3 Quadratic Equations

Standard Form ® Condition for Common Roots
Types of Roots e Maximum-Minimum Values
Relation Between Roots and Co-efficients ® Quadratic Polynomial

Formation of a Quadratic Equation

Standard Form : A polynomial f{x) = ax*> + bx + ¢, a; b; ¢ € R, a # 0 is called a quadratic
polynomial.

If o) = 0, then x = ¢ is called a root of the quadratic equation.

® Generally we use three methods to find roots of a quadratic equation.

(1) Method of factorization (2) Method of perfect square (3) Method of formula.

e To find the roots by the method of formula, first find D = 5* — 4ac and then use (¢, ) = _b;_r;/B .

Note : (1) If D = b*> — 4ac > 0, then the quadratic equation has two real and distinct roots.
(2) If D = b — 4ac = 0, then the quadratic equation has two equal real roots.
(3) If D = b2 — 4ac < 0, then the quadratic equation has two distinct complex roots. They are
complex conjugates of each other. Here note that > = —1.
® Types of Real Roots :
(1) In a quadratic equation, if @ and ¢ have the same sign which is opposite to the sign of b, then
both the roots are positive.
(2) In a quadratic equation, if @ and c are of opposite sign, then both the roots are of different
signs.
(3) If b =0, then both the roots are additive inverses of each other.

(4) If ¢ = a, then both the roots are multiplicative inverses of each other.
o Relationship Between Roots of a Quadratic Equation and Co-efficients :
If ovand B are roots of a given quadratic equation, fx) = ax* + bx + ¢ = 0, then

-b The coefficient of x
The sum of two roots ¢ + f= —=— and

a The coefficient of x2

The constant term

The product of two roots o 5= % - The coefficient of x2

e Formation of a Quadratic Equation :
If we know the roots of a quadratic equation, then the quadratic equation can be obtained by
x?— (the sum of two roots) x + (the product of two roots) = 0
e Common Root :
If two distinct quadratic equations ax* + b x + ¢, =0 and ax* + bx + ¢, =0
(where a,, a,# 0)

(1) have one root in common, then (a,b,—a,b,)) (b,c,—byc) = (a,c, - 0201)2

(2) have both the roots common, then < = g = —.




(D

Sol. :

)

Boundary Values :

(1) If (x—o) (x—B) <0, then x € (o ,B)

(2) If (x—o) (x—B) <0, then x € [o,B]

(3) If (x—o) (x—P)>0, then x ¢ [o.,p] and

(4) If (x—o) (x—B) =0, then x ¢ (ot ,B)

Maximum and Minimum Values of a Quadratic Polynomial :

Let p(x) = ax> + bx + ¢; (a # 0) be a given polynomial. Let D = »* — 4ac < 0

2
. .. - -b
(1) Ifa>0, then p(x) has minimum value 4ac4 D" atx= 5 and
a
. . 4ac—b? -b
(i) If a <0, then p(x) has maximum value 7 at x = 5
a

Cubic Polynomial :
If &, B, v are the roots of p(x) = ax® + bx*> + cx + d ; (a # 0), then
-b

(1) The sum of the roots : ot + + y= p

(2) The sum of the products of two roots taken at a time : o f+ By+ yor = %

—d
a
- The equation of a cubic polynomial with three roots o; f3; y
¥—(a+B+pxX*+(aB+By+y)x—aBy=0
: Multiple Choice Questions :

(3) The product of the roots : ¢ By =

If x, and x, are roots of the quadratic equation x* —3x + p = 0 and x, and x, are roots of the

quadratic equation x> —12x + ¢ = 0 and if all these four roots are in increasing G.P., then

(A)p=2;9q=32 B)p=4;q=16 O p=4,9q=32 D)yp=2;9=16

Here x, + x, = 3 and x,x, = p. Similarly, x; + x, = 12 and x,x, = q.

Now, x,, x,, x5, x, are in GP.
3

. We can take x, = x,7 ; x, = x, 1% x, =X, 7
Soxtx, = ox txr=3 and x; +x, =12
sox (14 =3 x P +xr=12
sox (14 =12
~rr3)=12
=4
wr=2 (r>0)
sox,=land x,=2. So, p=x,x,= 1(2) =2
x;=xp?=4, x,=x7° =38
Soq=xyex, = 4(8) =32
Sowe getp=2;q=32 Ans.
Real roots of the equation |[x?> — 5x + 6| =x + 6 are ...... .
(A) 0, 2, (B) 0,6 ©) 06,8 (D) 4,6

F(A)
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Sol. :  [x¥>’-5x+6/=x+6
L3 x-2)) =x+6

Case 1 x<2 =>(x—-2)<0and (x—3)<0
e 3) (r=2) = -3) (x-2)
Sx2-5x+6=x+6
Sx2—6x=0
Sx (x—=6)=0
Sx=0orx =6. But x<2,s0x =0

Case 2 x=23.S0,(x—3)=0and (x—2)=21>0
So(x-3)(x—2)=0.Hence [(x—3)(x—2)|=(x-3) (x—-2)
sox =0or6
But x > 3. So,x =6.

Case 3 x>2 and x<3.Soxe (2,3)
S (x=2)>0 and (x-3)<0
L3 (x-2)<0
S -3) (x -2)| = —(x* - 5x + 6)
s -5x+6)=x+6
SL—6+5x—x?=x+6
SoxP—4x +12=0
.. This has no real roots.
Sox=0o0rb6 Ans. : (B)

3) If the roots of the equation 3x? + 2x (k*+1) + k> — 3k + 2 = 0 have opposite signs, then k € ......

(A) (-1, 0) (B) O, 1) (©) (1.2) o) (33

Sol. : We know that if the roots of a quadratic equation have opposite signs, then the product of the
roots is negative.

C

=<0
a
B o R
3

LK -3k+2<0

(k=2 (k=1)<0

ke (1,2) Ans. : (C)
4 If e — ¢g='¥ =4, then cot x = ......

(A) logjo (2++5) (B) log;p (2-+/5) (©) 1og, (2-+5) (D) log, (2++5)

. f —
Sol. : e - —— =4
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m
am?—4dm—-1=0
A ADED  4e045

5 == = 2445

But m = e“*> 0. So, m = 2445

ecorx = 2+‘/§
- cot x = log, (2+\/§) Ans. : (D)
®) The quadratic equation whose roots are reciprocals of the roots of the equation ax? + bx + ¢ =0

(@£ 0,c# 0)is ........... .

A)bx*+cex—a=0 B)yex’ +tax—-b=0 C)ex? +bx+a=0 (D)bx>—cx+a=0
Sol. : Suppose «and f are the roots of the equation ax?> + bx + ¢ = 0.

.'.OL+B=% and Ocﬁ=%

1 . .
Now, é and B are the roots of the required equation,

1,1 atf
o« BT Top " o -
b a_
. The required equation is x> — [—] =0

Lexrt+bx+a=0

— Second method :

If we take x = l, 5
y oy Yy

o’ +tby+a=0
If o, B are roots of ax* + bx + ¢ =0, then é,% are roots of cx?> + bx + a = 0.

Ans. : (C)
(6) If the equation x> —3kx + 228l | = 0 has real roots, so that the product of the roots is 31,

(A)x1 B)x2 (©) 3 (D) £ 4
Sol. : x2 3kx + 2.2ekl 1 =0

oo x2 Bkx + ook 1 =0

sox? 3k + (2K -1)=0

.. Now product of roots = 31. So, 2k* -1 =31

k=16

k=14 Ans. : (D)
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@) If the difference between two roots of the quadratic equation x> —bx + ¢ = 0 is 1, then which of

the following is true ?
(A) B? = 4c + 1 (B) b2 =4c — 1 (C) 2 =4b—1 (D) @ = 4c + 1
Sol. : Suppose o and f are the roots of x> —bx + ¢ =0 with = o+ 1.
The sum of two roots = o+ B=a+ o+ 1=20+1=bh (D)

and the product of two roots = ¢ = o (o + 1) = &2+ o

ac:(%;f+ﬁgﬂ (From (1))

Sde=b-1P+20B-1)
=0 -2b+1+2b-2
4e = b -1
b*>=4c + 1 Anms. @ (A)
— Second method :
(a-PpP=1= (ax+p?—4of =1

= b-4c=1= b=4c+1 Ans. @ (A)

®) If the two roots of the equation xf_a +5_p = | are additive inverses of each other, then

2(a+b)= ...

(A)-1 (B)2 (© 0 D) 3

b

Sol. : == +=—=5 =1

soax —ab + bx —ab = (x —a) (x — b)

o (a +b)x —2ab = x> —(a + b)x + ab

s x> —=2(a+ b)x +3ab =0

Roots of this equation are additive inverses of each other.

Lo+ B=0. So, coefficient of x = 0

Lat+tb=0

L 2a+b)=0 Ans. : (C)
9) If sin o and cos o are the roots of the quadratic equation ax?> + bx + ¢ = 0, then which of

the following is true ?

(A) a*> = b* - 2ac (B) @> = b> — dac (C) b*>= > —4ab (D) ¢? = a* — 4bc
Sol. : Here, the sum of two roots is sin a + cos o = %and the product of the two roots is

Sin o cos OCZ% (1)

2 2
. -b b

o (sin o+ cos o) = (TJ ==
a

a2 (E)= z—i (From (1))

soat + 2ac = b?

soa? = b* - 2ac Anms. @ (A)
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(10)  If the ratio of the roots of the quadratic equation x> + bx + ¢ = 0 is equal to the ratio of the
roots of the equation x> + px + g = 0, then which of the following is true ?
(A) ap* = bq* (B) b’q = cp? (C) a’q = bp? (C) (aq)’ = (bg)?

Sol. : Suppose o and f3 are the roots of the quadratic equation x> + bx + ¢ = 0.
Then o + = -b, a3 = c.

Also, if m and n are the roots of the quadratic equation x> + px + ¢ = 0.

Then m + n = —p, mn = q.
@ _m i ) o)
Now, g = 7~ by hypothesis, (2) = ( 12))
BRI
C 9B = mon 2
2
(@+B)  (m+n) b21—94<c> B 2p_4
" (@B (m-ny o
o B2p? — B2 (4q) = bp? — (4cp?)
(a+B) (m+n)” " b? =@’
: _ . - b(4q) = (p4e)
[(oc+[3) _40([3} [(m+n) —4mn} . bg = cp? Ans. : (B)

— Second method : Suppose o, oy and f3, B are the roots of the given equations.
oa(l+y)==b, B(1+y)=-p Y=c Fr=¢
b X _c

2 2

(1  Ifx= \/20-‘,-1/204-‘,20-‘,-___00 , then the value(s) of x is/are ...... (x>0

(A) 5,4 B) 4 ©)5 (D) 4,5

Sol. :x = \/20+1/20+,/20+...oo
X = 1/20+x

L x2=20+x
A x2—-x=-20=0
S (=5) (x+4) =0

Sx=5orx=-4

But x>0, so x #—4
Lox=5 Ans. : (C)

(12)  If the sum of the roots of a quadratic equation ax> + bx + ¢ = 0 is equal to the sum of squares

of reciprocals of those roots, then which of the following is true ?

(A) ab? a*c and bc? are in A.P. (B) ab? a*c and bc? are in G.P.
(C)g L and < arein AP (D)g L £ arein GP
c’ b a o c’b’a o
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Sol. : Suppose o and B are the roots of the quadratic equation ax? + bx + ¢ = 0.

_at+pt (o+B)? - 20

a+ f=
2 2
(oB) (oB)
Here Oc+ﬁ:_—b and off = <
a a’
b _ 2
b a? a b*—2ac
a
s —=bc* = ab? - 2d’c
- 2d%c = ab® + be?
o ab?, a*cand bc* are in A.P. Ans.

. 1 3
(13)  The roots of the equation 30829 -3 =2are .......

L L L L
(A) 3,6 (B) ¢, 2 © 3,16 (D) 1¢, 2
Sol. : _jloen-3 =2
log, x-3
so—=—— =log?2
z &
4log, 2

o (log,x) -3 = Tog, x

oo (log, x> =3 logx —4 =0
o (log,x + 1) (logx —4) =0
o log,x =—1 or log,x = 4

sox =271 orx:24i.e.x:%orx:l6 Ans.
TS L AU
(14) 3113 ;x € R, then ...... .

x>1lorx<-— x< —=or—-1<x<

A)x> 11 I B 2 or -1 1

©x>1lorx<3 (D) 5 <x<-I

. X% +2x+7
Sol. : Given that ———=— < 6; x € R.

2x+3

(A)

2O
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X +2x+7

e300
x> -10x-11
—<0
2x+3

Casel x*—10x—11<0and2x +3>0

L1 @+1)<0and x> 3
s-l<x<llandx> 3
=3

>
But x >

. So —1<x < 11 is possible.

Thus x < _73 or —1< x < 11 is true.

(15)  If cos o is a root of the quadratic equation 15x> + 8x — 12 =0; 0 < x < 1, then tan’

2 1
A) 3 B) 3

Sol. : Given that 15x*> + 8x — 12 = 0;
s (Bx=2)(5x+6)=0
_2 -6

But0<x<l,sox=g =cos O,

3
-2
ot o 1-cosa _ _; 1
t 2 14+cosa 1+§ 5

Case2 x*—10x—11>0and 2x +3 <0

(1) @+ 1)>0and x < 3

(x>110rx<—1)andx<_—3

2
Sox < -%

Ans. : (B)
o

2 T eesses

1
© % (D) 5
0<x<I
Ans. : (O)

(16) Ifa, bceR;a+b+c=0,c 20, then the quadratic equation 4ax> + 3bx + 2¢ = 0 has ...... .

a, ¢, have same sign.
(A) one positive and one negative root
(C) two real roots
Sol. : Here 4ax? + 3bx + 2¢ = 0 is given.
s A =9b> - 32ac
= 9(— a - c)* - 32ac
=9 (a* + ¢* + 2ac) — 32ac
= 9a%> + 9¢% — l4ac
94> 14a

= = - ==+
c2 ¢ ?

2
3a 7 32 32
2a_ 1 24 5 22
(c 3) * 9 — 9 >0

(B) two complex roots

(D) both roots are zero

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

So the quadratic equation has two real roots. (Why not (A) or (D) ?) Ans. : (O)




(17)  The equation 522" =Tx47 =95 pas ... roots.

(A)O (B) more than two (C) exactly two. 1, and % (D) exactly two. 1 and %

Sol. : Here 52x°~7x+7_s2 s given.
L2 -Tx+T7=2
L2 -Tx+5=0
S (2x =5 (x-1)=0
5

.‘.x=lorx=5 Ans. :

(18)  Maximum value of the function

9x2 +6x+14

(A)5 ®) 5 © 3 (D) 13

(D)

Sol. : ——2 attains the maximum value only if the quadratic function 9x> + 6x + 14 has the

" 9x2+6x+14

minimum value.

Now,, 9x*+6x+14 =9x>+6x+1+13 =Gx+1)>+13>13

So, the lower limit of 9x* + 6x + 14 is 13 and it is minimum at x = —%.
5 . 5

Hence, the maximum value of =————— i
9x% +6x+14

2
— 504 — 36
dac—b" _ — 468 _ |3

Note : The minimum value of 9x% + 6x + 14 =
Ta 36 36

x2 +14x+9

(19) If x is a real number, then 212x43

(A) [1. 3] (B) [4, 5] (©) [-5, 4] (D) [%, 3}

x% +14x+9

Sol. : Suppose, y = m

Xy 2xy +3y=x2+ 14x + 9

-+ -7)2x+3y-9=0

In order that x € R exists, we must have 5? — 4ac > 0.

LAY -7 -4 -DBy-9=0

SO-7-30-H(-3)=20

S0P 14y +49)-30724y+3)20

S22 -2y+4020

LY Fy-20<0

Lt -4<0

L—=5%5y<4
X2 +14x+9

x2+2x+3

s 13- Ans. :

e [5, 4] Ans. :

©)

©)
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(20)

Sol. : Suppose y =

@D

Sol. :

(22)

Sol. :

(A) 3,

xZ —2x+4

If x € R, then the maximum and the minimum values of ———— are ...... respectively.

x“+2x+4

3 ®) 3.3 © 3.3 (D) 3.3
x2 —2x+4

x> +2x+4

Lxy+2xy+tdy=x2-2x+4

L= +2 @+ +4(p-1)=0

In order that x € R exists, we must have b* — 4ac = 0.

LAY D -4 -D4(y-1)20

S D=4 -1)? 20

A1 220-D]@+1+20-1)20

L B8-»By-1DH=20ie.(y-3)3y-1)<0

1
L= <y<
A S 3
X2 _2x+4 |
S."2 - has the minimum value = and the maximum value 3.
x“+2x+4 3
Note : They are attained at x = 2 and x = -2 respectively. Ans. @ (A)

B

If o # B and 0>= 50— 3 and B?= 5B — 3, then the quadratic equation with roots % and o is ... .
(A)32—19x+3=0 (B)32—19x—3=0 (C)32—16x+1=0 (D)x2+19x—3=0
Here o?=50—3and f?=5F-3

soo2=500+3=0and B?— 5B +3=0. So, o, B are roots of the equation x*>— 5x + 3 = 0.
Lot B=5 0B=3

I % and % are roots of the required equation, then

_a B _o?+p _ (a+B)y-208 _ 25-6 _ 19
The sum of roots = B + o« T o =5 =3

The product of roots = (%) (%) =1

.. The required quadratic equation is x> — (%)x +1=0.
L3P -19%x+3=0 Ans. : (A)
The equation log 31:;(()52);2;2) =2has ...... real root(s).
(A0 B)1 © 2 (D)3
_log3+log (x> +2) _,
log(x—2)
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(23)

Sol. :

(24)

Sol. :

25)

Sol. :

s log [3 (2 +2)] =2 log (x — 2) = log (x—2)°
L3P +2)=(x—2)?

L3+ 6=x2—4x+4

L2 +H4x+2=0

L+ 2x+1=0

S xF1D)?=0

sox=-1 But for x =—1, log (x—2) is not possible.

Sox -1

.. No solution is possible. Ans.

The real roots of the equation /x—2 (x>—4x +3) =0are ...... .

(A) 1,2 (B) 1,3 (€) 2,3 (D) 1,2, 3
Jr=2 (% —4x+3)=0
=2 (@ = DE=3)=0

sx=1lor2or3

Butx—-22>0

Sx=2,3 Ans.

If x, y, z are distinct and real, then x? + 4)? + 922 — 6yz — 3zx — 2xy is always ...... )
(A) non-negative (B) negative )0 (D) complex
x? +4y? + 922 — 6yz — 3zx — 2xy

= (0)° + (@) + (32> = () B2) —x(32) —x (2)

= -2+ @322+ (- 327 20

So x? +4y? + 922 — 6yz — 3zx — 2xy is always non-negative. Ans.
If log, x +log 2 = % =log,y + logy2 and x #y, thenx +y = .....

1 1 1l
(A)8 B) ,3 (C) g_23 (D) g423

Here given that log, x + log 2 = % =log, y + logy 2.

2
. 11 (log, x)" +1 1o
. We have log, x + —?.So,——?

logz X log2 X

“(A)

“(O)

S(A)
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(26)

Sol. :

27)

Sol. :

Let log, x = m, so 3(m* + 1) = 10m
S 3m? - 10m+3=0
S Bm—1)(m-3)=0

. 1
som=3orm 3

—

- log, x=3 orlog, x = 3

Similarly, we get log, y =3 or log,y = %
Now, since x # y by taking, log, x= 3 we have, log, y # 3. So, log, y = %

or by taking log, x = %, we have log, y = 3.

1 1

wx=2andy =2 orx=23 and y = 2%

.'.x+y:23+2%:8+2% Ans. : (D)
If x= m,themw%: ......
(A) 7 + 45 (B) ‘/7_2_ i3 ©) @ (D) @

x = 124140 = 12-235= 7 - 5 (square root of a surd)

Ll 1 T AT
R RN N )

V7445
Lxt L= T -5

3145
=T 2

Ans. : (C)

If 3, 3 are the roots of the quadratic equation x*> + ax + 8 = 0 and -8, 2 are the roots of the

equation x> + ox + b = 0 then the roots of the equation x> + ax + b = 0 are ...... .

(A) 2,8 (B) 2, -8 (©) 8,2 (D) -8,2

Since 3, 3 are roots of the equation x> + ax + 8 = 0, the sum of the roots 3 + 3 = —a. So we
get a = —6.

Also, -8 and 2 are roots of x> + ox + b = 0. So product of roots = -8 (2) = b.

So, b =—16.

So we get a new quadratic equation x> — 6x — 16 = 0.

(-8 (x+2)=0

sox=8orx=-2. Ans. : (C)
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(28)

Out of two students wrote a wrong constant term of a quadratic equation at the time of
solving it and obtained the sum of correct roots as 3. Another student wrote correct coefficient

of x*> and constant term of that equation which are 1 and —18 respectively. The correct roots
of the equation are ...... .
(A) 3,6 (B)-3,-6 €)-6,3 (D) 6,3

Sol. : Here, the sum of the roots = 3

29)

Sol. :

(30)

and the product of the roots = —T18 =-18

.. The quadratic equation is x> —3x — 18 = 0
L(x=6)(x+3)=0
SLox=6orx=-3 Ans. : (D)

-3 -3
One of the roots of the equation <5+2\/g )x + (5 N )x = 10is ...... .

(A) 4 (B)3 ©) 8 (D) 2
Here 5-2+/6 = ﬁ

Now. (5+26)" + (5-246) " =10

x—3
.(5+2J6f_3+[5+;J6J - 10

Let (5+2\/€)x_3 =m

oomt =10
m
amr—10m+1=0

= 10£4/100-4

2

Som= 5i2\/€.

com=(5+26)" = (5+2v6) or (5+246) "

Lx=-3 =41
x =4or2 Ans. : (A),(D)
If the quadratic equation (a® + b%) x> — 2b(a + ¢) x + (b*> + ¢*) = 0 has equal roots, then
a,b,carein ...... .a,b,c ¢ R
(A) Arithmetic progression (B) Geometric progression

(C) Harmonic progression (D) Arithmetico-Geometric progression

Sol. : (a® + b*)x> -2b (a + ¢)x + (b* + ¢*) = 0 has equal roots.

A =0
LA @t -4 @+ B+ =0

oo 4b? (a? P2ac + ) — 4 (@b + AP+ b+ b)) =0
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o 8ab’c —4acct—4b* =0

s bt +atct—2ab*c = 0

so(BP—ac) =0
s b =ac
s a, b, care in GP. Ans. : (B)

(31)  Roots of log, (x* +5x + 10) =2 are ...... )
(A)2,3 B)-2,3 (C) 3,2 D) -2,-3
Sol. = log, (x* +5x + 10) =2
X2 HSx 10 =22=4
X2+ +6=0
S+ E+2)=0
sox=-2orx=-3. Ans. : (D)

1 1
(32)  If orand Bare roots of ax? + bx + ¢ = 0, then 757 + Bib — e

A = (B) & © (D) -

abc

o1 1 ap+ b+ao+b
Sol. * %a+b T PBrb (acc+b)(aB+b)

a(a+p)+2b
- az(x[.’)+ab(oc+[3)+b2
-b
“(T)+2b _b+2b .
a2(£)+ab(_—b)+b2 T oac—br+p: T ac Ans. = (C)
a a
x4 x+1
(33) IfxeRandk= = ,then ke ...
x“—x+1
1 1 1
) (33) ®) [1.3] © kst D) k>3
x4 x+1
Sol. : Given that k= — .
x"—x+1

Xt tx+t =k —kx+k

s (k=D)x* —(k+Dx + (k=1)=0

Now in order that x € R satisfies this equation, A = b*> — 4ac > 0
Sk -4 (k-1)(k-1)20

LD =2 K-D]*=0

Sk =2k+2) (k+1 +26-2)20

L B-khBk-1)=20
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o (k-3)Bk-1)<0

<k<3

3 |—

k e [%3] Ans. :
5 B o +20+1 [32+2[3+1 B
(34) Ifovand P are roots of x> —m (x + 1) —n =0, then 2 1200n + B +2pin
(A)0 B) 1 ©) 2 (D) 4
Sol. : x> -m(x+1)-n=0
s x> — mx — (m + n) = 0 has roots o and P.
LotB=m;of=—m+n)
n=—0f-m
=—af — (o +P)
o +20+1 ﬂ2+2,8+1 o? +2a+1 ﬂ2+2ﬂ+1
e t204n BP+2p+n  d*+2a-of-a- B " Br2B-of-a- B
o? +20+1 BZ+2p+1
=2 LY
o“+a-aoff - p P+ -af -«
__(axn? (g1
(a= P+ (B+D(S-a)
o a+l f+1
S a-pf  a-p
_ 22 p
Py
=1 Ans.

(35)  If the roots of the equation x> + x — 1 = 0 are in ratio m :

is true ?

(A) 2m+n3+5)=0 (B)2m=3n (C) 3m —

Sol. : Suppose o and B are roots of the equation x*> + x — 1 = 0.

Here %= %.Also, atB=-1; aP=-1
) (x_—l—B _ m+n .
aB = mon (Componendo-Dividendo)

2n(\5+1) =0 (D) 3m=2n

(B)

)

+(B)

n, then which of the following
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(a+B)  (m+n) L mtn

" (a-By  (m-n)

m+n+m-—n

(@+B)  (mn)
" (atB)—40p  (m-n)

m
1 (m+n)2 n -

ST (m—n)2

mno_
1 _ (m+n z "
5 (m—nJ

m+n

Note : If —— =

Second method : Let oo = mk, B=nk

Lot+tB=mt+n)k=—1, oafp=mnk® =-1.

k==L, p==L g —1_—--=L
m+n mn (m+n) mn

.m 3494 _ —3+45

“on 2 2

s2m o= (—3i\/§)n

s 2m+ (3+45)n=0

U mtn—-man 1-45

145
(Componendo-Dividendo)
1++/5
% (+J_) _ 6+2+/5
(1+45) -

T -7 )

Ans. @ (A)

S 2mtn (3+\/§) =0

-1
= f, then we get 2m + n (3—«/3 ) = 0 which is not given in options.

So, m? +3mn +n*=0

(As given option)

(36)  The real roots of the equation (x+1) (x+2) (x+3) (x+4) =120 are ...... .

(A) 6, 1 B) -1, 6
Sol. : (x+1) (x+2) (x+3) (x+4) = 120

s [OeD) (eH)] [(e+2) (x+3)] = 120

SO+ 4) (PS5 +6)=0

Let x*> +5x =m

o (m+4) (m+6)=120

Som?+10m—-96=0

. (m+16) (m—6)=0

m=—l6orm==6

X2+ 5x=-16orx*+5x=6

X2+ 5x+16=00orx*+5x—-6=0

(C) -6, -1

(D) -6, 1

(x*+ 5x =m)

Taking x> + 5x + 16 =0, A = (5> —4(1) (16) =25 — 64 =39 < 0

.. The equation has no real solution.
Taking, x> +5x - 6=0, (x+6)(x—1) =0.

Sx=-6o0or x=1

Ans. : (D)
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Note : (x+1) (x+2) (x+3) (xt4) = 2.3.4.5 = (-5)(4)(-3)(-2) gives two real roots x = 1 and
x =-6.

(37) A quadratic equation whose roots are rational, has the sum of the squares of the roots 40 and
the sum of the cubes of the roots 208. It is ...... .

A)xX?—4x-12=0 @B)x*-4x+12=0 (C)xX*+4x-12=0 (D) x*+4x+12=0
Sol. : Suppose o and B are the roots of the required quadratic equation.

o? + B? =40 and o’ + * =208

s (o + B)? —20B =40 and (o + B) (02— off +B%) = 208

so(oc+ B) (40— aff) =208

Letoo+B=mand o =n.
. m?>—2n=40 and m (40 — n) = 208.

2
R —40 n. Substitute this value of # in the equation m (40 — n) = 208.

m* —40
som [40—[ 5 =208

v m [80 — m? + 40] = 416

s 120 m—m? =416

o —120m+416=0
So(m—4) (m*+4m—104) =0
sm=4orm*+4m—104=0

Now, for m*> +4m — 104 =0, A =16-4(1) (-104) = 432

s JA= 12+/3 which is irrational. But o, f3 are rational.

m=4.S0,n=2220 - _pp
LoatB=4;0p=-12
s x> —4x — 12 = 0 is the required quadratic equation. Ans. : (A)

Note : Option (B) and (D) have complex roots. Now, we have two options (A) and (C). The
roots of (A) are oo = 6 and = —2. They satisfies the given condition. So, answer is (A).

1 1
(38)  The solution set of the equation 3 (xz +x—2j +16 (x +;J +26=0is..... .
1 1 -1 _1
RS ®) {133 © {123 o {35
2

1 1
Sol. : We have 3 [xz +—j +16 [”?J +26 = 0.

1 1
Let (H;J =m. Then (xz +—2j =m>-2
X

L3P —2)+ 16m+26=0
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- 3m? A+ 16m+20=0
o Gm+10) (m+2)=0

m=_Tlo orm=-2

Leth_Tlo.So, x+l = —.
X
32+ 10x+3=0. So,Bx+1)(x+3)=0

s We getx = _?1 or x = -3.

Ifm=-2, x+t =2,
X

X+ 2x+1=0

S(x+1)=0.So, x=-1

.. So the set of possbile values of x is {—3, -1, _?1} Ans. : (B)

L 1 L
(39)  The number of real roots of the equation 27* + 12x = 2:8% is ...... .

(A) 0 (B) 1 (C) 2 (D) 3

1 1 1
Sol. : 27% + 12x = 2:8*

SHAG

3 1

TR

Let (3] =m

= |—

=2

L tm=2
amtm-2=0

LM Em+2)(m-1)=0
sm=lorm® +m+2=0

Now, for m> + m+2 =0, A= 1-4(1) (2) = -7 <0. So there is no real root.
am=1

-

ST 0 which is not possible.

= |—=

.. The number of real roots is 0. Ans. : (A)
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(40)  If one of the roots of the equation ax?> + bx + ¢ = 0 is equal to the nth power of its other root
1 L
then (acn)n+1 + (anc)n+1 = eeeeen

(A) —a (B) -b (©) — (D) —ab
Sol. : Suppose o and B are the roots of the equation ax? + bx + ¢ = 0.

Now, we know o = [3".

Also, oo+ 3 = _719 and o = %. Substitute, oo = . We get, - = %

1 n
c
s Prt= =0 So, B = (3)"“. So, o0 = (E)”“.
a a a
n 1
~. From o+ B — __b Cin+l 4 (C\nt]l = __b
a’ a
a a
o L R U E U
cntl cntl _ —b S o+l .gn+l 4 gn+l  on+l _ —b
. 1 a 0, n 1 a
antl antl antl.gn+l
L L 1 i
n n
ta ”+1+a .c n+l _b —_ —_
. ( ) ( ) == So, (" a)ynt +(a"-c)yntl = —b Ans. : (B)

a

(41) Ifax + by = 1 and px*> + ¢gy* = 1 has only one root, then which of the following is true ?

2 2
b —a b
W) S+ =1 Bx=7, © x=7 (D) b = pq
Sol. :  ax+by=1. S,y = =2

Substitute the value of y in the equation px* + ¢ = 1. We get px* + ¢ (1_[)‘”‘ ]2 —1
ooyt + g (1 — ax)? = b2

-~ pb32 + g = 2agx + qaxt = b?

. (qa* + pb*)x*> — 2aqx + q — b*>= 0. Since it has only one root, A = 0

oo AR — 4 (g2 + pb?) (g - b)) =0

4@ — 4 (@ P — a*bPq + BPpg — b'p) = 0

sakfq—-pg+bp=0 (b#0)
wa’q+ bp = pq
2 2
a b .
- + 7 1 Ans. @ (A)

b

Y (2n-1)

n=1
Era— 20
(42) Iflog,, a + log,, Jq + log, 4a + ... =b > 0and i(3n+1) = Tlog,ga * then a = ......
n=1
(A) 100 (B) 1000 (C) 10000 (D) 100000
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Sol. : We have log,, a + log,, /o tlog, 4a + ... = b.
1 1
:. log,, a +log,, a*+ log,, aty . =b
1 1

wlog, (a-a? -a* .)=bh

S

. 2 4 _
= log,, a =b
1
L
~olog,a 2 =b
. 2 —
oo log,,a” =b
s 2log,a=0b
b
Y. (2n-1)
n=1 _ 20
b ~ Tlogga
Y. (3n+1)
n=1
b(b+1)
S R 2
R oD 12
2
P20 ¥ 20
“32esy 76 S s 7

<. 7> — 60b — 100 = 0
 (Th+10) (b—10) = 0

-10
wb="7"orb=10

-10
But b # 75—, because b ¢ N. So, b =10
- log,, a=5. So, a = 10°= 100000

(43)  Ifforx eR, 3™ (%)x (%)J; > 1,then xe ...

(A) [0, 64) (B) (0, 64] (©) [0, 64]

Sol. : 37 (%) (%)[

> 1
- 372 (3—l)x (3—1)‘/; > 1
372—x—«/; > 30

“T2-x—4fx >0

Ans.

(D) (0, 64)

(D)
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Lx T ANx =72<0

o (Nx =8 (Vx +9)<0. So, 9<+x <3 But vx >0

S0 <y <8 So, 0 <x <64

sox € [0, 64) Ans. : (A)
(44)  The roots of the equation (x —a) (x —b) + (x = b) (x —c) + (x — ¢) (x — a) = 0 are always ...... .

(a #b)

(A) real, equal (B) complex (C) real unequal (D) purely imaginary

Sol. :(x—a)(x—-b)+(x-b(x-c)+(x—-c)(x—a)=0
s 3x2=2(a+ b+ o)x + (ab + be + ca) =0
Now, D =4 (a + b+ ¢)> — 4(3) (ab + bc + ca)
=4 [a*> + b*+ ¢ — ab — bc — ca
=2[(a-bP+(b-cP+(c—-a)?]>0

Since D > 0, the roots are always real and ungeual. Ans. : (C)
(45)  For a, b, ¢c eR; a#0, if o is a root of the equation a’x> + bx + ¢ = 0 and B is a root of the

equation @ x*> — bx — ¢ = 0 where, 0 < o < B, then a root y of the equation a*x> + 2bx + 2¢ =0

always satisfies ...... . (ITT : 1989)

o+

® y=o+8 @) y= 2P € y=2+p (D) o<y<p
Sol. : Since o is a root of the equation a’x> + bx + ¢ =0, a’0®> + bo. + ¢ =0

~obo+ ¢ = —dPo? (1)

Also B is a root of the equation ¢’x*> —bx —c=0. So, @B -bp—-c=0

. bR+ c=dp ()

Now, if v is a zero of f{x) = a’x* +2bx +2c, then f{y) = a*y* +2by +2¢ =0
Taking x = o in f{ix) = a’x* +2bx +2c,
s Aoy = dPo? H2boL H2c
= a?0? F2(bo. + ¢) = P0? - 2a*0% = — a0 <0 (From (1))
Also, by taking x = B in f{x) = a’x> +2bx +2c, we get
s fB) = &P +2bB +2c

=a?B 2B +¢) = aPP*+2a°B* = 34 >0 (From (2))
Since f{®) < 0 and f{B) > 0. There exists y €(c, B) such that fy) = 0.
soo<y<QP is true. Ans. : (D)
(46)  If o, B are the real roots of the equation x> + px + ¢ = 0 and o*, B* are the roots of the equation
x? —rx + s = 0, then the roots of the equation x> — 4gx + 2¢*> — r = 0 are always ...... . (IIT : 1989)
(A) real and distinct (B) real and equal
(C) complex (D) one real and one pure imaginary

Sol. : o and B are the roots of the equation x*> + px + ¢ =0. So, . + B=-p and o. B = gq.

Also, ot and B* are the roots of the equation x*> — rx +s = 0.
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soot+Br=r and of B* = 5. So, (af)* = s.
.. For the equation x* — 4gx + 2¢*> —r =0,
D=5b~4dac = 16¢ -4 Q2q¢*-r)
= 16 ¢> — 8¢* + 4r

= 8¢> +4r
= 402+
= 4ot + P20 = 4@+ B = [2 (00 + BP0
.. D> 0. The roots are real and distinct. Ans. : (A)
(47)  If the quadratic equation in variable x, (cos p — 1)x*> + x cos p + sin p = 0 has real roots, then,
P E .. (II'T : 1990)
(A) (0. ] (B) (-, 0) (©) (0.2m) ) (EZ)

Sol. : Since the equation (cos p — 1)x? + x cos p + sin p = 0 has real roots,
D=5b>-4ac>0
cos’p—4(cosp—1)sinp=20
socos’ p+4sinp (1 —cosp)=0

o cos® p+ 4 sin p (2 sin? %) >0

Now, cos? p =0 and sin’ g >0

.~ If sin p =2 0, then we will have D > 0.

If p € (0, w], then we have sin p > 0.

s pe (0, ] Ans. : (A)

(48)  V x e R, if quadratic polynomial f{x) = ax* + bx + ¢ > 0, then g(x) = fx) + f'(x) + f"(x) satisfies
...... .(xe R) (1IT 1990)
(A) glx) <0 (B) g(x) >0 €) gx)=0 (D) gx) 20

Sol. : [Note : If > 0 and D = b* — 4ac < 0, then f{x) > 0.]

Here fix) = ax*> + bx + ¢ > 0 is given.
f'(x) =2ax + b andf"(x) =2a
Also. g(x) = flx) +/'(x) +f"(x)

=ax®>+bx +c¢+2ax+ b+ 2a

=ax’>+ Qa+b)x+ (b+c+2a)
For the polynomial g(x), D = (2a + b)*> — 4a (b + ¢ + 2a)

=4a’+4ab+b*—4ab—4ac—8a* = b*—4a*>—4ac= (b*—4ac)—4a*< 0

Since, @ > 0 and D <0, we have g(x) > 0. V x eR Ans. : (B)
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(49)  If c and d are the roots of the quadratic equation (x — @) (x — b) — k = 0, then the quadratic equation

with roots ¢ and b is ...... . (IIT : 1992)
A) x-c)(x—d)+ k=0 B)xt+tox+td)-k=0
O x-c)x-d)-k=0 D) x+to)x+d)+k=0

Sol. : Given equation is (x —a) (x —b) — k= 0.
saxt—ax—bx+tab—-k=0
s x> —(a + b)x+ab — k=0 has roots ¢ and d.
. The sum of the roots = ¢ + d = (a + b) and the product of the roots = cd = (ab — k)
So, now for the quadratic equation with roots @ and b, the sum of the roots @ + b = ¢ + d

and ab =cd + k.

The required quadratic equation with roots a and b is x*> — (¢ + d)x +cd + k=0

Lx—o)(x—d)+ k=0 Ans. : (A)
(50)  If one of the roots for the equations x> + ax + b = 0 and x> + bx + a = 0 is common, then

the value of a + b is ...... .(a #b) (IIT : 1986)

(A0 (B) -1 O 1 (D) 2

Sol. : Suppose the equations x*> + ax + b =0 and x> + bx + a = 0 have a common root o.
so2+ao+b=0and o +bo+a=0 (D
Lot taotb=o02+bota

sLao—bo=a-b

soo(a—b)=(a->b)
Loo=1 (a #b)
Substitute oo = 1 in equation (1), we get, | +b+a=0
sLoatb=-1. Ans. : (B)
(51)  If one of the roots of the equation x2 + px + ¢ = 0; p; ¢ € R is 2 + 3i, then ...... s e
(IIT : 1982)
A)p=-4q=7 B)p=4,q9=7 O p=4q=-7 D)yp=—4q=-7
Sol. : o0 =2 + 3i is one of the roots of the equation x> + px + ¢ = 0. So its second root will be
B=2- 3.
The sum of the roots = oL + p=-p =2+ Bi +2 - 3i- So,p=-4
and the product of the roots = g = aff = (2 + 3i) (2 — /3i)
=4-32 =4+3=7 @ =-1)
wp=—4andg=7 Ans. @ (A)
(52) Ifa, b, c are non-zero real numbers such that
‘1[(1+c0s8 X) (a)c2 +b)c+c)d)c=‘2[(1+cos8 X) (a)c2 +bx+c)dx |
0 0
then the quadratic equation ax* + bx + ¢ =0 has ....... . (II'T:1982)
(A) no roots in (0, 2) (B) at least one root in (1, 2)
(C) two roots in (0, 2) (D) two complex roots.
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t
Sol. : Suppose, f(1) = f(1+cos8 x)(ax® +bx+c)dx then f'is continuous on [1, 2] and differetiable on (1, 2).
0

Also, f(1)=£2)
So from Roll's theorem there exist k£ € (1, 2) such that /'(k) = 0.

t

Now, fif) = j(l+cossx)(ax2+bx+c)dx
0

S () = (14 cost x) (ax? + bx + ¢)
S (k) = (1 +cosBk)(ak®> + bk +¢)=0
soak> +bk+c=0

“kisarootofax?+bx+c=0

But since k € (1, 2), the quadratic equation ax®> + bx + ¢ = 0 has atleast one root in (1, 2).

Ans. : (B)
(53)  If the roots of the quadratic equation 3x* + 2x + p (p—1) = 0 are of opposite sign, then the set of
values of p is ...... . (IIT : 1992)
(A) (===, 0) (B) (0, 1 (©) (1, ) (D) (0, =)
Sol. : If the roots of the quadratic equation are of opposite sign, then the product of the roots must be
negative.
LoP<0
p(p-D
T3 <0 So,0<p<lie.pe (0,1) Ans. : (B)

(54)  If ovand B are the roots of the quadratic equation x*> + x + 1 = 0, then find the quadratic equation

whose roots are o'? and 7 ...... ) (TIT : 1994)
A)x>-x-1=0 B)x>*-x+1=0 CO)x*+x-1=0 D) x*+x+1=0
Sol. : x> + x + 1 =0 has roots & and f.

B o T YO S E Y
- B 2

Lo, 0

= and ®?

(If @ — 1 =0, then (0 — 1) (0 + ® +1 )= 0)
Let oo = ® and B = @’ then,
o+ =0+ () = 0+ o
= (@) - © + (@) - 0P
= 0+ o (@=1)
= -1 (1 +o+ w*=0)
The product of the roots & - f7 = " - 0= @** = (@*)'' =1

.. The required equation is x> — (-1) x + 1 =0

LAx2+x+1=0 Ans. : (D)
113




(55)  If p, g r are positive and in A.P., then the quadratic equation px*> + gx + r = 0 has real roots

if (IIT : 1995)
L—7| > L _ql < L7 < =7+
m>L, =43 <m|r7 O} et/ IR O
Sol. : Since p, grare in AP, 2g =p +r (D)

The equation px* + gx + r = 0 has real roots if D = *> — 4ac > 0.

ie.¢>—4pr=0

p+r 2
ie. |75 | —4pr=0 (From (1))
ie.(p+rP—-16pr=0

ie.p?+rrP—14pr=0

) r ’ 14r
1.e.1+(;j —720 P*#0) 2)

2
Now, for [ﬁj 14 (;fj +1=0, ;f = 142919640 _ 5 4 2 74 83

2

.
. _—— _I_
n—=T543

. From (2), it is necessary that % < 7- 43 or % >7 + 43
r r
ie. — -7 3—4\6 or——724\/§
p p
> 443 Ans. : (A)

,
fa |=—7
1.e.

p

(56)  If the two quadratic equations ax* + b,x + ¢, = 0 and a,x* + b,x + ¢, = 0 have a common root,
then (a, b, —a, b)) (b,c,—b,c)) = ..... . (IIT 1992)
(A) ~(a,c, — ax,)? (B) (a,a, — c,c,)? (©) (a,c, — a,c,) (D) (a,c, — ax,)’

Sol. : Suppose the equations a x> + b x + ¢, = 0 and a,x* + b,x + ¢, = 0 have a common root o.

soa,0f + b o+t e =0and a,0f + b0+ c,=0
2

P O S —o 1
bl | _la al - |4 bl
bz (&) ay € a, b2
2
P O S o _ 1
by =byoy T aye—aie, T aiby—anh
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bicy —byey arCp —a1c)
. 2 - e
S OT= aby—ayly 0 0T aby —ayh

2
bicy —bycy (0201 —a|cy )

aby—axby = | by —azby

so(be,— b)) (ab,—ab) = (ac,—ayc) Ans. : (D)

(57)  If the difference between the roots of the quadratic equation x> + px + 8 =0 is 2, thenp = ...... .
(IIT 1992)

(A)£2 B)+4 ©)xo6 (D) £8
Sol. : Suppose the quadratic equation x> + px + 8 = 0 has two roots o and P.

sLo+PB=-pand o B =8. Also, oo — 3 =2 is given. Second method :

.'.206=2—p.Fr0m0L—2=B,2_Tp72=[3. - p| =2

So. —p2—2 5 s (0B =4

o (0B —4op = 4

Now, substituting values of ot and B in o0 B = 8, W po3=4

we get, (ZTPJ( p2 2J=8 L p=16

L+t (P-2)=32

s pP—4=32.  So, p*=36. Hence, p=%6 Ans. : (C)
(58)  If the two roots of the quadratic equation a (b —c)x* + b (¢ —a) x + ¢ (a— b) = 0 are equal, then

a,b,carein ...... sequence. (IIT : 1993)

(A) Arithmetic (B) Geometric (C) Harmonic (D) Arithmetico-Geometric
Sol. : Since o = 1 satisfies the given equation, B = 1. So, oo =1

c(a—-b)
a0 !

. ca—bc —ab-ac

- 2ac = (a+ o)

. 2ac

a+c
". a, b, ¢ are in Harmonic progression. Ans. : (C)

(59)  The roots of the quadratic equation kx*> + 1 = kx + 3x — 11x? are real and equal for the values
......... of k. (11T : 1993)
(A)-11,-3 B)5,7 (©) 5,7 (D) 7,-5

Sol. : kx?>+ 1 =kx + 3x — 11x°
o (11 + k)x*>— (k+ 3)x + 1 = 0 has real and equal roots.

“D=(k+3°-4k+11)=0

kR +2k-35=0

Lkt (k-5=0

o k=-Tor5 Ans. : (O)
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(60) If the roots of the quadratic equation x*> —bx + ¢ = 0 are two consecutive integers, then

b>—4c=.... (AIEEE : 2005)
(A) 2 B)2 ©3 (D) 1
Sol. : Suppose the equation x> —bx + ¢ = 0 has roots o and B which are two consecutive integers.
L PB=Eot, oue”Z
Also, a+B=5 of=c
Lotoat+l=5bh and a(at+1)=c
L2200+ 1=5h
s —de = Qo+ 1) —4do (o +1) = 402 + 4o+ 1 — 402 — 4o =1 Ans. : (D)

Second method : [0 —B| =1 = (a0 + B —4of =1
= b>—4c =1

(61)  If the sum of squares of the roots of the quadratic equation x*>— (a — 2)x — a — 1 = 0 attains

minimum value, thena = ...... (AIEEE : 2005)

(A)O B)1 ©) 2 (D) 3
Sol. : Suppose the quadratic equation x*>— (@ — 2)x —a — 1 = 0 has roots o and P.

o + [? attains the minimum value.

Here o + B=a—-2 and o B =—(a + 1).

Lo+ B o= (ot B)2-20P

(@2P+2(@+1)

a-2a+6=(@—-172+5>5
.. The minimum value of o + 3% is 5 and it occurs when a— 1 = 0.

a=1 Ans. : (B)

62) IfmsR= % in A PQR, and the roots of the equation ax?+bx + ¢ =0 (a# 0 ) are tan (ﬁ) and

2

tan (%J, then which of the following is true ? (AIEEE : 2005)

Aa=b+c B)b=c C)b=a+c MD)c=a-+b

Sol. : Here ax? +bx + ¢ = 0 has roots tan (g) and tan (%J

» tan (%) + tan (%j = _7[); and (Z‘an(g)-tan[%]j = %

l—tan(g)(mn(%ﬁ - 1—% a-c (1)




Now in A PQR, m£P + m£Q + m£R =1

somLP +mAQ =1t—% (mZR:%)
amPmAQ =7 )
. P+Q _ n_ b
.. From (1) and (2), tan 5 tan 5 = —
L=
a—c¢
a—-c=-b
sLc=a+th Ans. : (D)
3x2 +9x+17
(63)  If x is a real number, then the maximum value of — 5 is ...... . (AIEEE : 2006)
3x°+9x+7
1 17
A+ (B) 1 (©) 41 o) &
3x% +9x+17
. _ Second method :
Sol. = Let 5o gir7 =7
332491417 3x%49x+7+10
L3P+ 9+ 17=3xy+9xy+ Ty 5 =—
3 9x+7 3 9x+7
232 =D+ 9% (1) +Ty—17=0 e “1’:
. . ol . = |14+ —
Now, in order that x is real, it is necessary that, A2 40217
D =5 - 4ac 2 0. The minimum value of 3x% + 9x + 7,
. 1 _ _
S8l -1 —-1200-1)(Ty—17)20 sac—b> g4 g 1
L8122+ )= 12(1? =24y +17) 20 4a T 12 T 4
42y —4120 . Required maximum value = 1 + %)
5P —42y+41<0 2
L =-D@E-4H<0 = 1+40 = 41
s 1<y<4l
h . | ¢ 3x% +9x+17 .
.. The maximum value o —3x2 orr7 S 41. Ans. : (C)
(64) Forme ... , both the roots of the quadratic equation x*> —2mx + m? — 1 = 0 are greater than
—2 but less than 4. (AIEEE : 2006)
(A) (2, 0) (B) (3, o) ©) -1, 3) D) (1. 4)
Sol. : x> 2mx +m?—-1=0
(x—m)>=1. So, x—m=*1
x=m+1 or x=m—1
Now, -2 <x <4, So, 2<m—-1<m+1<4
som>—1 and m <3
some (-1,3) Ans. : (C)
(65)  If the two roots of the quadratic equation x> + px + g = 0 are fan 30° and fan 15° respectively,
then2+g—p=..... (AIEEE : 2006)
(A)0 B) 1 ©) 2 (D)3
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Sol. :

(66)

Sol. :

(67)

Sol. :

(68)

Here the roots of x* + px + g = 0 are tan 30° and tan 15° respectively.
sotan 30° +tan 15°=—p and (tan 30°) (tan 15°)=¢q

tan30°+tan15°

Also, tan 45° = tan (30° + 15°) = 7—=55, -5

—p
=1,

S l—g=—p. So, g—p=1. So, 2+g—p=3 Ans. : (D)
If the roots of the quadratic equation bx*> + cx + a = 0 are complex, then the polynomial
3% + 6bex + 207 ... .

(AIEEE 2009)
(A) > 4ab (B) < 4ab (C) >—4ab (D) <—4ab
The quadratic equation bx? + cx + a= 0 has complex roots.
D= 2—4ab<0. So, ¢? < 4ab
s —c? > —dab
Now for, 3b%x* + 6bcx + 2¢2, 3% > 0,
The minimum value of the polynomial is LE e )2_36[)262 = M
4(30%) 126
= % = —¢? > 4dab
Ans. : (C)
The equation ™ — ¢™ — 4 =( has ...... ) (AIEEE : 2012)
(A) exactly two real roots (B) no real root
(C) exactly one real root (D) exactly four real roots.
Given that es™ — =i = 4,
Let ™ = m
am-=— =4 So.m—4m-1=0
e =24 45
But maximum value of e5™ is e which is less than 2 + /5,
Also, ™ >0 >2 -5
.. No real root exists. Ans. : (B)

If the equation 2x3 + 3x + k = 0 has two distinct roots in [0, 1], then the value of k is ...... .
(JEE-main : 2013)
(A) between 1 and 2 (B) between 2 and 3  (C) between —1 and 0 (D) does not exist

Sol. : Here given that fix) =2x> + 3x + k = 0.

fx)=6x*+3
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Now, if the equation has two or more real roots then by Roll's theorem, for some x
between them f(x) = 0.

But 6x2 + 3> 0

.~ It is not possible that the equation has two or more distinct real roots for any value of &.

Ans. : (D)
(69)  If both the roots of the equation x> + 2x + 3 =0 and ax* + bx + ¢ =0, a, b, c € R are common,
thena:b:c= ... (JEE-main : 2013)
(A)1:2:3 B)3:2:1 C)1:3:2 D)y3:1:2
Sol. : If the roots of both the equations are common, then
a _bh_a
a b o
a_b _c¢
1 2 3
a:b:c=1:2:3 Ans. : (A)

(70)  If a eR and the equation — 3 (x —[x])> + 2 (x — [x]) + @*> = 0 has no integer solution then the
q g

possible values of g are in ...... interval. (JEE-main : 2014)
(A) (-1,0) v (0, 1) B) (1, 2) ©) 2.-1) (D) (o0, =2) (2, o)
Sol. : —3(xx])>+2(x—-[x])+a* =0

L3P A2 x+ad® =0

[ 2
—2+4/4—4(-3)a — +,/ 2 +,/ 2 . )
s Axy = a” _ 2t 4;12a - IF 13+3a # 0 because x is not integer.

2(23)

So, a#0

2
Now, since 0 < {x} <1,0< 1i\/13+7 <1

50 < 144014342 <3 (as I — \[1+3a2 <0)
sl < 143a2 <2 ie. 0 < (1434% <2.

sl +3a2<4

Lat <l

soae(-1,1). Also, a#0

Lae(=1,0)u (0, 1) Ans. @ (A)

(71)  If o and B are the roots of the equation px> +gx + » = 0 (where p # 0) and p, ¢ ,» are in A.P.

and é + % =4, then jo.—B|=....... (JEE-main : 2014)
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Sol. : Here o and B are the roots of the quadratic equation px? +¢gx + r = 0.

—-q
.'.0c+[3=7 andocB=§

Also, p, q, r are in A.P. So,2g=p+r (D
1 1

NOW»EJFE:‘L So, o+ B =40

.24 _ A

tp P

sog=—4r 2)

QZ 4r

o= Bl= Jo-p)? = J(o+B):-dap = 2 3)

Now, from (1) and (2), p;r = 4r. So, p + r=-8r. So, 9r=-p

Ll

ST 4)

- /16r2_ﬂ ~ [i6+36 2413 .
From (3), |oo. — B| = PR = =5 Ans. : (D)

(72)  If the quadratic equation p(x) = 0 with real coefficients has only pure imaginary roots, then

which of the following is true for the equation p(p(x)) =0 ? (JEE advanced : 2014)
(A) It has only one real root (B) All roots are real
(C) It has two real and two imaginary roots. (D) It has neither real nor imaginary roots

Sol. : Let p(x) = ax*> + b, where a and b have same sign.
= p(p(x)) = a(ax* + b)> + b
If x € R or ix € R, then x* eR
=~ pp) # 0
.. No real or pure imaginary number satisfies p(p(x)) = 0.

.. No real or pure imaginary roots exist. Ans. : (D)

ay— 2(18

(73)  ovand B are the roots of the equation x> —6x —2=10.1fa = o —B"; n > 1, then 28y

(JEE-main : 2014)
(A) 6 (B) -6 © 3 (D) -3
Sol. : x> —6x—-2=0

Lx0—6x —2x8=0
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o and [ are roots of the equation, then o' — 60 — 20 = 0 (1)
and B0 — 6B° — 288 = 0 )

Subtracting (2) from (1), we get

00 — B1O— 6 (0 — B%) — 2(cf — BE) = 0

“oa,,—6a,—2a,=0
.ay, - 2a8 = 6a9
010—2618
T =3 Ans. : (C)

: Questions with More Than One Correct Answers :

(74)  If the two equations x> —ax + b =0 and x> + bx — a = 0 has a common root, then which of
the following is true ? (IIT : 1986)
(A)a=1>b B)a=-b Ca+b=1 D)ya-b=1

Sol. : Suppose x> —ax + b =0 and x> + bx — a = 0 have a common root o.

“o?—ao+b=0and 0+ bo—a=0

sLo—aotb=bo—a

soa+ b= (ao + bo)

s(at+tb)y=o(a+b)

“a+tbh)(l-0)=0

cat+tb=0oro=1

La=-borl—-a+b=0

La-b=1 o a=-b Ans. : (B), (D)

(75)  If p and g are the roots of the equation x> + px + g = 0, then the possible values of p are ...... .
(1T : 1995)
—1
A1 B)0 © = (D) 2

Sol. : p and g are the root of the equation x*> + px + ¢ = 0.
~ptptg=0and ¢ +pg+q=0
n2pr+qg=0andg(p+qg+1)=0
~2pP+qg=0and (g =0org=-—p-1)

If ¢ = 0, then from 2p? + g = 0, we get, p = 0.
Ifg=-p—1,then2p> —p—-1=0
LCp+th(p-1)=0

S p=0,1o0r _71 is possible. Ans. ¢ (A), (B), (O)
(76)  1f 290 = 3.2°°°F _ 4 then x = ... where x € [0, 1]
(A) 0 (B) © % D) 7

Sol. : We have 2052 = 3.9c05’x _ 4

2200s2x—1 = 3.20052): —4
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22m B .
= =3.9m _ 4 (assuming cos
so(2my? =322m— 8
S2M2-62"+8=0
sL@2m2)2™—4)=0
s2"M=2o0r2"=4

m=lorm=2

Zx = m)

2
socos?x=1or cos?x=2. But ‘COS X‘ <1

socos?x =1

socos x =1

sSox=0 or T Ans. : (A), (B)
(77)  If 7log7 (& —4x+5) = x _ | then possible value of x are ...... . (11T : 1990)

(A) 2 B)3 ©7 (D) -3, 2

Sol. : 710g7 (X2 —4x+5) = x—1

axt-dx+5=x-1

Lxr=5x+6=0
L(x=3)x-2)=0
Lx=2orx=3 Ans. @ (A), (B)

(78)  Iffor 0Sx<m, 165 + 16%* =10, then x = ......
I I I 3n
(A) 7 B) 3 © ¢ D)
Sol. : 16sin2x + 16cos2x =10

168+ 16.167 % = 10
l6sm2x ’ sin®x =
. -10-16 +16=0

Let 16sin2x =m
omr—10m+16=0
S(m=-8) (m-2)=0
m=8 or m=2

o167 =8 or 16%"F =2

4sin’x 4sin’x
o2 =23 or 2 =2

o4 sin’x =3 or 4 sin’x = 1. So, sianig or siani%

But sinx >0 as x €[0, «]

i A3 SN |

Sosinx = == or sinx = 5

SoX = % or x= % Ans. : (B), (C)
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79 Ifa>+b>+c*=1,thenab+bc+cac ... ) (IIT : 1984)

(A) [—% 2} (B) [-1, 2] © [‘% 1} (D) [l’ %]

Sol. : @>+b>+c*=1
s(a+b+ey =a?+b>+c* +2ab+ 2bc+2ca>0
S 01 +2ab + 2bc + 2ca

_?1 < (ab + bc + ca)
ab+bc+caz_71

soab + be + ca e [—% 1} or [—% 2]. Ans. : (A), (O)

Section B

: Multiple Choice Questions with Integer Answers :

80) Ifx=2+ 2% + 2%, then the value of x> — 6x2 + 6x is ....... )

(A) 1 (B)2 © = (D) 3

1 2

Sol. : x=2+ 723 T 23,

.'.x—2=2%+2% (1
]3

L2 (4
X3 —8—6x (x—2)=2+22+ 3.23.23 (23+2

L

(x _ 2)3 - [23 +2

Wi

Wl

)

X -6+ 12x—-8=6+32 (x—-2) (From (1))

X -6+ 12x-8=6+6x— 12

SX—6x7+ 6x =2 Ans. : (B)
(81)  Ifx + 1 is one of the factors of the equation x* + (p — 3)x* — Bp - 5)x*+ 2p - 9)x + 6 =0,

thenp = ....... .

(A)0 (B)2 ©) 4 (D) -4

Sol. : x + 1 is one of the factor of the given equation,
1-CBp-5+6=pE-3)+2p-9)
so6p=24
Lp=4 Ans. : (O)

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

(A)0 B 1 © -1 (D) 2
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Sol. : Both the roots of equations k (6x*> + 3) + rx +2x> — 1 =0.i.e. (6k+2)x* +rx +3k —1=0

and (12k + 4)x*> + px + 6k — 2 = 0 are common.
6k+2 r 3k—1

-1
S 12k+4 T p T 6k-2 So, p 72 So,2r-p=0 Ans. : (A)

Section : C
: Assertion and Reason Type Questions :

Explanation : Each of these questions contains statement 1 (Assertion) and statement 2 (Reason).
Each question has four choices, option (A), (B), (C) and (D), which are as follows. You have to
select the correct choice.

(A) Statement 1 is true, statement 2 is true. Statement 2 is the correct explanation for statement 1.

(B) Statement 1 is true, statement 2 is true. Statement 2 is not a correct explanation for

statement 1.
(C) Statement 1 is true, statement 2 is false.
(D) Statement 1 is false, statement 2 is true.
(83)  Statement : 1 The squares of roots of the equation ax?> + bx + ¢ = 0 are roots of the quadratic
equation a’x> + b*x + ? = 0.
Statement : 2 If b2=ac and a, b, c € R™, then a, b, c are in G.P.

) c
Sol. : If oc and P are the roots of the equation ax?> + bx + ¢ =0, then o+ = ", and o f= 7.

Now, o and B? are roots of the equation a’x> + b’x + ¢ = 0.
_p? ?
So, o + f*= el and of B>=" 7.

2 2 2
b 2¢ — —b c
@+PB? —20B="5 So. 3 - =7 (a+B=—"10B=7)
2 2 _ 2ac
a’ a®
b? = ac

s.a, b, carein GP.
Statement 1 and statement 2 are true and statement 2 is a correct explanation of
statement 1. Ans. @ (A)
(84)  Statement : 1 The roots o, B of x> — 5x + 6 = 0 satisfy |o. — B| = 1.
Statement : 2 The roots o, B of x> — px + ¢ = 0 satisfy | — B| = 1 if and only if
PPt = (2q + 1)
Sol. : (a—P)=1
& |la-BPF=1

S (o+ PP -4oB=1
s pPP-4g=1

& pP=dg+1

&

PPHa¢? =44 +4q+1=2q + 1)

Statement 2 is true.

For,p=5andg=6

PP+4¢=25+144=169=132=(2q + 1)

Roots of x?> — 5x + 6 = 0 satisfy |o. — B| = 1

Statement 1 is true and statement 2 gives correct explanation of statement 1.  Ans. : (A)
[
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