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Quadratic Equations and

Expressions
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QUADRATIC EQUATION

An algebraic expression of the form: ax® + bx + ¢, where
a (#0), b, c € R is called a real quadratic expression.

An equation of the form: ax’ + bx + ¢ = 0, where
a (#0), b, c € R is called a real quadratic equation.

The numbers a, b, ¢ are called the coefficients of the
quadratic equation and the expression b — 4ac is called
its discriminant. Discriminant of a quadratic equation is
usually denoted by D or A.

Roots of the Quadratic Equation
A root of the quadratic equation
ax’ +bx+c=0 (1)

is a number o (real or complex) such that acl +ba+c=0.
The roots of the quadratic Eq. (1) are given by,

—b+b* —4ac

2a

X =

Nature of Roots of the
Quadratic Equation
1. If D <0, then roots ¢, B are imaginary

2. If D> 0, then roots ¢, § are real and distinct
3. If D =0, then roots ¢, 3 are real and equal

TRICK(S) FOR PROBLEM SOLVING

For the quadratic equation ax®+bx+c=0

One root will be reciprocal of the other if a =c.

One root is zero if ¢ = 0.

Roots are equal in magnitude but opposite in sign if b = 0.
Both roots are zero if b =c=0.

Roots are positive if D > 0, a and c are of same sign and b
is of opposite sign.

Roots are of opposite sign if a and c are of opposite
sign.

Roots are negative if D > O and a, b, c are of the same
sign.

Roots are rational < D is a perfect square

Roots are irrational < D is positive but not a perfect
square.

c
If a+b+c=0,then 1, — are the roots of the equation
a

ax® +bx+c=0

c
and if a — b 4+ ¢ = 0, then the roots are -1 and ——.

a
If ax® + bx + ¢ = 0 is satisfied by more than two values, it
is an identity and a = b = ¢ = O and vice-versa.
If ax® + bx + c =0, where a, b, ¢ € R, has one root p + iq,
then the other root will be p — ig. Hence, the imaginary
roots occur in conjugate pair.
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If ax® + bx + ¢ = 0, where a, b, ¢ are rational, has one root
p+ \/a then the other root will be p — \/a Hence, irra-
tional roots occur in conjugate pair if the coefficients are
rational.

The quadratic equation whose roots are reciprocals of the
roots of ax® + bx +c=0is cx* + bx + a = 0 (i.e., the coef-
ficients are written in reverse order).

If a=1, b, c € Zand the roots are rational numbers, then
these roots must be integers.

The condition that the roots of the equation ax® +bx+c=
O may be in the ration m : n is mnb?® = ac(m +n).

If sum of roots of ax® + bx + ¢ = 0 is equal to the sum of

) c b a
2 are in AP or - =, =

a ¢

their reciprocals, then abz, bcz, ca
are in H.P.

SOLVED EXAMPLES

1. Ifa+b+c=0anda, b, c are rational, then the roots of
the equation(b+c—a)x2+(c+a—b)x+(a+b—c)=0
are

(A) rational
(C) imaginary

Solution: (A)
‘We have,
D=(c+a—b}-4(b+c—a)(a+b-c)

=(a+b+c—2b-4(a+b+c—2a)
(a+b+c—2c)

=(=2b)* — 4 (= 2a) (- 2¢) = 4 (b* — 4ac)
=4 [(—a—c)2—4ac]=4(a—c)2

=[2(a- c)]2 = perfect square

(B) irrational
(D) equal

.. Roots are rational

. The number of values of the pair (¢, ) for which the
equation ar(x+ 1)> + S(x* —3x—2)+x+1=0,Vxe Ris
A 1 (B) 0
(C) infinite (D) None of these

Solution: (B)
The equation

(a+ Px*+Qa—3f+ Dx+(a+2f+1)=0
is an identify in x if
oa+ =0 (D)
200-3B+1=0 2)
and a-2B+1=0 3)

. 1 1
Solving Eq. (1) and (2), we get or= 3 and f= 5

But these values do not satisfy Eq. (3). Hence the
given equation cannot be an identify for any values
of azand S.

. Ifx* + Ix+mis an integer for every integer x, then

(A) lis always an integer but m need not be an integer
(B) m is always in integer but / need not be an integer
(C) I and m, both are always integer

(D) None of these

Solution: (C)

Let g(x) = x> + Ix + m, then g(x) is an integer for every
integer x.

Therefore,
Also,

g(l)y=1+/+m = lis an integer

2(0) =m = m is an integer

(= m is integer)

. The equation 125" + 45" = 2.27" has

(A) no solution

(B) one solution

(C) two solutions

(C) more than two solutions

Solution: (B)
The given equation can be written as
(5/3)* +(5/3)" =2
Putting (5/3)" = 7, the equation becomes
P+t-2=0
P=1+(-1)=0

=
= t-D)E+t+D)+@-1)=0
= (t—1)(F+1+2)=0
= t=1
or P+t+2=0

But £ + ¢+ 2 = 0 does not have real solutions.

Therefore, t=1=(53)"=1=x=0.

. For a > 0, the roots of the equation

log,, a + log, a+ log ., a® =0, are given by:

(A) a3 B) " ©€) o D) a”!
Solution: (A)
We have,

1 21 31
og,a  2log,a og, a

log,a+log,x log,x 2log,a+log,x -
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1 2 3
= —+—4+— =0 (letlog,x=1
1+t t 2+¢ (letlog, x=1)
2+12 4261 +61+4+3t2 +3¢
= =0
t(1+1)(2+1)
N 6£+11t+4=0
= 62 +8t+3t+4=0
- Qt+1)(3t+4)=0
1 4
= I=——,—=
23
= lo )C—*l *i
Ba¥=775073
x= a—l/Z’ a4/3

. The number of solutions of the equation sin (") = 5" +
5 "is

(A) 0 B) 1
Solution: (A)

Put 5 = y. Then the given equation becomes

2
1 1
sin(e)=y+—=|Jy—-——| +2 (- 5>0)
e[

= sin (¢*) > 2.

©) 2 (D) infinite

Which is not possible for any real value of x.
Hence, the given equation has no real solution.

. Ifx=2+2%? + 2" then the value of x° — 6x° + 6x is

(A)3 (B) 2

)1 (D) None of these
Solution: (B)

We have,

=023 4 oI5

Cube both sides, we get
(x=2°=2"+2+3-23.2" x-2)
=6+6(x-2)
or X —6x7 +12x — 8=—6+6x.
X —6x? + 6x=2.

. The values of a, for which the quadratic equation
3xP+2 (a2 +1)x+ (a2 —3a +2) =0 possesses roots of
opposite sign, are

(A) 1<ax?2
(C) 1<ax<3

Solution: (A)

Roots are of opposite sign if (a) roots are real and
distinct, (b) product is negative.

(B) ae (2,)
(D) None of these

10.

11.

So, D=4(@+1’-12(a*-3a+2)>0

a* —3a+2
—_— <

and product of roots = 0

= a*-3a+2=(@-1)(@-2)<0
l<a<?2

Clearly for these values of a, D > 0.
Hence, 1 <a < 2.

. The number of real solutions of the equation 27" +

1217 =2 x 8" s
(A) one (B) two

Solution: (D)
The given equation can be written as

3/x 1/x
E) + E) =2.
2 2

1/x
3 .
Put (E) = t, then the equation becomes

(C) infinite (D) zero

F+1-2=0 = (-1 +t+2)=0.

But # + ¢+ 2 = 0 has no real roots,

t=1
1/x
= (E) =1 1 =0
2 X
which is not possible for any value of x.
12

For all real values of x, z_x

4x°+9
(A) <1 (B) <2 () >1 (D) >2
Solution: (A)
Let 122 al =),

4x°+9
Now, 4yx® —12x+9y=0
As x is real,
D=144—4-4y.9y>0 = 1-)*20
= y2 <1
<1,
Hence, 122 al <1
4x~+9

If x* — 3x + 2 be one of the factors of the expression
Xt px2 + ¢, then
(A) p=4,q9=5
(©) p=-5,q9=-4

B) p=5,9=4
(D) None of these
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12.

13.

Solution: (B)
Since x> — 3x + 2 is one of the factors of the expression
x* = px? + ¢, therefore, on dividing the expression by
factor, remainder = 0 i.e., on dividing X px2 + g by
¥ —3x+ 2, the remainder

(15-3p)x+(2p+g—-14)=0
On comparing both sides, we get

15-3p=0 or p=5

and 2p+q—14=0 or ¢g=4.

If the roots of x> — bx + ¢ = 0 are two consecutive
integers, then b —4c is
A1

© 2

Solution: (A)

The roots of the equation are given by,

_ bEyb? —dc

(B) 0
(D) None of these

xX=
2
b++Jb* —4c
If o= ———
2
b—+b* —4c
and =
p 2
Then, oa-fB=1
= Jb? —4c =1
= b —4c=1.

pr(q—r)x2+q(r—p)x+r(p—q)=0hasequal

2
roots, then — =

q
(A) p+ - ®) L+
r p
©) p+r D L+l
p r

Solution: (D)
p@-rN+qr-p)+rp-q9)=0
one root is 1

Since

other root = rp=q .
p(g—=r)
Since roots are equal
rp —rq
pq — pr

=1

14.

15.

= p—1q=pq —pr
= 2rp=q(p+7r)

2 + 1 1

2 _ptr_1.1

q pr pr

. P a
If ¢ # 0 and the equation — = ——+ has two
2x  x+c¢ x-c

equal roots, then p can be

(A) (Na—~/b)?

) a+b

Solution: (A, B)
We can write the given equation as

B) (Va+b)?

(D) a—b

P _ (atb)x+c(b—a)
- 2

2x x*—c

or pP—cH=2(a+b)x*~2c(a—b)x
or (2a+2b—p)x2—26(a—b)x+pc2=O
For this equation to have equal roots

cz(a—b)z—pc2 2a+2b-p)=0
= (@a—bY>=2p(a+b)+p*=0 (v P #0)
= [p-(a+b)=(a+by—(a—b)=4ab
= p—-(a+b)== 2Jab
= p=a+bi2@:(\/;i\/l_))2

If (7-43) %% 4 (7+43) ¥ "# "= 14, then
the value of x is given by

(A) 2,2+ 2
(C) 3++42,2
Solution: (A)
(7+43)(T-43) =1,

the given equation becomes

(B) 2+ 3,3
(D) None of these

Since

y+l =14
y

where y= (7 - 443y 43
= V- 14p+1=0=y=T7%43
Now y:7i4\/§
= X —4x+3=-1
= x=2,2
Also, y=7—4\/§

= ¥ odx+3=1=x=2++2
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Sum and Product of the Roots

If v and f are roots of ax’ + bx + ¢ =0, then

-b Coefficient of x
Sum of roots = o+ f= — =— —
a Coefficient of x
¢ Constant term

Product of roots = ogff= — = —
a Coefficient of x

Formation of Equation with Given Roots
If aand B are roots of
f(x):ax2+bx+c:0,
J@=x-a)(x-p)=0

=x"—(a+ B+ af=0

then

ie,x’— (sum of the roots) x + (product of the roots) = 0.

CAUTION

A quadratic equation with all odd integer coefficients cannot

have rational roots.

SOLVED EXAMPLES

16. If r be the ratio of the roots of the equation

2
ax* + bx + ¢ =0, then u =
B
2 2

a b
A) — B) —

bc ca

2
©) prs (D) None of these

a

Solution: (B)

Given equation is ax® + bx + ¢ =0
Let the root of equation (1) be ¢ and re, then

o+ro= —
a
and rof = ¢
a
From Eq. (2),
_ b
a(r+1)

Putting the value of o in Eq. (3), we get
rb? _c
a’ (r+ 1)2 a
» (1)

ac r

or,

(1)

2)
)

“4)

17.

18.

19.

If the ratio of the roots of Ix* + nx +n =0 is p:q,then

(A) \/£+\/Z+ £=0
p \Ng \n
(B) \/E+\/£+\/E:O
g \p VI
© 1+\/£+ I
p q n
(D) \/Z+\/£+ L
g \p VI

Solution: (B)
Let the roots be oz and S.

Then a+ﬂ=_7n;aﬂ=?,
and a_2
B q
Now, \/Z+\/£+\/Z=\/§+ E+\/aﬂ
g \p VI \p Va
n n
_atprop "1
Jop n
/

In a quadratic equation with leading coefficient 1, a
student reads the coefficient 16 of x wrongly as 19 and
obtain the roots as — 15 and — 4. The correct roots are
(A) 6,10 (B) —6,-10

<) -7,-9 (D) None of these

Solution: (B)

Since coefficient of x = 16,
sum of roots =—16

Since constant term = (—15) (—4) = 60,
correct answer is —6, —10.

1
+ = — are
x+a x+b c

equal in magnitude but opposite in sign, then their
product is

If the roots of the equation

A) %(az +B) ®) gl(az +B)

1 -1

Solution: (B)
We have, (x+b)+(x+a)c=x+a)(x+Db)

= ¥4+ bx+ax—2cx+ab—bc—ca=0
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20.

21.

Now, let roots be orand £, then
o+ B=0, of=ab—bc—ac

a+pB=0=b+a=2c

and off=ab—(b+a)c

2
= 0:,[3=ab7M
= of= %(— a’ - b

aﬁ:—%(aerbz)

If sin @ and cos 6 are the roots of the equation ax’ +
bx + ¢ =0, then

(A) (a—c)f=b>—¢?
€) (a+c)=b"-¢
Solution: (D)

Since sin @ and cos 6 are the roots of the equation
2 —
ax"+bx+c=0

(B) (a—c)=b+c*
(D) (a+ c)2 =b’+

sin 8+ cos 6= _b and sin 0 cos 0= <
a a
Now  (sin 8+ cos 8)*=1+2 sin O cos 6
ﬁ:l E: a+2c
a’ a a
= bzza(a+20)=a2+2ac
= b2+cz=az+2ac-i-(:2=(a+c)2
Hence, (a+c)2=b2+c2

In copying a quadratic equation of the form X+ px +
q = 0, a student wrote the coefficient of x incorrectly
and the roots were found to be 3 and 10; another stu-
dent wrote the same equation but he wrote the constant
term incorrectly and thus he found the roots to be
4 and 7. The roots of the correct equation are

(A) 5,6 (B) 4,6

(C) 4,5 (D) None of these

Solution: (A)

In case of the first student, product of the roots = 3 x
10 = g. So the correct value of ¢ is 30.

In case of the second student, sum of the roots
=44+7=—p.
So the correct value of p is —11.

The correct equation is X~ 11x+30=0
or x=5x-6)=0;
x=35,6.

Roots of the correct equation are 5, 6.

22.

23.

24.

If o, f3 are the roots of x> — 2px + ¢ = 0 and y & are
roots of x* — 2rx + s=0and ¢, 8 % Jare in A.P, then
(A) p-g=r'-s (B) s—q=r"-p’
C) r—s= p2 - q2 (D) None of these
Solution: (B)

We have, o+ B=2p;

off=q,y+0=2rand yd=s
v o By darein A.P.
p-a=56-y= (B~ =~y
=  (B+a) —4Ba=(5+y)’-4dy
= 4p274q=4r274s;

2 .2
or s—q=r—p

The rational values of @ and b in ax’> + bx + 1 = 0 if
1

443
(A) a=13,b=-8
(C) a=13,b=8

Solution: (A)

is a root, are

(B) a=—13,h=8
(D) a=—13,b=—8

I 4-V3 _4-\3
443 4-\3 13
443

13
The quadratic equation is

xz_{4+\/§+4—\/§JX+4+\E4—\/§ _

One root =

other root =

0

13 13 13 13
or 135" - 8x+1=0
This equation must be identical with ax’ +bx+1=0;
a=13 and b=-8.

If a and b are rational and ¢, 8 be the roots of ¥+
2ax + b =0, then the equation with rational coefficients

one of whose roots is o+ S+ Ja® + B* s
(A) ¥’ +4ax—2b=0 (B) x> +4ax+2b=0
(C) x*—4ax+2b=0 (D) ¥’ —4ax—2b=0

Solution: (B)
Since ¢, [ are roots of ¥* +2ax+b=0
o+ f=-2a and of=>b
Let y=oa+ B+t +p?
= (y+2a) = +p*=(a+ P’ -20f=44a>-2b

= vV +4day+2b=0
So, the required equation is x> +4ax+2b=0.
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25. If ¢, d are the roots of the equation (x —a) (x —b) — k=0,
then the roots of the equation (x — ¢) (x — d) + k=0 are

(A) ¢, d B) a,c (C) b, d (D) a, b
Solution: (D)
We have, x—a)(x—b)—k=0
= X —(a+byx+ab—k=0 (1)
Since the roots of Eq. (1) are ¢ and d
c+d=a+b, 2)
and cd=ab—k 3)
Now x—c)(x-d)+k=0
= xz—(c+d)x+cd+k:O
= xz—(a+b)x+ab:O
[Putting the values of @ + b and
ab from Egs (2) and (3)]

= x-a)(x—-b)=0=>x=a,b.

26. Ifthe roots of the equations x*—bx+c=0andx’ — cx+
b = 0 differ by the same quantity then b + ¢ is equal to

(A) 4 B) 1 © 0 (D) -4
Solution: (D)

We know that if ¢, B are roots of the equation

A+ Bx+C=0,

\B% —44C

o—f= v

Equating the value of o — S from both the given
equations, we get

then

\/b2—4c= 2 —4b

= b —4c=c*—4b
= P-c=-4(b-c)
= b-c)b+c+4)=0
= b+c=-4 (v b#c)
27. If ¢, § are non-real roots of ax® + bx + ¢ = 0, (a, b,
¢ € R), then
(A) of=1 B) a=p
©) of =1 (D) a=p
Solution: (D)
Here b*—4ac<0
3 —b+i\/4ac—b2
2a

—b—i\14ac—b2
and b= 5
a

a=p.

COMMON ROOTS

One Root Common
If oz is a common root of the equations

ax*+bx+c, =0 (1)
and ax* +bx+c,=0 ()

then we have
a0’ +bho+c =0

and a0 +byoi+c, =0
2
. o o
These give =

¢ by qa, -6

1

=——— (ab, —a,b;#0).

ab, — ayb

Thus, the required condition for one common root is
(@b, — ayb;) (bic, — bye;) = (cia, — cya)* and the value

Ga, — 64 . b, — by

of the common root is ox=

ab, — ayb Ga, —6a

Both Roots Common

If the Eq. (1) and (2) have both roots common, then these
equations will be identical. Thus the required condition for
both roots common is

o _bh _a

a b, )

TRICK(S) FOR PROBLEM SOLVING

m To find the common root of two equations, make the coef-
ficient of second degree terms in two equations equal and
subtract. The value of x so obtained is the required com-
mon root.

m If two quadratic equations with real coefficients have an
imaginary root common, then both roots will be common and
the two equations will be identical. The required condition is

a b ¢
a b, ¢

m If two quadratic equations have an irrational root common,
then both roots will be common and the two equations will
be identical. The required condition is

& _bh_G

a, b, %)
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If oris a repeated root of the quadratic equation
f(x) =ax® + bx + c =0,
then «is also a root of the equation f'(x) = O.

If ais repeated common root of two quadratic equations
f(x) =0 and ¢(x) =0, then «ais also a common root of the
equations f'(x) = 0 and ¢’(x) = O.

SOLVED EXAMPLES

28.

29.

The value of & so that the equations x¥*—x—12=0and
kP +10x+3=0 may have one root in common, is
43 -43
A) — B) 3 C) -3 D) —
(A) 16 (B) ©) (D) T

Solution: (B, D)
Let o be the common root

Then, o —a—-12=0 and ko’ +10a+3=0
Solving the two equations, we get
o _ o« 1
117 -12k-3 10+k

= (- 12k=3)* =117 (10 + k)
= 9 (4k+ 1> =117 (10 + k)
= (4k+1)* =13 (10 + k)
= 16k* + 8k + 1 =130 + 13k
= 16/* — 5k—129=0
= 16k* —48k+43k—129=0
k=3 or k=_1—23

If the equations ax* +bx+c=0and x> +2x+3=0
have a common root, thena : b :c=

(A) 2:4:5 B) 1:3:4

) 1:2:3 (D) None of these

Solution: (C)
For the equation X +2x+3=0,
Discriminant = (2)° —4 - 1 - 3 <0.

roots of x> + 2x + 3 = 0 are imaginary. Since the
equations x* + 2x + 3 =0 and ax® + bx + ¢ = 0 are given
to have a common root, therefore both roots will be
common. Hence both the equations are identical.

a_b_c
1 2 3
i.e. a:b:c=1:2:3

30.

31.

32.

If a, b, c € R and the equations ax® + bx + ¢ =0 and
x>+ 3x% + 3x + 2 = 0 have two roots in common, then

(A) a=b+#c B) a=b=-c
(C) a=b=c (D) None of these
Solution: (C)

We have, 437 +3x+2=0
= x+1’+1=0

= G+1+D)[x+1)>-Gx+1)+1]=0

= (x+2) (P +x+1)=0
— 1+
- x=—p N2
2
= x:—2,a),a)2

Since a, b, ¢ € R, ax* + bx + ¢ = 0 cannot have one real
and one imaginary root. Therefore, two common roots
ofax’* +bx+c=0and x> +3x* + 3x +2 =0 are w, o

Thus, —% =0+’ =-1

= a=b

and Ezw-(oz:l:c:a
= a=b=c

If the equations & (6x> + 3) + rx + 2x> — 1 = 0 and
6k (2x* + 1) + px + 4x* — 2 = 0 have both the roots
common, then the value of 2r —p is

(A) 0 B) 1

©) -1 (D) None of these
Solution: (A)

The two equations can be written as

X2 (6k+2)+rx+(3k—1)=0 (1)

and x> (12k+4) + px + (6k—2)=0 2)
Divide by 2, we get

x2(6k+2)+§x +(Gk-1)=0 3)

Comparing Eq. (1) and (3), we get

r=£
2
2r—p=0

If the equations x*—ax+b=0andx’+bx—a=0have
a common root, then

(A) a+b=1
(B) a=b
(C)a-b=2

(D) a+b=0ora-b=1



Quadratic Equations and Expressions 4.9

Solution: (D) 5 1 5> &

Let o be a common root of the given equations. =P - \/Epz +2+N2 22442

Then o —aq+b=0 and o +bo—a=0 Therefore, minimum value of o + *is 2 + /2

= (a+b)a—(a+b)=0

N (@+b)(a—1)=0 GRAPH OF A QUADRATIC EXPRESSION

N a+b=0 or a=1 Wehave,yorf(x)=ax2+bx+cwherea,b,ceR,a;éO.
If o=1, 1. The shape of the curve y = f(x) is a parabola

2. The axis of the parabola is y-axis (incase b = 0) or
parallel to y-axis.

3. If a > 0, then the parabola opens upwards.

. If a <0, then the parabola opens downwards

5. For D > 0, parabola cuts x-axis in two distinct points

then l-a+b=0=a-b=1.

=~

SYMMETRIC FUNCTION OF THE ROOTS

A function of zand Bis said to be a symmetric function if it
remains unchanged when « and f3 are interchanged. a>0,0>0

For example, o> + 2 + 2o is a symmetric function x-axis
of o and 8 whereas o> — B° + 3¢ is not a symmetric
function of orand . .
X-axiIs
a>0,D>0
TRICK(S) FOR PROBLEM SOLVING Fig. 4.1(a) Fig. 4.1(b)

In order to find the value of a symmetric function of « and 6. For D =0, parabola touches x-axis in one point.
B, express the given function in terms of o+ fand af. The

following results may be useful. a>0.0=0 x-axis
w o+ = (a+ ) - 208
s C+ = (a+f)’ 308 (a+p) Xx-axis

&= (4 P) (a+ B) - o (F + ) a>0,D=0
w 4=+ ) (0 + ) - LB (a+ ) Fig. 4.2(a) Fig. 4.2(b)
m |a-f|= (o + By — 408 7. For D < 0, parabola does not cut x-axis.

s - = a+/3aﬁ)

a<0,D<0
R [(a+ B)— af) —————xais
A a+ﬁ - p) (o + ) /\

— s Xx-axis

a>0,D<0

SOLVED EXAMPLE Fig,,4.3(a) Fig. 4.3(b)

. 1
33. If rand Bbe the roots of the equation X+ px— 2—2 =0,

GREATEST AND LEAST VALUES OF A
where p € R, then the minimum value of &' + % is QUADRATIC EXPRESSION

(A) V2 (B) 2++2 1. If a > 0, then the quadratic expression y = ax® + bx + ¢
©) 2-2 D) V2 has no greatest value but it has least value
2
Solution: (B) 4ac4——b at x :_2i
ot + B = (o + B) 207 ‘o S
5 5 X 2. If a <0, then the quadratic expression y = ax”™ + bx + ¢
=[(a+ By -2af]" - 2(af) has no least value but it has greatest value

2 2
1 1 1 -
S ST R S dac b x=2 b
2p 2p 4a 2a
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Sign of Quadratic Expression

We have, y or f(x) =ax’ + bx+cwhere a, b,c € R, a#0.

1.

4.

5.

6.

Ifa>0and D <0, then f(x) >0 forallx € Ri.e, f(x)
is positive for all real values of x.

. Ifa<0and D <0, then f(x) <0 forall x € R i.e., f(x)

is negative for all real values of x.

. Ifa>0and D=0, then f(x) >0 forallx e Ri.e., f(x)is

positive for all real values of x except at vertex, where
f(x)=0.

Ifa<0and D=0, then f(x)<0forallxe Ri.e. f(x)is
negative for all real values of x except at vertex, where
f(x)=0.

Ifa>0and D >0, let f(x) = 0 have two real roots and
Bloc< B), then f(x) > 0 forall x € (—oo, &) U (B, o0) and
f(x)<O0forallx e (e, B).

Ifa<0and D> 0, let f(x) = 0 have two real roots ¢ and
B(oc< ). Then f(x) < 0 for all x € (—oo, &) U (f3, o) and
f(x)>0forallx € (e, B).

NATURE OF ROOTS OF A QUADRATIC
EQUATION WITH RESPECT TO ONE ORTWO
REAL NUMBERS

Let f(x) = ax® + bx + ¢, where a, b, ¢ € R, a # 0. Let a,
B(oc < B) be the roots of the corresponding quadratic
equation. Let &, k;, k, € Rand k; <k,.

Nature of Roots with Respect to
One Real Number

1.

If both the roots of f(x) = 0 are greater than £, then
b

D2>0, af(k)>0andk<—2—
a

k o B

. If both the roots of f(x) = 0 are less than &, then D >0,

af(k)>0andk>—2£

a
o B k
. If one root is less than k and other is greater than £,
then D> 0 and a f(k) <0
o k B

Roots with Respect to Two Real Numbers

1.

If exactly one root of f(x) = 0 lies in the interval (k,, k),
then D > 0 and f(k,) - f(k,) <0

kq o ko B

. If both roots of f(x) = 0 lie between &, and k,, then

D>0,af(k)>0,af(k)>0andk, < %ﬁ <k

ki o B ko

. If k; and £, lie between the roots of f(x) = 0, then D = 0,

a f(k)) <0 and a f(ky) < 0.

o ki ky P

TRICK(S) FOR PROBLEM SOLVING

1.

Let f(x) = O be a polynomial equation. Let p and g be two

real numbers, p < q.

(@) If f(p) * f(g) <O, then the equation f(x) = O has odd

number of real roots between p and q.

If f(p) - f(g) > O, then the equation f(x) = O has

either no real root or even number of real roots

between p and q.

(c) If f(p) = f(g), then the equation f'(x) = O has at
least one real root between p and g (This is due to
Rolle’s Theorem)

(@) If the coefficients of the polynomial equation f(x) =

O have p changes of signs, then the equation f(x) =

O will have atmost p, positive roots.

If the coefficients of the polynomial equation f(—x) =

0 have g changes of signs, then the equation f(x) =

O will have atmost g, negative roots.

(c) The polynomial equation f(x) = O will have atmost
p + g real roots where p and g are the changes of
signs of coefficients in f(x) and f(—x). (This is due to
Descarte’s Rule of signs)

For example, consider
f(x) = 2x° —6x* + 7x> - 8x° + 5x + 3
+ - + - + o+

Then, f(—x) = —2x° — 6x* — 7x° —8x* — 5x + 3

- - - - - +
Clearly, f(x) has 4 changes of signs and f(—x) has
only one change of sign, Therefore, the equation
f(x) =2x° —6x" + 7x° = 8x* + 5x + 3 = 0 has
atmost four positive roots and one negative root.
Also, the equation has atmost (4 + 1) = 5 real
roots.

(@) A polynomial equation f(x) = O has exactly one root

equal to aif f() =0 and f'(@) # 0.

A polynomial equation f(x) = O has exactly two roots

equal to aif f(e) =0, f'() =0 and " () #O.

(c) In general, a polynomial equation f(x) = O has
exactly n roots equal to « if

flo) =F () = f" (@) =...=Ff""(¢) =0

and f'(a) #0
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RELATION BETWEEN ROOTS AND
COEFFICIENTS OF A POLYNOMIAL
EQUATION

Letf(x)=ap" +ap" ' +ax" *+.. +a, x+a,=0,a,
a,, a,, ...,a, € R, a,#0be apolynomial equation of degree
n, having n roots ¢, ¢, ... ¢,. Then,

1. Sum of all roots
o =ot+tot...+a0,
9 19
qp dp
2. Sum of the product of two roots
O, =040+ 005+ ...
o) 2 4
=Xoo=—=(-1)y =
a4y 4y
3. Sum of the product of three roots
O3 = 00,05 + 0,050, + ...
a a
=20,0,05= —=3 =(-1)> = and so on.
qp a4y

In general, 0,=Xq 0, ... a, = (-1) L

Particular Cases

Quadratic Equation

If o, B are roots of the quadratic equation ax’ +bx+c¢=0,
then

oz+ﬂ:—é and off= <
a a

Cubic Equation

If ¢, B3, yare roots of the cubic equation ax’ + b’ +ex+d
=0, then

o =a+f+y=- b
a
o, =of+ ay+ By= <
a
d
oy =ofy=-—
a

Biquadratic Equation

If o, B, 7, S are roots of the biquadratic equation ax*+ bx> +
ex’ + dx + e =0, then

alzoz+ﬁ+;/+5:—é
a

o, =of+ ay+ ad+ By+ o+ yo= <
a

oy = affy+ affd+ ayd+ Byd= 4
a
0= ofys= =
a

FORMATION OF A POLYNOMIAL
EQUATION FROM GIVEN ROOTS

If o, o, 4, ... a, are the roots of a polynomial equation
of degree n, then the equation is

n n—1

X—ox" 'rox" -0 P+ +(-1)'c,=0

where 0, =20, ... O,

Particular Cases

Quadratic Equation

If o, B are the roots of a quadratic equation, then the
equation is x* — (ot + B)x + aff = 0.

Cubic Equation

If ¢, f3, yare the roots of a cubic equation, then the equation is

X —oxX’+0ox—0;=0
or X —(a+ B+ P+ (af+ ay+ By)x— ofy=0

Biquadratic Equation
If o, B, 7,  are the roots of a biquadratic equation, then the
equation is
4 3 2
X' —ox’+ox —ox+0,=0
or

= (a+ B+ y+ O + (o + ay+ ad+ By+ BS+ yo)x’
—(afy+ ofd+ ayd + Byd)x + afyd=0

SIGN OF A POLYNOMIAL EXPRESSION
Step 1: Factorize the given polynomial expression as
f@=(=a)t (x—op)" (x - o)t ..
(x—a, )" (x—a,)™
where &, k, ... k, € N and
0, O, O, ... 0, € R(0y<0,<04...< Q)
Step 2: Plot the points ¢, @, 03, ..., ¢, on the real line.

Step 3: Mark plus sign in the interval of the right of the
largest of these numbers i.e., on the right of ¢,

T 0y Op Oz Op o

Step 4: If k, is even, put ‘+’ sign of the left of ¢, and if k,
is odd, put ‘-’ sign on the left of ¢,

Step 5: Consider the next interval and put a sign in it using
the above rule. Thus, consider all the intervals.

Step 6: The solution of f(x) >0 is the union of all the inter-
vals in which there is a ‘+’ sign and the solution of
f(x) <0 is the union of all the intervals in which
there is a ‘-’ sign.
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For example, consider the polynomial expression

3 58
E) (x - 4)37

-2 -1 3/2 4

0= +2)" e+ 1) (x -

Thus,  f(x)>0ifxe (o, —2) U (—1, %) U (4, )

and  f(x)<O0ifxe (-2,-1)uU G 4) .

SOLVED EXAMPLES

34.

35.

. 1) . .
If the expression (ax -1+ —) is non-negative for all
X

positive real x, then the minimum value of @ must be

1
(A) 0 B) -
2
1
©) 7 (D) None of these
Solution: (C)
We have, ,
a1+ ® Xt
X X
= ax* —x+1<0asx>0

Itwill holdifa>0and D<0

= a>0and1 -4a<0=a>

NS

.. 1
Therefore, the minimum value of ¢ is — .

If ¢, B are the roots of the equation X -3x+a=0,a
€ Rand a< 1 < B then a belong to

9
o (=3

(B) (-==.2)
©) (2, ) (D) (% oo)
Solution: (B, C)

Since 1 lies between the roots of the given equation,
therefore, D >0andf(1)<0=9—-4a>0and 1 -3 +
a<0

9
= a<Zanda<2

a<?2

36.

37.

38.

The equation

Jr+3—4fx—1+Jx+8-6Jx—1 =1 has

(A) no solution

(B) one solution

(C) two solutions

(D) more than two solutions

Solution: (D)

Put x—l=t:x—1=t20rx=t2+l,

The given equation reduces to

JE 1434+ 414861 =1
where t 2 0.
= [t=2|+]t-3]=1,
where ¢ > 0. This equation will be satisfied if 2 <7< 3.

Therefore, 2<{yx—1 £3o0r5<x<10.

The given equation is satisfied for all values of x
lying in [5, 10].
If the roots of the equation

X =2ax+a*+a-3=0

are real and less than 3, then
(A) a<2
(C) 3<ac<4
Solution: (A)
We can write the given equation as

(x—a)2=3—a

This shows thata <3 andx=a * V3—a
Both the roots of the given equation will be less than
3 if the larger of the two roots is less than 3, that is, if

(B) 2<a<3
(D) a>4

a+N3—-a <3
= V3-a -3-a)<0
= V3—-a(l-+3-a) <0

= a<3and 1-43—-a <0
But V3—-a >1=3-a>lora<?2

Thus, a<3anda<2=a<2

If /(x) = x* + 2bx + 2¢* and g(x) = — x* — 2¢x + b such
that min f(x) > max g(x), then the relation between
b and c is:

(A) |e| < b V2
(©) lel < |2

(B) 0<c<b 2
(D) [c| > |b|N/2



39.

40.
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Solution: (D)

, D 4b -8’
min f(x) = “1a ===
=—(b*-2c% (upward parabola)
D 4c*+4b°
max g(x) = “1a ==
=+ (downward parabola)
Now 2 b > b+ ¢
= A >20° = e[ > N2 |b|

For the equation |x2| + x| — 6 = 0, the roots are

(A) real and equal

(B) real with sum 0
(C) real with sum 1
(D) real with product 0

Solution: (B)
For, x<0,x|=—x
equation is

¥ox-6=0=x=-2,3

wox<0
x =—2 is the solution
For, x20, x| =x,
equation is
P Hx-6=0=>x=2,-3
x>0

x =2 is the solution.
Hence, x =2, -2 are the solutions and their sum is zero.

If a <0, then the root of the equation
x2—2a\x—a|—3a2=Ois

(A) (1-+2)a B) (-1++/6)a
(©) (1+2)a (D) —(1+6)a
Solution: (A, B)
Ifx—a<0,x—al=—(x—a)

equationbecomesx2+2a (x—a)—3a2:O
= X’ +2ax—54°=0
= x=—(1+6) a, (-1+6)a

v x<a<0
x=(-1++/6) a

If x—a20,x—a|=x-a

the equation becomes x*—2a x—a)— 3a*=0

41.

42.

43.

= ¥ -2ax—a*=0
= x=(1+2) a, 1-2) a
s x2aanda <0
x=(1-2) a

If f(x) = x — [x], x (#0) € R, where [x] is the greatest
integer less than or equal to x, then the number of solu-

tions of f(x) + f(l) =1 are
X

(A) O B) 1 (C) infinite (D) 2
Solution: (C)
We have, fx)+ f(l) =1
X
= x—[x]+l—[l]:1
x |x
= x+l—1=[x]+|:l:|
X X
XX 4+l-x .
= — = (integer) k£ (say)
X
= -+ 1D)x+1=0

Since x is real, so (k + 1)2 -42>0

= F+2k-320 = (k+3)(*k-1)20
= k<-3 or k=1
Therefore, number of solutions is infinite.

If (logsx)2 + logsx < 2, then x belongs to the interval

1 1 1
® () ® (55
(©) (1, ) (D) None of these

Solution: (A)

We have, (logs x)* + logsx <2
Put logs x = a then a” + a < 2

= +a-2<0
= (@+2)(a-1)<0

= —2<a<l or 2<logsx<l
5%<x<5

1.e., L<x<5
25

The greatest negative integer satisfying X’ - 4x -
77 <0 and x* > 4 is
A) -4
© -6

(B) -7
(D) None of these
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44.

45.

Solution: (C)

We have, x*—4x—77<0andx’—4>0

= x+7)(x—11)<0and (x—2) (x+2)>0

= —7<x<llandx<—-2orx>2
-T<x<-2

The solution of the inequation 4~ * % — 727 < 4,
X € R, is

(A) (=2,)

7
o)

Solution: (A)
The given inequation is

475%05 _72% <4 xe R

(B) (2,)

(D) None of these

Let 2% =¢

27 - Tt<4
= 20 -Tt-4<0
=  Q2+1)(-4)<0
= l—<t<4

2

but 27>0
) O<t<4
= 0<27%<4
= —2<x<ooorxe (-2, 00)

1
3

(B) x € (0, 64)
(D) None of these

are
(A) x e [0, 64]
(C) x€ [0, 64)
Solution: (C)

The given inequation is valid only when

x=0 (1)
The given inequation can be written in the form
372-x=x g q
= 72-x—+Jx >0 (v 3>1)
= x+Jx—-72<0

= (Jx +9) (Jx -8)<0

But \/;+9>0f0ra11x20
Jx —8<0= x <8

0<x<64 [from(1)].

x Jx
The real values of x for which 37 (é) (—) > 1, 47.

46. The solution set of the inequality log ( EJ (x2 - 3x

+2)>2is sin| 3

1 5

(A) (5,2) (B) (1, 5)

(©) [l 1 U(2 3 (D) None of these
2’ 2

Solution: (C)

T

s

We have, log'( J (¥ —3x+2)22

= x2—3x+2s§
4
5 5
= x =3x+— <0
4
= 45— 12x+5<0
= 4%~ 10x—2x+5<0
= 2x-5 2x-1)<0
1 5
= —<x< — 1
3 5 (1)
Also, ¥ -3x+2>0
= x-1)(x—-2)>0
= x<1l or x>2 (2)

From Eqgs (1) and (2), we get

[l

The values of a which make the expression x* — ax +
1 — 24* always positive for real values of x, are

(A) —% <a<%

2
B) — < <ax<
3 (B) =3 =a

[SSHR

©) a<1

Solution: (A)

Since the coefficient of x* is 1 which is positive, there-
fore the given expression is positive for all real values
of xif D <.

(D) 0<ax<

W | N

= (-a)* -4 (1-2a")<0

= 9a> -4 <0

= (Ba+2)(3a—-2)<0
2

1 ——<a< —.
3 3

. If the roots of the equation x* — 2ax + a* + a— 3 = 0 are

real and less than 3, then



49.

50.

(A) a<2
(B) 3<a<4

Solution: (A)
Since the roots of the given equation are real

(B) 2<a<3
(D) a>4

B*—44C>0
= 4a* —4(*+a-3)20
= -a+320 or a<3 (1)

Since the root is less than 3, so f(3) >0

= 32-2a(3)+d*+a-3>0
= a*-5a+6>0 or (a-2)@-3)>0
= a<2 or a>3 (2)

From Eq. (1) and (2), we have a < 2.

The value of & for which the number 3 lies between the
roots of the equation X+ (1-2k)x+ (k2 -k-2)=0
is given by,

(A) 2<k<5 B) k<2
(C) 2<k<3 (D) k>5
Solution: (A)

Let f@) =x*+ (1 -2k)x+k —k-2

The number 3 lies between the roots of the given
equation, if f(3) < 0.

Now, f(3)=9+(1-2k)3+kK—k-2
=10-Tk+ kK=K -Tk+ 10

Hence f(3)<0
= K —7k+10<0
= k=2)(k-5)<0=>2<k<5.

Solution of 2° + 2/ >2 /2 is
(A) (o, log, (V2 +1)

B) [log, (V2 +1), )
© (%alng(\E —1))
(D) (o=, log, (V2 =1)] U B w]

Solution: (D)

We have, 2'+2°> 242 (x=0)
= 2>2 x> %
and 2+27%> 22 (x<0)

51.

52.
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1
= t+; > 22 (where 1 =2%)
= £ 2214120
= [-(2-DI[-(2+1)]20
= t<N2-1 or t=+2+1
but t>0
= 0<2°<V2-1 or 224241
= —co < x <log, (\/5—1)
or x 2 log, (\/§+1)

(but not acceptable as x < 0)
x€ (w0, logy, (N2 -1)]U B w)

If a < b, then the solution of x* + (a + b) x + ab < 0, is
given by

(A) x<-borx<-a
(B) x<aorx>b

(D)

x2+(a+b)x+ab<0

(B) a<x<c
D) b<x<—a

Solution:

= x+a)(x+b)<0
= x+a<0,x+b>0
or x+a>0,x+b<0
= x<-a,x>-b
or x>-a,x<-b
= -b<x<-a
or —a<x<-b
Since a<b
—a>-b
Hence -b<x<-a.

The conditions that the equation ax® + bx + ¢ = 0 has
both the roots positive is that

(A) a and b are of the same sign

(B) a, b and c are of the same sign

(C) a and c are of the same sign opposite to that of b
(D) b and c are of the same sign opposite to that of a

Solution: (C)
Since both the roots are positive
L S50
a a

= é<O,£>O
a a

a and ¢ have same sign opposite to that of b.
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53. The smallest value of x> — 3x + 3 in the interval

(— 3, E) is
2

(A) -20 (B) —15
3

O 5 D) —
© (D) 1
Solution: (D)

3Y 9
We have, x23x+3=(x——) +3-——

2 4

3 . .. .
smallest value = —, which lies in the interval

3)
2
RATIONAL ALGEBRAIC EXPRESSION
P(x)
O(x

polynomials and Q(x) # 0, is known as a rational algebraic
expression.

An expression of the form where P(x) and Q(x) are

Sign Scheme for a Rational Algebraic
Expression in x

Step 1: Factorise the numerator and denominator of the
given rational expression into linear factors. Make
the coefficient of x positive in all factors.

Step 2: Find the real values of x by equating all the factors
to zero.

Step 3: If n distinct real values of x are obtained then the
entire line will be divided into (n + 1) parts.

Step 4: Plot all these points on the number line in order.

Step 5: Start with ‘+’ sign from extreme right and change
the sign alternatively in other parts.

-+ -+ - +

— oo oo

If the rational expression in x occurs under modulus sign,
then first of all remove the modulus sign and then proceed.

In order to remove the modulus sign, the following
results may be useful:

m x| =k&e x=2k
m x| <k =—-k<x<k

\C

x| >k =x<—-korx>k.

To Find the Values of a Rational Expression in x,
Where x is Real

TRICK(S) FOR PROBLEM SOLVING

m Put the given rational expression equal to y and form the
quadratic equation in x.

m Find the discriminant D of the quadratic equation obtained
in step 1.

m Since x is real, therefore, put D = 0. We get an inequation
iny.

m Solve the above inequation for y. The values of y so
obtained determine the set of values attained by the given
rational expression.

TRICK(S) FOR PROBLEM SOLVING

The general quadratic expression ax® + 2hxy + by2 + 2gx +
2fy + c in x and y may be resolved into two linear rational
factors if

abc + 2fgh —af 2 — bg® — ch*=0

a h g
or h b f|=0
g f c

m If sum of coefficients of a polynomial equation a, + a,x +
ax? + ... +a, x"= 0 is zero, then x = 1 is always atleast
one root of equation e.g., if a(b —¢) X+ b(c—a) x+c (a
—b) =0, thenas Xa (b —c) =0, x=1 is atleast one root
of this equation.

m Least value of the expression (x fy)z + (y— z)2 + (z— x)2
is O.

= Sum of real roots of the equation a, |x|"+a, Ix|" "+
...+0a,=01is 0, e.g. if |x| = 2 satisfies the equation, then
x =2 and x = =2 are real roots, their sum is O.

m Length of latus rectum of parabola y = ax® + bx + ¢ is —.

el

SOLVED EXAMPLES

54. The sum of the real roots of the equation
k=2 +x—2/-2=0is
(A) 2 B) 6 (C) 4
Solution: (C)

(D) 8

Put x—2|=t.
The given equation becomes

P+1-2=0 or (1+2)(t—1)=0



55.

56.
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Since t+2=x-2[+2>0
- we get t—1=0

= x=2=1=x-2=+1
= x=3,1.

Thus, the sum of roots is 4.

w2 4+2x-11

If x is real, the expression takes all real

values except those which lie between a and b, then
a and b are

(A) 12,4 (B) —-12,2 (C) 4,12 (D) 4,4
Solution: (C)
Let e x> +2x 11
x=3
= xy—3y=x2+2x—11
= X+Q2-»x+@y-11)=0 (D=0)
= 2-y)’-4@y-11)20
= 4417 —4y—12y+442>0
= VP —16y+48>0
= V- 12y —4y+48>0
= -4 (y-12)=20
= y<4 or y=12
For real values of x, the expression M lies
between X°A3x+4
1 1

(A) —;and7 (B) 5 and 7
(©) % and 3 (D) None of these
Solution: (B) ,

x°=3x+4
ket re x* +3x+4
= x4+ 3xy + 4y =x* —3x + 4
= G-DXE2+3@+Dx+4@p-1)=0

Since x is real,

discriminant = 0

= 9(y+1)P2-16(y-1y>0
= 907 +2y+1)-16 (0 =2y +1)20
= P +50y-720=7-50y+7<0
= (y—7)(y—%)$0:>%£y£7.

57.

58.

If x is real, then the maximum value of 3 — 6x — 8x” is

17 33
A) — B) —
(A) g (B) 3
21
©) Y (D) None of these
Solution: (B)
Let y=3—6x—8x2
then 8x2+6x+y—3=O.

Since x is real,

6—4-8(y—3)20,

or 36 -32y+96=0
or 32y <132
SR
32
33
or < —
S

. 33
Hence, maximum value of y = <

For all real x, the minimum value of —l_x-”i is
1 I+x+x
(A) 0 (B) 3 © 1 D) 3
Solution: (B)
Let z:ﬂ
I+x+x
= ZHzx+z=1-x+x
= XX 4z +x+z-1=0
= X z=1)+x(z+D)+(=-1)=0
For real x,
B> —44C>0
= +1P-4@Ez-1D)(E-1)=0
= P42+ 1427 +82-420
= ~32+102-3>0
= ~37492+2-320
= -3z(z-3)+1(z-3)=20
= (z-3)(=3z+1)20
= %Ssz&

. 1
minimum value of z = 5 .
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59. Given that, for all real x, the expression

¥ —2x+4
w2 +2x+4

lies between % and 3. The values between which the

9-3% +6-3" +4

expression ——————— lies are
937" -6-3"+4
(A) Oand2 (B) —land 1
1
(C) 2and 0 (D) 3 and 3.

Solution: (D)

1 x?-2x+4
Given _rTarrs

3 <3 forall x € R.
3 x"+2x+4

2
- LoX 2202 5 foralive R (1)
3 x"-2x+4

Let =y

Theny e Rforallx € R.

93" +6-3" +4 32423 44
9.3% —6.3" +4 372 _2.371 414

_y2+2y+4
Y —2y+4
From Eq. (1),
1y +2y+4
_<y2+—y+<3
3 y°-2y+4

1 932 +6:3" +4
<

2= T T s,
3 937 63" +4

EXERCISES

Single Option Correct Type

3x

1. The roots of the equation 2**2 - 3ﬁ =9 are given by
2
(A) log,, (E) -2 B) 3,-3
(©) —2,1- Jog3 (D) 1-log,3,2
log 2

. Ifa, b, c are positive real numbers, then the number of
real roots of the equation ax’+b x| +c=01is

(A) 0 (B) 2

(€ 4 (D) None of these
. Ifx* —x + 1 =0, then value of x*" is

(A) 0 (B) -1 © 1 (D) -1,1

. The number of negative integral solutions of
B Y L B B (e S SR
(A) 4 (B) 2 © 1 (D) 0

. If cand B (o < P), are the roots of the equation x* +
bx + ¢ =0, where ¢ <0 < b, then

(A) 0<a<p

B) a<0< <]

(C) a<B<0

(D) a<0<|a|<p

. If oz and B are the roots of x* +px+q=0and o and
B * are the roots of x> — rx + s = 0, then the equation
X’ - 4gx + 2q2 —r =0 has always

10.

(A) two real roots

(B) two positive roots

(C) two negative roots

(D) one positive and one negative root

If a, b, ¢, d and p are distinct real numbers such that
(a2+b2+cz)p2—2(ab+bc+cd)p+(b2+cz+d2)SO
then a, b, c and d
(A) arein A.P.
(C) arein H.P.

(B) arein G.P.
(D) satisty ab=cd

. Let S denotes the set of all values of x for which the

equation 20 -2 (2a+ 1)x +a (a + 1) =0 has one root
less than a and other root greater than a, then S equals

(A) (0, 1) B) (1,0
(©) (0,1/2) (D) None of these

Let a, b, ¢ be positive real numbers, such that by’ +

(J(@+c)? +4b*)x+(a+¢c)20,V xe R, thena, b, ¢

are in:
(A) G.P. (B) A.P.
(C) H.P. (D) None of these

If the ratio of the roots of x* + bx + ¢ = 0 and x> + gx +
7 =0 be the same, then

(A) o= bzq
©) rb* = cq2

(B) *b=cg
(D) re? = qu



11.

12.

13.

14.

15.

16.

17.

18.

19.
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If0<x«< %, then the solution of the equation

165 +16° = 10 is given by x equal to

nT T
A) —,— B) =,Z
(A) 5’3 (B) 35
©) %,% (D) None of these

If one of the roots of the equation X - @+Dx+ p2 +
p — 8 =0 is greater than 2 and the other root is smaller
than 2, then p is such that

(A) —13—1 <p<3 B) 2<p<3

(C) 2<p<3 (D) None of these
The common roots of the equations X+ 2%+ 2x +
1=0and 1 +x"" +x'"" = 0 are (where w is a none
real cube root of unity)

A) o (B) o

©) -1 (D) None of these

If “x’ satisfies |x2 —3x+2|+|x—1]=x—-3, then

(A) xe ¢ (B) x e [1,2]

(C) X € [3’ °°) (D) X € (—oo, °°)

The number of solutions (s) of the equation

a2 +6x+7+ 532 +10x+14 <4 - 2x — 5% is
(A) one (B) two (C) four (D) infinite

If (@* = 1) x* + (a — 1) x + a* — 4a + 3 = 0 is an identity
in x, then the value of @ is
(A) 1 (B) 3

© -1 (D) -3

Both the roots of the equation (x — ) (x — ¢) + (x — a)
(x—c)+ (x—a) (x— b) =0 are always

(A) positive
(C) real

(B) negative
(D) None of these

If o, Bare the roots of the equation X+ px+q=0then

o . .
— is a root of the equation

(A) pX’+Q2q-p)x+p=0
(B) g* +(p*—29)x+q=0
(€) ¢*+Q2q-p)x+q=0
(D) None of these

If a, b, ¢ € R and quadratic equation x> + (a + b) x +
¢ =0 has no real roots then

(A) cla+b+c)>0

B) c+c(a+b+c)>0

(C) c+c(a+b-0c)>0

(D) cla+b-c)>0

20.

21.

22,

23.

24.

25.

26.

27.

28.

Ifax’ + bx +c=0,a#0,a,b, ce R has distinct real
roots in (1, 2) then a and 5a + 2b + ¢ have

(A) same sign

(C) not determined

(B) opposite sign

(D) None of these

If a < 0 the positive root of the equation x*—2a Ix —al
~3a*=01is

(A) a(-1-V6)
(©) a(1-+2)
If px2 + gx + r =0 has no real roots and p, g, r are real
such that p +r > 0, then
(A p—qg+r=<0

©) ptr=gq

Given Ix* — mx + 5 = 0 does not have two distinct real
roots, the minimum value of 5/ + m is

(A) 5 B) -5 ©) 1 D) -1

The set of possible values of A for which A* — (A% —

54+ 5)x + (24> = 31— 4) = 0 has roots whose sum and
product are both less than 1 is

(A) (—1, %) B) (1,4)

5 5
op  w(Y

If 1 lies between the roots of 3x> — 3sin 8- 2cos’6= 0
then

(B) a(-1++/6)
(D) None of these

B) p+r2q
(D) None of these

-1 . 1 o
(A) 7<sm9<5 B) ?<s1n9<0

(©) % <sin < 1 (D) None of these

If o, Bare the roots of the equation 375x* —25x —2 =0

n

and S, = o + " then Lt ) S, is

n—ee 7
7 1
A) — B) —
(A) T (B) )
35
(©) o (D) None of these

The solution set of (x)> + (x + 1)* = 25, where (x) is the
least integer greater than or equal to x, is

A) 2,4 (B) (-5,4] v (2,3]
©) [4,-3)u][3,4) (D) None of these

Number of solutions of log, (9 —2%) = 10°%G~9 g
(A) 1

(B) 2

© 3

(D) None of these
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

If ax? + bx + 6 = 0 does not have two distinct real roots
a € R, b € R, then the least value of 3a + b is

(A) 4 B) -1 ©) 1 (D) -2
If o, B be the roots of x* + px — g = 0 and % & be the
rootsofx2+px+r=0,q+r¢0,then w:

B-7)(B-6)
A) 1 B) ¢ © r D) g+r
Number of integral solutions of x+2 > 1 is

x“+1 2

(A) 0 (B) 1 ©) 2 (D) 3

If the ratio of the roots of Ax” + fix + v=0 is equal to the
ratio of the roots of x> + x + 1 = 0, then 4, U, v are in
(A) AP (B) G.P.

(C) H.P. (D) None of these

If ¢ < a < b < d, then roots of the equation bx*+(1-b
(c+d)x+bcd—a=0

(A) are real and one lies between ¢ and «

(B) real and distinct in which one lies between a and b
(C) real and distinct in which one lies between ¢ and d
(D) roots are not real

If the roots of the equation ax” + bx + ¢ = 0 are of the

1 .
form * and o’ , then the value of (@ + b + c)2 is
a-1 a
(A) b*—2ac (B) b*—4ac
(C) 4b*—ac (D) 2b* —ac

If o, B be roots of x* + px + 1 = 0 and % & be the roots
of X +gx+ 1 =0, then (a— ) (B~ 7) (a+ 8) (B+8) =
A) p’+q’ ®B) p’ ¢’

©) ¢-p (D) None of these

If @ and b are odd integers then [)c]2 +alx]+b=0
(where [‘] denotes greatest integer function) has

(A) finite number of roots

(B) infinite number of roots

(C) no roots

(D) None of these

If logy (x> — 5x + 6) > log; (x — 4), x belongs to
(A) (==, 4)

(B) (4, )

(C) (o0, —4) U (4, )

(D) no real value of x

Let a, b, ¢ be real numbers, a # 0. If « is a root of
a2x2+bx+c=0,ﬁisarootofazxz—bx—c=0and
0 < ar< B, then the equation a** +2bx+2c=0hasa
root ¥ that always satisfies

39.

40.

41.

42.

43.

44.

45.

46.

47.

) 7= 2F ® y=o+t
©) 7=« (D) a<y<p

Number of solutions of the equation X =2-2[x]=0
([-] denotes greatest integer function) is

A) 1 (B) 2

©) 3 (D) None of these
The number of real roots of the equation 25" * — 2% ¥ =
lis

(A) 2 B) 1

(C) infinite (D) None of these

If the absolute value of the difference of roots of the
equation X+ px + 1 =0 exceeds, \/5 , then

(A) p<-lorp>4 (B) p>4

(C) -1<p<4 (D) 0<p<4

If the roots of x* + ax + b = 0 are ¢ and d, then roots of
x2+(2c+a)x+c2+ac+b=0are

(A) 1,d-c (B) 0,d-c

) 1,c-d (D) None of these

If the equation x>+ 2 (k+ 1)x+9k—5=0 has only
negative roots, then
(A) k<0 (B) k=0

(C) k=6 (D) k<6

If the product of the roots of the equation x* = 3kx +
2¢°"F_ 1 =01is 7, then for real roots the value of & is
equal to
A1 (B) 2

© 3 (D) 4

The solution set of

(2) =x—-x"—9is
5

B) {1}
(D) None of these

A) {0}
©) ¢
The equation ¢*™* — ¢ 5"* — 4 = 0 has
(A) infinite number of real roots

(B) no real roots

(C) exactly one real root

(D) exactly four real roots

Suppose the cube x° — px + ¢ has three distinct real
roots where p > 0 and ¢ > 0. Then which one of the

following holds?
\/% and maxima at

\/% and maxima at

(A) The cubic has minima at

. JZ
3
(B) The cubic has minima at —

p

3



48.

49.

50.

51.

52.

53.

54.
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(C) The cubic has minima at both \/% and \/%

(D) The cubic has maxima at both \/é and \/é

The quadratic equations x> — 6x + a = 0 and x* — ¢x
+ 6 = 0 have one root in common. The other roots of
the first and second equations are integers in the ratio
4 : 3. Then the common root is

A) 1 (B) 4 © 3 D) 2

If the roots of the equation bx* + cx + a = 0 be
imaginary, then for all real values of x, the expression
3b%% + 6bex + 2¢% is
(A) greater than 4ab
(C) greater than —4ab

(B) less than 4ab
(D) less than —4ab

The equation

Jr+3—4fx—1+Jx+8—6Jx—1 =1 has

(A) no solution

(B) one solution

(C) two solutions

(D) more than two solutions

Ifx, y € [0, 10], then the number of solutions (x, y) of

the inequation 3% *~! J9y? —6y+2 <lis

(A) 2 (B) 4 ©) 6 (D) infinite

The equation (x — n)" + (x — n®)" + (x = °)" + ... +
(x —n™)" =0 (m is odd positive integer), has

(A) all real roots

(B) one real and (n — 1) imaginary roots

(C) one real and (m — 1) imaginary roots

(D) no real root

If f(x) = x — [x], x (#0) € R, where [x] is the greatest
integer less than or equal to x, then the number of solu-

tions of f(x) + f(l) =1are
X

(A) 0

If x> = (a + b + ¢)x + (ab + bc + ca) = 0 has imaginary

roots, where a, b, ¢ € R, then va, /b, Jc

(A) can be the sides of a triangle
(B) cannot be the sides of a triangle
(C) nothing can be said

(D) None of these

(B) 1 (C) infinite (D) 2

If x,, Xy, X3, ..., X, are the roots of the equation x" + ax +
b =0, then the value of (x; — x,)(x; — x3)(x; —xy) ...
(x; —x,,) is equal to

56.

57.

58.

59.

60.

61.

62.

63.

64.

A) ! " +a B) n(x)" "

(C) nx, +b (D) nx! ' +b

If the roots of the equation X —2ax+a*+a-3=0are
real and less than 3, then

(A) a<?2 (B) 2<a<3
(B) 35a<4 (D) a>4
_ 2
For all real x, the minimum value of 1x—+x2 is
1 I+x+x
(A) 0 (B) 3 © 1 (D) 3
X -2x+4

Given that, for all real x, the expression —
x°+2x+4

lies between % and 3. The values between which the

9.3 +6-3" + 4

expression 3 lies are

9.3 —6-3" +4
(A) Oand 2 (B) -l and 1
(C) 2and 0 (D) % and 3.

The value of k£ for which the number 3 lies between
the roots of the equation X+ (1 = 2k) x + (k2 -
k—2)=01is given by
(A) 2<k<5
(C) 2<k<3

(B) k<2
(D) k>5

The number of negative integral solutions of PR AR

4342 2 s34 | px- 1o

(A) 4 (B) 2 © 1 (D) 0

If oz and B (x < B), are the roots of the equation x* +
bx + ¢ =0, where ¢ < 0 < b, then

(A) 0<a<f (B) a<0<f<]a]
(C) a<pB<0 (D) a<0<|a|<p
If the ratio of the roots of x* + bx + ¢ = 0 and x* + qx +
7 = 0 be the same, then
(A) rPe=bq

(C) rb*=cq’

(B) *b=cg
(D) re* = qu
The number of solutions of |[x] — 2x| =4, where [x] is

the greatest integer < x, is

(A) 2 (B) 4 ©) 1 (D) infinite

If ¢, Bare the roots of the equation xP+ px+¢q=0then
“ is a root of the equation

(A) px’+Q2q-p)x+p=0

(B) qx2+(p2—2q)x+q=0

(©) ¢’ +Q2q—p)x+q=0
(D) None of these
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65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Ifax’+bx+c=0,a#0,a,b,ce Rhas distinct real
roots in (1, 2) then a and 5a + 2b + ¢ have

(A) same sign

(C) not determined

(B) opposite sign
(D) None of these

If a < 0, the positive root of the equation X’ - 2a
|x—a|—3a2=0is
(A) a(-1-6)

(B) a(-1++/6)
(©) a(1-+2)

(D) None of these

If px* + gx + r = 0 has no real roots and p, ¢, r are real
such that p + > 0, then

(A) p—-g+r=<0
©) p+r=gq
Given Ix* — mx + 5 = 0 does not have two distinct real
roots, the minimum value of 5/ + m is

(A) 5 (B) -5 O 1 (D) -1

If 1 lies between the roots of 3x* — 3sin 8— 2cos” 6=0
then

B) p+rzq
(D) None of these

(A) _—l<sin9<l B) _—1<sin9<0
2 2 2

|
©) 5 <sin <1 (D) None of these
If o, Bare the roots of the equation 375x* —25x —2=0

iSr is
r=1

and S,=o" + B", then Lt

n—soo
7 1

A) — B) —

) 12 ®) 12
35

©) o (D) None of these

If ax® + bx + 6 = 0 does not have two distinct real roots
a € R, b € R, then the least value of 3a + b is

(A) 4 (B) -1 © 1 D) -2

If the ratio of the roots of Ax* + Ux +v=0isequal to the
ratio of the roots of x* + x + 1 = 0, then A, 4, v are in
(A) AP (B) G.P.

(C) H.P (D) None of these

If ¢ < a < b < d, then roots of the equation bx* + (1-5
(c+d)x+bcd—a=0

(A) are real and one lies between ¢ and a

(B) real and distinct in which one lies between a and b
(C) real and distinct in which one lies between ¢ and d
(D) roots are not real

If the roots of x* + ax + b = 0 are ¢ and d then roots of
x2+(2c+a)x+cz+ac+b=0are

(A) 1,d-c (B) 0,d-c

) 1,c-d (D) None of these

75.

76.

77.

78.

79.

80.

81.

The solution set of (x)* + (x + 1)* = 25, where (x) is the
least integer greater than or equal to x, is

A) 2,4

(B) (-5,4] U (2,3]

©) [43)vI[3.4

(D) None of these

Let S denote the set of all values of § for which the
equation pAay) (2a+ 1)x +a (a + 1) =0 has one root
less than a and other root greater than «a, then S equals

(A) (0, 1) (B) (-1, 0)
©) (0, %) (D) None of these

Solution of 2% + 2/*/>2 \/5 is
(A) (oo, log, (V2 +1)
(B) (0, 8)

© G,logz(ﬁ —l)j

(D) (~e, log, (2 -1)]U B ooJ

Iff(x) = x>+ 2bx + 2¢ and gx)=- x> = 2cx + b” such
that min. f(x) > max. g(x), then the relation between
b and cis

(A) Ic| < b V2 (B) 0<c<b+2
(©) el <[bl~2 (D) [c]> |2

If the roots of the equation ¥ —2ax+a*+a-3=0are
real less than 3, then:

(A) a<2 (B) 2<a<3
(C) 3<a<4 (D) a>4

2
The solution set of x*l +x+ 1= (x|+ }) i

X

(A) {x|x=0}
B) {x[x>0} w{-1}
© -1 1}

D) {x|x=1lorx<-1}

If ¢, B are the roots of the equation ax* + bx + ¢ =0,
(a#0)and @+ &, B+ & are the roots of Ax> + Bx +
C=0, (4 #0) for some constant J, then

*) b* —4ac  B* -4AC
a’ A

®) b> —2ac _ B> -24C
a* A

b> —8ac _ B* -8A4C
(C) 2 - 2
a A

(D) None of these



82.

83.

84.

85.

86.

87.

88.

89.
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Leta, b, ¢ be real, if ax’ + bx + ¢ = 0 has two real roots

oand B, where ¢<— 1 and f> 1 then 1 + C4 b is
a a

(A) <0 (B) >0

©) <0 (D) None of these.

If a, b, c are in G.P, then the equations ax* +2bx+c=

. d
0 and dx* + 2ex + f'= 0 have a common root if —, %,

a
i are in

c

(A) H.P. (B) G.P.

(C) AP (D) None of these

If the equations X +abx+c=0andx* +acx+b=0
have a common root, then their other roots satisfy the
equation

(A) x2+a(b+c)x+a2bc=0

(B) xzfa(b+c)x+a2bc=0

©) xz—a(b+c)x—a2bc=0

(D) None of these

If(ax2 +bx+c)y+ a’x® + b'x + ¢'=0, then the condi-
tion that x may be a rational function of y is

(A) (ac'- a’c)2 =(ab'—a'b) (bc'—b'c)

(B) (ab'—a 'b)* =(ac'—a'c) (bc'—b'c)

(C) (be'—b'¢)*=(ab'—a 'b) (ac'— a'c)

(D) None of these

If n and r are positive integers such that 0 < » < n, then
the roots of the quadratic equation "C, | x*+2 - "C,x +
"C,,, =0are

(A) real and distinct

(B) rational

(C) rational but not integer

(D) imaginary

If the equations x> — px + g =0 and x> —ax + b =0
have a common root and the other root of the second
equation is the reciprocal of the other root of the first,
then (q — b)* =

(A) ag (p— by’
(€) bq (p—b)’

If the two equations ax’ + bx + ¢ = 0 and 2x* — 3x +
4 = (0 have a common root, then

(A) 6a=4b=-3c (B) 3a=-4b=3c

(C) 6a=-4b=3c (D) None of these

(B) bq (p —ay’
(D) None of these

If a, b, ¢ are rational and ax’ + bx + ¢ = 0 and 3x* +
x —5 =0 have a common root, then 3a + b + 2¢ =

(A) 0 B) 1

() 2 (D) None of these

920

91

92.

93.

94.

95s.

96.

97.

. If ax® + 2bx + ¢ = 0 and a,x* + 2b,x + ¢, = 0 have a
b .
common root and 4 , —, < are in A.P, thena|, b,,
¢, are in 4 PG
(A) AP (B) G.P.
(C) HP (D) None of these
. If x is real, then the minimum value of
+ b+ .
(atx)(b+x) (x>—c¢),fora>c,b>cis
(c+x)

(A) (Ja—-b+Jc—b)>
B) (Ja—c+b-c)?
(C) (Ja—c—+Jb—c)?

(D) None of these

If the ratio of the roots of a,x* + byx + ¢, = 0 be equal
to the ratio of the roots of a,x” + b,x + ¢, = 0, then 4 ,
b ¢ , a4

—, — arein

b, ¢

(A) AP (B) G.P.

(C) H.P. (D) None of these

If ¢, B be the roots of the equation x* — px + ¢ = 0 and
a>0, >0, then the value of &* + " is

k
(p+6\/g+4ql/4 \/p+2\/g) , Where k is equal to
1 1 1
B) — C) - D) —
(B) 5 © 3 D) 4

If a, b are the roots of the equation X+ px+1=0and
¢, d are the roots of the equation x* + gx + 1 = 0, then

(a-c)(b-c)(a+d)(b+d)=
) p’-¢
©) P +q

A) 1

(B) ¢ -p°
D) 2"~ ¢)

If ¢ # 0 and the equation X+ px2 + ¢ =0 has a root of
multiplicity 2, then p and ¢ are connected by

(A) p+2¢=0

(B) p* ~2¢=0

(C) 4p> +27¢+1=0
(D) 4p° +27¢=0

If the roots of the equation ax” + bx + ¢ = 0, are of the

o+1

and , then the value of (a + b +¢)* is

o—1 o
(A) b*—2ac
(C) b*—4ac

form

(B) 2b*—ac

(D) 4b*—2ac

If the sum of the roots of the quadratic equation ax’ +
bx + ¢ = 0 is equal to the sum of the squares of their

. a b c .
reciprocals, then —, — and 2 are in
c a
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98.

99.

100.

101.

102.

103.

104.

(A) arithmetic progression
(B) geometric progression
(C) harmonic progression
(D) arithmetico-geometric progression

If both the roots of the quadratic equation x* = 2kx +
K>+ k—5=0 are less than 5, then k lies in the interval
(A) (o=, 4) (B) [4,5]
(©) (5,6] (D) (6, )

If for real number a, the equation (a— 2) (x— [x])2 +
2 (x —[x]) + =0 (where [x] denotes the greatest
integer < x) has no integral solution and has exactly
one solution in (2, 3), then « lies in the interval

A) -1,2) (B) (0, 1)
©) (1,0 D) (2,3)
Let a, b, ¢ be distinct positive numbers such that

each of the quadratics a’ +bx+ ¢, bx* + ex + a
and cx’ + ax + b is non-negative for all x € R. If

2 2 2
R4 hen

ab + bc + ca
(A) 1<R<4 (B) 1<R<4
(C) 1<R<4 (D) 1<R<4

The set of values of a for which the equation (x2 +x
+2 —(@-3) (P +2) (P +x+ D+ (@4 (P +
x + 1) =0 has at least one real root is

19 19
W) el

19 19
o) (]

If all real values of x obtained from the equation
4 — (a — 3)2" + a — 4 = 0 are non-positive, then a
belongs to

(A) [4,5] (B) (4,5]

©) [4,5) D) 4,5)

Let f(x) = X +ax+bbea quadratic polynomial,
where a and b are integers. If for a given integer #,
f(n) f(n+1)=f(m) for some integer m, then the value
of mis
(Ayn(n+1)+an+b
©C)nm+1l)+a+b

B) n(n+1)+a+bn
(D) None of these

x2 +nx—2

If for any real x, we have —1 < <2,thenn

belongs to

(A) [-/40 +6,-1]

(B) [—v/40 +6,/40 —6]
(©) [-1,7/40 -6]

(D) None of these

x“=3x+4

105.

106.

107.

108.

109.

110.

If b > a, then the equation (x — a) (x —b) —1 =0 has
(A) both roots in (—eo, a)

(B) one root in (—ee, @) and other in (b, o)

(C) both roots in (b, o)

(D) both roots in [a, b]

The quadratic equation

(x+b)(x+c) +(x+c)(x+a) N (x+a)(x+b)_1
(b—a)c—a) (c=b)a—b)  (a—c)(b—c)
has

(A) two real and distinct roots
(B) imaginary roots

(C) equal roots

(D) infinite roots

The equation axt —2x* - (a—1) =0 will have real and

unequal roots if
(A) a<0,a=1
(€C) 0<ax<1

(B) a>0,a#1
(D) None of these

If the equation X +[a*—5a+b+4]x+b=0has
roots —5 and 1, where [a] denotes the greatest integer
less than or equal to a, then the set of values of a is

A) 5—§x6,5+23«/§]
(B) O’5+3\/§]
2
© —1,5_23‘6}%“23*6,6)

(D) None of these

Let ¢, B be the roots of the equation X —ax + p=0
and 7 O be the roots of the equation Xt —bx + q=0.
If o, B, v, S are in increasing G.P, then the value of

g+tp

is equal to

q—p

bt —a? b +d?
(A) (B)

b +d? b —a?

b+a b—a
C D
© b—a D) b+a

1
If 7, denotes the nth term of an A.P. and 7, = —and 7,
q

= L , then which of the following is necessarily a root
p

of the equation (p + 2¢ — 3r) x> + (¢ + 2r — 3p) x + (r

+2p—39)=0

(A) 1,

(©) 1

®) 1,
D) 1,.,



111.

112.

More than One Option Correct Type

114.

115.

116.

117.

118.

119.

120.

If the roots of the equation 4x” + 4ax + b = 0 are real
and differ at most by a, then b lies in

(A) |0 “ (B) i
) ¢
(©) [0, d’] (D) (0,d)

The roots of the equation ax’ + bx + ¢ = 0, where
a € R*, are two consecutive odd positive integers, then

113.
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(A) |b|<4a (B) 5| = 4a
©) |b|=2a (D) None of these

If a, b, ¢, d are real numbers, then the number of real
roots of the equation ()c2 + ax —3b) (x2 —cx+Db) (x2 -
dx +2b)=0 are
(A) 3
(ONY

(B) 4
(D) atleast2

If a <0, then the root of the equation x> —2a x—al—
3d°=0is

(A) (1-2)a B) (~1+6)a

©) (1++2)a (D) —(1++6)a

If x> — 3x + 2, be one of the factors of the expression
xt- px2 + ¢, then

(A) p=5 B) g=4
€) p=4 (D) g=5
. p a
If ¢ # 0 and the equation — = + has two
2x  x+c x-c
equal roots, then p can be
A) (a-by’ B) (Ja+by
(C) a+b (D) a-b

For a > 0, the roots of the equation log,, a + log, a* +
log . a® =0, are given by

(A) a2 (B) a2 (©) R (D) s
Solution of |x* + 4x + 3| + 2x + 5 =0 is

(A) 4 (B) 4

) -1-43 (D) 1+ 3

If the roots of 10x° — cx* — 54x — 27 = 0 are in har-

monic progression, then the roots are
-3 -3 1

A) — B) — C) 3 D) —

A = ® © (D) 3
If the equation X+ 9y2 —4x +3 =0 is satisfied for real
values of x and y, then

(A) 1<x<3

(B) 2<x<3

121.

122.

123.

124.

125.

If o, B are the roots of ax” + bx + ¢ = 0 and o, B*
are the roots of Ix* + mx + n = 0, then the roots of the
equation A 1x*—4acl+21+a* m=0are

(A) real

(C) opposite in sign

(B) imaginary
(D) equal

If a, b, ¢ are positive rational numbers such that

a > b > c and the quadratic equation (a + b — 20)x* +

(b+c—2a)x+ (c+a—2b)=0has aroot in the inter-

val (-1, 0,) then

(A) c+a<?2b

(B) both roots of the given equation are rational

(C) the equation ax’ + 2bx + ¢ = 0 has both negative
real roots

(D) the equation cx” + 2ax + b = 0 has both negative
real roots

If the equation x* + a’x + b* = 0 has two roots each of
which exceeds a number ¢, then

(A) a*>4p®

(B) CHde+ b >0

2
a
C) —>c¢
©) )

2

a
D) - —<c
(D) 5

If b* > 4ac for the equation ax* + bx* + ¢ =0, then all
the roots of the equation will be real if

(A) b>0,a<0,c>0

(B) b<0,a>0,c>0

(C) b<0,a>0,c>0

(D) 5>0,a<0,c<0

If the equation X+ (a—b)x—a—-b+1=0, where q,
b R, has unequal real roots for all b € R, then

(A) a<0 B) a>0

(C) a>1 (D) a<1
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Passage Based Questions

Passage 1
Let apx® + byx + ¢, = 0 and ax* + byx + ¢, = 0 be two
quadratic equations such that a,a, # 0 and a,b, # a,b,.

If the two equations have a common root ¢, then

a,0f + b0+ ¢, =0 and a,0? + b,ot+ ¢, = 0.

Eliminating ¢ using cross-multiplication method gives the
condition for a common root. Solving the two equations
simultaneously, the common root can be obtained.

If the two equations have both roots common, then

a_b_«a

a b o

126. If a, b, c € R and the equations ax® + bx + ¢ =0 and
%>+ 3x% + 3x + 2 = 0 have two roots common, then

(A) a=b+#c B) a=b=-c
(C) a=b=c (D) None of these
Passage 2

Let & be any point such that k € R and ¢, j are the roots of
the quadratic equation f(x) = ax’ + bx + ¢ = 0. If k lies out-
side and is less than both the roots then the equation must
have real and distinct roots and the sign of f(k) is same as
the sign of ‘a’. Also, k is less than the x-coordinate of the
vertex of the parabola y = ax’ + bx +c.

If & lies between both the roots, then the sign of f(k)
is opposite to the sign of ‘a’.

If & lies outside and is greater than both the roots,
then the sign of f(k) is same as the sign of ‘a’. Also, k is
greater than the x-coordinate of the vertex of the parabola
y= ax® +bx +c.

If both the roots of the equation lie between two real
numbers &, and k,, then equation must have real and dis-
tinct roots and the sign of f(k,) and f(k,) is same as the sign
of a. Also, the x-coordinate of the vertex of the parabola
y = ax® +bx + ¢ lies between k, and k,.

127. The values of ‘@’ for which the roots of the equation
(a+1) x> —3ax+4a=0 (a #—1) to be greater than
unity are

-16
(A) T£a<—1 B) 2<a<-1
(C) 0<ax<1 (D) None of these

128. The values of ‘a’ so that 6 lies between the roots of
the equation X +2 (a-3)x+9=0,are

3 3
(A) a> —Z (B) a<—Z

(© a3 ) a<?

129. The value of a for which the equation (1- az) X+
2ax — 1 =0 has roots belonging to (0,1) is

1+\/§

(A) a> 5 B) a>2
(€) 1+2‘E<a<2 (D) a>2

130. The values of a for which each one of the roots of
x> —dax +2d* —3a+5=01is greater than 2, are

(A) ae (1,00) B) a=1
(C) ae (=0, 1) (D) a € (9/2, )
Passage 3

The maximum number of positive real roots of a polyno-
mial equation f(x) = 0 is the number of changes of signs
from positive to negative and negative to positive in f(x).
For example, consider the equation f(x) = X+ 6t + 1lx—
6 = 0. The signs of the various terms are:

+++-—

Clearly, there is only one change of sign in the given
expression. So, the given equation has at most one positive
real root.

The maximum number of negative real roots of a pol-
ynomial equation f(x) = 0 is the number of changes of signs
from positive to negative and negative to positive in f(—x).
For example, for the equation f(x) = A ox-1=
0, there are three changes of signs in f(—x). So, the given
equation has atmost three negative real roots.

If f(x) and f(—x) do not have any changes of signs, the
equation f(x) = 0 has no real roots.

Now, consider the polynomial

P,(x)=1+2x+3x"+ ...+ (n+1)x".

131. If n is even, the number of real roots of P,(x) is

A) 0 (B) n

© 1 (D) None of these
132. If n is odd, the number of real roots of P, (x) is

A) 0 (B) n

O 1 (D) None of these

133. Ifa, <a,<a;<a,<as<ag then the equation (x —a,)
(x—a3) (x—as)+3 (x—a,) (x—ay) (x —ag) =0 has
(A) three real roots
(B) arootin (—eo, a;)
(C) noreal root in (a,, a,)
(D) no real root in (as, ag)
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Match the Column Type
134. 135.
Column-I Column-IT Column-I Column-II
(1) If the roots of the equation (a*> (A) A.P. (1) If o, Bbe the roots of x* + px—  (A) 0
+ bz)x2 +2(bc + ad)x + (c2 + ¢ =0 and ¥, dbe the roots of
dz) =0 are real, then az, bd, ¥ +px+r=0,q+r#0,then
2 .
c”arein (a—y)(a—-06)
(D) Ifa(b—c)x* +b(c —a)x+c(a (B) HP. B-1(B-5)
— b) =0 has equal roots, then
a, b, c are in (II) The n.umb.er o)f; solu)tcions_)({)f the (A) 2
(IIT) If the sum of the roots of the  (C) G.P. equation SII;/(se : :1/53 o
equation ax* +bx + ¢ =0 (I 1f x =2 4277+ 277, then the (A) 6
is equal to the sum of the value of x” — 6x” + 6x is
reciprocals of their squares, (IV) The minimum value of A1
then bc?, ca® and ab’ are in 1 5
(IV) Ifa, b, ¢, d and p are distinct (D) A.G.P. | x[Hxt 2 [+ x =3[+ x=]is

real numbers such that (a2 +
B> + *)p? = 2(ab + be + cd)p
+ (b + P +d)<0thena, b,
cand d are in

Assertion-Reason Type

Instructions: /n the following questions an Assertion (A) is
given followed by a Reason (R). Mark your responses from
the following options:

(A) Assertion(A) is True and Reason(R) is
True; Reason(R) is a correct explanation for
Assertion(A)

(B) Assertion(A) is True, Reason(R) is True;
Reason(R) is not a correct explanation for
Assertion(A)

(C) Assertion(A) is True, Reason(R) is False

(D) Assertion(A) is False, Reason(R) is True

136. Assertion: If the roots of the equations X —bx+c=0
and x* — cx + b = 0 differ by the same quantity, then
b+ cis equal to —4.

Reason: If ¢, 3 are the roots of the equation Ax® +

(B> —44C

Bx+ C=0,then o — = y

Previous Year’s Questions

137. Assertion: If the equation X +2 (k+1x+9%—-5=0
has only negative roots, then £ < 6
Reason: The equation f(x) = 0 will have both roots
negative if and only if
(i) Discriminant > 0,
(i1) Sum of roots < 0,
(iii) Product of roots > 0

138. Assertion: If the equations x> +bx+ca=0andx’ +
cx + ab = 0 have a common root, then their other roots
will satisfy the equation x* + ax + bc = 0
Reason: If the equations x* + bx +ca=0and x* +
¢x + ab = 0 have a common root, thena+ b +c¢=0

139. If a# Bwith a® = 5— 3 and f° = 58— 3, then the
equation having o/f and f/« as its roots, is ~ [2002]

(B) 3x—19x+3=0
(D) X~ 16x+1=0

(A) 3x*+19x+3=0
(C) 3x—19x—3=0
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139.

140.

141.

142.

143.

144.

145.

146.

147.

The number of real roots of 3°* 77**7 =9 is
[2002]
(A) Zero B) 2
© 1 (D) 4
If the sum of the roots of the quadratic equation

ax> +bx+c=0is equal to the sum of the squares of

their reciprocals, then E,é and % ,are in [2003]

c a
(A) arithmetic progression.
(B) geometric progression.
(C) harmonic progression.
(D) arithmetic-geometric-progression.

The number of real solutions of the equation =3

|x|+2=01is [2003]
A) 2 (B) 4 ©) 1 (D) 3
The value of ‘a’ for which one root of the quadratic

equation (a’~5a +3) x> + (3a — 1) x + 2 = 0 is twice

as large as the other, is [2003]
2 2

A) — B) ——

(A) 3 (B) 3
1 1

0 — D) ——

© 3 D) 3

If (1 — p) is a root of quadratic equation X+ px +

(1 = p) =0, then its roots are [2004]

(A) 0,1 (B) -1,2

(©) 0,-1 (D) 1,1

If one root of the equation x> + px + 12 =0 is 4, while

the equation X+ px + g =0 has equal roots, then the

value of ‘g’ is [2004]
49

(A) Y (B) 4

©) 3 (D) 12

If 2a + 3b + 6¢ = 0, then at least one root of the equa-

tion ax® + bx + ¢ = 0 lies in the interval [2004]

(A) (0, 1) B) (1,2)

©) 2,3) (D) (1,3)

The values of « for which the sum of the squares of

the roots of the equation X (a-2x—-a-1=0

assume the least value is [2005]

A1 (B) 0

©) 3 D) 2

If roots of the equation x— bx + ¢ = 0 be two

consectutive integers, then b*—4c equals [2005]
(A) =2 (B) 3
©) 2 D) 1

148.

149.

150.

151.

152.

153.

154.

155.

156.

If both the roots of the quadratic equation x*— 2kx +
K> + k=5 =0 are less than 5, then £ lies in the interval
[2005]
(A) (5, 6]
(C) (===, 4)

All the values of m for which both roots of the equa-
tions x’— 2mx + m*— 1 = 0 are greater than —2 but less

(B) (6, )
(D) [4.3]

than 4, lie in the interval [2006]
(A) 2<m<0 (B) m>3
(C€) -1<m<3 D) 1<m<4

2
If x is real, the maximum value of w is

3x"+9x+7
[2006]

(A) 1/4 (B) 41
©) 1 (D) 17/7

If the difference between the roots of the equation
x>+ ax+1=0is less than /5 , then the set of possi-

ble values of a is [2007]
(A) (=3,3) (B) (=3, )
(©) (B,=) (D) (==, -3)

The quadratic equations x*— 6x + a = 0 and x*— cx +
6 = 0 have one root in common. The other roots of
the first and second equations are integers in the ratio

4 : 3. Then the common root is [2008]
(A) 1 (B) 4
© 3 (D) 2

If the roots of the equation bx*+cx+a=0be imagi-
nary, then for all real values of x, the expression 3b°x°
+ 6bex + 267 is [2009]
(A) greater than 4ab

(B) less than 4ab

(C) greater than — 4ab

(D) less than — 4ab

If @ and S are the roots of the equation x*—x + 1 = 0,

then the value of o?” + %% = [2010]
(A) -1 (B) 1

© 2 (D) -2

The equation ¢*"* —"* — 4 = 0, for x real, has

[2012]

(A) infinite number of roots
(B) no roots

(C) exactly one root

(D) exactly four roots

The real number k for which the equation,
2x> +3x+k =0 has two distinct real roots in [0, 1]
[2013]
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158.
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(A) lies between 2 and 3
(B) lies between —1 and 0
(C) does not exist

(D) lies between 1 and 2

If the equations x> +2x+3=0 and
ax® +bx+c= 0,a,b,c € R have a common root, then

a:b:cis [2013]
(A) 3:2:1 B) 1:3:2
(C)3:1:2 (D) 1:2:3

If aeRand the equation —3 (x - [x])2 + Z(x - [x])
+a* =0 (where [x] denotes the greatest integer < x )

has no integral solution, then all possible values of a
lie in the interval [2014]

159.

(A) (=1,0)u(0,1) B) (1,2)

© (-2-1) (D) (—e0,-2)U(2,00)

Let o and B be the roots of equation x* —6x—2 = 0.
-2

If a, = o" — ", for n > Lthen the value of czloz—ag
o

is equal to [2015]

(A) -6 (B) 3

© -3 (D) 6

ANSWER KEYS

Single Option Correct Type

1. (O) 2. (A) 3. () 4. (D) 5. (B) 6
11. (A) 12. (B) 13. (A,B,0) 14. (A) 15.
20. (A) 21.(C) 22.(B) 23.(D) 24.(D) 25
30. (A) 31.(D) 32.(B) 33.(C) 34.(B) 35
40. (C) 41.(B) 42.(B) 43.(C) 44. (B) 45.
50. (D) 51.(B) 52.(C) 53.(C) 54.(A) 55
60. (D) 61.(B) 62.(C) 63.(B) 64.(C)  65.
70. B) 71.(D) 72.(B) 73.(C) 74.(B) 75.
80. (B) 81.(A) 82.(A) 83 (C) 84.(B) 85.
90. B) 91.(B) 92.(B) 93. (D) 94.(B) 95.
100. (D) 101. (D) 102. (B) 103. (A) 104. (C) 105.
110. (C) 111. (C) 112. (B) 113. (D)

More than One Option Correct Type
114. (A) and (B) 115. (A) and (B) 116. (A) and (B)
119. (A), (B) and (C) 120. (A) and (C) 121. (A) and (C)
123. (A), (B) and (C) 124. (C)and (D) 125. (B) and (C)
Passage Based Questions
126. (C) 127. (A) 128. (B) 129. (B) 130. (D) 131.
Match the Column Type
134. (I) = (C); (I) — (B); (IIl) — (A); (IV) — (C)

135.

() = (D); (ID) = (A); () = (B); (IV) = (C)

(A 7.(B) 8 (D) 9.(B) 10. (C)
(A)  16. (A) 17.(A) 18.(C) 19. (B)
(C)  26.(B) 27.(B) 28.(A) 29.(C)
(C)  36.(C) 37.(B) 38 (D) 39. (A)
(C)  46. (B) 47.(A) 48. (D) 49. (C)
(A)  56. (A) 57.(B) 58 (D) 59.(A)
(A)  66.(C) 67.(B) 68. (D) 69.(C)
(B) 76.(D) 77.(D) 78. (D) 79. (A)
(A) 86.(A) 87.(B) 88 (C) 89. (A)
(D) 9. (C) 97.(C) 98.(A) 99. (C)
(B) 106. (D) 107. (C) 108. (C) 109. (B)

117. (B) and (D) 118. (B) and (C)
122. (A), (B), (C) and (D)
(A) 132. (C) 133. (A)
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Assertion-Reason Type
136. (A) 137. (D) 138. (A)

Previous Year’s Questions

139. (A) 140. (B) 141. (C) 142. (B) 143. (A) 144. (C) 145. (A) 146. (A) 147. (D) 148. (C)
149. (C) 150. (C) 151. (C) 152. (A) 153. (D) 154. (C) 155. (B) 156. (B) 157. (C) 158. (D)
159. (A) 160. (B)



Single Option Correct Type

1.
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HINTS AND SOLUTIONS

We have, 2° 2. 33/-D =9 =32
= (x+2)log 2+ 3x

log3 =2log3

x—1

= (x+2)log 2+(3x1-2] log3=0

X —
1

= (x+2) (log2+llog3J =0
X —

log 3

= x=-2 or x=1-

log2’

The correct option is (C)

Since a, b, ¢ are all +ve
ax2+b|x\+c>0forallrealx
ax2+b|x\+c¢0f0ranyrea1x
no real solution is possible.

The correct option is (A)

Since x* —x+1=0
-1 E*=x+1)=0

= X¥-1=0

= = 1,
=1

The correct option is (C)

The given equation can be written as

2x+1 |:x2_%:|= z\xf3|.4[4x2 _1]

2 1
-3 -
=16-2 ‘[x 4

N 2x—3 — 2|x—3\

[ xi= 1 does not give negative integral value]
x-3=xx-3)
eitherx—3=x-3orx-3=-x+3

)

= 2x=6o0rx=3

- Given equation does not give any negative integral
solution.

The correct option is (D)

We have o+ f=—b,af=c

As ¢<0,b>0,we get

a<0<p

Also, f=—-b-—a<-oa=|c|

Thus, @< 0 < f< ||

The correct option is (B)

6.

10.

11

The discriminant = 16¢° — 4 (2¢° — r)
=8¢" +4r=8¢>+ (" + >0
roots are real.

The correct option is (A)

. Wehave,(a2+b2+cz)p2—2(ab+bc+cd)p

+BP+F+dH)<0
= (ap-bY+(bp-c)+(p-d<0
= (ap-bY+(bp-c)+(p-d’=0

(a,b,c,d,pe R)
= ap-b=0,bp—c=0,cp—d=0
o b_ce_d_,

a b ¢

= a,b,c,darein G.P.
The correct option is (B)

. The required a satisfies the inequality

24*~2Qa+ Da+a(a+1)<0
= ala+1)>0=>ae (—oo,—1) U (0, )
The correct option is (D)

. (@a+c)’+4b*—4b(a+c)<0

= (a-2b+c)’<0

= a-2b+c=0

= 2b=a+c

= a,b,careinA.P.
The correct option is (B)

Let a, /3 be the roots of equation x* + bx + ¢ = 0 and o/, '
be the roots of the x* + gx + = 0. Then,

oat+B=-biaff=c, ' +p'=—q, ' B =r.

It is given that o ﬁ, = a+p = a,+[3,
B B a-p o' -p
(@+p) _ (' +B)
(=B (o =p)
»? 2
3 = 2q :>b2r=qzc.
b™—4c g —4r
The correct option is (C)
Lo ) L 1
Let 16sm X =y, then 16005 X _ 161—sm X o_ j
y

The given equation becomes
1

Y+ 16 =10=)*-10y+16=00ry=2,8
y

16sin2x =) = 24sin2x =2(1)
= 4sin®x=1

Now,
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12.

13.

14.

15.

16.

17.

sin x =J_rl :>x=§ ('.'OS <E
2 6 2
and 16" *=8
- 24sin2x :23
. 3 T T
= sinx=1* — = x= — ( 0<x<—
2 3 2

The correct option is (A)

The given condition is fulfilled if and only if
fQ)=4-2(p+1)+p*+p-8<0

= @P-3)@Ppt+t2)<0=-2<p<3

The correct option is (B)

@EHD+2x(x+1)=0

or (x+1) o +x+ 11=0=x=-1, o, o’
Of these x = o, * satisfy the equation

1+ 1304 1988 _

The correct option is (A), (B) and (C)

We have, x> = 3x + 2|+ |x— 1] =x—-3

= x23=>x>-3x+2+x—1=x-3

= ¥-3x+4=0

2
= (x—ij +4—2 =0
2 4

= No solution.

The correct option is (A)
We have,

Bl +6x+7 = B+ +4>2

and \[5x? +10x+14 = \5(x+1)2+9 23
LHS.>5
RHS.=4-2x—x*=5-(x+1)’<5
the equation holds only when
LHS.=RHS.=5
x=—1.
The correct option is (A)
Equating the coefficients of similar powers of x, we get
a’-1=0=a==l
a-1=0=a=1
a*—4a+3=0=a=13
common value of a = 1.
The correct option is (A)
The given equation can be written as
3x272x(a+b+c)+bc+ca+ab=0
Discriminant =4 (a + b + ¢)* - 12 (bc + ca + ab)
=4(a2+b2+cz—bc—ca—ab)
=2[(b-c)+(c—a)’+(a-b)120
Hence, the roots are real.
The correct option is (C)

18.

19.

20.

21.

22.

23.

Sinceq, [ are roots of the equation X+ px+q=0
o+ fB=—pandaf=q

2
Now q(g) +(2q—p2)%+q

1 1
=5 lq (a+ B’ —p’ab] =5 (@’ -p'9)=0

o . .
Thus, — is a root of the equation

qX’ +Q2q-p)x+q=0

The correct option is (C)

Since f{(x) has no real roots, f(x) has same sign for every x
£(0) - f(1)>0

The correct option is (B)

Let x, and x, be two roots ofax’ +bx+c=0

I<x;<2and1<x,<2

5 2b c
Nowa (5a+2b+c)=d’ + ;+Z

= (5+2(-1) (x, +x,) +x1x,)
=ad[(x,-2) (x,—2)+1]1>0
Hence a and 5a + 2b + ¢ are of same sign
The correct option is (A)
Since a < 0, in case of positive root of the equation x > a
The equation is x* — 2a (x —a) — 3a* =0
= X -2ax—d*=0
2a +4d* +44d° _ 2a% 2\2a
2 2
= a(1++2) or a(1-+2)
the only positive root possible is a(1— \/5) .

Thus, the roots are

The correct option is (C)
Let a+ if, oc— iff be the roots

Then, o’ + 2= = >0
p

p, r must be of the same sign.
Sincep+r>0
- p, rare both positive.
If g<r,p—qg+r>0
If ¢>0,(p+r’—(p-r*=dpr=>4
(" roots are non-real)
P+’ <@+ p-r'2q’
ptrzq
The correct option is (B)
Let f(x) = K —mx+5
Since /x* — mx + 5 = 0 does not have two distinct real roots,
therefore either f(x) 20V xe R,orf(x) <0V xe R
But f(0)=5>0
fx)=20VxeR
F(-5)20=525[+5m+520=5/+m>-1

Hence, minimum value of 5/ + m is —1.
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The correct option is (D)

Let o,  be the roots of the given equation,

then o+ f=A*-5A+5<1

= A-51+4<0

af=21-31-4<1

= 2-31-5<0
A-4(A-1<0orl<i<4

and (2,1—5)(1+1)<oor—1<2.<§

. 5 5
.. Required set = (—1, 5) N(1,4)= (1, 5) .
The correct option is (D)
Since coefficient of x*> > 0 and 1 lies between the roots of
3x? — 3sin §—2cos” =0
f(H<0
3 —3sin 6—2cos’6< 0
1 +2(1 - cos® 6) — 3sin H< 0
2sin® @—3sin 6+ 1< 0
(2sin - 1) (sin 6-1)< 0

L O I I

1
— <sin <1
2

TRICK(S) FOR PROBLEM SOLVING

If one root is less than k and other is greatter than k, then
D > 0O and af (k) <O, where

f(x):ax2+bx+c,a,b,ce R,a#0

26.

27.

The correct option is (C)

iSr =(a+ )+ (@’ + )+ .+ (" + B

Toc(at ) (BB B

Lt 38, =(a+a*+ .. +o)+(B+ B+ ... + o)
e o B
_m-pq

_a—-off+B-af
C1—(a+p)+ap
_ o+pB-20p
1—(a+p)+op

25 4

7_5’_ N

375 375  _

_ 2

375 375

The correct option is (B)
Ifx=ne Z (x)*+(x+1)Y>=25
= n2+(n+ 1)2=25
20 +2n—-24=0

2 1

T 348 12

=

= n*+n-12=0

= n=3,-4
x=3,-4

28.

29.

30.

31.

Ifx=n+kne Z,0<k<]1,then
() + (e 17 =25
(n+17+n+27>=25

20> +6n-20=0
n*+3n-10=0

n=2-5
x=2+k, -5+k where0<k<1
Soox>2,x>-5

-~ Solution set is (-5, —4] U (2, 3]
The correct option is (B)

log, (9-2"=3-x

= 9-2"=2%"

= 9—2)‘:ﬁ

2X

R R R

9-2"-2%=38

2%-9-2"+8=0

2"-8)(2°-1)=0

x=0

But x = 3 is not the solution of original equation,
x=0.

The correct option is (A)

LU v

x=3 or

Since ax® + bx + 6 = 0 does not have two distinct real roots.
b —24a <0
Let 3a+b=y
3a=y-b
b —8(y—-b)<0
ie, b*+8h—8y<0
Since b is real
64+32y20=>y=>-"2
Min. value of y i.e., 3a + b =-2.
The correct option is (D)
Here a+ f=—p=a+f=y+4
ytoé=-p
Now (@~ (- =o'~ ay+ &)+ yd=a’ ~a(a+ f)+r
=—af+r=—(-q)+tr=q+r
By symmetry (B—7) (B—-6)=q +r
Ratio is 1.
The correct option is (A)
x+2 1
X2+l 2
—x* —1+2x+4
2(x% +1)
34+2x—x?
2(x2+1)
Since denominator is positive
3+2x—x*>0
= -1<x<3
= x=0,1,2

The correct option is (D)
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32. Let o, Bbe the roots of e+ ux+v=0 -~ Discriminant can’t be perfect square.
ot B u af= v The cor2rect option is (C)
A A log, (x> =5x+6) _ log,(x—4)
) 37. >
log, 9 log, 3
2 7 2
(@+p)” _ )2 _w = X-5x+6>x"—8+16
op v A 10
2 = 3x710>0:>x>? )
2
_ 2. B, ) Also, x>~ 5x+6>0=x>3 orx<2 )
B« Av and x—4>0=x>4 3)
2
Let ¥, dbe the roots of x™ +x +1=0 Common solution from Egs (1), (2) and (3) is x > 4
yto=-1,7y6=1 The correct option is (B)
2 ) -3 o=
(y+9) =1:>Z+§+2=1 @) 38 Le.:tf(x)zazx 2bx +2¢=0
i) 5 vy Given: a“a” + ba+c=0
202 _
Sincegzz, and a°f8 fb,B;cz—O
B o Now, f(@)=d*0*+2ba+2c
from Eq. (1) and (2) =(@*o? +ba+c)+ (bo+c)
2 bt o= — P
%:1:#2:/1‘) ba+c a o
v
s A, i, vare in G.P. S =720+ 2e }
The correct option is (B) =3bf+3c=3 (bB+0)
33. Given equation can be written as =34 3 2

bx® + x — bex — bdx + bed —a=0
= bx(x—c¢)—bd(x—c)tx—a=0

Since 0 < a< f8

o, Bare real
= bx-o)x—d)+(x—a)=0 s f@)<0,f(B>0
Let f()=b(x—c)(x—d)+ (x~a) o f(y)=0where < y< 8
floy=c—a<0;f(d)=d—a>0
Hence, one root of the given equation lies between ¢ and d. TRlCK(S) FOR PROBLEM SOLVING

The correct option is (C)

o a+1 b a o+l ¢ Let f(x) = O be a polynomial equation. Let p and ql be two real
34. We have, +—=—-—and — —— = — numbers, p < q. If f(p) - f(q) < O, then the equation f(x) = O
oa-1 o a a-1 o a
) has atleast one real roots between p and g.
200 -1 b c+a
> = —— and o=
o -« a c—a

2 The correct option is (D)
= (c+a) +4ac=-2b(c+a)

= (c+a)+2b(c+a)+b*=b*—4dac
= (a+b+c)2:b2—4ac Y
The correct option is (B)

35. Here a+ B=p;af=1=af=7y0
y+o6=gq; yo=1
Now, (=) (B-7 (a+ 6) (B+9)

= [af-y(a+ B)+ 71 [of+ &a+ B) + 5] \\y X
=[l+yp+y][1-ps+ 5] T
=[(7+ 1)+ pl (8> + 1) pé] —
=(-qy+ ¥p) (~q6—pI)
=8¢ -p)=1(-p)
The correct option is (C) If[x]=-1

36. Lety=[x] We have x* —2 +2 =0 = x = 0 not possible

The given equation 3> + ay + b = 0 must have integral ]=0=x=% V2 not possible
roots which is not possible as a and b are odd integers. xX]=1=x=% J4 =+2not possible

39. Let us see the graph of y =x* — 2 and y = [x]




40.

41.

42.

43.
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K]=2=x=1t 6
= x= /6 isthe only solution.
The correct option is (A)

Let 2sin2x N zcos’x _ g
VA
Therefore, the given equation becomes

Zf§71:0:>2:20r2:71

= 25" =2 or 25" = (not possible)

. T
= sm2x=1:>x:(2n+1)5,ne 1

The correct option is (C)

Given: |o— | > @

If o, Bare the roots of x* + px + 1 = 0, then
o+ f=-p,af=1

Lo (a-pP>3p

(oc+ B> — 4af>3p

(p)’~4-1>3p

p2—3p—4>0

P-H@E+1)>0
p>4,p>-lorp<d,p<-1

tuous e ol

p>4orp<—1
But p is not —ve (- If p is —ve, then \/5 is not real)
= p>4
The correct option is (B)
If fx)=x*+ax+b
f(x+c)=x2+(26+a)x+cz+ac+b
Roots of the given equation are 0 and d — c.
(since roots of x* + ax + b= 0 are ¢ and d.)
The correct option is (B)
Let f(x) =x* + 2 (k+ 1) x + 9%k — 5. Let ¢, 8 be the roots of
f(x) = 0. The equation f(x) = 0 will have both negative roots
if and only if
(i) Disc.>0
(ii) o+ f<0and
(iii) f(0)>0
Now, discriminant > 0
= 4Gk+1°-36k+2020 = KF-T7k+620
= (k-1)(k-6)=0
= k<lork6 (M
(x+pB)<0
= 2((k+1)<0
= k+1>0=k>-1 2)
and afi>0
= 9%-5>0

5
k> — 3
= 9 (3)

From Eqs (1), (2) and (3) we get k> 6.
The correct option is (C)

44.

45.

46.

47.

48.

Product of roots = 2 ¢ ¥

= 2" _1=7

= 2-1=7

= k=12

= k=2

The correct option is (B)
xfx279=7(x27x+9)

2
=_ (x—l) +§ <Oforallxe R
2 4

. no. solution i.e., solution set = ¢

[ (%) >0 forall x e R:|

—1="7(given)

(Since In k is defined for & > 0)

The correct option is (C)
Let ™ = ¢
= F-4-1=0
_4£16+4
- 2
= (=M =2+ 45
PN PN
=25 <o,
= sinx=InQ2++5)>1
So both rejected.
Hence no solution
The correct option is (B)
Let f(x) =x -pxtgq
Now for maxima/minima
S’ x)=0
= 3x’- p=0

AN,
N

2_ P
3

xzi\/E
3

The correct option is (A)

Let ovand 45 be roots of ¥ —6x+a=0and ¢, 3B be the roots
of x> —cx + 6 =0, then

o+4f=6and4aff=a

o+3f=cand3aff=6.

We get off=2=a=38

So the first equation is x> —6x + 8 =0 = x =2, 4
Ifa=2and 4f=4then38=3

= X
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49.

50.

51.

52.

53.

If a=4and 4B=2, then33=3/2
common root is x = 2.

(non-integer)

The correct option is (D)
bx*+cex+a=0

Roots are imaginary = *—4ab<0
= *<4ab= —c*>—4ab

Given expression has minimum value

_4(3b7)(2c?) - 36b%c

4(3b%)
22
S

The correct option is (C)

Put \/ﬁ =t=x—1=¢

or x=¢+1, the given equation reduces to
JE+143 41+ +148-61

=1 where, t > 0.

= |t—2|+|t—3| =1, where ¢ > 0. This equation will be
satisfied if 2 <7< 3.

Therefore, 2< Jx—1 <3 or5<x<10.

The given equation is satisfied for all values of x lying
in [5, 10].
The correct option is (D)

We have, 3¢ *~1,/93% — 6y +2 <1

= 3 2oy S<

= 3%y (y—l)z +
3
1

2
1 _1
Now, sec’x > 1 = 32" > 3 and (y—g) +§2§,sowe

(SNSRI S)
O | o

<1

O | —

must have secx = 1 andy— — =0.

= x=0,7m 27 3randy =

W= W=

There are 4 solutions.
The correct option is (B)
Let
) =—n)"+ =)™+ @ —m)"+ .+ (x— ")
= @) =mbx—n)"" +mx—n)" L me— ™!
Since m is odd, (m — 1) is even. Therefore, f’(x) = 0 has no
real root.
= f(x) =0 has one real and (m — 1) imaginary roots.
The correct option is (C)

We have, f(x) + f(l) =1
X

= x—[x]+ l—[l] =1
x |x

54.

55.

56.

57.

-]
= x+—-1=[Kx]+|—

X X
2
1-—
rrlox (integer) £ (say)
= X-(k+Dx+1=0
Since x is real, so (k+ 1)*—4 >0
= K+2k-320=(k+3)(k-1)20
= k<3 or k2=1.
Therefore, number of solutions is infinite.
The correct option is (C)
Since the given equation has imaginary roots
D<00r(a+b+c)2—4(ab+bc+ca)<0
(a2 +b2+*—2ab—2bc + 2ac) < 4ac
(afb+c)2<4ac
—2Jac<a-b+e
( a+c+2Jac ) >b
2

(\/;+\/;) >bh or \/2+\E>\/Z.
Similarly, /b + /e >a and vJa + /b > .

Therefore, \/; R \/E R \/E can be the sides of a triangle.
The correct option is (A)

We have,

X'tax+b=(x-x)(x-x) ... (x—x,)

x"+ax+b

L

= (x—x)(x—x3) ... (x—x,)=
X=X
x"+ax+b

= (X —Xy) (x;—x3) ... (x; —x,) = lim

Xox X=X

_ n—1
= nx

+a.
The correct option is (A)
Since the roots of the given equation are real
B>~ 44C20=4d* 4 (d*+a—-3)20
= —a+320ora<3. (1)
Since the root is less than 3, so /(3) > 0
= 32 -2a(3)+d*+a-3>0
= a*-5a+6>00r(a-2)(a—3)>0
= a<22ora>3 2)
From (1) and (2), we have a < 2.

The correct option is (A)

Letzzﬂ
l+x+x

= zHzxt+zot=1-x+x
= - Hzx+z+z—1=0

= Pe-D+x@E+D)+(E-1)=0
Forrealx,Bzf4AC20

= @+1P-4E-1)(E-1)=20

= 2+22+1-422+82-42>0

= —32+10z-320=-322+92+2-3->0
= -3z(z-3)+1(-3)20



58.

59.

60.

61.
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- (=33t 1)20= L <o<3)

w

.. 1
. minimum value of z = 3
The correct option is (B)

¥ —2x+4

5 <3 forallxe R.
x“+2x+4

Given, — <
3

1 x> +2x+4
= <2 ., .
3 x*-2x+4
Let3*''=y
Then,y € Rforallx e R.
9.3 +6-3"+4 3772423744
9.3 —6-3"+4 3F2_2.37%1 44
_y2+2y+4
v -2y+4

<3 forallxe R. (1)

2
+2y+4
y+2y+4

3 3
y =2y+4

From (1), 1 <
3

1 9-3+6:3" +4

- < —— <3.

3937 -6-3"+4

The correct option is (D)

Let f(x)=x*+(1 -2k x + P — k-2

The number 3 lies between the roots of the given equation, if

f(3)<0

Now, fB)=9+(1-2k)3+K—k-2
=10-Tk+ K =k~ Tk+ 10

Hence, f(3) <0 = k*—7k+10<0

= (k-2)(k-5)<0>2<k<5.

The correct option is (A)

The given equation can be written as

2x+1[x2—ﬂ =23 ax? )

2 1
-3 -—
=47 \|:x 4

N zx—l :2|x—3\

[ x= 1 does not give negative integral value]

= x-1=tx-3)
= eitherx—l=x-3orx—1=-x+3
= 1 =3 (not possible) or 2x =4
ie., x=2.
Given equation does not give any negative integral
solution.
The correct option is (D)
We have o+ B=-b, aff=c
Asc<0,b>0,wegeta<0<f.
Also, f=-b—-o<-a=|c|
Thus, <0< f<|et|.
The correct option is (B)

62.

63.

64.

65.

66.

67.

Let o, 3 be the roots of equation x* + bx + ¢ = 0 and o', 8’
be the roots of the x* + gx +r=0. Then,

a+ﬁ=—b;aﬁ=c, a'+ﬁ/=—% a,ﬂ,zr'
o o+f o'+ f

L o
It is given that —

B B a-p od-F
(@+p) _ (& +B)
(=B («~B)

2 2

2b = 261 :>b2r=qzc.

b* —4c g —4r
The correct option is (C)
Ifx=nel |n-2n=4

n==4,
Ifx=n+knel,0<k<1then
n-2m+k|=4

|-n —2k| = 4.

It is possible if k = 5

The correct option is (B)
Since ¢, B are roots of the equation ¥+ px+qg=0
o+ fB=-pandaf=q.
2
o ) a
Now, q(] +(2q-p)_+q
B B

= gl ran=;

o . .
Thus, — is a root of the equation

[ap” - p*q1=0.

qx2+(2q—p2)x+q=0.
The correct option is (C)
Let x, and x, be two roots of ax” + bx + ¢ = 0
l<x;<2and1<x,<2

5 2b c
Now, a (5a +2b + ¢) = & tiot

a a
= a%(5+2(-1) (x; +x,) + x,x,)
=a*{(x,~2) (x,—~2)+1}>0

Hence, a and 5a + 2b + ¢ are of same sign.

The correct option is (A)

Since a < 0, in case of positive root of the equation x > a

The equation is x*—2a (x—a)- 3a*=0
= ¥-2ax-a*=0

2a++\4a* +4d>  2a+2\2a
Thus, the roots are =
2 2

= a(1+\/§) or a(l—x/E)

the only positive root possible is a(1— 2 ).

The correct option is (C)
Let o+ if3, oc— i be the roots

Then, >+ b2 = = >0
P

p, r must be of the same sign.
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68.

69.

70.

71.

Since p + >0 ... p, r are both positive.
Ifg<0,p—g+r>0
Ifg>0,(p+r°—p-—r’=4pr=4*
[ roots are non-real]
(p+r)2ZqZJr(p—r)22q2
ptrzq
The correct option is (B)
Let f(x) = W —mx+5
Since /x> — mx + 5 = 0 does not have two distinct real roots,
therefore,
either f(x) 20V xe R,orf(x) S0OVxe R
But f(0)=5>0
fx)=20VxeR
f(-5)20=251+5m+520=>51+m>-1
Hence, minimum of 5/ + m is —1.
The correct option is (D)
Since coefficient of x> > 0 and 1 lies between the roots of
3x* — 3sin 6 2cos” =0
f(1H)<0
3 - 3sin 6-2cos’6< 0
1+2(1 - cos” ) — 3sin <0
2sin® §—3sin 6+ 1< 0
(2sin 8- 1) (sin - 1)< 0

LU e

1
— <sin <1
2
The correct option is (C)

iS,.=(a+ﬂ)+(a2+[jz)+ (" + B
r=1

=(ato?+ ... +a"+(B+ B+ ...+ B

Lt Y8, =(a+a’+...+)+(B+ > +... +o0)
1

n—eo T
o B
l-o 1-8
a—-of+B-op
I-(a+p)+aop
_ o+pB-20p
l-(a+p)+of
25 4
7+7
375 375 _ 29 _ 1
_g_i 348 12
375 375

The correct option is (B)

Since ax” + bx + 6 = 0 does not have two distinct real roots
b*—24a <0

Let 3a+b=y .. 3a=y-b
b —8(y—b)<0ie.,b*+8h—8y<0

Since bisreal .. 64 +32y>0=y>-2
Min. value of y, i.e., 3a + b=-2.

The correct option is (D)

72.

73.

74.

75.

Let o, B be the roots of Ax* + tx + v =0

u v
+ h=—— = —
atfp=-",ab=~
12
@+p?® _ A2 _
of v Ay
A
2
o 2B, (1)
p « Av
Let % &be the roots of x> +x+1=0
y+o=-1,y6=1
2
GOy 17,9 4no @)
7 6 v
Since%:%,
. from (1) and (2)
2
%:1:/12:&\;

A, i, v are in G.P.
The correct option is (B)
Given equation can be written as
bx2+xfbcxfbdx+bcdfa=0;
= bx(x—c)-bd(x—c)tx—a=0
= b(x-c)(x—-d)y+(x—a)=0
Let f(x)=b(x—¢c) (x—d)+(x—a)
flo)=c—a<0;f(d)=d—a>0
The correct option is (C)
If fx)=x*+ax+b
f(x+c):x2+(20+a)x+cz+ac+b
roots of the given equation are 0 and d — c.
(since roots 0fx2+ax+b:0arecandd4)
The correct option is (B)
Ifx=ne Z (x> +(x+1)>=25
= n*+n+1)72=25
= 21" +2n-24=0
= n’+n-12=0
= n=3,-4
x=3,-4
Ifx=n+kne Z 0<k<1,then
)+ @x+1)>=25
= (n+1Y +@m+27=25
= 21" +6n-20=0
= 7"+3n-10=0
= n=2,-5
x=2+k, -5+k where0<k<1
x>2,x>-5
Solution set is (-5, 4] U (2, 3]
The correct option is (B)



76.

77.

78.

79.

80.
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The required a satisfies the inequality fx<—1,1+x-]x+1]=0
2a2—2(2a+1)a+a(a+1)<0 = 1l-x+tx+1=0=2=0 (absurd)
= ala+1)>0=ae (—oo,—-1) U (0, ) If-1<x<0,1+]x|—jx+1=0
The correct option is (D) = l-x-(x+1)=0=>x=0 (not possible)
Wehave,2X+2X22\/5 (x>0) Ifx20,1+x-(x+1)=0=0=0
1 = x can have any value in the interval
= 22\/5:)(25 x:_l,x>0_ (x;tO)
and, 25+ 27> 22 (x<0) The correct option is (B)
= t+ Ly 22 (where £ =2") 81. As a, Bare roots of ax’ + bx + ¢ = 0, we have
- > ret=
t where o+ f=-bla,af=cla
= F-t+120 Now, (a—f) =(a+p)’ —4ap
= (-N2-)-(2+1) 20 (Y de B —dac "
= t<V2-1ort>2+1 but >0 4 a4
= 0<2'<2-1o0r2"22+1 Now, as &+ &, S+ Sare the roots of Ax* + Bx + C =0,
= —e<x<log, (N2-1) we have o+ 8+ B+ 85=—B/A, (o + 8) (B+ &) = C/A.
2_ 2
or, x=log, (\/§+1) (but not acceptable as x < 0) Now, (o= f)"=[(a+8)—(B+ )]
. =(a+ &+ +0) ~4(a+8) (B+0)
x e (=, log, (V2= U [z’m) B® 4C _ B’-44C
e AT 2 @
The correct option is (D)
From (1) and (2), we get
D 4p -8 £
min.f(x):-4—=—T b* —4ac B —4AC
a i e .
=7(b27202) (upward parabola) L
D 4l +ap The correct option is (A)
max. g(x) =— Pl % 82. Given equation is ax” + bx + ¢ =0
52 “ ) @ q bola) Since o, S are the roots of the given equation
=b"+c ownward parabola _b c
Now, 23—+ “+ﬁ:7,aﬂ=g-
= >0 = o> V2 || Also, since ar<— 1, f> 1
The correct option is (D) af<-1
We can write the given equation as = ‘1o f+i<o
-a)=3-a Let " = 2+ba+
This shows thata <3 andx=a+ \/3-a Ae f(lx)—alx Ox ¢
-1)>
Both the roots of the given equation will be less than 3 if the s/)/ED>0,
larger of the two roots is less than 3, that is, if (@atbte)la=b+c)>0
ut Ba <3 or, (a+cy—b*>0o0r(a+c)y>b
2 2
= 3-a -(3-a)<0 or, (1+5) >(9)
= 3-a(-V3-a) <0 a a
= a<3and 1-v3-a <0 = (1+£)<— b |:'.'(C+1)<0:|
a a a
But V3—a >1=3-a>lora<2
Thus,a<3anda<2=a<2 or, 1+541 %<0,
The correct option is (A) a la
x| ST The correct option is (A)
x x
+ix+1] = . Roots of ax™ + 2bx + ¢ = 0 are given by
\I'” S 83. Roots of ax” +2b, 0 are given b
X x
1 Ix+1]| _ —2b+J4b® —dac -
= x+1|{+1— ] }:0 x‘#‘?
x x

x+1=00r1+|x—|x+1]=0.
k+1=0=x=-1.

(Since b = ac as a, b, c, are in G.P.)
This is root of dx? + 2ex +f=0
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84.

8s.

2
d(_—b) +2e(_—b)+f =0
a a

db* —2eba+af=0

=
= dac—2eba+af=0 (- b2=ac)
= 2eb=dc+af
= &zwzm ( b2=ac)
b b ac
_d ./
a c
i,f,i are in A.P,
a c

The correct option is (C)

Let o, B be the roots of x> +abx+c=0and o, ¥ be the roots
of * +acx+b=0,4a being the common root.

o+ pB=—ab (1)
af=c @
a+y=-ac 3)
ay=»b (4)
From (1) — (3),
B-y=a(c-b)
From (2)- (4),
oa(f-pP=c-b

aB-v) _

B-v
1

or o= —.
a

From (2) and (4),

c—b
a(c-b)’

B

=c,ie., f=ac

and, Y_ b,
a

ie., y=ab.

The quadratic equation whose roots are 3, yis
= (B+y)x+by=0
or, xzf(ac+ab)x+ac ~ab=0;
or, xz—a(b+c)x+a2bc=0.
The correct option is (B)
The given equation can be written as
(ay+d) x>+ (by+b)x+(cy+¢)=0.
The condition that x may be a rational function of y is,
(by + b’)2 —4 (ay +d’) (cy + ) is a perfect square;
that is, (b — 4ac) y* + 2bb’ — 4ac’ —4d’c) y + b”> —4d'c isa
perfect square.
The corresponding quadratic equation has discriminant = 0
that is, 4 (bb' — 2ac’ — 2a’c)* — 4 (b* — 4ac) (b — 4a’c’) = 0;
or, (ac’ +d'cy —4ad’cc’ = abb'c+d'bb'c — a'c'b* — ach’?
or, (ac’ —d'c)*=(ab’ —d'b)(bc’ - b'c).
The correct option is (A)

86.

87.

88.

89.

The discriminant of the given equation is
D=4[("C)’-"C, ,"C,. ]

=4 (a-D),
where a = ("C)%, b="C, ,-"C..,
Now, a_ — C"'nC’
b Crfl. Cr+1
_ n! n! r=-D!'(n—-r+1!
rl(n=r)! rl(n—r)! n!
(Dt (n—r-1D!
n!

_rHlon-rtl (1+1)[1+ 1 ]>1
r n—r r n—r

a>b=D>0
= roots of given equation are real and distinct.
The correct option is (A)

1
Let vand f3 be the roots of x* —-px+g=0and avand — be
the roots of x* — ax + b = 0. B

Then, o+ f=pandaf=gq.
Also, 0{+l =a and d =b.
B
2 )2
Now, (¢— b= (aﬂ—g) = az(ﬂ—ﬁ]
2
= Z~ﬂa[(a+ﬂ)—(a+;)]
=bq (p-a)’.

The correct option is (B)

The roots of 2x> — 3x + 4 = 0 are imaginary, because disc. =
(73)2 —4 -2 -4 < 0. Hence, the common root must be
imaginary. But imaginary roots occur in pair. Hence both the
roots will be common, i.e., two equations will be identical.

So their coefficients will be proportional

. a b c
e, —=— = —,
2 -3 4
6a =-4b =3c.

The correct option is (C)
We have, 3 +x—5=0.
Its discriminant = 1 — 4 - 3 (— 5) = 61, which is positive but
not a perfect square. Hence, both the roots of 3x* +x — 5 = 0
must be irrational as the irrational roots occur in conjugate
pair. But one root ofax* +bx+c=0and3x +x—5=01is
common. Hence, both the roots of ax® + bx + ¢ = 0 must also
be irrational, that is, both the roots of the given equations are
common. Thus, both the equations are the same.

a b

c
=— =k (sa
3 1 -5 (say)

= a=3k;b=k, c=-5k
3a+b+2c=9%+k—10k=10k—10k=0.
The correct option is (A)



Quadratic Equations and Expressions  4.41

90. Let o be the common root.

91.

92.

Then, ao’+2ba+c=0
and, a,0f +2b,o+c, =0

By cross-multiplication, we get
2

2(be,—be)  cay—ac,  2(ab —bay)
= (ca, - acl)Z =4 (bcy —bic) (ab; — ba;) 1)
i,ﬁa £ are inA.P,
a b ¢
oL Ll ok )
b g q b
= ab,—ab=—kab, and bc;, —b,c =—kbc,.
Also, 2k=k+ke L @, b _ca—aq
@ ¢ b a¢

or, ca;—ac,=2kac,.

From (1), 4k*alc? =4 (<ka,b,) (~kb,c))
or, ac,= bl.Hence aj, b, c, are in G.P.
The correct option is (B)
_(a+x)(b+x)
B (c+x)
= x2+(a+b)x+ab=cy+xy
= x2+(a+bfy)x+abfcy=0.
For real x, B*—44C>0
= (a+b—y)P?—4ab+4cy>0
(a+byP+12—2(a+b)y—4ab+4cy =0
(a—bP+y*—2@+b-2c)y=0
V' =2(a+b-20)y+(@-b>20

- Wla=0) =6 -0)’]
x[y=Wa=o)+b-)*120
woys(la-o o -0y

or, y= (Jla=c)+J(b-c)).
Hence, the minimum value of y is

(Ja=c) +(b~0))’

The correct option is (B)

Let the ratio of the roots be k. Then, the roots of
a1x2 +bx+c =0are o, ka

and the roots of a,x” + b,x + ¢, = 0 are f, kp.

Lety

LI I e

a+ka= a—' (1)
1

a-ka:% 2)
1

peip= 2 G
2

B-kp= 2. 4)

a

2

93.

94.

Dividing (1) by (3), we get

a(d+hk) _ha, @ _ bha )
B+k)  ab, B ab

Dividing (2) by (4), we get

kol a,
— =2,
kﬁz aqc,
2
o ca
or J =12
B a6y
b 2
a ca .
or, 12) =12 (Using (5))
ab, a6y
2
by G4 a12 a9 a4 G
= — = 4 =% == =——
b, Qo  a, G a &
a b ¢ .
4 A areinG.P.
a b o

The correct option is (B)
Since ¢, B are the roots of the equation
2
X =px+g=0
o+ B=pandafi=q.
Now, (o + B4 = (o + B/

— [0{1/2 + ﬁl/Z +2 (aﬂ)1/4]2

= [~/a+ﬁ+ 2\/0573+2(a[3)”4]2

- [m +2(q)”4]2

=p+6 \/;+4q1/4m
o+ g = [p+6\/5+4q”4 Jp+ 2\/5]1/4

The correct option is (D)
Since a and b are the roots of the equation
P+ px+1=0

atb=-p )
and, ab=1 )
Also, since ¢ and d are the roots of the equation
X+ gx+1=0

ctd=—q
and, cd=1
Now, (a—c) (b—c) (a+d)(b+d)

3)
“)

=(ab—-bc—ac+c*) (ab+db+ ad + d*
=[ab—c(b+a)+c*]-[ab+d(a+b)+d]
=(l+cp+)(1-pd+d)

[Putting the values of @ + b and ab]

=1 +cp+czfpdfcdp27c2pd+d2+cpd2+czd2

=1 +(02+d2)+c2dzfcdp2+p(cfd)+cpd(dfc)

=1+ [(ctdy—2cd)+Pd —cdp® +p (c—d)+cpd (d - c)
=1+ -2+ 1-p’+pc—d)+p(d—o)
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9s.

96.

97.

[Putting the values of ¢ + d and cd]

=2-2+¢ -p’=q2-p’.

The correct option is (B)

Let f(x)=x" + px> +¢=0 1)

Since f(x) = 0 has a root of multiplicity 2
fx)=0andf (x)= 3+ 2px = 0 have a common root.

The roots of 3x” + 2px =0 are x =0 and x =-2p/3.

But x =0 is not a root of f(x) =0 (mg#0)
common root of /(x) =0 and /7 (x) = 0 is x = —2p/3.
(=2p/3)° +p (2p/3) +q=0

= 4p°+27¢=0.

The correct option is (D)

+1
and @

Since are roots of the equation

ax’ +bx+c=0
o o+l -b
+ —=

o -1 o a
g et _c
o-1 «o a
202 -1 b
2 = (1)
o —o a
wa, 2F1 e
o-—1 a
= at+a=co-c
c+a
= oa(c—-a)=a+cora= .
c—a
N 2
2(c a) » )
From (1), _\eza)  __ 90
cta)l c+ta a
c—a c—a
2(c+a)’ = (c—a)’ b
A 2) (2 2:77
(c+a) —(c"—a’) a
(c+a)2+4ac b
= s - =
2a° +2ac a

(c+a) +4ac=—2b(a+c)
(c+a)2+2b(a+c)+4ac:0
(c+a)2+2b(a+c)+b2=b2—4ac
(a+b+c)=b*—4ac.

The correct option is (C)

=
=
=
=

Given equation is
ax* +bx+c=0
Let o, B be the roots of this equation.

b
then, a+ f=— — and aff= <
a a

1 1 a>+p?

P

_ (@+p)’ 20
(aB)’

Also, o+ f=

98.

99.

100.

101.

= y=é+£:>£,g,éareinA.P.
b c a a b ¢
b
= E,f,gareinHP
c a b

The correct option is (C)

Discreminent equals —4(k — 5) 2 0 = k < 5. The quadratic
equation at x = 5 must be positive and sum of the roots must
be less than 10. These conditions imply &> — 9 +20 > 0. So,
k<4.

The correct option is (A)
Lety=x—[x]
the given equation becomes

fM=(a-2)y"+2y+a*=0 (1

Since x is not an integer,
y=x—[x]#0

Then, a=#0

When 2<x<3,[x]=2

= 0O<x—[x]<lie.O<y<]1

[+ of (1]

Since given equation has exactly one solution in the interval
2,3)
(1) has exactly one solution in the interval (0,1)
This is possible if /(0) £(1) <0
[ otherwise, the equation (1) has either no or two
solutions in (0,1)]
= az(a—2+2+a2)<0:>a(a+1)<0
= -l<a<0ie,ae (-1,0)
The correct option is (C)
Given, b <4 ac, c? <4ab and &’ < dac
Equality cannot hold simultaneously
[ a, b, c are different]
a2+b2+cz<4(ab+bc+ca):>R<4
Also, &+ +—ab—be—ca
%[(b—c)2 +(c—a) +(a—b)2]>0=:>R> 1
The correct option is (D)
The given equation can be written as
C+1P—(a-3)zE@+ ) +(@a-4)22=0
[Putting PHx+1= z]
= (I1+3-a+ta-42+Q+3-a)z+1=0

= S-a)z+1=0 or z=
1
a->5

a->5

= PHx+1- =0




102.

103.

104.

105.

Quadratic Equations and Expressions  4.43

= Xtx+ a—6=0
a->5
whose roots will be real if discriminant > 0
B C ) N W el L AP
a—->5 a->5
5<a£9
3

The correct option is (D)

Given equation can be written as

@Y —(a-4)2"-2"+a-4=0

= -2 -a+4=0

= 2'=1,2"=a-4

Sincex<0and2"=a-4 (" x is non-positive)
O<a—-4<lie,4<a<5ie,ae (4,5]

The correct option is (B)

Let f(x) = (x— @) (x - f) (1

Now, f(n) f(n+1)=(n—a) (n-P) (n+1-a)(n+1-p)

=-a)(nt1=-p-P(n+l-o

={n(+D-n(atP-oatop}{nn+l)

—n(a+p)-p+of}

={n(m+)+na+b-a}{nn+1)+natb-p}

=(m-o)(m—pP),wherem=nn+1)+an+b

The correct option is (A)

We have,

2

+nx—2
LTS <0
x“—=3x+4

x2—§n+6)x+10 >0
x"=3x+4
= ¥-(n+6)x+10=0
[+ x*—3x+4>0Vxe R,asits D<0anda>0]

The above inequality will be true for all real x if its discrim-
inant <0
ie, (n+6)°—40<0
= (V40 —6)<n< (/40 —6) (1)
Also, we have,
x> +nx—2
X2 -3x+4
= 2%+ (m-3)x+220
The above inequality will be true for all real x if its discrim-
inant <0
= (n-3)*-16<0
= 1<n<7 2)
Drawing the number line for inequalities (1), (2) and taking
their intersection we get
ne [-1,4/40 - 6]
The correct option is (C)
Letf(x)=(x—a) (x—b)—1
= f(a)=-1and f(b)=-1.

2 —
:>2x +(n—=3)x+2 >0

+1>0 3
x“=3x+4

106.

107.

108.

109.

Also, the coefficient of x> =1 > 0.
Hence, a and b both lie between the roots of the equation
Jx)=0

The equation (x — a) (x — b) — 1 = 0 has one root in
(=0, @) and other in (b, ) [~ b>a]
The correct option is (B)
The given quadratic equation is satisfied by x = —a, x =—b
and x = —c, Hence, the quadratic equation has three roots,
which is only possible if it is an identity hence it has infinite
roots.

The correct option is (D)

Putting = y, the given equation in x reduces to
a?-2y—(a-1)=0 1)
The given biquadratic equation will have four real and dis-

tinct roots, if the quadratic equation (1) has two distinct and
positive roots. For that, we must have

D>0=a"—a+1>0,whichistrue Vae R
Product of roots >0 = 0<a<1
sum of roots >0 =a >0
Hence, the acceptable values of a are 0 <a < 1.
The correct option is (C)
Since —5 and 1 are the roots.
Product of roots=-5x1=b=b=-5
and, sum of roots =5 + 1=—[ & —5a+b +4]
= [*~5a-1]=4=4<d*-5a-1<5
= & -5a-520anda’—5a-6<0
545 5+1/45
5 or az 3
5-35 54375
5 5 <a<

= a< and—1<a<6

= —-1l<ac< 6

L. (_1,5—3\/3}{5%\/3,6]

2 2

The correct option is (C)

We have,

atpB=a,af=p

and, y+0=>b,y0=g¢q

If  (r > 1) be the common ratio of the increasing G.P. ¢, 5,
% O'then

B=ar, y=ar* and 8= ar’

The above equations then reduce to

o(l+r)=a, azr:p

and, a’ (1 +r)=b, a2r5=q

and =4

2
- ()
P a

Hence, we have

b
= F~==

qg+p _ b +d?
g-p b -d*
The correct option is (B)
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110.

111.

The sum of the coefficients of the equation = 0

x =1 is a root of the equation. Let a be the first term
and d be the common difference of given A.P.

tp=a+(p71)d=l )
q

and, f,=at(¢g-1)d= 2)

1
p
1
Solving (1) and (2),a=d= —
pq
tpq.:a+(pq71)d:1. .
1,, 18 the root of the given equation.
The correct option is (C)

Let o, Bbe the roots of the equation 4x* + 4ax + b =0, then
we have, b

o+ f=-aandaff=—
According to the given condition,
lo—p|<a

= (a+p’-4ap<d

= d-b<d

= b20

113.

More than One Option Correct Type

114.

115.

116.

112.

Also, we have for real roots

(4a’ - 16 b>01ie.,b<d*

Therefore, 0 < b < a

The correct option is (C)

Let the roots be & and o + 2, where « is an odd positive

integer. Then, ad* +ba+c=0 (1)

anda (o+2P2+b(a+2)+c=0=>ad* +ba+c+(4aa

+4a+2b)=0

= 2a(1+o)+b=0

= b=-2a(l+0o

= V=4l (1+af =241 +1)
[ a=1las ais odd positive integer]

= b216d%0r|b|>4a

The correct option is (B)

[using (1)]

The discriminants of the given quadratic equations are,
D, =d*+12b, Dy=c*~4band Dy = d* — 8b

D+ Dy,+Dy=d*+*+d* >0
= Atleast one of D, D,, D, is non-negative. Hence, the
equation has at least two real roots.
The correct option is (D)

Ifx-—a<0,x—al=—(x—a)
equation becomes x* + 2a (xfa)73a2:0
= xX*+2ax-54*=0
= x=-—(1+6) a, (-1++/6)a
v x<a<0
x:(—1+\/g)a
Ifx-a20,x—al=x-a
the equation becomes ¥ —2a (xfa)f3a2=0
= xX*-2ax—d*=0
= x=(1+v2)a, 1-2)a
w x2ganda<0
x= (l—x/E)a.
The correct option is (A) and (B)

Since x* — 3x + 2 = 0 is one of the factors of the expression

X px2 + g, therefore, on dividing the expression by factor,

remainder = 0, i.e., on dividing x*— px® + ¢ by x* — 3x + 2,
the remainder
(A5-3p)x+(2p+g—14)=0.
On comparing both sides, we get
15-3p=0orp=5and2p+q—14=0o0rg=4.
The correct option is (A) and (B)
We can write given equation as
p _ (atb)x+c(b-a)
oy 2
or, p(x2762)=2(a+b)x272c (a-b)x
or, 2a+2b-p)x*—2c(@-b)x+pl=0

117.

118.

For this equation to have equal roots
Fa-bP—pct Qa+2b-p)=0

= (a-bP’-2p(a+b)+p*=0 [ #0]
= [p-(a+b))=(a+b)’—(a—b)=4ab
= p-(atb)== 2\/@
= p=a+b+ 2Jab = (Va£-/b)
The correct option is (A) and (B)
We have,
log, a 2log,a 3log,a _
log,a+log,x log,x 2log,a+log,x B
1,2 i=0 (let log, x =1)
1+t t 2+t

2+7+ 207 +61+4+32+3t
t(+1)(2+1)
6F +11t+4=0

=
= 64 +8+31+4=0
= (2t+1)@Bt+4)=0
1 4
= f=——,——
2 3
= log x= l ﬂ
BaX=75073
x= a—1/2’ 04/3

The correct option is (B) and (D)
When x* +4x+3>0ie.x>—lorx<—3
Then, x> + 4x + 3|+ 2x +5=0



119.

120.
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P A +3+2x+5=0

P¥Hex+8=0

(x+2) (x+4)=0

x=—2orx=-4.

Thus,x=—4asxe {x:x=2-1}u{x:x<-3}
When x*> +4x+3<0ie —3<x<-1

Then, |x* + 4x + 3|+ 2x +5=0

= (P +4x+3)+2x+5=0

= X H4x+3-2x-5=0=x"+2x-2=0

—1+
_ClEfaes g

= X=
2

= x=-1- x/§ because —1+ \/5 does not lie between
-3 and 1.

Hence, we have eitherx=—4 orx= —1— V3.
The correct option is (B) and (C)
The roots of the equation
10x° — ex® — 54x — 27 = 0 are in H.P.
Putting x = 1/y, we get
27y + 54)* + ¢y — 10 = 0 has roots in A.P.
Let the roots of the equation in y be
o— B, a, oo+ B. Then,
—54
sumofroots=a— f+a+ o+ f=300= — =-2
27
a=-2/3

Le e

-2 . .
o= 3 satisfies the equation

273 s d2¢ 1029
27 9 3
= c¢=09.

Product of the roots = (a— f) (o) (o + f) = 10

2(4 10
2
or, —— ——f =

or B=1=p==1.

. 5
Roots of y-equation are —g , =

. 3
or, roots of x-equation are —g N —5 , 3.

The correct option is (A), (B) and (C)

Givenequationisx2+9y2—4x+3:0 (1)
or, ¥ —4x+97+3=0.
Since x is real, .. (—4)° —4 (97 +3)20
= 16-4(97+3)20=4-97-3>0
= 9°-1<0=>0@y-1)@y+1)<0
= _—lSySl.
3 3
Equation (1) can also be written as
9y2+0y+x2—4x+3=0
Since y is real
02-4.9(x*—4x+3)=0

121.

122.

= X —4x+3<0
= (x-1)(x-3)<0

= 1<x<3.
The correct option is (A) and (C)
We have,
b
o+ ﬂ: ) aﬁ = £
a a
and, 0{4+ﬂ4= —?, 0{4[34 :?

The given equation

& Ix* ~daclx + 2321+ a*m =0

has discriminant

D=16d* P —4d*1 2 1+ d* m)
=84%% 1% ~4d* Im
_ 42(202 m) |:—m_ 4 4 :|
=4a’l’ | —F-—|>0|—=a"+f">0

a / /
Hence, the roots are real.

Also, we have,

2%+ a*m
product of the roots = 721
a

2
= za%+% =20 B*—(a* + B
= (=B <0
.. The roots are of opposite signs.
The correct option is (A) and (C)
Given,a>b>c (1)
The given equation is
(a+b—-20)x"+(b+c2a)x+(c+a-2b)=0 )
Since (2) has a root in the interval (-1, 0),

JED0)<0

= (a-b—<)(cta2b)<0 3)
From (1),
a>b=a-b>0anda>c=>a—-¢c>0

2a-b-c>0 4)

From (3) and (4),c+a—2b<0

= c+a<2b

The correct option is (A)

Again, sum of the coefficients of the equation=a + b —2¢ +

b+c-2a+c+a-2b=0, .. onerootis | and the other root
c+a-2b

is ———— , which is a rational no.
a+b-2c

(. a,b, c are rational)
both the roots of the equation are rational
The correct option is (B)
Since ¢ + a <2b
= 4b2>(c+a)2=cz+a2+2ac
= 4b’—dac>c*+ad*—2ac=(c—a)*>0

Discriminant of ax* + 2bx + ¢ > 0
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Also, each of a, b, c is positive,

.. the equation ax” +2bx + ¢ =0 has real and negative roots
The correct option is (C)

Similarly, (D) is also correct.

The correct option is (A), (B), (C) and (D)

The given equation will have four real roots if (1) has two
non-negative roots. This can happen if

= >0,af(0)>0,b°—4ac>0
a

= —ab20,ac20 [ b274a020isgiven]

Thus, a and b must have opposite signs whereas a, — b and

123. - Roots are real h h .
2 44O 0o gt 4B ¢ must have the same sign.
B ) a = a>0,b<0,¢>0 or a<0,b>0,c<0.
= (A)is c;)rreczt o, The correct option is (C) and (D)
If fx)=x"+ax+b . .
- ) 125. The quadratic equation
c lies outs1dezthe rzoots. . Pr(a-b)x—a—b+1=0
1) .> 0,=c"+ac+b">0 will have unequal real roots if
= (B) is correct. D:(afb)2+4(a+bfl)>0
Further, if o, Bare the roots, then o> ¢ and f>c¢ = a+ >2¢ o P r(@4-2a)btdtda—4>0 )
2
= —i>2k= % o, This inequality will hold for all b € R if and only if discrim-
) 2 inant of the quardratic expression on Lh.s. of (1) <0
= (C)is correct. = (4-2a-4(@+4a-4)<0
The correct option is (A), (B) and (C) = 16-16a+4d®—4d%—16a+16<0
124. Putx? =y. The given equation becomes = 32-3a<0=a>1
— 2 —
fO)=ay" +by+c=0 O The correct option is (B) and (C)
Passage Based Questions
126. We have, x’ +3x* +3x +2=0
3 IR -0 1
= (x+1y+1=0 = 5 sas (1
= G+H1+D{E+1P—@x+1)+1}=0
= @+2)(PHx+1)=0 at 2o 50 3% 550
a+1 a+1
IR )
2 3a—2a—2>0=>a—2>0
2 a+1 a+l1
= x=-2,0 0"
= a<-lora>2 2)
Since a, b, ¢ € R, ax® + bx + ¢ = 0 cannot have one real and and, (a+1)f(1)>0.
one imaginary root, therefore, two common roots of ax® + = (at)(a+t1-3a+4a)>0
bx+c=0andx’ +3x> +3x+2=0are , o’ = (@a+1)Qa+1)>0
b
Thus, —— = 0+ &> =1 = a<-lora>-1/2 3)
a
From (1), (2) and (3), we get:
= a=band < =0 &’=1 16()() @) we g
o e=a " —- Sas<-lie,ae [-16/7,-1)
= a=b=c. ..
L The correct option is (A)
The correct option is (C) 128, L 245 3) x4 9. IF6 lies b h £
127. Let f(x) = (a + 1)x* — 3ax + 4a and let o, be the roots of - Let/ln)=x (@=3)x+9. ies between the roots o

the equation f(x) = 0. The equation will have roots greater
than 1 iff

(i) Disc.>0

(i) a+pB>2

(iii) (@ +1)f(1)>0

Now, Disc. 20 = 94> ~16a (a+ 1) =0
= 7d*-16a>0

= a(7a+16)<0

f(x) =0, then we must have the following:
(i) Disc >0, and
(ii) £(6)<0
Now,

Disc>0 =4 (a—3)*-36>0=(a—3)*-9>0

= *-6a>0

= a(a-6)>0=>a<0ora>6 (1)
and, f(6)<0=36+12(a—-3)+9<0

(" coeff. of X is positive).



129.

130.

Match the Column Type

134.
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= 12a+9<0:>a<—% 2)
From (1) and (2), we get;

a<-3/41ie., ae (—o,-3/4).

The correct option is (B)

Let f(x) = (1- a®) x* + 2ax — 1.

Then, f(x) = 0 has roots between 0 and 1 if

(i) Disc >0 and

(i) (1-a* f(0)>0and (1-a*) f(1)>0

Now, Disc > 0 = 4a° + 4(1—a2) > 0, which is always true.
(1-a’f(0)>0

= —(1-d)>0

= a@-1>0

= a<-lora>1 (1)
and, (1-a*)f(1)>0

= (1-d)Qa-d>)>0

= a(@-1)(a+l)(@-2)>0

= a<-lora>2or0<ax<l 2)
From (1) and (2), we get:

a<-lora>2.

The correct option is (B)

Let f(x) = x> — 4ax + 2a* — 3a + 5. The conditions for both
the roots to exceed 2 are

(i) Disc.>0
(ii) f/(2)>0and
(iii) sum of the roots > 4
Solving these three conditions, we get a > ? .

Hence, a € (g,oo .
2

The correct option is (D)

131.

132.

133.

When x >0, P, (x) >0 and so P, (x) = 0 can have no positive
real roots.

Now, P, (x) =1 +2x+3x"+ ... + (n +1) x"
= xP,(x)=x+27 43+ . +nx"+(n+1)x
= (1-x)P, () =l+x+x*+ .. +xX"—(n+1)x""!
1—(n+2)x"" + (n+ 1)x"*?

(1-x)°
For negative values of x, P, (x) will vanish whenever
O =1-m+2)x" '+ m+1)x"r=0
Now, f(=x)=1—-(m+2) 1" +m+1) (1) 2x""?
If n is even, there is no change of sign in this expression and
so there is no negative real root of f(x).

n+1

= P,(x)=

The correct option is (A)

As discussed in the above problem, if # is odd, there is one
change of sign therefore f(x) can have at most one negative
real root. In this case

fEE)==-2n-2<0,f(0)=1>0
The correct option is (C)
So, the negative real root lies between —1 and 0.
Letf(x)=(x—a)) (x—a3) (x—as) + 3 (x—ay) (x — ay) (x — ag)
As x — oo, f(x) > o
Sflay)=3(a,—ay) (a;—ay) (@, —as) <0
Similarly,
flay) >0, (as) >0, f(az) <0, f (as) <0, f (ag) > 0.
Thus, f(x) changes sign in each of two intervals (a,, a,),
(a3, ay) and (as, ag). Since f(x) = 0 is a cubic root in x,

It will have I root in each of the above sub-intervals.
The correct option is (A)

(I) Since the roots of the given equation are real, therefore
the discriminant > 0

= 4(bc+adl -4 +b) (P +dH)=0
= B +dd +2abed - d’F - dd b - Pd 20
= (ac—bd)*<0.
But (ac — bd)* cannot be negative as it is a square of
real number
ac—bd=0; or B°d* = a*c*.
Hence, a2, bd, Farein G.P
The correct option is (C)
(IT) Since the roots are equal,
B*—44C=0
= b (c—a)—4dac(b-c)(a-b)=0
= b (¢ +d’—2ac)—4ac [ab—ac — b* + bc] =0
= b (c2 +a*—2ac + 4ac) + 4a*c — dabc (cta)=0

[b(c+a)]2+(2ac)2—2'2aC'b(c+a)=O
[b(c+a)—2ac)=0
b (c+a)=2ac

L I

2ac

b=

a+c
.. bisHM.ofaandc,ie., a, b, care in H.P.
The correct option is (B)
(ID) Let e and S be the roots of the given equation;

then, a+ f= _b andaﬂ:g.
a a

Given, a+ﬁ:%+;
o
_ o+ p_ (a+p)-208
(aB)’ (@B’
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= 2cd*=bc +ab?
Hence, bcz, ca’ and ab’ are in A.P.
The correct option is (A)
(IV) We have, (¢* +b° +¢*) p* —2 (ab + bc + cd) p + (b° +
F+d)<0
= (ap-b)’+(bp—c)’ +(cp-d)’<0
= (ap—b)’+(bp—c)’ +(cp-d)’'=0
(v a,b,c,d,pe R)
= ap-b=0,bp—c=0,cp—-d=0

= —:—:—:p

= a,b,c, darein G.P.

The correct option is (C)
135. (I) We have, o+ =—p

yté=-—p

= otf=y+d

Assertion-Reasoning Type

Now, (a—9y) (a—08)=d*—o(y+38)+gd
=d—o(a+ P +r
=aftr=—(qtr=qr

Similarly, (8- ) (B—8) =g +r

Ratio is 1.

The correct option is (D)

(IT) Put 5" =y. Then, the given equation becomes

2
1 1
sin(e)= y+— = -— ] +2 [ 5>0]
€ y y [\/; \/;]

= sin (¢") = 2. which is not possible for any real
value of x.

Hence, the given equation has no real solution.
The correct option is (A)
(IIT) We have,
x—2=2%3+2" Cube both sides, we get
(x=2=22+2+3-2"° .2 (x-2)
=6+6(x—2)
or, x’—6x*+12x—8=—6+6x.
X —6x*+6x=2.

The correct option is (B)

136. We know that if ¢, 5 are roots of the equation
Ax*+Bx+C=0,

o pe B> -44C .

then,

A
Equating the value of o — 8 from both the given equations,
we get

\/b2 —4c = \/c2 —4b = b —4e=cF—4b

= P-F=—40b-0)>b-c)(b+ct+t4)=0

= bt+tc=-4 (s b#c)
The correct option is (A)

137. Let f(x) =x*+2 (k+1)x+9k—5. Let &, S be the roots of
f(x)=0. The equation f(x) = 0 will have both negative roots
if and only if

(i) Disc.>0
(ii) a+ B<0and
(iii) f(0)>0
Now, discriminant > 0
= 4(k+1Y°-36k+2020

P =Tk+6>0

k—=1)(k—6)=0

k<lork=>6 (1)

U

138.

(x+p)<0 =>-2(k+1)<0

= k+1>0=>k>-1 2)
and, aﬁ>0:>9k75>0:>k>§ 3)
The correct option is (D)

Let a, Bbe the roots of x> + bx + ca = 0 and @, y be the roots
of x>+ cx+ab= 0, then we have,

@ +bo+ca=0andd®+ca+ab=0

Subtracting, we have,

b-c)yata(c-b)=0=a=a

Putting o= a in equation x* + bx + ca = 0, we have

P +ab+ca=0

ie, a+tb+c=0 0))
Also, we have

af=caand ay=ab

= f=candy=>

Now, B+ y=b+cand by= bc. Hence f3, y will be the roots
of the equation

x2f(b+c)x+bc=0

ie, x’+ax+bc=0. [Using (1)]
The correct option is (A)



Previous Year’s Questions

139.

140.

141.
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Key Idea : The equation having « and f as its roots, is
X~ (a+ P)x +af=0.

Since a*=50~3 = o/~ 5a+3=0

and B°=58-3= p*~5B8+3=0

The above two equations imply that ovand 3 are the roots of
the equation

X’=5x+3=0.

o+ pB=5and of=3

Nowg+ﬁza2+ﬁ2=(a+ﬁ)2—2aﬁ
B « of of
_25-6_19
=5 -
and g.ﬁzl
B«

. . o . .
Thus, the equation having B and B as its roots is given by
o

xz—(a+ﬂ)x+a-ﬁ=0
B « B o

1
:>x2—?9x+1=0

=3’ —19x+1=0
The correct option is (A)

Key Idea : If the discriminant of ax* +bx+c=0is positive,
then this equation has two real roots.

We have 32 =77 = 32
=2x>—Tx+7=2

=2x>—7x+5=0

D=b*—4ac
=(-7)* —4x2x5
=49-40
=9

Since the discriminant is positive, the equation has two real
roots.

The correct option is (B)
Let ¢, Bbe the roots

1 1
a+ﬂ:?+ﬁ
2
a+ﬁ:(a+ﬁ) ZZaﬂ
(ap)

(_é)_ b*—2ac
a c?

= 2a’°c = b(c? + ba)

b .
= g,f,gare in HP
cab
The correct option is (C)

142.

143.

144.

145.

146.

147.

148.

X3 x|+2=0
= (x| =1) (x| =2) =0, as |x’=x*
=Sx=x,x2.
The correct option is (B)
p=2a
30— 21—3a
a”—5a+3
20(2:2#
a - —5a+3
(Ba-1> 1
T 9(a®-5a+3) a*—5a+3

2
=a=—.
3

The correct option is (A)

(1 —p)2 +p (1 —-p)+ (1 —p)=0(since (1 — p) is a root of
the equation x> + px + (1 — p) = 0)

= (I-p(A-p+p+1)=0

= 2(l-p)=0=(1-p)=0=>p=1

Now, the sum of roots is & + = -p and the product o3 =
1 —p=0(where f=1-p=0)

= at+0=-1= a=-1= Rootsare 0, -1

The correct option is (C)

Since 4 is one of the root of x° +px+ 12 =0, we have
16+4p+12=0=p=-7

And the equation X+ px +¢q =0 has equal roots

= D:49—4q:O=>q=%.

The correct option is (A)

ax®  bx?

Letf’(x):ax2+bx+c,thenf(x):T+T+cx+d

= f(x)= é(zaﬁ +3bx? + 6¢x + 6d), Now f(1)=f(0) =d,

then according to Rolle’s theorem
= f'(x)= ax® + bx + ¢ = 0 has at least one root in 0,1)
The correct option is (A)
xz—(a—Z)x—a— 1=0
Sum of roots, ¢+ f=a -2
Product, of=—(a + 1)
of + B =(or+ B 20
=~ 2a+6=(a—1’+5

= a=1
The correct option is (A)
Let o, + 1 be the roots of the equation, then
a+(a+1)=>b

oo+l)=c

P—dc=Qa+ 1 —4a(a+1)=1

The correct option is (D)
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149.

150.

151.

152.

153.

154.

—b=2k<10:>k<5
a

on§:k2+k—5<25:%k+6Xk—$<O
=k<5

= k €(—o0,4)

The correct option is (C)
Equation K= 2mx+m*—1=0
=Sx-—m’—1=0
Sx-m+l)x-m-1)=0
=Sx=m—-1,m+1
According to question
-2<m-1,m+1<4
=>m>—landm<3
=-1<m<3.

The correct option is (C)

3x2+9x+17
3x2+9x+7
-+ @y-1)+7y—-17=0
Now, D >0 (. x is real) implies that
8l(y—12—4° (y—1)(Ty—17)20
=>0-D@p-4)<0=>1<y<41

The correct option is (C)

Lety= , then

Given equation Prax+1=0
The sum and product of the roots
o+ fB=-a

of=1
Now, | a—B|= \(a+p)’ —4aB
= |o-B|=d* -4
= Ja*-4<5

= d*-4<5=d-9<0
= ae (-3,3)
The correct option is (A)

Let o and 4/ be roots of x’— 6x + a = 0 and ¢, 38 be the

roots of ¥’— cx + 6 = 0, then
oa+4f=6and4of=a

oa+3B=cand30f=6

Wegetoffi=2=a=38

So the first equation is x’— 6x + 8 =0 = x =2, 4
Now, if =2 and 43=4 then 38=3

If =4 and 4 =2, then 3= 3/2 (non-integer)
. common root is x = 2.

The correct option is (D)

Given equation bx? + cx+a=0 has imaginary roots
= ¢’ 4ab < 0 = *< 4ab = —* > —4ab

Since 3b° > 0, the expression 3653

minimum value.

+ 6bex + 2¢% has

155.

156.

157.

158.

159.

Minimum value

_ 46p*)@2c?) -36b°  12b°C
N 4(3b%) T 1282
The correct option is (C)

=—c? > —4ab.

1£J1-4

X —x+1=0

=S x=
2

1430

X =
2

1 \/3 T .. T
a=—+i—, f=cos——isin—

2 2 3 3

a2 ﬁ20°9 =2co0s 2009(%)

= 2cos[6687r+ ﬂ+2§] = 2cos(ﬂ+2§)

= —2c052—7r =-2 L =1
3 2

The correct option is (B)

sinx —sinx sinx
e —e =t

=4 e

1
t—-—4
t

4+l6+4

P —4r-1-0 =t=

2
4+245
= 2\/— =1=2+5
&M =245 —1<sinx<1 lSeSi“xSe
e

™ =245 not possible
" =2 -/5 not possible
.. Hence no solution

The correct option is (B)

If 2x +3x+k =0 has 2 distinct real roots in [0, 1], then

f7 (x) will change sign.
But //(x) = 6x> +3>0
So, no value of k exists.
The correct option is (C)

Both the roots of the equation x*+2x+3=0are

imaginary.
Since, a,b,c € R.
So, if one root is common then both roots are common

Hence, a_ b =<

1 2 3
a:b:c=1:2:3.

The correct option is (D)
a? =312 -2t

For non-integral solution
0<a’<1
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ae(-1,0)u(0,1).

[Note: It is assumed that a real solution of given equation
exists. |

The correct option is (A)

K =6x+2= 0" =6a+2

= a =60’ +20° (1
and B =68 +2p° 2)

Subtract (2) from (1)
= a), = 6ay +2a4

ay, — 2ag _3
2a,

The correct option is (B)
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