +3x) (x**-3x) +9
= x* - 9x2 + 9 = Dividend.
Thus, the division algorithm is verified.
(iii) We divide 2x* - 933 + 5x2 + 3x - 8 by 22 — 4x + 1 by
the long division method as follows:

x2—4x+1)2x4—9x3+5x2+3x—8(2x2—x—1
4 3 2
2x —8x +2x

- + —
3 2
- X +3x +3x-8
3 2
- X +4x —-x
+ -+
2
- x +4x-8
2
- X +4x-1
+ - 4+

-7

Quotient = 2x2 - x -1
Remainder = -7
Verification of division algorithm:
We have
Quotient = 2x2 —x - 1
Remainder = -7
Divisor = x2 — 4x + 1
Dividend = 2x* — 9x3 + 5x2 + 3x — 8
Now, Quotient x Divisor + Remainder
=@%2-x-1)(2-4dx+1)-7
=24 -8+ 22— + 4t —x — a2
+4x-1-7
=2x* - 93 +5x2 + 3x - 8
= Dividend
Hence, the division algorithm is verified.

. (1) 5
4x—7j8x —26x+21t 2x -3

8x° — 14x
- 4+
—12x+21
—12x+21
+ —

0

Remainder = 0
- 4x — 7 is a factor of 8x% — 26x + 21.

(i1)
2x2+3x—5)8x4+ 8x3—12x2+21x—30<4x2—2x+7

8x' +12x° - 20"
- - +

—4x + 8% +21x

—4x —6x" +10x
+ o+ -

14x" + 11x - 30
14x" + 21x - 35
- -+

-10x+ 5

Remainder # 0
2x2 + 3x — 5 is not a factor of
8x* + 8x3 — 1222 + 21x - 30.



5. Let p(x) = 2x% + 9x2 — x — b and let g(x) = 2x + 3.
On dividing p(x) by g(x), we get

2x+3j2x3+9x2—x—bix2+3x—5

2x3 + 3x2
6x2— X
2
6x +9x
—-10x-b
- 10x -15
+ +
-b+15
p(x) is divisible by g(x) if y(x) = 0
= -b+15=0
= b=15

6. (i) Let a, B and y be the three zeroes of the polynomial
3% + 1042 — 9x — 4.

a+B+y= —%
= 3a0+33+3y=-10 (1)
af + ay + Py = —% =-3 -(2)
apy = %
= 3afy =4 ...(3)
Given that a = 1.
.. From (1) and (3), we have
3B +3y=-13 ...(4)
and By = % ...(5)
From (4), Y= %_36 ...(6)
From (5),
-13-38) _ 4
f(5%)3
= 3p2+13p+4=0
= 32+ 12B+B+4=0
= 33PE+4H)+1P+4=0
= B+4)@Bp+1)=0

Fither f+4=0 = p=-4
or P+1=0 = B=—%
When B = -4, then from (6),

_-13+12 _ 1
v 3 3

When B = —% , then from (6),

-13+1
= —wTl __y4
T3
Similarly, when y = -4, p = _%
and y = 1 B =-4
3

In other words, the three zeroes are 1, -4, —% .

(if) Since one of the zeroes is -2
. x + 21is a factor of the polynomial
x3+13x% + 32x + 20
. The other factor can be obtained by dividing
this polynomial by x + 2 as follows:

x+2)x3+13x2+32x+20<x2+11x+10
x3+ 2xZ

112" + 32x + 20
112 + 22x

10x + 20
10x + 20

0

. The other factor is x2 + 11x + 10

=x2+10x +x + 10
= x(x + 10) + 1(x + 10)
=x+10) (x+1)

.. The other two zeroes are obtained from

x+10)(x+1) =0
Eitherx + 10=0 = x=-10
Or x+1=0 = x=-1
The required zeroes of the given polynomial are
-2, -1 and -10.

(iii) Since /2is a zero of 6x° + 2x2 - 10x — 442
. x = /2 is a factor of this polynomial. The other

factor can be obtained by dividing this polynomial
by x — +/2 as follows:

x 2 )6x3+ V2 - 10x - 42 ( 6x" + A2x + 4
6x° — 6/2¢°
-+

A2x" —10x — 42
w2 - 14x
- +
4x - 42
4y — 42
-+

0
.. The other factor is
632+ 7\2x +4=62+ 42 x+ 32 x + 4

= 2x(3x +2\/§) +x/§(3x+2x/5)
= (3x+2v2)(2x + 242)

. Zeroes of this polynomial are given by

(3 +2v2)(2r +242) =0

Fither 3x + 242 =0 = x= _¥

or 2x+x/§=0 = xz—g

(_;; | sielwouhjod
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Hence, the required zeroes of the given polynomial _ (x _J5- \/E)(x _ 5+ \/E)

are 2,—& and—ﬂ.
3 2 <. Zeroes of x2 — 2./5 x + 3 are given by
7. (i) On dividing p(x) by (x + 2), we get (x_\/g_\/z)(x_\/g_'_\/z) -0
3 2 2
x+2)x—9x —12x+20<x - 11x+ 10 : Fither x=5-42=0 = x=5+2
3 2
_x J:Zx or x=V5++2 =0 = x=+5-2
2 Hence, the required three zeroes of the given
—11x2—12x polynomial are 5, /5 ++2 and 5 -+/2.
_—Fllx 122x (i) Let plx) = 2x* + 23 — 14x2 + 5x + 6
m and g)=x2+2x + k
X+ On dividing p(x) by ¢(x), we get
105 + 20 g plx) by g(x), we g
; ok 2t 6 - 1404 5046207 - 3x- (84 2K)

2+ 4+ 2k
B-9x2 - 12x +20 = (x2 - 11x + 10 ) (x + 2) - - -

i [By division algorithm] e (14 + 2k)x2 + 5¢
= [x*—x—10x + 10] (x + 2) —3x3— 6x2—3kx
=[x(x —=1) = 10(x - 1)] (x +2) + o+ +
- f =.(x—t)(x—10)0(x+2) ~(8+2Kx + (3k+5)x+6
e rees oty (fc)_arf sy () = —(B+20C—2B+20x  —k(8+2K)
= + + +
or x-10=0 5
or x+2=0 (7k + 21)x + 6 + 8k + 2k
= x=1 . .
or ¥ =10 Since g(x) is a factor of p(x),
or Y =_9 Remainder = 0, for all values of x.
Hence, the zeroes of p(x) are 1, 10 and -2. = ) 7k+21=0
(ii) The other factor can be obtained by dividing the and A+ 8k+6=0
s ) = 7k = 21
polynomial x —35x% +13x - 3.5 by x—+/5 as and 202 + 4k +3) = 0
follows: = k=-3
2 _
x5 )% = 3527 +13x - 345 (2% ~ 25 + 3 and e pakrs=g
3_ JBy? = k+1)(k+3)=0
X 5x = k=-1
+ or k=-3
~25x% +13x - 3\5 Hence, k = -3.
- 2/5x% + 10x gy =22 +2x+k=x2+2x-3
+ - [ k=-3]
3x — 345 The zeroes of g(x) are given by g(x) = 0.
3x - 345 8§() =0
_x+J— = ¥+2x-3=0
0 = ¥-x+3x-3=0
= x(x—-1)+3(x-1)=0
~. The other factor is x> — 2+/5x + 3 = x-1DEx+3)=0
= x-1=0
:xz—(\/§+\/§)x—(\/§—\/§)x+3 or *+3=0
3 = x=1
=x(x—\/§—\/§)—(\/§—\/§)x—7 or x=-3
V5 -2 2
Hence, the zeroes of x* + 2x — 3 are 1 and -3.
3(/5 +2 p(x) = [2x2 = 3x — (8 + 2k)] (x% + 2x + k)
= x(x =5 -+2)- (V5 -2) x—(?)) =22~ 3x - (8 + 2(-3))] [2 + 2x + (-3)]
[ k=-3]
_ x(x—x/g—ﬁ)—(x/g—ﬁ)(x—\/g—ﬁ) =[2x2-3x - (8 = 6)] (x> + 2x - 3)



=2x2-3x-2) (x2+2x - 3)
The zeroes of p(x) are given by p(x) = 0.

= (2x* -3x-2)(x>+2x-3) =0
= @ —4x+x-2)x*-x+3x-3)=0
=S 2x(x-2) + 1(x-2)] [x(x-1) +3(x-1)] =0
= @-2) X+ 1) (x-1)(x+3)=0
= x-2=0
or 2x+1=0
or x-1=0
or x+3=0
= x=2
or x:_l
2
or x=1
or x=-3

Hence, the roots of the given polynomial are

2, - %,1and—3.

. We first divide x* - 3x® — 632 + kx — 16 by x> - 3x + 2 as
follows:
x2—3x+2)x4—3x3—6x2+kx—16(x2—8
4 3 2
X =3x +2x
— + .
8¢+ kx—15

8¢ +24x-16
+ - +

(k - 24)x

Since the given polynomial is divisible by x> - 3x + 2,
hence the remainder (k — 24)x = 0

= k = 24 which is the required value of k.

. Let p(x) = 263 + ax? + 2bx + 1
and gx)=x+1
On dividing p(x) by g(x), we get

x+1 2x3+ax2+2bx+1<2x2+(a—2)x+(2b—a+2)
22" + 24

(a- 2)x2 +  2bx
(a- 2)x2 +(@-2)x

2b—a+2)x +1
(2b—a+2)x+2bjra+2

-2b+a-1

Since, g(x) is a factor of p(x)
. Remainder = 0
= 2b+a-1=0

= a-2b=1 .. (1)
Also, 20 -3b =4 [Given] ... (2)
Solving (1) and (2), we get

a=5 b=2

10. We first divide 6x* + 8x® — 5x? + ax + b by 2x> — 5 as
follows:

2x2—5)6x4+8x3— 5x2+ax+b(3x2+4x+5
4

6x —15x¢°
- +

8x’ + 10X +ax +b
3

8x —20x
- +
102"+ (@ +20)x + b
10x° -25
- +
(a+20)x + (b +25)

. Remainder = (a + 20)x + (b + 25)

Since the given polynomial is divisible by 2x? — 5, hence
the remainder = 0

= a+20=0 andb+25=0
= a=-20and b =25
.. Required values of a and b are —20 and —25
respectively.
11. Let p(x) = x* +2x3 + 8x2 + 12x + 18

and let
On dividing p(x) by g(x), we get

gx)=x2+5

x2+5)x4+2x3+8x2+12x+18<x2+2x+3

4 2
X + bx

2 + 3% + 12x

20 +10x

3% +2x + 18
3% +15

2x+ 3

Remainder =2x + 3 =px + g [Given]

Hence, p =2 and g = 3.
12. (i) Itis given that x + 2 and x — 2 are the factors of
x4+ 2% - 34x% — 4x + 120.
. This polynomial will be divisible by
(x =2) (x + 2) = %2 — 4. We now divide this
polynomial by x? — 4 to find the other factor as
follows:

x2—4)x4+x3—34x2—4x+120(x2+x—30
4 2

x - 4x

- +

¥ —30x" - 4x + 120

x3 —4x
- +
~30x"

~30x°
+

+120
+ 120

0
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. The other factor is xZ + x — 30
=x2+ 6x —5x - 30
= x(x + 6) — 5(x + 6)
=(x+6)(x-5)
.. The remaining zeroes are given by
(x+6)(x-5)=0
Eitherx +6=0 = x=-6
Or x-5=0 = x=5
Hence, the required four zeroes are 2, -2, 5 and —6.
(i) Let p(x) = x* + 2x3— 7x% — 8x + 12
Since 2 and -2 are zeroes of p(x),
(x —2) and (x + 2) are both factors of p(x).
(x? — 4) is a factor of p(x).
On dividing p(x) by 1 - 4, we get

x2—4)x4+2x3—7x2—8x+12<x2+2x—3

4 2
X —4x
+

2x3 - 3x2 - 8x
3

2x - 8x
- +
- E’ax2 +12
- 3x2 +12
+ —

0
plx) = x* +2x3 - 7x — 8x + 12
=%+ 2x-3) (22 + 4)

[By division algorithm]
=(@2-x+3x-3)(x-2) (x +2)
=x@x-1D+3x-D](x-2) (x+2)
=x-1)(x+3)(x=-2) (x+2)

The zeroes of p(x) are given by p(x) = 0

= - (x+3)(x-2)(x+2)=0
= x-1=0
or x+3=0
or x-2=0
or x+2=0
= x=1
or x=-3
or x=2
or x=-2

Hence, the zeroes of the given polynomial are 1, -3,
2, -2.

(i) Since two zeroes of the given polynomial are V2
and 242, hence two factors of this polynomial are
x—+/2 and x-2V2.

(x - x/i)(x - 2\/5)

xz—(2\/§+\/§)x+4

= x> -32x +4

is also a factor of this polynomial. The other factor
can be determined by dividing this polynomial by

x2 = 3J2x +4 as follows:

xsz\/Ex+4) 4*3\/§X3+3X2+3\/EX*4<X271
4323 + 4x?
+ p—

—x2+3x/§x—4

— x> +32x -4

+ = +
0

. The other factor is x¥2 —1 = (x + 1)(x = 1)
.. Other two zeroes are given by
x+D)(x-1)=0
Eitherx +1=0 = x=-1
or x-1=0 = x=1
Required two other zeroes are 1 and -1.
() Let p(x) = x* + 5a® — 242 — 40x — 48
Since 2+/2 and —2/2 are zeroes of p (),
(x —2~/2) and (x + 2+/2) are factors of p(x).
[x% — 2+/2 )] is a factor of p(x).
ie. x> 8 is a factor of p(x).
On dividing x* + 5x3 - 242 — 40x — 48 by x? — 8, we
get

x2—8)x4+5x3—2x2—40x—48<x2+5x+6

4 2
X - 8x
+

5x° + 6x° — 40x — 48
5x3 —40x
+

6x —48

6x° ~48
- +

0
p(x) = x* + 5x3 — 2x2 - 40x — 48
= (x2 + 5x + 6) (x*—8) [By division algorithm]
=[2+2x +3x+ 6] (x + V8) (x — v/8)
=[x(x +2) +3(x +2)] (x+22) (x-2+2)
=(x+2) (x+3) (x+242) (x-2+2)
The zeroes of p(x) are given by p(x) = 0
SE+2) @ +3) @ +2V2)x-2+2)=0

= x+2)=0
or x+3)=0
or (x+2\/§)=0
or (x—2\/§)=0
= x=-2
or x=-3
or x=-22
or x =22



Hence, the zeroes of the given polynomial are Eitherx +2=0 = x=-2
-2,-3,-2/2 and 242. or x-2=0 = x=2

.. Required two other zeroes are 2 and —2.
Let p(x) = 2x* — 623 + 322 + 3x - 2

@ (i) As in problem 13(i), (x + x/g)(x - \/5) =x2-3isa

~

. 1 -
Since —— and — are zeroes of p(x),
V2 V2 P factor of this polynomial x* + x* — 23x2 - 3x + 60.

1 1 The remaining factor can be obtained by dividing
(x - ﬁ) (x + ﬁ) are the factors of p(x). this polynomial by x* — 3 as follows:
2 xz—S)x4+x3—23xz—3x+6O<x2+x—20
x% - (L) is a factor of p(x). o 3
V2 S
ie. (xz - %) is a factor of p(x). X —20x = 3x + 60
3
On dividing 2x* — 6x° + 3x + 3x — 2 by (xz - %) ot o
we get 5
s 7 5 5 X —20x + 60
x—l)zx —6x +3x +3x—2(2x —6x+4 -208  +60
2 4 2 + —
2x - X
—6x 4%+ 3x . The other factor is x> + x — 20
e 30 =x2 + 5x — 4x - 20
+ _ =x(x +5)—4(x +5)
s =(x+5)(x-4)
4x2 -2 .. Other two zeroes are given by
4x -2 x+5x-4=0
- + Eitherx +5=0 = x=-5
0 or x-4=0 = x=4
The other zeroes of p(x) are given by .. Required four zeroes are V3, —/3, 4 and -5.
(2 - 6x +4) =0 (ifi) Let px) =¥+ -3 -2+ 9x - 6
z 2(x—1) (xx—_Zl) i 8 Since /3 and —+/3 are zeroes of p(x),
or x-2=0 So(xe- \/5) and (x + \/5) are factors of p(x).
= x=1 o x*—3is a factor of p(x).
or x=2 On dividing p(x) by 2> - 3, we get
Hence, the other zeroes of the given polynomial are
2 4 3 2 2
1and 2. x—3)x—3x— X +9x—6<x -3x+2
4 2
13. (i) Since two zeroes of the given polynomial are V3 X N 3x
and —/3
3 - 3x3 + 2x2 +9x
" (x - \/5) and (x + \/3) are two factors of this 3 +9x
. + —_
polynomial. ;
2 (x—\/g)(x+x/§) = x? -3 is also a factor of this 2x -6
2
polynomial. The remaining factor can be obtained %x + 6
by dividing this polynomial by x? — 3 as follows: 0
Po3)d o7 12(A -4 pi) = x4 =33 - %2+ 9x - 6
X' -3y =(2-3x+2) (x2-3)
-+ [By division algorithm]
4 +12 S @ox—20+2) (x+ 3) (x— 3)
4+ 12 =(xr-1)-26-D] (x+ V3) (x - +/3)
+ -
D = (@-DE-2) @+ V3)x-+3)
Th f i =
. The other factor is X2 — 4 = (x + 2) (x - 2) e zeroes of p(x) are given by p 83 _ 8
.. Other two zeroes are given by F
TR 5 D E-2 e B - V3) =0

:." | sielwouhjod
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14. (i)

(i)

= x—-1=0

or x-2=0

or x+ 3 =0

or X — \/§ =0

= x=1

or x=2

or x=-3
or x=13
Hence, the zeroes of the given polynomial are 1, 2,
-3 and 3.

Since \/5 and —/5 are given to be two zeroes of
the given polynomial.

. x=+/5 and x ++/5 will be two factors of this
polynomial.

g (x - \/g)(x + \/g) = x? — 5 will be a factor of this

polynomial. The other factor can be obtained by
dividing this polynomial by x> — 5 as follows:

xz—S)x4+4x3—2x2—20x—15(x2+4x+3

x4 - 5x2
- +

3 2

4x" + 3x -20x-15

4y ~20x
- +
3 -15
3¢ -15

- +
0
.. The remaining factor is 2 +4x+3
=x2+3x+x+3
=x(x+3)+1(x+3)
=(@+3)(x+1)
Other zeroes are given by
x+3)(x+1)=0
Eitherx +3=0 = x=-3
or x+1=0 = x=-1
.. Required two other zeroes are -3 and -1.

Since \/g and —\/g are given to be two zeroes of

the given polynomial.

SooX - \/g and x + \/g will be factors of this

polynomial.

: Sz 5] 2 2223 wi
. (x+\/;](x 3j X 3 will be a factor of

this polynomial. The other factor can be obtained by
dividing this polynomial by x? - g as follows:

] ) 3y~ 152" + 132 + 250 — 30 (3x2 —15x + 18
3 4 2
3x - 5x
- +
— 152 + 18x" + 25x - 30
~15x¢" +25x
+ —
18%” -30
18" -30

- +
0

.. The other factor is 3x* — 15x + 18
= 3(x% - 5x + 6)
=3(x>-3x - 2x + 6)
= 3[x(x = 3) — 2(x — 3)]
=3(x-3)(x-2)

.. Remaining zeroes are given by

3x-3)(x-2)=0
Eitherx-3=0 =
or x-2=0 =

.. Required four zeroes are given by \/g , —\/g ,2

and 3.

(iii) fx) = 5a* — 5x% — 3322 + 3x + 18

Since \/% and — \/% are zeroes of f(x),

[x - g] (x + \/Ej are factors of f(x).

(xz - %) is a factor of f(x).

On dividing 5¢* - 5 — 33x2 + 3x + 18 by (xZ - %)

we get

x2_§)5x4-5x3—33x2 +3x+18 (5x2—5x—30
5/, )
5x - 3x
- +

—5¢ —30x" + 3x

—5x° +3x
+ -_—
2

—30x +18

- 302" +18

+ -

0
p(x) = (5x2 = 5x — 30) (xz - %)

The other zeroes of p(x) are given by
5x2-5x-30=0
= 5x?-x-6)=0



= 5[x2 -3x +2x 6] =0

= 5x(x —=3) +2(x-3)] =0

= 5x-3)(x+2)=0

= x-3=0

or x+2=0

= x=3

or x=-2

Hence, the other zeroes of the given polynomial are

3 and -2.
15. Let p(x) = x*— 3x3 - 5x% + 21x — 14
Since \/7 and —+/7 are zeroes of p(x),
(x=7) (x+ V7 ) are factors of p(x).

(x? - 7) is a factor of p(x).
On dividing x* — 3x% — 5x2 + 21x — 14 by x2 - 7, we get

x2—7)x4—3x3—5x2+21x—14(x2—3x+2

2
X —-7x
+

Z3x% + 2%+ 21x

- 3x3 +21x
+ p—

2 —14

2 -4
- +
0
p(x) = x* = 3x% - 5a? + 21x - 14
= (x2=3x +2) (x> - 7)) [By division algorithm]
=[-x-2x+2](x+ 7)) (x = \7)
=[x =1 =20 - D] (c + V7) (x = V7)
(-1 (x-2) (x+ V7)) x-7)
The zeroes of p(x) are given by p(x) = 0

p(x) =0
= -1 (-2 (x+~7)(x-7)=0
= x-1=0
or x—-2=0
or x++7 =0
or x—ﬁ:O
= x=1
or x=2
or X =—~/7
or x =7

Hence, the zeroes of the given polynomial are 1, 2,

-7 and V7.

16. Since two zeroes of the given polynomial are 2 + V3
and 2 -3 , .. Two factors of this polynomial are
X—(2+\/§) and x—(2—\/§) and so

{r-(2+B3)H{x-(2-3)}
= x?—x(2-V3 +2+3)+(2+3)(2-3)

=2 — 4x + 1 will be a factor of this polynomial.

.. The other factor can be obtained by dividing the
given polynomial by x2 — 4x + 1 as follows:

x2—4x+1)2x4—9x3+5x2+3x—1(2x2—x—1

2 = 83(3 + 2
— + —

3 2
- x +3x +3x-1
3 2
X +4x - x
+ - +

— X rdAx-1

2
- x +4x-1
+ -+

0
. The other factor is 2x> —x =1 =2x2 + x = 2x - 1
=x2x+1)-12x+ 1)
=2+ Dx-1)
.. Remaining zeroes are given by
2x+Dx-1)=0

Either2x +1=0 = x= -

N | =

x-1=0 = x=1
.. Required four zeroes of the given polynomial are

243, 2-43, —% and 1.

For Standard Level
17. (i)

3x-2 |3’ + 106 - 14x +9 (22 + 4v -2

3x3— 2x2
-+

12%" — 14x
12¢° - 8x
-+

—-6x+9
—6x+4
+ p—

5

Thus, 5 should be subtracted from 3x® + 10x2 — 14x
+ 9, so that the resulting polynomial is exactly
divisible by 3x — 2.

(i)
4x2—3x+2)8x4+14x3+ x2+7x+8<2x2+5x+3

8x4 - 6x3 + 4x2
—_ + -

208 - 3¢ + Tx

20x° - 15%° + 10x
— + —

12¢° —3x +8
12¢°-9x + 6
+ —

6x +2
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Thus, 6x + 2 should be subtracted from
8x* + 14x3 + x% + 7x + 8, so that the resulting
polynomial is exactly divisible by 4x? - 3x + 2.

18. By division algorithm, we have

p(x) = gx) x q(x) + y(x)
= p(x) = v(x) = g(x) x q(x)
= plx) + [-v(0)] = g(x) x g(x)
Since RHS is divisible by g(x),
LHS is also divisible by g(x).
Thus, if — y(x) is added to p(x),
then the resulting polynomial becomes divisible by g(x).

Let px) =112 + 54 + 6° =32 + y + 5
=62 + 5+ 112 - 3y>+y + 5
and gx) =32 -2y +4

On dividing p(x) by g (x) , we get

3y2—2y+4)6y5+5y4+11y3—3y2+y+5<2y3+3y2+3y—3

6y5 - 4y4 + 8y3
— + —

9y4 + 3y3 - 3y2
9y4 - 6y3 + 12y2
- + -

9y3 - 15y2 + vy
9’ - 6y +12y
— + —

—9y’ 11y +5

—9y’+ 6y-12

+ 7 - T+
17y +17

Hence, —y(x) = 17y — 17 should be added to the given
polynomial so that the resulting polynomial is exactly
divisible by 3y? - 2y + 4.

19. By division algorithm, we have

Dividend = Quotient x Divisor + Remainder

. Required polynomial = (x> - 2x - 3) x (x2 - 5) + 0
=x*—2x3 - 3x2 - 5x2 + 10x + 15
=x4—2x3 - 8x2 + 10x + 15

On dividing x* - 2x3 - 8x2 + 10x + 15 by 12 - 5,

we get

x2—5)x4—2x3—8x2+1Ox+15<x2—2x—3
4 2

X - 5x
+

2 —3x +10x

2 +10x
+ —

- 3x2 +15

3 +15
+ —

0

p(x) = x* = 2x3 - 8x2 + 10x + 15
= (x2 - 2x - 3) (x? - 5) [By division algorithm]
=@ +x-3x-3](x+ v5) (x-5)

=x(xr+1D) -3+ D] (x+ V5) (x-+5)

=@+ (@ -3 x+ V5) (- V5)
The zeroes of p(x) are given by p(x) = 0
= (x+1)(x—3)(x+\/§)(x—\/§):0

= x+1=0
or x-3=0
or (x+J5)=0
or (x—\/g):O
= x=-1
or x=3
or x=-+5
or x=+5

Hence, the zeroes of the given polynomial are

—1,3,—\/5 and +/5 .

20. (i) Dividend = 10 # — 62 — 402 + 41t — 5

Divisor = g(t)
Quotient = 5t - 3

and remainder = 2t + 4
According to division algorithm, we have
Quotient x Divisor + Remainder = Dividend
= (Gt-3)xgt)+2t+4
= 10— 61 — 4012 + 41t -5

1064 — 61> — 401> + 41t —5-2t -4

= 8= 53
S - 10t* — 61> — 402 + 39t -9
§v = 5t-3
On dividing 10¢* - 6f* — 402 + 39t — 9 by 5t - 3,
we get

5t—3)10t4— 6t —40¢ + 39t -9 (2t3—8t+3
106 -6t
- +

—40F + 39t -9
—40F + 24t
+ —

15t -9
15t -9
-+

0
Quotient = 21> - 8t + 3
Hence, g(#) = 23 - 8t + 3.
(i1) We have
Divisor = g(x),
Quotient = g(x) = x> - 3x -5
Remainder = r(x) = -5x + 8
Dividend = d(x) = 4x* — 523 — 39x% — 46x — 2
.. By division algorithm, we have
4(x) = 4(x) g) + r(x)
= g()g(x) = d(x) — r(x)
=4x* - 5x% - 39x2 —46x -2 + 5x — 8
= (¥ -3x-5) g(x) = 4x* - 5x% — 39x% — 41x - 10
4x* —5x% —39x% — 41x - 10
&) - )
We now apply long division to divide
4x* — 5x® —39x2 — 41x — 10 by x? — 3x - 5 as follows:




x2—3x—5)4x4— 5x3—39x2—41x—10<4x2+7x+2

4xt — 12 = 200"
- 4+ +

7% —19x —41x - 10
7" — 21" - 35x

- 4+ +
2x2—6x—10
2% —6x-10
-+ 4+
0

Hence, from (1), g(x) = 4x + 7x + 2.
(7ii) We have divisor = p(x)
dividend = f(x) = 3x3 - 2x? + 5x - 5
quotient = x*> — x + 2
remainder = -7
.. By division algorithm, we have
f) = (2 - x + 2p(x) - 7
= 33 -2 +5x-5=(x%-x+2px) -7

3 2
- px) = 3x —292c +5x—-5+7
x“—x+2
_ 3% - 20 +5x+2
K2 —x+2

We now divide 3x® — 2x? + 5x + 2 by x2 — x + 3 by
the long division method as follows:

xz—x+2)3x3—2x2+5x+2<3x+1

3% =32 + 6x
—_— + —

2
X —x+2

2
X —x+2
p— + p—

0
- p(x) = 3x + 1 which is the required value of p(x).

CHECK YOUR UNDERSTANDING

— MULTIPLE-CHOICE QUESTIONS ———

For Basic and Standard Levels

1. (¢) V2x® + 3x% +5x -3
V2x3 +Bx? +\5x -3 isa polynomial.

Powers of x in each term is non-negative integer
and the coefficients are real numbers which is not
so in the other choices.

2. (¢) 2
Since the graph cuts/touches the x-axis at two points, it
has 2 zeroes.

3. () fla) =0
A real number k is called a zero of the polynomial f(x),
if p(k) = 0.

a is zero of f{x) when f(a) = 0.

4 (b)-3,-4
¥+ 7x+12=(x+3) (x +4)
The zeroes of x> + 7x + 12 are given by x2 + 7x + 12 =0

= x+3)(x+4=0
= x+3=0
or x+4=0
= x=-3-4
5. (b) 44
p(3) = 3%+ 5(3) + 2
=9+15+2
=26
p2) =22 +5(2) + 2
=4+10+2
=16

p(0) = 0> +50) +2 =2
pB) +p2) + p(0) =26 + 16 + 2 = 44
6. (c) both negative
Let, o, B, be the of the polynomial x? + 43x + 222.
Sum of zeroes = o + 3
_ —(Coefficient of x)

Coefficient of x*
-(43)
1

Sum is negative.
= one of the zeroes is negative.
Product of zeroes = off
Constant term

Coefficient of x2

_ 2

which is positive. 1

= The other zero is also negative.
[ (—ve) x (-ve) = (+ ve)]
7. (c) x* - 10x + 23
S = Sum of zeroes =5+ 2 +5— /2 =10 and

P = Product of zeroes = (5 + v2) (5 - v/2)
=25-2=23
The required polynomial = x> - Sx + P = X2 —10x + 23
8. (b) 3x* —3V2x +1

S=+2 and P = %
Required polynomial = 2 - Sx + P = k(x2 —2x + %)

If k = 3, then the polynomial is 3x® — 3v2x +1.
9. ) x*-4x-1
One root = 2 + \/E,S=Sum=4
Other root =4 - (2 + \/g)
=4-2-.5
=2-5
P =Product=(2+ 5) (2- 5)

=4-5
=1
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Required polynomial = x2 — Sx + P 3p

=2 —4x + (-1) and aBz?:?;
=x2-4x-1
10. (@) x2+Q2-5)x-25 2 =3 [ a+p=ap, given]
P
P = Product = 2+/5, one zero = /5 p= 2
3
Other zero = % 15. (c) k=-16
Given polynomial is ¥*> — 6x + k.
=-2 Sum of zeroes = o + =6
S = Sum of roots = /5 + (-2) and Product of zeroes = aff =k
= B=6-0a
=5 -2
) ) { 30+ 2B =20 [Given]
Required polynomial = x* - Sx + P = 30+ 2(6 — &) = 20
=% = (V5-2)x + (-245) = 30+ 12 - 20 = 20
2 B B = oa=28
= ** +@2- V5 -25 Substituting oo = 8 in B = 6 — o, we get
11. (b) k=-2 B=6-8=-2
Given polynomial 3x2 + 5x + k k=ap=8x(-2)=-16
. Constant term
Product of its zeroes = ———————— 1
Coefficient of x? 16. (d) a= 7 €= 5
_ ;32 [Given] Given polynomial is ax? — 5x + ¢ -
Sum of zeroes =p + g = =
. ko_ 22 ’
3 3 and  product of zeroes = pg = %
k=-2
= p+qg=pg=10 [Given]
12. (¢) k=-5 = 5210
Let o be one of the zeroes of p(x) = 5x* + 13x — k a
Then, the other zero = 1 = a= 1
[0 2
— c
Product of zeroes = ConLttermz - -k and o= 10
Coefficient of x 5
1 k = c=10xa
= ax = =-= 1
o5 =10x 5 =5
= 1-_k 1
75 Hence,azE,C:S.
= k=-5 17. (¢) -x® +3x2-3x + 5
13. () 4 According to division algorithm, we have
3 Dividend = Quotient x Divisor + Remainder
(-3) is one zero of the given polynomial .. Required polynomial = (x = 2) x (-x> +x-1)+3
(@=1) 2%+ ax+1 =P+ -x+22-2x+2+3
B p(=3) =0 =3 +3x2-3x+5
=>@-1)@P+a-3)+1=(@-1)9-3a-1=0 ) <1
= 90 -9-30+1=0 8 (@)=
= 60.—8=0 "~ The degree of the remainder is less than the degree
= 60 = 8 of the divisor.
8 4 19. (b) 8, -10
= “=% 73 a, B, y are the zeroes of the given polynomial

¥ —-x2-10x -8

14. (b) = Then afy = — Constant term
5 ’ Coefficient of x°
flx) =px* - 2x + 3p g

Sum of zeroes = a + _ _(_ )
1
== 2 =+8
P Coefficent of x

and aff + By + yo =
P+Bry Coefficient of x°

P



10
1
=-10
The values of afy and aff + By + yo are respectively
8 and - 10.

20. (b)) 2P +6x2+11x + 6

21.

22.

23.

Here, o =-2,=-3 and y = -1.
a+B+y=(-2)+(-3)+(-1)=-6,
aff + Py +ya = (=2) (-3)+ (-3) (1) + (-1) (-2)
=6+3+2=11
and ofy = (=2) x (=3) x (-1) =-6
Required polynomial is
= (o +B+7v) 2%+ (af + By + yo) x — afy
=23 - (-6) ¥ + (11)x — (-6)
=3 +6x2+11x+6
(b) -7
Let o= +/2 and B = —+/2 and y be the zeroes of the
given polynomial x* + 7x?— 2x — 14.
— Constant term
Then, _—

o =
by Coefficient of x°

> () (-

1
= -2y=14
= y=-7
(@) 3,4

Since x = 1 is a zero of the polynomial x* - 8x% + 19x — 12,
o (x—=1)1is a factor of x> — 8x> + 19x — 12
On dividing x® - 8x2 + 19x — 12 by x — 1, we get

x—l)x3—8x2+19x—12 <x2—7x+12
3 2

X - x
-+

— 7% +19x

- 73(2 + 7x
+ f—

12x - 12
12x - 12
-+

0

The other zeroes are given by x> — 7x + 12 = 0

= 2 -3x-4x+12=0

= x(x-3)-4x-3)=0

= x-3)(x-4)=0

= x-3=0o0rx-4=0

= x=3

or x=4

Hence, the other two zeroes are 3 and 4.
(@) 4,-4,5

Let o, B, y be the zeroes of the polynomial
x% - 5x2— 16x + 80 such that p = —a

Sum of zeroes = o + B +y
=oa-o+y
_=(=5)

T

24.

25.

26.

=5
= y=5
Product of zeroes = afiy

= (o) x () x (7)

o =80
= - X5— T
= o? =16
= a=1+4
If o =4, then =4,
If o=-4,thenp =4

So, the zeroes of the given polynomial are 4, -4 and 5.
(a) 5
Since a, P, y are the roots of 6x3 + 3x2 — 5x + 1,

o + By +yo= =
-1
and oy = A
dyglyyo L1 1
Now, a+B+y_a+B+
_ By +oy+oP
ofy
-5
- 6 _
= 5
6

(@) 4-4x -2+ 2°
Since the graph of the polynomial p(x) intersects the
x-axis in 3 distinct points,

it is a graph of cubic polynomial.
- px) =4 —4x -2+ x°
(b)4,3

Given polynomial is x2 - 4x + 3
-4
Sum:—h :—( ) =4
a 1
and < 3

Product= = = =
a 1

Hence, the sum and product respectively are 4 and 3.

For Standard Level

27.

0 3

Let a, B be the zeroes of the given polynomial
3x2 + 5x + k

Then, —(Coefficient of x) -5

a+p= = —

Coefficient of x> 3
and ap = Constant - = k
Coefficient of x 3
Also, o? + p? = _—32 (Given)
0 2
= (o + B)* —20p = 5
= ;5 ’ -2 % k = —g
3 3 3
% 2% _ 2
- 93 3
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= 2k _ 25 2
3 9 3
_25+6
9
_ 3t
9
= k=31 ,3_31
9 2 6
-25
28. (¢) T
Given polynomial is 6y + y — 2.
Sum of zeroes = o + 3 = _1
6
and ap = 22 _ 1
6 3
2,2
o B _o+P
Now B + i B
_ (a+B)* - 208
= o
2
RERE
= (_l
3
1 2
_ 33
_1
3
1+24
_ 36
_1
3
_25 (9
36 1
_ 2
12
-27
29. (c) e

Given polynomial is x> — 5x + 4

Sum of zeroes = o + 3 =

1
4
and  product of zeroes = off = 1 =4
11 B+o)
Now, &+B'2O‘B:(aﬁj_2“ﬁ
:%—2x4
-5
=3 8
_5-32
T4
_ -
4

~(-5) _

5

31.

32.

9
(© 1
Given polynomial =x2 -2 + x = x% + x - 2
Sum of zeroes = o + Bz—% =-1
and  product of zeroes = off = —% =2
2 2
1. 17 _(B-a
Nows as) - (%5
(] +oc)2— 40P
(oB)®
2
_ (1) -4(=2)
(-2)’
_1+8
T4
-9
4

k=7

Given polynomial is x> - (k + 6 ) x + 2 (2k - 1)

Sum of zeroes = o +

_ [ (k+6)]
1
=k+6
and product zeroes aff = w
_(oB
a+B—(2j
Lo 202k-1)
2
= k+6=2k-1
= 6+1=2k-k
= k=7
-1 2
(b)k_ 113

Given polynomial is kx? + 4x + 4.

Sum of zeroes = o + B = —%
and product of zeroes = aff = T
Now, (o + B)? — 20 = 24

2
(_—4) _ox 3y

U

k

16 — 8k = 24k?
24k2 + 8k - 16 =0
8Bk2+k-2)=0
8(3k* +3k-2k-2)=0
83k (k+1)-2(k+1)]=0
8k +1)(Bk-2)=0
k+1=00r3k-2=0

L A

[Given]

[Given]



33.

34.

35.

36.

__ _2
= k= 1ork—3

2
Hence, k =-1, =.
ence 3

@ <

Let a, B, y be the zeroes of the cubic polynomial
ax® + bx% + cx + d, where o = 0.

C

(xB+By+ya:E

= 0B)+Br+v0) = -
_c
= Pr=1

The product of the other two zeroes is % .

(d) -48
Let the zeroes of the polynomial x*— 12x2 + 44x + ¢
bea-b,aand a + b.

Sum of zeroes =a-b+a+a-b

=3a

__(=12) _

=-" =12
= a=4
a@-b)+ (@) (@a+Db) (a-b) =+44

= a—ab+a®+ab+a* -1 =+44

= 322 - 1? = +44

= 342 -1 = +44

= 48 — b2 = +44

= =48 -44=4

Product of roots = a(a — b) (a + b)

= a(a® - b?)
=—c

= 416 - 4) = —c

= 4(12) = —c

= c=-48

© 1++2

Given polynomial is x°® — 3x% + x + 1
Sum of zeroes=a-b+a+a+b

=3a
_ (=3
1
=3
= a=1
a@-b)+@+b)a+@-0b)@+b)=1
= P2-ab+a*+ab+a2-1=1
= 32—~ =1
= P=312-1=2
= b==+2
o a+b=1=2
bW 2g=r

Given polynomial is x° - 2x2 + gqx — r
Let a, B, vy be its zeroes such that o + = 0
Sum of zeroes = o + f + ¢
_ (=2
T
=0+y

37.

38.

=2

= y=2
Product of zeroes = afyy = —(-r)
= 20 =1 .. (D)
aff + Py +ya =g
= af +2B +2a =g [Putting » = 2]
= 5 +2Aa+P) =g [Using (1)]
r -_—

= E =q
= r=2q
= 2q=r

17
® -4

Since the given polynomial is exactly divisible by x + 2,
x + 2 is a factor of it and x = -2 is a zero of it.
p(=2) = 2(=2) — k(-2)> + 5(-2) + 9

=0
= -16-4k-10+9=0
= =17 = 4k
V4
= k= 1
@ k=-1
a, B, y are zeroes of polynomial kx> - 5x + 9
= a+ﬁ+y=$=0
-5
of + Py +ya= -
-9
and ofy = - (1)
o+ B+ =27
= B+ +yP=3xapy [a+PB+y=0]
= 27 =3 x afy
= ofy =9 .. (2
From (1) and (2) , we get
-9
T
= k=-1

— FILL IN THE BLANKS ——

For Basic and Standard Levels

1. constant 2. 1,3
3. two 4. equal
5. k(2x2 + x + 1)

— SHORT ANSWER QUESTIONS ——

For Basic and Standard Levels

1.

x% + 5x — 204 = x2 + 17x — 12x — 204
=x(x +17) = 12(x + 17)
=x+17) (x-12)
The zeroes of the polynomial are given by
x+17) (x-12)=0

= x+17=0 21204
or x—-12=0 21102
= x=-17 3151

x=-12 17

Hence, the zeroes of the given polynomial are —17 and
12

™M | sieiwouAod
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2. Given polynomial is 2% - 3x2 - x + 3

Fo

3. (¢ —J3 and l

=

P@)=(By-33)2-3+3
=27-27-3+3
=0

Hence, 3 is a zero of the given polynomial.

Sum of roots = -1 and product of roots = -6

Required quadratic polynomial x? — Sx + P
=x2—(-1) x + (-6)

=x2+x-6
Let o, B and y be the roots of the required cubic polynomial.
Then, a=-1,p=2
and y=-3
a+P+y=-1+2-3
=-2
of + By +ya = (1) 2) + (2) (3) + (=3) (-1)
=-2-6+3
=-8+3=-5

afy = (1) x (2) x (-3) = 6
Required cubic polynomial is
= (a+B+y) 2%+ (af + Py +ya) X — oy
=X - (-2 x>+ (-5x-6
=2 +242-5x-6

Standard Level

. Given polynomial = x> + px2 + gx + 2

Its zeroes are a, B, .

a+B+y=-p

af + Py +ya=gq
and apy =-2 (1)
Also, o +1=0
= apf =-1 ... (2
-1y =-2 [Using (1) and (2)]
= y=2

af + Py +ya=gq
= CD+va+P=q
= D+@)@+p) =9
= 2a+p)=g+1
= @+ p =122
Now, o+B+y=-p
= g+1 +2=-p
= g+1+4=-2p
= 2p+g+5=0
Hence, 2p+qg+5=0

UNIT TEST 1
For Basic Level
(@1

The graph of the polynomial cuts the x-axis at one
point.
The polynomial has 1 zero.

. (a) one point only

If the discriminant of a quadratic polynomial is zero,
then it has two equal zeroes.

It well touch the x-axis at one point only.

V3
V32 +10x +7V3 = 32 +3x+7x + 73

= \/§x(x+ \/§)+7(x+ \/5)
=(x++3)(V3x+7)

The two zeroes of polynomial are given by

(x+V3)(VB3x+7) =0

= x+v3 =0
or Bx+7=0
= x=-3
or X = =7
V3
Hence, the zeroes of the polynomial are —/3 and _TZ
. (a) x2-25
Let o and B be the zeroes of the required polynomial.
a=5
Sum of zeroes o + =0
= 5+p=0
= B=-5
Product of zeroes = of
=5x (-5)
=-25

Required polynomial is
¥-Sx+P=x2-0xx+(-25)

=x2-25
. (¢) 2
Let px) =x*-3x + k
2 is zero of the given polynomial
: p(2) =0
= (2?-32)+k=0
= 4-6+k=0
= k=2
©1
P1) =a(1)?-3@a-1) (1) -1=0
= a-3a+3-1=0
= -20+2=0
= 20 =2
= a=1
(©6
p(x) =x*-5x+b
L a+B=5 (D
and af=b
Also a-pB=1 [Given] ... (2)
Solving (1) and (2), we get
a=3p=2
b=op=3x2=6
. () -2
-x-6=(x-3)(x+2)=0
= x=3
or x=-2
32 +8x+4=0CBx+2) (x+2)=0
_ -2 =_2
= X = T,x——
Both polynomials become zero when x = -2.
. (b)-0,3
¥-3x2=0
= Px-3)=0



10.

11.

12.

13.

14.

= x=0
or x=3
Zeroes of cubic polynomial x>~ 3x? are 0 and 3.

) -1

x»-1=0

= x+D)(x-1)=0

= x+1=0

or x—-1=0
= x=-1,x=1

2+2x+1=0

= x+DEx+1)=0

= x+1=0

or x+1=0
= x=-1,x=-1

Hence, common zero of the two given polynomials is
-1.

(b) -6
Given polynomial is x% - 5x2 — 6x + 20
o + By + o = (Coefficient of x)
Coefficient of x°
-6
=0 = -6
() 4

Given polynomial is 2x3 — 3ax2 + 4x - 5
—(Coefficient of x?)

Sum of zeroes = — 3
Coefficient of x

_ =(=84) _3a

- 2 )
= % = 6 [Sum of zeroes = 6, Given]|
= a=4

(@) k(&3 = 2x2 — 7x + 14)

Required polynomial is

Ko® = (o + B +7) 2% + (af + By + ya) x — afy]
= k[x® = 2x% + (-7)x — (-14)]
=k(x® - 202 - 7x + 14)

Let p(x) = 4x2+ 4x -3
—x2+%x—%
3
— A2 _ Y
Bkx = o
Then, (1j = (1)2 + (1) _3
' P{2 2 2) "1
_ 1.1 3
T3 7271
1+2-3
= =5 =0
2
B\ (=3 -3)_3
and (3)=(3) - (2)-
-9_3_3
4 2 4
=9—6—3=O

Hence, % and —% are zeroes of the given polynomial.

15.

Sum of zeroes =

—(Coefficient of x)

Coefficient of x*

1 -3

EV i

2 2
-3

4

1

Constant term

Product of zeroes
_3_
4

Coefficient of x*

or

flx) =23 - 4x% - 3x + 12

Let o = /3 and B = —/3 be the given zeroes of the
polynomial f(x) and vy its third zero.

Then,
Sum of zeroes = a. + B +7= 3 — /3 +7
Coefficientof x°
B, e
= y=4

. Required third zero is 4.

Required quadratic polynomial is

2 _ 2 | =3 (;1)
x% — (Sum) x + Product = k[x (2\/§jx+ 2]

3 1
:k[x2+ (mjx— E]

If k=25 , then the polynomial is 25x2 +3x -5
The zeroes of the polynomial are given by

2052 +3x— /5 =0
252 +5x-2x - /5 =0

ey
:\/gx(zx+\/§)—1(2x+\/§)=0
= @+ J5)(f5x-1)=0
= @x+ 5)=0
or (\/gx—l):O
5 1
= X=—--""orx= ——
2 NG
. J5 1 5
The zeroes of the polynomial are -5 and ﬁ x ﬁ
-5 5
or — =,

8 | sielwouAjod



16. Required polynomial is . The other factor is
= (a+ B +7) X+ (o + By + ya)x — oy x* - 2/5x - 15
=x°-3x2-10x + 24
17. Since V2 and V2 are given of f(x),
(x - V2 ) and (x + V2 ) are factors of f(x).
(- 2) is a factor of f(x).
On dividing f(x) by 22 - 2, we get

x% +5x - 35x - 15

x(xm)_sﬁ[ﬂ;jgj

x(x+\/§)—3x/§(x+\/§)
(x+5)(x - 345)

2 4 3 2 2
x -2 )2x4 +7x - 19x2 —14x + 30 <2x +7x-15 - Other zeroes are given by (x + \/g)(x - 3\/3) =0
2x - 4x
- + Either x++/5 =0 = x= —/5
7% —15%" - 14x or x-3J5 =0 = x=3/5
7x3 —14x .. Required three zeroes are J5 , 345 and —5.
- +
2
15" +30 UNIT TEST 2
2
+ 15x :r 30 For Standard Level
0 INORS
q
oo fle) =204 + 7x% — 1922 — 14x + 30 p(x) = x2— px + g
= (2x% + 7x — 15) (x> — 2) [By division algorithm] a+B=p
= 22+ 10x — 3x — 15) (x2 - 2) and ap =g
— [2x(x +5) =3(x + B) (x - ¥2)(x + V2) l+%= B*ﬁ“ 4
o o
= +5) Qr-3) (- v2) (x + V2) 1
The zeroes of f(x) are given by f{x) = 0 2. (c) p= 1?5, q=9
= (x+5) (2x=3) (r= ¥2) (x + ¥2) =0 Let o, B be the roots of the given polynomial
= (x+5)=0 3x% - 2px + 24.
or 2x-3)=0 Let a=2and B =3
or x-+2 =0 0+ B = 2p
3
or x+ V2 =0 5
= x=-5 = 2+3= P
3 3
or x=73 = 5x3=2p
15
or x=42 = Y
or x=-+2 af = %
Zeroes of f(x) are -5, é, J2 and -2
2 2q
= 2x3= ?
18. The other factor of x® — 3v5x? —5x + 15+/5 can be
=9
obtained by dividing the given polynomial by x — J5 - 15 1
. Hence, p=—,q9=9.
as follows: 2
X*\/g)x3*3\/5X2*5x+15\/§<X2*2\/§X*15 3 (©o+p=oap
¥ - 52 Herea+[3=—§=—3anda[3=—§=—3
L 2 2
—25x% —5x + 155 o+ p=op
- 2/5x% +10x 4 (0 2
+ _ 12
E’ ~15x +155 Here we have a+p= _1 ...(1)
H ~15x +15V5 6
& S and of = 21 ...(2)
- 0 6 3
28



1
BT apy

_10_ 5

24 T 12
10. If o, B and vy be the zeroes of 2x3 —

<L|=
Q|

of+By+yo

g_'_E _ (x2+[32
B o af
_ (@+B)’ - 20p
= o
1,2
= 36 13 [From (1) and (2)]
3
. 1+24 25
=9 T h
5. (d) a = %,c=5
5
We have pra=- ..
and pq = % .2
Also, p+g=pg=10 ...(3)
.. From (1), (2) and (3), we have
2 _¢ _q0
a a
51
10 2
and ¢=10a = 10><% =5

6. d)a=-51Db=8.

Given polynomial is 2% + ax?— 14x + b

a+ﬁ+y:_%:g (Given)
= a=-5
afy = —% =-4 (Given)
= b=8
Hence, a = -5, b = 8.
7. Let oo and B be the zeroes of the polynomial
p(x) = ax® + bx + ¢
_1
Then, B= o
Product of zeroes = of
—ax 1
o
—1=<
a
= a=c
8. p(x) = q(x) x g(x) + r(x) [By division algorithm]

=%+ 2x - 1) x (42 +3x +2) +
=8¢ + 6x° + 402 + 83 + 602 + 4x —
= 8x* + 1423 + 6x% + 15x — 12

14x - 10
42 -3x -2+ 14x - 10

9. a, B, y are roots of the given polynomial is x> + 3x? +

10x — 24.

cx[3+[3y+ycx:% =10

and afy = - 1

11.

12.

13.

o =-1 and B = 2 (Given), then

a+B+y:%
= 2—1+y:%
1 1
= ’Y:E—]‘:—E
1

. Required third zero is ok

2x2+x—2) 4+ 2x3—8x2+3x—7<2x2—2

4x4 + 2x3 - 4x2
+

—4x2+3x—7

—4x2—2x+

+ + -
5x-11

5x — 11 should be subtracted from the given polynomial

x2 — 5x — 2, where

so that the resulting polynomial is exactly divisible by

202+ x - 2.

We divide the given polynomial by 32 +4x + 1 by the

long division method as follows:

3x2+4x+1)6x4+8x3+17x2+21x+7<2x2+5

6x4 + 83(3 + 2x2

156 + 21x + 7
15x° +20x +5

xX+2

Remainder = x + 2

X+2=ax+b [Given]
= a =1and b = 2 which are the
required values of a and b.

We have a+pB=-k (1)
and ofy =45 .2
Also, (a—B)? =144 ...(3)
= (o + B)? — 4afp = 144
= k? — 180 = 144
= k2 =324
= k=+18

.. Required value of k is £18.
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