QUADRATIC POLYNOMIALS

. . % - 9
An expression in the form of ax= + bx + ¢, where a,b,c are real
numbers but a # 0, 1s called a quadratic polynomial, For examples

22 —Sx+ 3, 2+ 2x, 3x2 -7, JEYz ol 2 el
QUADRATIC EQUATIONS

A quadratic expression when equated to zero 1s called a quadratic
equation. Hence an equation in the form of ax? + hx + ¢ =0, where
a, b, c are real numbers and a = 0, 15 called a quadratic equation.
For examples,

| -
2 —5x 4

2o T=0and 2% +7ee2

3 =0, —x2+X=0,

= (), etc.

IESZET) 1: Which of the following is not a quadratic equa-
tion?

(a) X -2x+2(3-x)=0

(b) x(x+1)+1=(x-2)(x-5)

(¢) x-1)(x-3)=(x+35) (x-1)

(d) ¥ -dx—x+1=(x-2)
Solution: (b) Hint: x (x + 1) + 1 = (x —2),(x = 5)

— *+x+1=x-Tx+ 10 e

= 8x— 9= 0. which 1s not a gquadratic cquation.

DISCRIMINANT (D)

For the quadratic equation@ + bx + ¢ =0,
Di=h — dac
Here, D is the symbol of discriminant,

Roots or Solution of a Quadratic Equation

(i) If D> 0. then the quadratic equation gx* + hx + ¢ =0 has

two distinct roots given by
-|;J+~J'E d p= —:’J—xjﬁ

o = ——— an
2a 2a

Here a0 and B are symbols of roots of the quadratic

equation.
(ii) 1f D=0, then the quadratic equation ax’+ bx + ¢= 0 has
two equal roots given by
b
a=p= &
(iii) If D < 0, then the quadratic equation ax” + hx + ¢ = 0 has

two roots in the formof g + b and g —ih. where g and b

are real numbers and ;i = —1. The roots in the form of

a + iband a —ib are known as imaginary roots. Imaginary

QUADRATIC
EQUATIONS

roots @ + ib and a — ib are also known as complex
conjugate roots.

Note that imaginary roots means roots are not real
numbers.

Note that1f
ax® + bx + ¢ = alr—a)(x="p),
Then a and B satisfy the .equation ax® + hx
hence o and .are the roots of
ax® + o +es O

2: If ax*+ bx + ¢ =0 has equal roots, then ¢ =

+c= 0 and

Example )

Solution: .;_1.:1:1 “hx +e =0 has equal roots if disc. b* —dac =0
= B Shac
b*
e s ——
1

Example

p3: Find the condition that the quadratic equations
x2+ ax + b =0 and x? + bx + @ = 0 may have a common root.

Solution: Let o be a common root of the given equations.

Then o’ +aa+ b=0and «® + ba+a=10
By the method of cross-multiplication, we get
o oo ]
a-b* b-a b-a
2 2
This gives o = af} _:: =—(a+bh) and o = 1

= (If=—(a+b)=>1=—a-b
= a+ b+ 1=101s the required condition.

i Solve P il @3y

Solution: \[41’ +4x+1<3—x —::w,l' 7’1’+I <3—-x

+{2x+1)<3—x

| Example

— 2x+ 1 <3—xor—(2x+1)<3
= Ix<Z2or2x+1>=x-3

2
= X< E orx>-—4

¥

2
Hence, —4<x< 3

| Example |

)5: Find the solution set of the equation

8
x+5- =17
x+5
_ h
Solution: x+5- =17
x+5
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Quadratic Equations

Multiply both sides by (x + 5), we get,
(x+5)P-8=T(x+5
ie, x+5P-T7@Ex+5-8=0
Putu=x+35
The equation reduces to u* — Tu — 8 =10
1.8, (u—8)u+1)=0
; u=8oru=—1
w=x+3
16, x+5=8=x=8-5=3

x+5=—-]=x=—1-5=-6
S rootsarex=3and x=- 6.
The solutionset= {— 6,3 }.

DI 6: The real roots of the equation x2% + x13 - 2=

are

(a) 1,8 (b) -1,-8
{E] _lsﬂ (d] ]':"'H

Solution: (d) The given equation is x™* +x'7 -2=0
Put x'?=y, then y*’+y-2=0

= p—-DHE+2)=0

= y=1 o y==2

= xP=1 pr a¥¥==2

x=(1) or x={(2p=-13

HﬂnLL the real roots of the given equations are 1, —8.
Ry 7 If x2 +dx + k = 0 has real roots, then
(a) k=4 ib) k=4

(¢) k=10 (d) k=0
Solution: (b) Since x* + 4x + k= 0 has real roots.

Disc. (4)* —4k=0

= 16—-4dk=0
—= 4k < 16
= k<4

PROPERTIES OF QUADRATIC EQUATIONS
AND THEIR ROOTS

(i) It D1s a perfect Square thén roots are rational otherwise
irrational.

(i) Ifp + \E 1s one root of a quadratic equation, then their
conjugate p — /g must be the other root and vice-versa,

where p 1s rational and J::; is a surd,

(iii)

[ a quadratic equation in x has more than two roots, then
it 1s an identity in x,

GRAPH OF A QUADRATIC EXPRESSION

Graph of v = ax> + hx + ¢; where a. b. ¢ are real numbers but
a# 0 1s always a parabola.
The shape of the parabola is like

or

Vertically upward
open parabola

Vertically downward
open parabola

If & = 0, then parabola 1s vertically upward open and if a < 0
then parabola 1s vertically downward open.

Axis of a parabola 1s a vertical line which divides it in two
halves.

A point on the parabola where the graph turn down to up or up
to down is called vertex of the parabola. Coordinate of the vertex

b dac—h"
r :

f the parabolais always | — —.
of the para UdIHﬂWd}fH[ ot A

A A
i |

1 I

1

1 ]

1 i

1 i

| i

1 i

1 ]

1 ]

| vertex :

| i

¥ axis ¥ axis

Fig. (a) Fig. (b)

Vertex is either the lowest point on the parabola as in the
fig (a) or the highestipomt onthe parabola as n the fig (b).

GEOMETRICAL MEANING OF ROOTS OR
SOLUTIONS OF A QUADRATIC EQUATION

_r-ﬁgurdiﬁ_a;:: of the points where the graph of the quadratic

expression v = ax’ + hx + ¢ intersects or touches the x-axis are
called roots of the quadratic equation ax- + hx + ¢ = . If the
parabola intersects the x-axis at two distinct points, then there are
two different real roots of the quadratic equation.

[f the parabola only touches the x-axis at a pomnt, then the
quadratic equation has two real equal roots.

[f the parabola does not touch or intersect the x-axis then there
are two different imaginary roots. The imaginary roots means
roots are not real numbers.

SIGN OF A QUADRATIC EXPRESSION

Let y=ax” + bx + ¢, where ax? + bx + ¢ i a quadratic expression.
Case-I: fa > 0 and

(i) D=0, the graph of y=ax? + hx + ¢ is a vertically upward
open parabola which intersects the x-axis at two different

N

In the figure. a and [i are the values of the x-coordinates

points.

of the points where the parabola intersects the x-axis.

Hence o and [} are two roots of the quadratic equation

ax> + bx+ ¢ =0, such that o < .

It 1s clear from the graph,

(a) ax* + bx + ¢ will be positive for all real values
of x which are less than o or greater than [} 1.e.,
at+hx+e>0forxe (—oo a)u (p. o)

(b) ax* + bx + ¢ will be negative for all real values of
x which lie between o and B i.e., ax” + hx + ¢ < 0 for

x & (o, )
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Quadratic Equations

(i1)

(1il)

Case-l:

(i)

(i1)

(iii)

D =0, the graph of vy = ax® + bx + ¢ 1s vertically upward
open parabola which touches the x-axis at only one point.
Hence both roots ¢ and f of ax® + by + ¢ = 0 are the same

e o= p.
a = f

It is clear from the graph, the value of ax” + bx+ e will be

positive for all real values of x exceptx = a or 3.

D < 0, then graph of y = ax” + hx + ¢ is vertically upward
open parabola, which does not intersect or touch the x-axis
at any point.

| - >
X

X
It is clear from graph, the value of ax® + hx + ¢ will

e = S i 1 i i -
be positive for all values of x i.e.. ax= + bx + ¢ > 0 for

x € {— oo, o).

ifa < 0and
D >0, then graph of y = ax* + bx + ¢
downward open parabola, which intersects the x-axis at

1s the vertically
two different points.

U.//—_—\\B
In the figure o and [} are the value of the x-coordmates
of the points where the graph mtersects the x-axis.

Hence, o and 3 are two roots of the guadratic equation

ax” + bx + ¢ = 0, such that o <.

(a) ax> + bx + ¢ will be positive for all real values
of x which are greatér.than & but less than f§ 1.e.,
ax> + bx + ¢ =0 for Iefﬁ., B)

(b) ax® + bx + ¢ willsbe negative for all real values of x
which i.e. ax®™* hx# ¢ <0 for x € (— oo, &) (P, )

D =0, the graph of v= ax? + hx + ¢ is vertically downward

open parabola which touches the x-axis at only one point.

Hence buth Toots o :md [3 are the same i e. o=.

Yy

It is clear from the graph, the value of ax” + hx + c will be

negative for all real values of x except x = w or 3.

D <0, then graph of v=ax” + bx + ¢ is vertically downward
open parabola which does not intersect or touch the x-axis
at any point.

- .
x! x

It is clear from the graph. the value of ax® + bx + ¢ will be
negative for all real values of x i.e.. ax® + hx + ¢ < 0 for
X e (—o, o),

P 8: For the below figure of ax? + bx + ¢=0

(a) a<0 (b) b=0
(¢) D=1 (d) None of these
Y
i \\_,x/
v

Solution: (¢)

SUM AND PRODUCT OF ROOTS

If o and f are the roots of a quadratic equation ax” + hx + ¢ =0,
Then,

{ h coefficient of x
Sum of rootsy  at+ = == : :
a coefficient of x
¢ constant term

Produet of toots.

aff = —=

=k o)
a  coetticient of x

P 9: Find the sum and product of roots of

274 3x - 5=0.

_ . b 3 3
Solution: Sumofroots = —— = ——=—
a -2 2

; c =5 5

Product ofroots = —=——=—

a =2 2

FORMATION OF AN EQUATION WITH
GIVEN ROOTS

[f ¢ and [5 are the roots ofa quadratic equation, then the quadratic
equation will be
—(a+P)x+a.p=0

Le. x — (Sum of the roots) x + Product of the roots =0

3x? - x = (), then find the gquadratic equation whose

1
roots are — and — .

o p

-1 1 4
S I ﬁ . T - e i » e
olution o+ 34 o 3
I I o+
Now, = B P
a P oy
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Quadratic Equations

4 3 2 1.5
o B ap 4 4
3
Hence required quadratic equation,
I 3
¥ ——x+==0
4 4
=" 457 —x+3 =0

BT /1: If o, B are the roots of x? + ax + b =10, find the
equation for which o® + B2 and a2 + B2 are the roots.

Solution: o+ =—a.af=5h
o2 + [33= (ot + ﬁ}j— 2afd =g*-2h

| 1
a2+ PP = —+— =
Required equation.

=% {[al —2.’:)+ Hgb_fh} ¢ (az —2!:]@: 0

b (al —Ee’:.']+ & — 2!]'. | (al —2.!’}](.-::!2 - 2!}]

4 =0
h* h?

— X*—Xx+

— bl —xi{b (a® - 2b)+ a* —2b}+ (a* - 2BV =0

SIS /2: Form the quadratic equations for the given
roots.

3+J§ 3—@
4 ' 4

—
—

3+«f5_+3—ﬁ
4 B

3
4 2

4

Solution: Here, 5=

5 p_[3ab)(3-V5)_9-5_1
an = - —
Bl 4 16 4
. The required equation isx* — Sx+ P =0
5 3 l

1e. X —=—x+—=0=42-6x+1=0
2 4

GREATEST AND LEAST VALUE OF A
QUADRATIC EXPRESSION

(i) If @ = (. then least value of the quadratic expression

sy pesei D _dac—b” b
ax X T C 15 4@— dl X

4a At

Note that there 1s no greatest value of the quadratic
expression ax> + by + ¢ if a > 0.

(i) Ita <0, thenthe greatest value of the quadratic expression

D  dac-b b
= At x=——
e dez 2a

Note that there 15 no least value of the quadratic expression

- L
ax-+ hbx+eci1s —

;
ax-+ by + ¢,

CUBIC EQUATIONS

An equation in the form of ax’ + bx* + ex +d=0, where a. b, . d
are real numbers but a # 0, 1s called a cubic equation. For example.
2 — 4+ 3x+5=0,—-x —4x+ 7=0,5* =0,
¥—5=0,2+3x2=0, etc.
Any cubic equation has three roots, If o, 3 and y are three roots

of a cubic equation ax® + bx? + cx.+ d =40, then

_ b coefficient of x°
Dat+fty=——=—"g ;
a coefficient of x

e coefficient of x

(i) .+ Pgey.o="== ; :
AL o™ a coefficient of x°

constant term

W QS . = " cocthcient of 2

M) 13: 1f a, B, y are the roots of the equation
2x? - 3x2 + 6x + 1 =0, then o + B? + ¢ is equal to

(a) —15/4 (b) 15/4
(e) 9/4 (d) 4
Solution: (a) Given equation 2x* — 3x + 6x+ 1 =0,

D:+B+*,f=§, ct[ﬂﬂlf:-?i, Yaf=3

(@ +B2 +y) = (@+B+v)? -2(Sap)

2
3 =
=[_] Bl fa
4 4

2
_&% Remember

(1)  Valueof JP+\"P+-\}'P+..,,,,,,,_m - JAP+1+41

2

(i) Valueof JP—JP—-\:"P—..“.....m = 4P +1-1

.

(i) Value of JP.JP.JP. s =P

[i"l-“] Value of JPJPW - P[Eﬂ _1:]+gu

[Where n = no. of times P repeated].

Note: If factors of P are n & (n+ 1) type then value of

NP+ PPt =(n+1)and YP—yP VP .0 =n.
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Quadratic Equations

2

I |
Solve x——=1-—
x 2
: 2 1 2
(@) -3 (b) 3
1 2
(c) 2’3 (d) None of these

Father’s age 15 4 less than five times the age of his son and
the product of their ages1s 288. Find the father’s age.

(a) 40 years (b) 36 years
() 26 years (d) 42 years
_ ; ; 13
The sum of a rational number and its reciprocal is 7 find
3
the number.
2 3 -
it l'_ szaa [ra—
@) 395 4 3
2.3
(c) ?ﬂ',-}' (d) None of these

Minimum value of x2 + =338
x +1

(a) 0O by —1

&}y —23 (d) -2

If the roots, x, and x,, of the quadratic equation x* — 2x + c=
0 also satisfy the equation 7x, —4x, = 47. then which ofthe
following 1s true?

(a) c=-15 ) x,=-5,x,=3

(¢) x,=4.5,x,=-235 (d) None of these

For what value of k, are the roots of the quadratic equation
(k+1)x*—2(k— 1) x+ 1 =0 real and equal?

(a) k=0 only (b) k=-3only

(¢) k=0ork=3 (d) k=0ork=-3

If o, B are the roots of the equation 2x*— 3x— 6= 0, find the
equation whose roots are o” + 2 and 7+ 2.

(a) 4x*+49x+118=0 (b) 4x’—49x+118=0
(¢) 4x?—49x—118=0 (d) 424+49x—118=0

If o and B are the roots of the equation x* —2x + 4 = 0, then
what is the value of o + B*?

(a) 16 (b) —16
(c) 8 (d) —8
Ifr and s are roots of x*+ px + g = 0, then what is the value
T I
of =+ _?'F
¥ ¥

EXERCISE

10,

11

13

14.

15.

16.

17.

i
(¢) 3 (d) 3
i i

Sum of the areas of two squares is 468 m~, Ifthe difference
ofther perimeters is 24 m, find the sides of the two squares.

(a) Y9m, 6m (b 18m, 12m

(c) 18m,6m (d) 9m, 12m

If the roots of x> — kx +'1 = () are non-real, then

(a) —3<k<3 (b 2<k<2

() k>2 (d) k<-2

The sum of twonumbers p and g is 18 and the sum of their

P,
reciprocals 1s & Then the numbers are

a) 10.8 (b) 12.6
<) 9.9 (dy 14.4
Two numbers are such that the square of greater number

is 504 less than 8 times the square of the other. If the
numbers are in the ratio 3 : 4. Find the number.

(a) 15 and 20 (b) 6 and R
(c) 12 and 16 (d) 9and 12

The equation x + Jx—2 =4 has

(a) two real roots and one imaginary root
(b) one real and one imaginary root

(¢} two imaginaryroots

(d) onereal root

The equation +fx+ 10— &
Nx+10

(a) an extraneousroot between -5 and -1
(b) an extraneous root between —10 and —6

=5 has

(C)  two extraneous roots

(d) areal root between 20 and 25

[An extraneous root means a root which does not satisfy
the equation. ]

Iflog,, (x2—3x + 6)= 1, then the value of xis

(a) 10or2 (by 4or-2

(d) 4or-1

Two numbers whose sum 18 6 and the absolute value of
whose difference is 8 are the roots of the equation

@) X*—6x+7=0 (b) XX—6x-7=0

() x>+6x—8=0 (d) x2—6x+8=0

(¢} 4only
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8.

19,

Quadratic Equations

The roots of the equation x> +2B8x+3=0 are
(b) rational and equal

(d) 1maginary
The roots of the equation ax? + hx + ¢ =0 will be reciprocal

(a) realand equal

(¢} rational and unequal

if
(a) a=~h (bY a=bhc
(c) e=a (dy b=c

The discriminant of ax> — 2v2x+¢ =0 with ¢, ¢ arereal
constants is zero. The roots must be

(a}) equaland integral (b)
(¢} real and equal (d) maginary
If the product of roots of the equation

rational and equal

x2-3 (2a+4)x+ a’+ 18a+ R1=0is unity, then a can take

the values as

(a) 3,—-6 (b)
(¢) —10,—8 (d)
If the roots of the equation

(a2 + bY)x2 = 2(ac + bd)x + (c¢® + d*) = 0 are equal, then
which of the following is true?

(a) ab=cd (b) ad=he

(c) Jd=\jg (d) ﬂ!:r=sf£?

If ¢ and P are the roots of the quadratic equation

10,— 8
—10,-6

2 2
ax” +bx+c =0, then the value of [1_+[3_ 15
B o«
(@) 3hc 1— a (b) Ea_f:rcq—'b?‘_
bhf H‘:E
(©) 3&!}::; — b (d) ab —f}‘.—:r
ac 2be

Ifa, b are the two roots of a quadratic equation such that
a+ h=24 and a— H =8 then thequadratic equation having
a and b as 1its roots is

(a) x +2x+8=0 (b) X —4x+8=0

() x —24x+128=0 (d) 2x +8x+9=0

If roots of an equation ax® + bx + ¢ = ) are positive, then
which one of the following 15 correct?

(a) Signs of @ and ¢ should be like

(b} Signs of b and ¢ should be like

(¢) Signsof @ and b should be like

(d) None of the above

If ccand B are the roots of the equation x* + 6x+ 1 =0, then
what is | oo — 3| equal to?

(a) 6

() 4.2

(b) 3.2

(d)y 12

3l

32,

L

A natural number when increased by 12, equals 160 times
its reciprocal. Find the number.

(a) 3 (b) 5

(c) 8 (d)y 16

Which 1s not true?

(a) Everyquadratic polynomial can have at most two zeros.

(b) Some quadratic polynomials do not have any zero.
[i.e. real zero]

(¢) Some quadratic polynomials may have only one zero.

[i.e. one real zero]
(d) Ewveryquadratic polynomial which has two zeros.
If 6 < x £ 8, then which one of the following 1s correct?
(@) (x—6)(x—8)20 (b)) (x—6)(x—8)=0
(©) (x-6)(x-8)=<0., (d) (x-6)(x-8 <0
What are the roots of the quadratic equation

a2bx> — @2 ¥ b)x + 1= 07

1 g R
(a) 2 " (b) A 2
\ 11
e Rt

Two students A4 and B solve an equation of the form
x>+ px + g = 0. A starts with a wrong value of p and
obtains the roots as 2 and 6. B starts with a wrong value
of q and gets the roots as 2 and —9. What are the correct
roots of the equation?
(a) 3 and -4 (b} — 3 and —4
(c) —3 and 4 (d) 3 and 4
If one of the roots of quadratic equation 7x* — 50x + k=0
is 7. then what is the value of k?
(@) 7 (b) 1

50 7

(c) el (d) 50

The guadratic equation whose roots are 3 and —1, is
(@) x’—4x+3=0 (b) x*-2x-3=0

) x>+ 2x-3=0 (d) x*>+4x+3=0
, , x> x 1 : ,
If one root of the equation _+F+ — =10 1s reciprocal
a C

of the other, then which one of the following 1s correct?
(a) a=b (b) b=-c¢

(c) ac=1 (d) a=c¢

If one of the roots of the equation x* — bx + ¢ = 0 is the
square of the other, then which of the following option 1s
correct?

(@ b’=3bc+c*+c (b)) ¢ =3bc+b +b

€) 3bc=c’+b°+b (d 3bc=c +b +b
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A-205

36.

A

38.

39.

41.

Consider the following statements in respect of the
quadratic equation ax> + bx + b= 0, where a # 0.

I.  The product of the roots 1s equal to the sum of the 43

roots.
II. The roots of the equation are always unequal and
real.
Which of the statements given above 1s/are correct?
(a) Omlyl (b)  Only Il
(¢) Both I and 11 (d) Neither | nor 11

If x%= ﬁ+Jﬁ+Jﬁ+ 6+ ..., then what is one of the

values of x equal to?

(a) 6 by 5
(c) 4 (d) 3

If o« and B are the roots of the equation x’—x—1=0, 45

o+ [J:E

(2= p?) (o= P)

then what is

equal to?

2 3
@ 7 b) 7
4
(c) S (d) 4
. . * 46.
In solving a problem, one student makes a mistake'in the '
coeflicient of the first degree term and obtaing—9 and =1
for the roots. Another student makes a mistake in the
constant term of the equation and obtains 8 and 2 for the
roots. The correct equation was
@) X*+10x+9=0 (b x=10x+16=0
(€) x>—10x+9=0 (d) “Nene of these
If m and n are the roots of the equation ax> +bx+c= 47
. [rnE - 1)
0, then the equation whose roots are and
m
(n:E + 1] . 4%,
1S
n
(a) acx”+ (ab+ be)x + b+ (a—c¢) =0
(b) acx” + (ab— bc)x + b’ + (a — f.:]E =1}
(¢) acx” —(ab—be)x + b —(a—¢)=0
(dy acx’— (ab+be)x + B —(a—¢cf =0
The value of x> — 4x + 11 can never be less than
(@) 7 (b) 8
(¢) 11 (d) 22 49,

If the roots of the equation

(a° — be)x® + 2(b”> —ac)x + (¢ —ab) =0
are equal, where b # 0, then which one of the following
18 correct?

(a) a+ b+ c=abc b) a®+b +c2=0
) & +b + =0 (d) a'+ b’ + ¢’ = 3abc
[f m and n are the roots of the equation x* + ax + b= 0

) > "
and m", n~ are the roots of the equation Yoex+d= (0,
then which of the following 1s / are correct ?

L 2b-a=c 2.6 =d

Select the correct answer using the codes given below :
(a) Only 1 (b) Only 2

(c) Both 1 and 2 (d) Nether 1 nor 2

For which value of & does the pair of equations ¥
y? =0 and (x — k) + y* = 1 yield a unique positive
solution of x? (CDS)
(@) 2 (). 0

(© 2 IR W)

Ifa, band c satisfy the'equation. x~ — 3x2 + 2x + 1 = 0 then

1 1%]
what is the valueof —+—+—7

a b ¢ ()
el .
(a) 3 (by 2
|
() -2 (d) 2

[fthe roots of the quadratic equation x> —4x — log oN=0

are all real, then the minimum value of N 15 (CDS)
4 o 1
@ Too ©) To00
: L d) 10000
© To000 @

The difference of maximum values of the expressions
(6+ 5x —x2) and (y — 6 —y7) for any real values ofx and y is

(CDS)

(a) 16 (b) 17
() I8 (d 19
Ifthe roots of the equation /x?+ mx +m =0 are in the ratio
p g, then (CDS)

JE , \/I A JE

q p !

1s equal to
(a) 0 (b) 1
(c) 2 (d) 3
If \3x% _7x—30 —v2x% —7x-5=x—5 (CDS)

has o and [ as its roots, then the value of af 1s
(@) —15 (b) -5
(c) O (d) 5
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Quadratic Equations

If the equations x> — px + g =0 and x> + gr— p=0 have a
common root, then which one of the following 1s correct?

(@) p—q=0 (b) ptg-2=0  (CDS)
(¢) ptqg-1=0 (dy p—g-1=0

L
If x=23+2 3, then the value of 2x* — 6x — 5 is euqal to

56.

(a) 0 (b) 1 (CDS)
(¢) 2 (d) 3
Ifthe linear factors of ax® —(a® + 1)x +a are pand q then p
+ g 1s equal to
(a) (x—I)(a+1) (b) (x+1)(atl)  (CDS)
© x-Da-1) @ x+1)@-1) i
e Na+2b+a—2b
Lo Na+2b—+Ja-2h
then hx® —ax+ bis equal to(given that b = 0)  (CDS)
(a 0 (b) 1
(c) abh (d) 2ab
Ifthe sum of the roots of ax? + bx + ¢ = 01is equal to the sum
of the squares of thewr reciprocais, then which one of the
following relations is correct?
(a) ab®+he?=2a%c (b) ac®+ he? =2b%a
(¢} ab? + bc* = ae (d) at+ b2+ et =1
Consider the following statements in respect of the
expression

o nin+1) 3K,

2

where n 1s an integer, (CDS)

. Thereare exactly two values ofn forwhich S =861.

2 8= Sin+ 1, and hence for any integer m, we have two
values of n for which §, = m.
Which of the above statement is/are correct?
(a) 1 only (b) 2 only
(c) Bothland2 (d) Neither 1 nor 2
Under what condition on p and g. one of the roots of the
equation x2 + px + g = 0 is the square of the other?

(CDS)
(b) 1+ p+p*=3pq
(d) ¢'+p+p*=3pq

(@) 1+q+q =3pg
(©) PP+g+q*=3pg

The solution of the inequation (CDS)
1+l—-]1,-3ﬂ
X x
is (given that x = 0)
(a) x=0
(b) x=0
(©) _]_ﬁ.::..ﬁw_:_”’jg
2 2
] —1=x/5 =
(dy x=< I \/_ or x= }+\E
2 .
5 I ¥
If J: T \[: and x — y= §, then the value of xy 1s equal
y 3 X
to (CDS)
(a) 36 (b) 24
(¢} 16 (d) 9
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Quadratic Equations

HINTS & SOLUTIONS

1 .3 2 _1 3 = 42 -2k+1D)-4k+1)=0
. (a) -T—;=1:; — - —=r — K2-2k+1—(k+1)=0

S : —  k2-3k=0

2xZ—1)=3x = 2r¥*—2=3x — k=0,k=3

252 _ x50 7 (b) Sitlce} a, b are root of the equation
2x-—3x—6=10

2x{(x—=2)+1 (x—-2)=10

2x+ 1x-2)=0
Either 2x+ 1=0o0rx—2=0 = o2+ pi=(a+ ) - 20p
Zx=—1otx=2

e
—r
= 2" —4x+x-2=0
—_—
—r

3
at+fp= s and aff=-3

——
. .
= SR
= Al vy ort—2 _
= Now, (o +2) + (B> + 2)=(c® + ) +4
-1 !
x =— 2 are solutions. = E,+4 -
2 R T 4

2 (b) Let the son’s age be x years.

ands (624 2)(B2 +2)= a2p2+ 2(a + p2)+ 4
So, father’s age = 5x — 4 years. ( ) ) p i [3)

x(5x—4)=288 - R 33 39
d > (-3 +2| —|+4=—
=5 Sx-—4x—288=0 = 5x~—40x +36x—288=0 4 2
= Sx(x—8)+36(x-8)=0 So, the equation whose roots are o + 2 and p~ + 2 is
—  [dx+ 35}[_1’—3]:'} I{E—HHHE +E}+ﬂ32+ ) +[L‘.[.E"|' 2]“32.4_2]:[}
Either —8=0or 5x-+36 =0 = % =8 or {GRs U N
5 47 2
x cannot be negative; therefore, x= 8 is.the solution. b DA A T =i
o, Son’s age = 8 years and Father’s age = 5x — 4 & (b Usea®+p3=(a+py—3ap(a+tp)
= 36 years.
3, 1) Letthe ber be x. 1 S
(a) Letthe numberbe x o (d) - 4 > _ =
1 13, ©#WP13 5 | ‘
Then, x+—=""% =—=b6x" —13x+6=10
x 8 o 6 (s+rY =2sr p —2g
= 6x7— 9x—4xH6=0 = (3Ix—2)2x-3)=0 T
2 3 ST crids
g e g e B 10,  (b) Let first square hlas side x,
. Area =x2, Perimeter = 4x and let second square has
H | s o 3 3 side v,
ence, the required number is 5 or . iAren=y Deidinstor—dy
4  (d) ForMinimum value x2>0 Let x > y so that 4x > 4y
I Given, x* +y* =468
=4+ 1 —3=—2 (1)
and 4y —dy=24 =y y=6=p=x—6
5. (@) 7x,—4x,=47 L) ) £ 2
SR Using (2) in (1), we getx® + (x — 6)2 =468
Sptvingaie =99 — x24x2 - 12x+36=468 = 22— 12x—432=0
X, =3 &x,=-3
Soe=—15 5 b+ 36+ 8064
T ; . = x—bfx—216=0=x=
6. (¢) Since, the roots of the equation (k + 1)x=— 2(k —1) 2
x + 1=0are real and equal.
2k —4(k+1)=0 _ 624300
(+» b*—dac=0) 2
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12,

13.

14.

15.

(b)

(b)

(d)

(d)

(b)

Quadratic Equations

6+30 36 -24

=% 5 5 =18,—-12

But x bemng length cannot be negative .. x= 18

put x =18 equ. (2), weget y=x-6=18-6=12
sides of the two squares =x, y=18m, 12 m

Since the roots of x* —kx + 4 =0 are non-real.

- Dise., (k) -4<0=k-4<0

Sk <d=|k|<2=>-2<k<2

ptg=18 1)

1 i ]
and P = 1

(2)(Given)

. p+tg ] 18
Le = S

Pq 4 pg 4
= pg=72 (3)

From(1)and (3), p(18—p)=72

= P18+ T2=0=(p—6)(p—12)=0

= p=6,12whenp=6,g=12;whenp=12,4=6
Hence the numbers are 12, 6.

X+ 504 =8 (1)

3x =4y

= 4y
=3

3

4y Y
[i] +504 = 8y?

3

2

_I%‘_+5ﬁ4= 8y’

16y + 9 x 504 = 72)7
72" — 16y =4536

5617 =4536

y =28l

l'l_!: 9

.
3

X+yx—2 =4

N g

Squaring on the both sides
1=2=16+x*-8x

2 —O9x+18=0
(x— 6 x—-3)=0
x=fHor3

But by checking, only x = 3 satisfies the equation,

AJx+10 - ]

et

x+10—-6= 5-,}':r+1[}
x+4=5:x+10

6. (d)
17.  (b)
18.0(a)
19. {c)
2. (c)
21. (¢}

Squaring on both sides,
x*+8x+16=25x+250
¥—1M-234=0

x*—26r+9x—234=0
X(x—26)+9x—-26)=0

(x—26)(x +9)=0

x=26(or)—9

Here x =—9 isnot satisfying. So it 1s extraneous.
log, (x> 3x+6)=1

x*—3x+6=10

r*—3x—4=0

(r—4)(x+ 1) =0

x=4or—1

Let o and B are the roots

at =6

a—[F==8

2= 14

=7

ﬁ:—__l

o T I}: E?ﬂ' ﬁ ==

The quadratic equation is x* —6x—7 =10
b=dac= [2\/?:]2 —4(1)(3) =0. Sothe roots are real

and equal.
Since roots are reciprocal,

C
product of the roots =1 = — =1

a
== =a.
:11:2—2«151’-!-3 ={)
(242)% —dac =g
dac=¥
ac=2
2
= —
a

Let a.  be the roots.

242 ¢ 2
ot B 5 s af= 2
(a—PB)r=(a+pBr—4ap
8 8
=0T =
ol
oa=f
J2
So.a=pf=—
o

Hence the roots are real and equal.

The product ofthe roots is given by: (a® + 18a +81)/1.
Since product is unity we get: @” + 18a + 81 =1
Thus, @+ 18a +80=0

Solving, wegeta=— 10 anda =— 8,
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Quadratic Equations

22,

24,

25.

26.

21,

(b) Solve this by assuming each option to be true and
then check whether the given expression has equal
roots for the option under check.

Thus, 1fwe check for option (b).

ad=bc.

We assume a=6,d=4 b= 12 ¢= 2 (any set of values
that satisties ad = bc)

Then (g + bH)x? —2(ac + belx + (2 +dH=0
180x>—120x+20=0

We can see that this has equal roots. Thus, option (b)
15 a possible answer. The same way ifwe check for a.
c and  we see that none of them gives us equal roots
and can be rejected.

(b) Here, a+p= .. and aff =
a

& | o

2 2 3 3
Thus, o +[3 =7 +P
o o3

(a+P) (o —[1[3+[32]
- "

A1)
Now. (o +B° —ap) =[(a+P) —20p—ap]

= [(oe+B)* —3ap]

Hence (1) becomes

—b{b-’?_gﬂ]
" (e +P)(a+B)* —3ap)] _ -
= .

s

&

b |:4'r.12 - Em:] B ?rabk;-—bﬁ

C gl-f-

(¢} a+b=24anda—h=28
= g=16and h=8 = ab=16% §=128
A quadratic equation with roots a and b 1s

X —(a+b)yx+ab=0 or x*=24x+128=0
(a) Ifroots of an equation ax® + hx + ¢ = () are positive,
then signs of @ and ¢ should be like.
(¢) - aandP are the roots ofthe equationx”+ 6x+ 1 =0
at+B=—6andaf=1
Now. (e— B =(a+ By —4daf
={-6)y -4
=36—4=32

= |[1—ﬁ|=£=4ﬁ

(¢} Letthenatural number be=x.

16
By the given condition: x+ 12 = —(x# U)
X

28,

29,

30.

31.

12 ++f144 + 640
2

= x7+ 12x—160=0=x=—

== e e (O

2 2 2

=—20o0r 8 Butx is anatural number .. x =&,
@ @
(b) x>+ 1isaquadratic polynomial which has noreal
value of x for which x* + 1 is zero.
[, x*20=>x"+1>0forall realx] ... (b)istrue.
(¢) The quadratic polynomial
x*—2x+1=(x—1)"hasonlyonezeroi.e. I

1244784 12428 40 16
S — -

is clearly true.

. () 1s true.
[+ (x—=1¥=0atx#land forx=1,(x— 1) =0]
(d) is false
[+ of (b), (¢)]
Hence (d) holds.
(c) 6<x<8§
e,
=B 6 2 Ewon
or x € [6, §]

= (x—-6)(x—8) =0
(a) Let roots of equation are o and J.

Y. 2
n:+[3=d :g and of} = ,,l,}
a~b a~b"
We know that
2 202
2 _ a“+b 4
“'B“\/{f“m —4op = [ 21,2 } 222

@2-b2)2 a?-t?
— ﬂ—ﬁ: —
\] (@a’b®)*  a’b’

I
On solving, we get (0= b_‘z and p =

(b) Let, the roots of the quadratic equation
X~ +px +q=0is (o B).
Given that, 4 starts with a wrong value of p and
obtains the roots as 2 and 6. But this time q is

correct.
i.e.. Product of roots
q=a-pB=6x2=12 sl 1)

and B starts with a wrong value of g and gets the roots
as 2 and — 9. But this time p 18 correct,
e, Sumofroots p=a+pf=-9+2=-7
(o — B)* = (o + B)* — 4af
= (-7} -4.12=49 - 48 =1
[From equations (1) and (11)]
WL B

. (11)

= a-p=1

FREE STUDY MATERIALS DOWNLOAD &%+ & feiq gardt dagmge VISIT @2 : WWW.SARKARIPOST.IN



35.

Quadratic Equations

From equations (11) and (111),
=—3and =4
which 1s correct roots.
(a) Quadratic equation Tx*—50x + k=0
Here,a=7.b=-50andc=k

Sillt}+:€:,ﬂn:+[3=i
a
; ; 50
+ B =— +B=—=
a+f 2 = 3 >
I s
= B= 7 (++ o= T, given)
: 1k
and ::{B:-Llnl'?x-:—:}k:'?
a T 7

(b) Here, given roots of equation are 3 and —1.
So, expression can be written as
(x—3}x+1)=0
= x> —3x+x—-3=0
= M —F =D

(d) Given equation,

2 x 1

—+—+—=0
a b c

:
bex™ +acx +ab=0

|
Let roots are oo and —

et
1 ab
Product of roots = 0-—=—
o be
a
=5 Ja=
»
== ¢c=a

(a) According to question
Let one roots of equation is o then others roots of
equation is a°.

Sum of roots = a + o> =— [_Ib}

= REELR ()
Product of roots = oo =%

=% o =% S a=g" .. (i1)

From equations (1) and (11),

| |
¢3led+1|=Db o 101}

On cubing both sides, we get

| 3

elc+1| =1

37.

e

CRURY

| |

cic+ 1433 |3 +1 | =B

cle+1+3b)=b
h3ﬁ= 3be + ¢& + ¢
ax~ +bx+b=10
> b b

X“+—x+—=10
ad a

[ from equation (111)]

Sum of roots, oo + B = —
a

b

and Products of roots, uﬁ:l—i—

"l Uy -

(d)

-4 U4

(b)

Hence, product of roots is not equal to the sum of
roots, so Statement | not correct.

Now. for roots to be real and uequal.

Determinant, D > 0

b® — dag:> 0

-

b~ —4da(b)= 0

b= dab.= 0

b = 4ab
b=da

So, if b = 4a, then roots are unequal and real,
s0 Statement 1I is not always true it will depend on
values of a and b.

%2 =ﬁ+\fﬁ+\lﬁ+ﬁfﬁ+...m

X"=06+4x
x2=6+x
x*—x—6=0

x>+ 2x—3x—6=10
Mx+2)-3x+2)=0
(x—3)(x+2)=0
x=3

Alternate Method :
CGirven,

x2 =ﬁ+\/ﬁ+\/6+1§'ﬁ+...m
:-:=Jﬁ+\/ﬁ+\/ﬁ+ﬂl'ﬁ+...m

Here, factor of 6 = 2 and 3
Sign in expression is positive.
So that x = 3.

Now, (a0 + B =a” + B> + 2ap
o+ =01 =-2x(1)=3
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Quadratic Equations

39

and El—ﬁl =\/(ﬂ':+_ﬁl ]1 —4&'.'1}'32
= 9—4(-1)" =<5

o-B= J(@-p)-40p
= 30D =45

o+ & 3
(o =B Nae—P) 545 5

(¢) When mistake i1s done in first degree term the roots
of the equation are — 9 and — 1.
Equationis (x + 1) (x +9)=x>+ 10x + 9 ()

Now,

When mistake 1s done in constant term. the roots of

equation are 8 and 2,
Equation is (x —2) (x —8)=x"— 10x + 16 ... (ii)
Required equation from equations (1) and (11), we get
X" — 10x + 9

(a) For the given equation ax” + bx + ¢ = (), m and n are
the roots

Sumofroots=m +n= ——
4

C
and Product of roots = mn =—
a

]
) ) m- +1
Sum of roots & of required equation = 2 and
nE’ +1
n
2 2
_ mE +1 . n- +1 i m‘?n+n+mn‘ +m
m n mn

(m+n)(mn+1)

mn (m+n) +(m+n)

mh | mn
b{ ¢
--[_H]
— __—b(a+c)
< ac
el
b c
Put m+n=—— and mn=—
d a
; m 4+l n +1 m-+n-+1
Product of roots = W% - ( ) )
im n mn

mzn‘+n +m +1

mn

7 .
_{(mn)” +{m+n)”—2mn +1

mn

41,

42,

43,

R0

L
ek

7] 7l 2 7
T+ =206+ b® +(a—c)*

dC il

We know that, quadratic equation is of the form
x> — (Sum of roots) x + Product of roots = 0

. P
. Rg_{-h[a+:,]]x+(b +(a—¢) ]ﬂ

4ac ac

ac{’ +bla+ox+b +@=c)= u

::ILJ{ + (ab + be)x + b (a—L} =

x> —4x + 11

This can be written as

= (X — 2}_1 £

Here, (x~ 2)" .0

So, given function can be not be less than 7.
(d) GII.Ff:i‘l :;:quﬂtmu

[d —hr..}:{ + T’[h —ac)x + [f., — ab) =

The given roots are equal, then D must he ZET0.
D=0

EUH

ie., [2(b* — ac) P 4[:. = I}L}[L — ab) =
- 4(b4 . a‘r - Edb_b} 4(a- 2 b’ — an + ab’c) = 0
— 4b* + 4a’c? — 8ab’c — da’c® + 4be’ + 4a’b
— 4ab’c =0
4b* — 12ab’c + 4bc® + da’b =0

b+ ¢ +a’ —3abe=0

Loa + b+ et = 3abe

(b) Here m and n are the roots of the equation
C+ac+b=0
m+n=-—a (1)
mn=h (1)

Also, m> and n” are the roots of the equation of
r—cx+d=0.

m+n= ¢ 1)

44

St .
mn =d W (1v)
By squaring Eq. (i) both sides. we get

m A+ +2mm=a [from Eqgs. (1) and (11)]
= c+2b=da = e=a —2b
— 2b-a’=—¢

Therefore, Statement | 1s incorrect.
2 FromEq. (11)
mn=b=b=d
Therefore . Statement 2 1s correct.
(a) _1’2—.133 =0=x =y
(x —k)* +y° =1
A —2x+y —1=10
Here we |:-rulj|-=2 =i
X+ -2 +x —-1=0
2 2k + k" —1=0
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Quadratic Equations

2 2 2
_Tzﬂ‘i\j[‘z"‘] ~42)(% ) 4. () 6+5x—x— x—%} LI
2% 2 <l
2
2k £~Ak -8k +8 _ ﬁ_[ _g}
= 4 4 2
Je_ar? : S
- 2k £/8— 4k So, maximum value of6 + 5 x —x?is i
4
k . | : |
2k 242 e zz_[ __} 2
. ; y y 5] %
k24 __ﬁ_[4_l]2
4 4 2
For unique positive solution we put k = 2 ”
b | So maximum value of y-6-y~ is— a
x=—=1,
2 D fference between the maximum values
45. () x'=3x+2x+1=0 190 23
as a, b and c are the roots- - —_—[—‘_“_—
— ab+bc +ca=2 SR 4 R
abc=-1 (11) 4923 72
Dividing eq (1) by eq (11)- Y . =18
I:ah—kbc—:ca): 2 48, (a) Let a, B be theroots of the equation /x* + mx + m=10
abc —1
o B
ab be  ca Gw&nﬁ i A1)
abc abc abc &
—m
l;l_ﬁ_l_: . Now o + B (sum of roots) = 3
¢c a b
d o (product of roots) = —
and o of roots)= —
l_|_l_|_l:_g and o (produ r ;
a b ¢
B ) 31_4}[_1{}9’1&“:'& ‘onside AT b SO e
ifroots are real. B> —4ac=0 Consider q p /
= (4)*+4. log ;N=0 .
= 16 +4log,,N=0 Using (1)
= 16log,, 10 +4log, , N=0
= log,,(10)%+ log ,N*20 _ \/E+JE+JE
= log, [(10)'°N*] > log,,1 B Yo V!
== (HHON*=1
| 1654 _BtR, fm
= H“l‘:[m Jop !
1) -
#NE[E] L +\/E=—JE+\/E={}
= "m / / /
| /
}—_—_
= N=T0000

I 49. (a) J}}LE—TH—EE—JEKE—TK—ﬁzﬁ—S

10000

So. mmimum value of N 1s

= V3x2 —7x—30 —(x—5)=v2x2 —7x -5
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30.

al.

(a)

(a)

Squaring on both sides, we get

= (32— Tx—30}+ (X —5P—2(x—5) f352 _ 7% 30
—=2%*_Tx—§

— 2 Tx—30+ x> +25— 10x—2(x—35) J}xz —Tx—30
=0yt Te—5§

= 3x%-30+x2+25- 10x-2+5=2(x—3) 1[3x2 _1x _30

=5 22— 10x=2(x—5) {32 _ 7x— 30

= 2x(x—5)=2(x—5) \3x2 _7x _30

T e \f?r:{z —T7x —30

Agaimn squaring on both sides, we get
= x*=3x"-Tx-30

= 2x2—-Tx—30=0

Let a and P be roots of this equation

30
=of=—r
P 2

=—13

Let o be common root of both the equations
xX2—px+q=0and x>+ qx—p=0

so o —pa+q=10 (1)
and o +qo—p =0 i)
From (i) we get o> =pa—q

Putting 1n (11), we get

a’+qo—p=0

= pu—q+tqa—-p=0

= (ptq@ua—-(ptq=0

= (p+qla=p+q

== .

From (i) we get F—p.1 +q=0

= —p+q=0

=p—-q=4

|

|
Given x=234+2 3

|
23
Cubing on both sides, we get
3

3
x” =23 | 4| —

S,

33,

(a)

(a)

1
= X =2+E+3[:-:_]

3 4+143xx2
B 5

= A

= 2%’ =5+06x

= 2x*—6x—-5=0

Consider ax®> —(a°+1)x+a (1)
— ax’—a'x—x+a2

— ax{x—a)—1l{x—a)

= (x—a)(ax—1)

Given p and ¢ are two linear factors of (1)
~ p=xtaandq=ax-—1

= ptq=x—atax—]I
=x{a+1)—Ia+1)

= (x—1)(a* 1)

A2 4+2b ++fa—2b
Ja+2b —+fa-2b
Applying componendo and dividendo, we get

x+1 2+a+2b

x—1 2:Ja—2b

x+1 +a+2b
= x—1 sJa=2b

Squaring on both sides. we get

X
1

[}tz—rl}E
(x~1)°

Again applying componendo and dividendo, we get

- a+2b
a—2b

o 3
X" +1+2x+x"+1-2x 2a a

x> +142x—x>—1+2x 4ab 2b

2(x*+1)
= =

4x 2b

=%
X b

= bx‘+b=ax

= bx*—ax+b=0
Let o and P be two roots of the given equation

ax* +bx+c¢c=0

Then u+[’;=—E & aff =

d

B e

According to question,
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Quadratic Equations

q.'i [EE + 1]3 == [_ P]J [LI.E}J'

j
o =4q
q’ (o + 1+ 3c+ 30) =—p'oe® L" —q]

2

- uzﬁ‘? uéﬁz q [q+1+3a*+a)=-pq
qlg+1+3(=p)]=—p°
qQ*+q-3pq=-p’

b2 2 = p’+q*+q=3pq
. [_;J = . Option (c) 1s correct
= -
d ; 11

— 5. @ l+———=0

a“ v B

b b2 —2ac dj hE—Eac

= _E HE EE {:E [—I—Jg) ["—I'i"'jg]
= —be? =a(b? — 2a¢) — 2 | 2 &
— ab*+ bet—2a%c =0

n(n+1) _ .___1_:&.‘,@

55 [C] [}i"ﬂ:‘:ﬂ 5!1 = " : 7
Also § =861 _
and x = - +’J§
n{n+1) 2
== 8Bbl=
2
n x 10 |y
n“-+n—1722=0 8. (d) i ey F
y 3 %
n=41,—42
(1) is true (i.e., there are exactly two values of n for < 10 1
which § =861} \/:= ey
Y

Given o=t ]

n(n+l) " [n—t—l_}fﬂ'+2)

= = .
s . X
gt ==
n=m+2 ¥
2 # 0 (this 1s net possible) 0 1
= 21strue. e T ?—Ezﬁ- 32 —102+3 =0
56. (c) Leta. P be tworootsof the equation x* +px +q=0
oy : I
According to question oy s R
p=c
Sum of roots =+ o> =—p (1) m
Product of roots = o = q (2) = ‘j: =3 or J:
Dividing (1) by (2) we get
= x=0y Ox=vy  ..(11)
ﬂ(ﬂ"'” » -p But x—y=28 ...[m]
o q S Xy
i Hence eq. (11) 1srejected.
-=-£ From eq. (i) and (iii),
t 9 Oy—y=8,=2y=landx =9
Cubing on both sides. we get noxy=9x1=9
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