= This section contains 30 multiple choice questions.
Each question has four choices (a), (b), (c) and (d) out of

Theory of Equations Exercise 1:
Single Option Correct Type Questions

which ONLY ONE is correct

1.

If a, b, ¢ are real and a # b, the roots of the equation
2(a—b)x* —11(a+b+c)x —3(a—b)=0are

(a) real and equal

(c) purely imaginary

(b) real and unequal
(d) None of these

. The graph of a quadratic polynomial y = ax?
+ bx + c;a, b, c € Ris as shown.
Y
0 X

Which one of the following is not correct?
(a) b% — 4ac < 0 b <o

a
(c) cis negative

(d) Abscissa corresponding to the vertex is (—23)
a

. There is only one real value of ‘a’ for which the

quadratic equation ax® + (a +3) x + a —3 =0has two

positive integral solutions. The product of these two
solutions is

(a) 9 (b) 8 (©) 6 d) 12

. If for all real values of a one root of the equation

x® —3ax + f(a) = 0is double of the other, f(x)is equal to
(a) 2x (b) x* (c) 2x° (d) 2+/x

. A quadratic equation the product of whose roots x; and

x, is equal to 4 and satisfying the relation

X X
1 + 2

=2 1is
x;—1

(@) x* —2x+4=0
()x*+2x+4=0

Xy —1
(b)x* —4x+4=0
(d)x*+4x+4=0

. If both roots of the quadratic equation

x% =2ax +a? —1=0lie in (—2,2), which one of the

following can be [a] ? (where [-] denotes the greatest
integer function)
(a) -1 (b)1

(c) 2 (d)s3

. If (—2,7) is the highest point on the graph of

y =—2x% — 4ax + A, then ) equals

(a) 31 (b) 11 (c) -1 (d _%

8.

10.

11.

12.

13.

14.

15.

16.

If the roots of the quadratic equation
(4p — p* —5)x? —(2p — 1) x + 3p =0 lie on either side of
unity, the number of integral values of p is

(a)1 (b) 2 ()3 (d) 4
. Solution set of the equation
32x2 _ 2.3x2+x+6 + 32 (x+6) =0is
@{=32 -1} ({23 (-6}
Consider two quadratic expressions f(x)=ax® + bx + ¢

and g(x)=ax® + px +q(a b.c, p,q € R b # p)such that
their discriminants are equal. If f(x) = g(x) has a root

x =0, then

(a) oo will be AM of the roots of f(x) =0and g(x) =0

(b) ae will be AM of the roots of f(x) =0

(c) oo will be AM of the roots of f(x)=0or g(x)=0

(d) o will be AM of the roots of g(x) =0

If x; and x, are the arithmetic and harmonic means of
the roots of the equation ax * + bx + ¢ = 0, the quadratic
equation whose roots are x; and x,, is

(a) abx? + (b* + ac)x + bc =0

(b) 2abx ? + (b* + 4ac)x + 2bc =0

(¢) 2abx® + (b* + ac)x + be =0

(d) None of the above

f(x)is a cubic polynomial x* + ax® + bx + ¢ such that
f(x)=0has three distinct integral roots and f(g(x))=0
does not have real roots, where g(x) = x* +2x — 5, the
minimum value of a+ b +c is
(a) 504 (b) 532 (c) 719 (d) 764
The value of the positive integer n for which the

quadratic equation 2(x+ k—1)(x +k)=10n has

k=1
solutions o. and o + 1 for some @, is
(a) 7 (b) 11 (©) 17 (d) 25
If one root of the equation x* — Ax +12=01is even
prime, while x* + Ax + u = 0 has equal roots, then i is
(a) 8 (b) 16 () 24 (d) 32
Number of real roots of the equation
Vx +4x = J(1-x) =1is
(a)0 (b) 1 (c)2 (d)3
The value of\/7 +4/7 =47 +J7 — ... upto o=is
(a)5 (b) 4
(0)3 (d)2



17. For any real x, the expression 2(k — x) [x +/x? + k?] 24, The roots of the equation

cannot exceed (a+\/§)"2‘15 +(a_\/E)x2—15 =2
(a) k? (b) 2k* ,
(c) 3k* (d) None of these where a” —b=1, are
x%—ox+4 (@+2,+3 (b) £ 4, + V14
18. Given that, for all x € R the expression —————— lies (©)£3++5 () £ 6, + /20
x“+2x+4
1 . 25. The number of pairs (x, y) which will satisfy the
between ~ and 3, the values between which the .
3 equation
.q2x X 2 2 .
expression 9.3 463 +4 lies, are x T —xy+y  =4(x+y—4)is
9.3 —6-3" + 4 (a) 1 (b) 2
(a) -3 and 1 (b) 3 and 2 (c) 4 (d) None of these
2 26. The number of positive integral solutions of
(¢c)-1and1 (d) 0 and 2

x* —y* =3789108 s
19. Let o, B, y be the roots of the equation (2) 0 ) 1 © 2 (d) 4

(x —a)(x = b) (x —¢) =d, d 0, the roots of the equation 27. The value of ‘a’ for which the equation x > +ax +1=0
(x—a)(x-B)(x—y)+d=0are

() ab,d (b) b, ¢, d and x* + ax * +1=0, have a common root, is
(¢)a, b, c da+db+d,c+d (a)a=2 (bya=-2
(c)a=0 (d) None of these

20. If one root of the equation ix* —2(1+i)x +2—i=0is
(3 - i), where i = +/—1, the other root is 28. The necessary and sufficient condition for the equation

(1-a®)x?® +2ax —1=0to have roots lying in the

(@)3 + i ()3 + /-1 . .
(©) =1+ i ) —-1-i interval (0, 1), is
(@a)a>0 (b)a<o0
21. The number of solutions of | [x] — 2x | = 4, where [x] (©)a>2 (d) None of these
denotes the greatest integer < x is 29. Soluti tof x — J1—1x] <0 i
(a) infinite  (b) 4 (©)3 (d) 2 + DOTuHon se }x | <0is
-1 5
22. If x * + x + lis a factor of ax ®> + bx  + cx + d, the real (a) {—1, ; ] (b)[-1,1]
tofax® +bx * +ex +d=0i
roo; ax 3; cx - is y - e -
a)-= b < 02 (d) None of these (€] ~1— D) -1
a a d
23. The value of x which satisfy the equation 30. If the quadratic equations ax * +2cx + b =0and

2 —
\/(sz—8x+3)—\/(5x2—9x+4)=\/(2x2—2x) ax “+2bx + ¢ =0(b # c) have a common root, a + 4b +4c,

> ) is equal to
— 1/(23( —3x + 1), 1S (a) —2 (b) -1

(@)3 (b) 2 (c)0 (d)1
(o)1 (d)o

Theory of Equations Exercise 2 :
More than One Correct Option Type Questions

= This section contains 15 multiple choice questions. 32, If A, Gand H are the arithmetic mean, geometric mean
Each question has four choices (a), (b), (c) and (d) out of

which MORE THAN ONE may be correct. and harmonic mean between unequal positive integers.

Then, the equation Ax > —|G|x — H =0has

) (a) both roots are fractions
ax” + bx + ¢ =0 are non-real complex numbers, then (b) atleast one root which is negative fraction

31. If0 < a < b < c and the roots o, 3 of the equation

(a)|a|=|B] (b)|of >1 (c) exactly one positive root
©]|B]<1 (d) None of these (d) atleast one root which is an integer



33. The adjoining graph of y = ax * + bx + ¢ shows that

Y

’

ol /@0 (0

(a)a<0
(b) b? < 4ac
(¢)c>0
(d) a and b are of opposite signs
34. If the equation ax?® + bx + ¢ =0(a > 0) has two roots o
and f§ such that o < —2and § > 2, then
(@) b* —dac>0 (b)yc<o0
(c)a+|b|+c<0 (d) 4a + 2|b| + c <0

35. 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,¢>0
(¢)b>0,a>0,c>0 (d)b>0,a<0,c<0

36. If roots of the equation x > + bx * + cx —1=0from an
increasing GP, then
(@b+c=0
(b) b € (=0, -3)

(c) one of the roots is 1
(d) one root is smaller than one and one root is more than one

37. Let f(x)=ax * + bx + ¢, where a, b, c € R, a # 0. Suppose
| f(x)] <1,V x€[0,1], then
(a)]a| <8 (b) | <8
©]c] <1 (d) |a] + |b] + |e] =17
38. cosa is a root of the equation 25x° +5x — 12 =0,
—1< x <0, the value of sin2a is

24 12

(a) g (b) —g
24 20
() —g (d) g

39. Ifa, b,c € R(a#0) and a + 2b + 4c =0, then equation
ax * +bx +c=0has
(a) atleast one positive root
(b) atleast one non-integral root

(c) both integral roots
(d) no irrational root

40. For which of the following graphs of the quadratic
expression f(x)=ax ®+ bx + c, the product ofabe is

negative

Y Y
() (b)
o X o) X
Y Y
R
(© (d)
o X

41. Ifa, be Rand ax ® + bx + 6 =0,a # 0 does not have two

distinct real roots, the

(a) minimum possible value of 3a + b is -2
(b) minimum possible value of 3a + bis 2
(c) minimum possible value of 6a + bis —1
(d) minimum possible value of 6a + bis 1

42. If x * +3x % —9x + A is of the form (x —a)*(x — B), then

A is equal to
(a) 27 (b) =27
(c)5 (d) =5

43. Ifax * +(b—c)x+a—b—c=0has unequal real roots

for all ¢ € R then
(ab<0<a
(c)b<a<0

(b)a<0<b
(d)b>a>0

44. 1f the equation whose roots are the squares of the roots
of the cubic x * — ax * + bx — 1 =01is identical with the

given cubic equation, then

(@a=b=0
(b)a=0,b=3
(c)a=b=3

(d) a, b are roots of x* + x +2 =0

45. If the equation ax * + bx + ¢ = 0(a > 0) has two real roots

o and P such that o < —2 and § > 2, which of the
following statements is/are true?

(a)4a —2|b|+c<0
(b)9a —3|b|+¢c<0
(c)a—|b|+c<0
(d)c <0, b* —4ac >0



Theory of Equations Exercise 3 :

Passage Based Questions

= This section contains 6 passages. Based upon each of
the passage 3 multiple choice questions have to be
answered. Each of these questions has four choices (a),
(b), (c) and (d) out of which ONLY ONE is correct.

Passage I
(Q. Nos. 46 to 48)

If G and L are the greatest and least values of the
2x% =3x +2

2x° +3x+2

expression , X € R respectively.

46. The least value of G*°° + [!% s
(a) 2100 (b) 3100 (C) 7100

47. G and L are the roots of the equation
(@)5x%—26x+5=0 (b)7x% =50x+7=0
(€)9x%—82x+9=0 (d)11x%—122x+11=0

(d) None of these

48. If L <A < G2, A € N, the sum of all values of A is
(a) 1035 (b) 1081 () 1225 (d) 1176

Passage 11
(Q. Nos. 49 to 51)

If roots of the equation x* —12x> + ¢x? +dx +81=0are
positive.

49. The value of c is

(a) 27 (b) 27 (c) —54 (d) 54
50. The value of d is
(a) 27 (b) =54 (c) -81 (d) 108
51. Root of the equation 2cx +d =0, is
(@) -1 G- © @
Passage II

(Q. Nos. 52 to 54)

In the given figure vertices of AABC lie on
y=f(x)=ax* + bx +c. The AABC is right angled isosceles
triangle whose hypotenuse AC = 412 units.

Y
y =1(x)=ax’ +bx +c
)
X
A\yc
B

52. y = f(x)is given by

2 _ - * _
(@y=x"-8 b)y=7 22
©y=x"-4 @y="--2

§3. Minimum value of y = f(x)is
(2) ~4+2 (b) —22
(©0 (d) 22

54. Number of integral value of A for which r lies between

the roots of f(x) =0, is

(2) 9 (b) 10 © 11 (d) 12

Passage III
(Q. Nos. 55 to 57)

Letf()c)zx2 -I—bx+candg(x)=x2 +bx+¢.

Let the real roots of f (x) =0 be o, B and real roots of
g(x)=0bea +k, B+ k for same constant k. The least value

of f(x)is —% and least value of g(x) occurs at x = %

§5. The value of b, is

(a) -8 (b) =7 (c) =6 (d) 5
56. The least value of g(x)is
1 1 1
(a) -1 (b) - (c) - (d) Y

87. The roots of f(x)=0are

(a)3, 4 (b) -3, 4
(c)-3,-4 (d)3, -4
Passage IV

(Q. Nos. 58 to 60)

If ax® — bx + ¢ =0 have two distinct roots lying in the
interval (0,1); a, b,ce N.

58. The least value of a is

(a) 3 (b) 4

()5 (d)6
59. The least value of bis

(@) 5 (b) 6

()7 (d) 8

60. The least value of logs abc is

(a) 1 (b) 2
()3 d) 4



Passage V
(Q. Nos. 61 to 63)

If2x > +ax ? + bx + 4=0(a and b are positive real
numbers) has three real roots.
61. The minimum value of a> is
(a) 108 (b) 216
(c) 432 (d) 864
62. The minimum value of b is
(a) 432 (b) 864
(c) 1728 (d) None of these
63. The minimum value of (a + b)* is
(a) 1728 (b) 3456
(c) 6912 (d) 864

Passage VI
(Q. Nos. 64 to 66)

Ifo, B, v, O are the roots of the equation
x* + Ax> + Bx? +Cx + D =0such that o =yd =k and

A, B, C, D are the roots Qfx4 —2x3 +4x? +6x-21=0
such that A+ B =0.

64. The value of % is

@t ok ©F @k
65. The value of (ot + ) (y + 8) in terms of Band k is
(a)B—-2k (b)B-k (¢) B+k (d) B + 2k

66. The correct statement is
(a) C*=AD (b) C* = A°D (c) C* = AD* (d) C* =(AD)?

Theory of Equations Exercise 4 :

Single Integer Answer Type Questions

= This section contains 10 questions. The answer to
each question is a single digit integer, ranging from 0
to 9 (both inclusive).

67. The sum of all the real roots of the equation
|x—2]* +|x-2|-2=0is

68. The harmonic mean of the roots of the equation
(5++2)x% —(4++/5)x +8+2/5=0is

69. If product of the real roots of the equation,

x? —ax +30=2(x? —ax + 45),a >0,

is A and minimum value of sum of roots of the equation
is . The value of (W) (where () denotes the least integer

function) is 6
1 o 1
x+— —lx A 2
70. The minimum value of ad X is

Y L1
x+—| +x7 +—
X x3

71. Let a, b, ¢, d are distinct real numbers and a, b are the

(for x >0)

roots of the quadratic equation x* — 2cx — 5d = 0. If ¢ and
d are the roots of the quadratic equation

x? = 2ax — 5b =0, the sum of the digits of numerical
valuesofa+b+c +dis

2

x“ =3x+c
72. If the maximum and minimum values of y = —
x“+3x+c¢

1 . .
are 7 and = respectively, the value of ¢ is

73. Number of solutions of the equation

Vx? == +4(r—2)" =5is

74. If o and P are the complex roots of the equation
(1+i)x % +(1—i)x — 2i =0, where i = /-1, the value of
o =B* is

75. 1f o, 3 be the roots of the equation
4x ?~16x+c=0,c€ Rsuchthat1 <o <2and2<f <3,
then the number of integral values of c, are

76. Let r, s and t be the roots of the equation
8x> +1001x + 2008 =0 and if
99k =(r +s)° +(s+1t)° +(t +r)°, the value of [A]is

(where [ -] denotes the greatest integer function)



Theory of Equations Exercise 5 :
Matching Type Questions

This section contains 4 questions. Questions 78 and 80 have three statements (A, B and C) given in Column I and
four statements (p, q, r and s) in Column II and questions 77 and 79 have three statements (A, B and C) given in
Column I and five statements (p, q, r, s and t) in Column II. Any given statement in Column I can have correct
matching with one or more statement(s) given in Column II.

77. Column I contains rational algebraic expressions and
Column II contains possible integers which lie in their
range. Match the entries of Column I with one or more
entries of the elements of Column II.

Column I Column I
2
-2x+ 4
(A) X oart X E€R _
P+ d (p) 2
g |y Al g .
(B) Wrdx+2] (@)
C = )(2—37)(4.4 XER 2
(© — 0
(s) 3
® 8
78.
Column I Column IT
(A) | If a, b, ¢, d are four non-zero real (P)|la+b+c=0
numbers such that
(d+a-b>+(d+b-cP=0and
the roots of the equation
alb—ox* + b(c— a)x + c(a-b)=0
are real and equal, then
(B) | If the equation ax® + bx + ¢ =0 (Q)| a, b, care in AP
and x® = 3x* + 3x —1=0have a
common real root, then
(C) | Let a, b, cbe positive real numbers | (r) | a, b, care in GP

such that the expression

bx*+ @@+ o)+ 4bH)x + (a+ ©)

is non-negative, Vx € R, then

()

a, b, ¢ are in HP

79. Column I contains rational algebraic expressions and
Column II contains possible integers of a.

80.

Column I

Column II

(A)

_ax2+3x—4

—3x_4x2+a,xeRandyeR

(p) 0

(B)

2

+x-2
:axixz,xeRandyeR
a+x—2x

(@

©

2
+ 2x +
y:#,xeRand yER
x“+4x + 3a

()

(s) 3

Column I

Column II

(A)

The equation x° — 6x* + 9x + A = 0 have
exactly one root is (1, 3), then |[A + 1]|is
(where [ - ]denotes the greatest integer
function)

® | 0

®)

2_ —_—
¥ oM2 ) vxeR then
X" +x+1

If-3<

[[A]]is (where [ - ]denotes the greatest
integer function)

(@ 1

©

If x>+ Ax+ 1=0and
(b-c)x* + (c— a)x + (a— b) = O have
both the roots common, then |[A —1]|,

(where [ - ]denotes the greatest integer
function)

(1) 2

) | 3




Theory of Equations Exercise 6 :

Statement | and Il Type Questions

= Directions (Q. Nos. 81 to 87) are Assertion-Reason
type questions. Each of these questions contains two
statements:

S

tatement-1 (Assertion) and Statement-2 (Reason)

Each of these questions also has four alternative
choices, only one of which is the correct answer. You

h

ave to select the correct choice as given below.

(a) Statement-1 is true, Statement-2 is true; Statement-2

is a 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) Statementl is true, Statement-2 is false
(d) Statement-1 is false, Statement-2 is true

81

82.

. Statement-1 If the equation (4p —3) x 2
+(4q —3)x +r =0is satisfied by x =a, x =band x = ¢

. 3
(where q, b, ¢ are distinct), then p =g = " andr =0.

Statement-2 If the quadratic equation
ax? + bx + ¢ = 0 has three distinct roots, then a, b and ¢
are must be zero.

Statement-1 The equation

x% +(@2m+1)x +(2n + 1) =0, where m, n € I, cannot have
any rational roots.

Statement-2 The quantity (2m + 1)% — 4(2n + 1), where
m, n € I, can never be perfect square.

83. Statement-1 In the equation ax® +3x +5 = 0,if one

root is reciprocal of the other, then ais equal to 5.

Statement-2 Product of the roots is 1.

84. Statement-1 If one rootof Ax > + Bx 2 + Cx + D=0,

A #0,is the arithmetic mean of the other two roots, then
the relation 2B > + k; ABC + k,A*D = 0holds good and
then (k, — k;)is a perfect square.

Statement-2 If g, b, c are in AP, then b is the arithmetic
mean of gandc.

85. Statement-1 If x, y, z be real variables satisfying

x +y+z=6and xy + yz + zx = 8 the range of variables
x, y and z are identical.

Statement-2 x +y +z =6and xy + yz + zx = 8 remains
same, if x, y, z interchange their positions.

86. Statement-1 ax > + bx + ¢ =0, where a, b, ¢ € R cannot

have 3 non-negative real roots.

Statement-2 Sum of roots is equal to zero.

87. Statement-1 The quadratic polynomial

y= ax? + bx + c(a#0anda b, c € R) is symmetric about
the line 2ax + b=0.

Statement-2 Parabola is symmetric about its axis of
symmetry.

Theory of Equations Exercise 7 :

Subjective Type Questions

= In this section, there are 24 subjective questions.

88. For what values of m, the equation

(1+m)x* —2(1+3m)x +(1+8m)=0has(me R)
(i) both roots are imaginary?
(ii) both roots are equal?
(iii) both roots are real and distinct?
(iv) both roots are positive?
(v) both roots are negative?
(vi) roots are opposite in sign?
(vii) roots are equal in magnitude but opposite in sign?

)

)
(viii) atleast one root is positive?
(ix) atleast one root is negative?
)

(x) roots are in the ratio 2:3?

89. For what values of m, then equation

2x% —2(2m+1)x + m(m+1)=0has(me R)
(i) both roots are smaller tha 2?

(ii) both roots are greater than 2?

(iii) both roots lie in the interval (2, 3)?

(iv) exactly one root lie in the interval (2, 3)?

(v) one root is smaller than 1 and the other root is
greater than 1?

(vi) one root is greater than 3 and the other root is
smaller than 2?

(vii) atleast one root lies in the interval (2, 3)?
(viii) atleast one root is greater than 2?
(ix) atleast one root is smaller than 2?

(x) roots o and B, such that both 2 and 3 lie between o
and [3?



90.

91.

92,

93.

94.

95.

96.

97.
98.

99.
100.

If r is the ratio of the roots of the equation
(r+1® b

r ac

ax? + bx + ¢ =0, show that

1
= —are equal
x+p x+q r

in magnitude but opposite in sign, show that p + g =2r
2

pi+q’
2

If the roots of the equation +

and that the product of the roots is equal to | —

If one root of the quadratic equation ax?® + bx + ¢ =0is
equal to the nth power of the other, then show that
1 1

(ac™)"™ +(a"c)"" +b=0.
If o, B are the roots of the equation ax 2t bx+c=0and
Y,  those of equation Ix% + mx + n =0, then find the
equation whose roots are ary + 36 and ad + fy.
Show that the roots of the equation

(@* —=be)x? +2(b* —ac)x+c* —ab=0
are equal, if either b=0or a®> +b% +¢3 =3abc =0,
If the equation x* — px + ¢ =0and x* — ax + b=0have
a common root and the other root of the second
equation is the reciprocal of the other root of the first,
then prove that (g — b)* = bq(p — a)*.
If the equation x® — 2px + g = 0 has two equal roots,
then the equation (1+y)x® —2(p +y)x +(g +y) =0
will have its roots real and distinct only, when y is
negative and p is not unity.

2
Solve the equation x log(x+3)" _ 1¢,

Solve the equation

x2—2x+1 _ x2—2x-1 — 101
(2++/3) +(2—-4/3) TYERN)

=8

2

Solve the equation x* +
x—1
Solve the equation

Jx ) +2(x+7) +(x + 1) - J(x+7) = 4.

101.

102.

103.
104.

105.

106.

107.

108.

109.

110.

111.

Find all values of a for which the inequation

2 2
4" +2(2a+1)2° +4a* —3>0is satisfied for any x .

x+4|—|x
Solve the inequation log , [+ 4l=x] > 0.
x“+2x-3 x—1
Solve the system | x* —2x|+y=1x% +|y|=1

If o, B, ¥ are the roots of the cubic x3- px z gx—r=0.

Find the equations whose roots are

(i) By+l,yoc +l,ocB+l
o B Y

(i) (B+y—a)(y+a-P).(a+p-vy)
Also, find the value of (B+y —a) (Y +a —B) (o + B — ).

IfA,A,,As,...,A,,a,a,,a5,...,4,,a b, c € R show
that the roots of the equation
A} Aj Aj Al
Loy 2 T
X—a X-—a, X-—as x-a,

=ab® + ¢®x + ac are real.

For what values of the parameter a the equation

x* +2ax® + x * + 2ax + 1=0has atleast two distinct
negative roots?

If [x]is the integral part of a real number x. Then solve
[2x]—[x +1]=2x.

Prove that for any value of a, the inequation (a* + 3)

x% +(a+2)x —6<0is true for atleast one negative x .

How many real solutions of the equation

6x* —77[x]+ 147 = 0, where [x]is the integral part of x ?
If o, P are the roots of the equation x2=2x—-a’+1=0
and v, d are the roots of the equation

x% =2(a+1)x +a(a—1)=0, such thato, B € (y, 8), find
the value of ‘a’.

If the equation x* + px > + gx? + rx + 5= 0has four

positive real roots, find the minimum value of pr.

Theory of Equations Exercise 8 :
Questions Asked in Previous 13 Years' Exam

= This section contains questions asked in IIT-JEE,
AIEEE, JEE Main & JEE Advanced from year 2005
to year 2017.

112.

If o, B are the roots of ax? + bx + ¢ =0and o + 3,

o? +B% o +PB* are in GP, where A = b* — 4ac, then
[IT-JEE 2005, 3M]

(@A#0  (B)bA=0 ()cb#0 (d)cA=0

113.

If Sis a set of P(x)is polynomial of degree <2 such that
P(0)=0, P(1)=1, P/(x)>0,¥x€(0,1), then [IT-JEE 2005, 3M]
(a)s=0

(b)S=ax+ (1 —a) x* V a €(0, =)

()S=ax+(1—-a)x’ ,VaeR
(d)S=ax+(1—-a)x*Vaec(0,2)



114.

115.

116.

117.

118.

119.

120.

121.

If the roots of x® — bx + ¢ = 0 are two consecutive
integers, then b? — 4cis
(a)1
(c)3

If the equation a, x" +a,_; x" ' +...+a, x=0,a, 0,

[AIEEE 2005, 3M]
(b) 2
(d)4

n > 2, has a positive root x = o, then the equation

2

na, x" ' +(m-1)a,_; x""* +...+a; =0has a positive

root, which is [AIEEE 2005, 3M]
(a) greater than or equal to o

(b) equal to o

(c) greater than o

(d) smaller than o
If both the roots of the quadratic equation
x? —2kx +k* +k—-5=0

are less than 5, k lies in the interval
(@) (===, 4) (b) [4,5]
(c)5.6) (d) (6, =)
Let a and b be the roots of equation x> —10cx — 11d =0
and those of x2 — 10ax — 11b =0 are ¢ and d, the value of
a+b+c+d whena#b#c#d,is IIT-JEE 2006, 6M]

[AIEEE 2005, 3M]

Let g, b, ¢ be the sides of a triangle. No two of them are

equal and A € R. If the roots of the equation

x% +2(a+b+c)x+3A(ab+bc+ca)=0are real, then
[IT-JEE 2006, 3M]

4 5
(a)>~<§ (b)x<g

15 45
ore(33) @re(33)
All the values of m for which both roots of the equation
x * —2mx + m* —1=0are greater than — 2but less than
4, lie in the interval [AIEEE 2006, 3M]
(a)—-2<m<0
(c)—1<m<3

(bym>3
d1<m<4

If the roots of the quadratic equation x* + px + g =0 are

tan30° and tan 15°, respectively, the value of 2+ g — p is
(a) 2 ()3 [AIEEE 2006, 3M]
(c)0 (d)1

Let o, B be the roots of the equation x* — px +r =0and

%, 2P be the roots of the equation x* — gx + r =0. The

value of r is [IT-JEE 2007, 3M]

(a) §<p —q)2q-p) ) g @-p)@p-9)

(©) g G-20Cq-p) @ §<2p— 9)2q - p)

122.

123.

124.

125.

126.

127.

128.

If the difference between the roots of the equation
x2 +ax +1=0is less than ~/5, the set of possible values

of a is [AIEEE 2007, 3M]
@ (=3,3) (b) (=3, =)
(©) B, =) (d) (==, =3)

Let a, b, ¢, p, q be real numbers. Suppose o, f3 are roots of

1
the equation x® +2px + g = 0 and o, — are the roots of

the equation ax 2 4 2bx + ¢ =0, where B* & {-1,0,1}.
Statement-1 (p* — q)(b* —ac) >0and

Statement-2 b# paorc #qa [IT-JEE 2008, 3M]

(a) Statement-1 is true, Statement-2, is true; Statement-2 is a
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

The quadratic equation x* — 6x + a =0and

x? = ¢x + 6 =0have one root in common. The other

roots of the first and second equations are integers in
the ratio 4 : 3. The common root is [AIEEE 2008, 3M]
(a) 4 (b) 3 (©) 2 (d) 1

How many real solutions does the equation

x” +14x° +16x° +30x — 560 = 0 have? [AIEEE 2008, 3M]
(a) 1 (b)3 (©)5 (d)7

Suppose the cubic x* — px + g = 0 has three distinct real

roots, where p > 0and g < 0. Which one of the following
holds? [AIEEE 2008, 3M]

(a) The cubic has minima at (— \/g J and maxima at \/%
(b) The cubic has minima at both \/% and (— \/gj

(c) The cubic has maxima at both \/g and (— é)j

(d) The cubic has minima at \/g and maxima at (— \/fj

The smallest value of k , for which both roots of the
equation x* —8kx +16(k* — k + 1) = 0 are real, distinct

[IT-JEE 2009, 4M]
(do

and have value at least 4 , is
(a) 6 (b) 4 ()2
If the roots of the equation bx* + cx + a=0be
imaginary, then for all real values of x, the expression
3b%x? +6bex +2¢?, is [AIEEE 2009, 4M]

(a) less than (— 4ab) (b) greater than 4ab
(c) less than 4ab (d) greater than (- 4ab)



129.

130.

131.

132.

133.

134.

135.

136.

Let p and ¢ be real numbers such that p 20, p° # — q. If
o. and P} are non-zero complex numbers satisfying
a+B=-panda’ +B* = q, a quadratic equation

. (04 . .
having — and E as its roots, is
o

@ (p*+q) x* = (p* +29) x + (p* + q) =0
b) (p* +q) x* = (p* =2q9) x+ (p’ + q) =0
© (P> —q)x*-6p° —2q) x + (p* —q) =0
@ P’ —q)x* -Gp*+29) x+ (p° —q) =0

[IT-JEE 2010, 3M]

Consider the polynomial f(x)=1+2x +3x > +4x°. Let

s be the sum of all distinct real roots of f(x)and let
t =|s|, real number s lies in the interval [IIT-JEE 2010, 3M]

1 3 3 01 1
(a)(—Z,Oj (b)(—ll,z) (C)(_Z’_Ej (d)(O,Z)

Let 0. and P be the roots of x* — 6x —2 =0, with o > p. If
-2
a, =" —p" for n > 1, the value of 210~ 298 ;¢
2a,
[IT-JEE 2011, 3 and JEE Main 2015,4M]
(a)1 (b) 2 (c)3 (d) 4

A value of b for which the equations
xP4bx—1=0 x*+x+b=0
have one root in common, is [IT-JEE 2011, 3M]
(a) -2 (b)—i3,i=+-1
(c)i"f5,i=~-1 (d) 2

The number of distinct real roots of
4 3 2 .
x —4x° +12x° +x—-1=01s [NT-JEE 2011, 4M]

Let fora#a, #0, f(x)=ax® +bx +c,
g(x)=a;x 2+b1x + ¢y and p(x) = f(x)— g(x). If p(x)=0

only for x =(—1) and p (- 2) =2, the value of p(2)1is
[AIEEE 2011, 4M]

(a) 18 (b) 3 ()9 d) 6

Sachin and Rahul attempted to solve a quadratic
equation. Sachin made a mistake in writing down the
constant term and ended up in roots (4, 3). Rahul made a
mistake in writing down coefficient of x to get roots
(3,2). The correct roots of equation are  [AIEEE 2011, 4M]
(@-4-3 (b)61 (c) 4,3 (d)-6,—1

Let a(a) and B(a) be the roots of the equation

Gla+a)-Dx* +(J1+a) —Dx+(/1+a)-1)=0,

where a > —1, then lim+ af(a) and lim+ B(a), are

a—0 a—0
5
——land1
(a)( 2jan

(c) (—%) and 2

[IT-JEE 2012, 3M]
(b) (—%) and (1)

() (-g) and 3

137.

138.

139.

140.

141.

142.

143.

The equation e *"* — e~ ¥ — 4 =(has [AIEEE 2012, 4M]

(a) exactly one real root

(b) exactly four real roots

(c) infinite number of real roots
(d) no real roots

If the equations x* +2x +3=0and ax® + bx + ¢ =0,

a, b, c € Rhave a common root, thena: b:cis
[JEE Main 2013, 4M]

(a)3:2:1 (b)1:3:2 (¢)3:1:2 (d)1:2:3

If a € Rand the equation
—3(x = [x])? +2(x = [x]) + a®* =0 (where [ -] denotes

the greatest integer function) has no integral solution,

then all possible values of a lie in the interval
[JEE Main 2014, 4M]

(@) (=2, -1)

(b) (=e°, =2) L(2, )
(©)(=1,0)(0,1)
(d) (1.2)

Let o, B be the roots of the equation px® + gx +r =0,
p¢0.pr,q,rareinAPandé+l=4,thevalue of

low =B, is [JEE Main 2014, 4M]
(a) g (b) @

() @ (d) @

Letae Rand let f : R— Rbe given by
f(x)= x° =5x + a Then,

(a) f(x) has three real roots, ifa > 4
(b) f(x) has only one real root, ifa > 4

(c) f(x) has three real roots, ifa < -4
(d) f(x) has three real roots, if -4 <a < 4

[JEE Advanced 2014, 3M]

The quadratic equation p (x) = 0 with real coefficients
has purely imaginary roots. Then, p (p(x)) =0has

[JEE Advanced 2014, 3M]
(a) only purely imaginary roots
(b) all real roots
(c) two real and two purely imaginary roots
(d) neither real nor purely imaginary roots

Let S be the set of all non-zero real numbers o such that

the quadratic equation o.x® — x + 0. = 0 has two distinct

real roots x; and x, satisfying the inequality

|x; —x,]<1.

Which of the following intervals is (are) a subset(s) of S ?
[JEE Advanced 2015, 4M]

o4 el
oint] el



144. The sum of all real values of x satisfying the equation (a) 2 (sec B — tan 6) (b)2sec 6
(c)—2tan O do

2 2iax—-60 .
(x* =5x+5)" "% =1is [JEE Main 2016, 4M]

146. If for a positive integer n, the quadratic equation
(a) 6 (b)5 ()3 (d)—4

x(x+1)+(x+1)(x+2)... +(x+n—-1)(x +n)=10n has
two consecutive integral solutions, then n is equal to

145. Let - g <0<- %.Suppose o ; and B, are the roots of

equation x° —2x sec® + 1=0and o, and B, are the roots [JEE Main 2017, 4M]
of the equation x* +2x tan® —1=0.Ifo; > B, and (a) 11 (b) 12
o, >PB,,thena, +B, equals  [JEE Advanced 2016, 3M] (c) 9 (d) 10

Answers

89. (i) m e[—oo, oo] (iii) m € ¢
. (7—\@ 11—%] (7+J§ 11+ﬁj
(iv)ym € U

7—@) 3 [7+m
3 (i)ym e 7

El b

2 2 2 2
V) me(0,3) wiyme| 1= f 7+Fj
(Vii)me[7 Fll— )[7+F11+Fj
(viii)me[ f’7+f (
(ix)me(—oo7 FJ [ E7+Fj

2 2

[11—F 7+fj

(X)me s

2 2

93. a’I’x* — ablmx + (b* — 2ac)ln + (m* = 2In)ac = 0

Chapter Exercises 97. x €0
1.(b 2.(b 3.(b 4. (c 5.(a 6. (a
7.Ec)) 8. Eb; 9. Ec; 10.((21) 11. Eb; 12. Ec; 98. ;=14 I+ logy, 510, =1~ 1+ log,, 510
13.(b) 14. (b) 15. (b) 16.(c) 17.(b) 18.(b) 99, x;=2,x,=—1++3andx;=—1-+/3
19.(c) 20.(d) 21.(b) 22.(a)  23.(c) 24.(b) 100, . =2
25.(a) 26.(2) 27.(b) 28.(c) 29.(a) 30.(c) gz A
3(ab) 32(bc) 33(ad) 34(abod) 35 (b,d)36. (abed) 101 e (oo, —1) U(, m)
37.(a, b,c,d) 38.(a,c) 39.(a,b) 40.(ab,c,d) 41. (a,c) 42. (b,c) 2
43.(c,d) 44.(acd) 4d5.(ac.d) 102. x e (-1-+/5,-3) U5 -1,5)
46.(d)  47.(b) 48. (d) 49.(d) 50.(d) 51. (¢)
52.(b)  53.(b) 54.(c) 55.(b)  56.(d) 57.(a) 103. The pairs (0, 1), (1, 0), (1 -5 , 1= \/g) are solutions of the
58.(c) 59.(a) 60.(b) 6l.(c) 62.(b) 63.(c) 2 2
64.(d)  65.(a) 66.(b)  67.(4) 68.(4) 69.(9) original system of equations.
70.(6) 71.(3)  T2.(4) 732 74.(5) 75.(3) 104, ()1’ —g(r+ D) + pr+ Dey— (r+ 1Y =0

76.(7)  77.(A) = (r3), (B) = (p.q.1,8,0), (C) = (p.q,0)

. 3 2 3\ _
78 () > (05,9, (B) -3 (o), (C) = (0 (i) ' = py* + (4g - p*) y+ (87— 4pg + p’) = 0and

3
79. () = (@0, (B) = (@), (©) = (p.q) ; pg-p -8
80.(A) — (p,q,1.8), (B) = (p,q), (C) = (s)  81.(d) 82. (a) 106. a € (Z’ ooj 107. x; =—-1,x, =—1/2 109. Four
83.(2) 84.(a) 85.(a) 86.(d) 87.(a) 1
. ) 110.a€(—7,1j 111.80  112.(d) 113.(d) 114.(a)
88. (i)m e (0,3)(ii)m=0,3 4
(i) m € (oo, ) UBuoo)  (iv) m & (oo, — 1) U[3, ) 115.(d) 116.(a)  117.1210 118.(a) 119.(c) 120. (b)
“)m e ) m el -1/8) 121.(d) 122.(a) 123.(b) 124.(c) 125.(a) 126.(d)
) ; 127.(c) 128.(d) 129.(b) 130.(c) 131.(c) 132.(b)
(vii) m = ~1/3 (Vi) m € (w0, =D U (=1, =1/8) U[3, ) 1332) 134.(a) 135.(b) 136.(b) 137.(d) 138.(d)

. 81+ /6625 139.(c) 140.(b)  14L.(bd) 142.(d) 143.(a, d)
(me L -1/8)  (x)m=—727 144.(c) 145.(c)  146. (a)



Solutions

1. We have,

2(a-b)x*-11(a +b +¢) x =3 (a —-b) =0
O D={-11(a+b +c)}* —42(a =b) U-3)(a -b)
=121(a + b +c¢)* +24(a —b)* >0

Therefore, the roots are real and unequal.

. Here, a<0
Cut-off Y-axis, x =0
ad y=c<0 [from graph]
g c<0
x -coordinate of vertex > 0
0 L
2a
0 by
a
But a<o0
t b>0
and y-coordinate of vertex < 0
O “PDon Py
4a 4a
a D<o [a<0]
ie. b® - 4ac <0
a £>O [ve<0,a<0]
a
+
. Sum of the roots = — (@+3) =I" [let]
a
O 03 H (i)
a= (1
O 1 +10
a-—-3 + ..
Product of the roots =aff = =17 +2 ..(id)
a
and D=(a+3)% —4a(a +3)
9 + 2 .
=——{(I" -2)" —12 from Eq. (i
) {( ) bl q- (i)]

D must be perfect square, then I" =6
From Eq. (ii),
Product of the roots = I

+

+2=6+2 =8

. Leta be one root of
x? =3ax + f(a) =0

0 a+ @@= 3a 0 30 =3a

g a= a ..(i)
and o2a = f(a)

0 f(a) =20°= 24* [using Eq. (i)]

d flx) =2x°

X%, =4 ..(1)

and B S Rt
x -1 x,-1
O 2xx, —x, —x, =2 (xx, —x; —x, +1)
O 8—x —x, =2(4 —x; —x, +1) [from Eq. (i)]
or X+t x, =2 ...(ii)

From Egs. (i) and (ii), required equation is
x? —(x, + x;) x + x5, =0

or x*—2x+4=0

. Let f(x)=x* —2ax +a* -1

Now, four cases arise:

Case1 D20
7'2-I a : B ; X
0 (-2a)* -40@@® -1) 20
a 420
O a R
CaseII f(=2) >0
0 4+4a+a’-1>0
0 a’+4a+3>0
O (@a+1)(a+3)>0
g alif o~ 300~ & )
Caselll f(2) >0
0 4-da+a*>-1>0
0 a*—4a+3>0
O (@a=1)(a—-3)>0
O alfow, 10 & )
Case IV — 2 < x-coordinate of vertex <2
a - & 2K 2
0 all 1,1)
Combining all cases, we get a [ 1,1)
Hence, [a]=-1,0
O-4q 0
. We have, — BWH_ -2
g a=2
O y =-2x* —8x +A ..()
Since, Eq. (i) passes through points (- 2, 7)
0 7=-2(-2)* =8(-2) +A
0 7=-8+16 + A
O A=-1

. Since, the coefficient of n* = (4p — p® —5) <0

Therefore, the graph is open downward.
According to the question, 1 must lie between the roots.



10.

11.

12.

Hence, f(y>o0
O 4p - p*—=5-2p +1 +3p >0
0 - p¥ 5p 2 0
0 P =5p+4<0
O (P-4 (p-1)<0
g 1<p<4
] p=23

Hence, number of integral values of p is 2.

. We have, 3sz —ZBXZ+X+6 +32(%0) =

2

0 (3)( _3x+6)2:0
0 37 3% 6 =
O 3 23576 0 xlzx+6
g ¥ -x-6=0
g (x=3)(x+2) =0
0 x={-23}
Given, b* — 4ac = p* - 4aq ..(i)
and f(x) = g(x)
g ax® + bx +c =ax’ + px +q
g b-p)x=q-c
_9-¢_ . ..
a x=2—=aqa [given] ...(ii)
b-p

From Eq. (i), we get

(b+p)(b - p) +4dalg —c) =0
O (b+ p)(b=-p)+4aa (b —p) =0
_(b+p)

[from Eq. (ii)]
[ob#p]

BB

[$um of the roots of (f(x) =0) O
_ H— Sum of the roots of (g(x) = O)H

4
=AM of the roots of f(x) =0
and g(x)=0
Let o and B be the roots of ax® + bx + ¢ =0.
+
O xlzcx B=—£
2 2a
2oif
2
and Xy = 2 _"a_. %
a+p _b
a

[ The required equation is
2 % b Q Q_ ZCQEI 2bc
x?P—ar 2 e+ 2 =
2a b E 2ab
ie. 2abx? + (b* + 4ac) x +2bc =0
Leta,, 0 ,and o 4 be the roots of f(x) = 0, such that

a, <o, <o,
and g(x) can take all values from [— 6, o).

13.

14.

gx)=(x+1)? -6 2-6

0 o ,<-70,<-80,<
O a+b+c=719
[OMinimum value of a + b + ¢ is 719.
: o, +0,+a, =-a
a - &—- 24
a az=24

Ao, +0,0, +0 ¢, =b
a b =191
and o0,0,=-c
a - &- 504
a c 2504
0 a+b+c=719

Hence, minimum value of a + b + cis 719.

i(x+k—1)(x +k) =10n

k=1

O Z x% + x(2k —=1) +(k 1)k =10n
k=1

O nxl+x(1+3+5+...+@n 1))

+(0+12+23 +3@ +...Hn —1)n) =10n

0 nx? +x[~t123(1 +2n -1)

-9

+ E}i(n + 1)6(2n +1) nn+ 1)@= .

2 _
a nx2+n2x+w=10n
2 (n2_3l)
O x +nx+f20
D
a+1)-a :g
1=+/D
O D=1
2 _
0 -3 o
3
0 3n® — 4n® +124 =3
0 n* =121
O n=11

Since, 2 is only even prime.
Therefore, we have
2+ A2+12=0

0 A= 8
0 X2+ A+ U =0
a X2+ 8x+U=0
But Eq. (i) has equal roots.

O D=0
0 82—40u=0
g n= 16

2

[dividing by n]

()



15. Wehave, /x +x—J1 —x) =1
0 A x =41 —x =1 —\/;

On squaring both sides, we get
x—41—-x=1+x -2+/x
O -J1-x =1-2Vx

Again, squaring on both sides, we get

1-x=1+4x —4Jx

4/x =5x

g x = g [on squaring both sides]
O x = 16
25

Hence, the number of real solutions is 1.

16. Letx:\/7 + 47 =47 +47 —...0
X =47 +7 —x [on squaring both sides]

xX*=7=J7-x

(x*2=7)?%=7-x [again, squaring on both sides]
x* —14x’+ x +42 =0
(x =3) (x* +3x* —=5x —14) =0
(x=3)(x +2)(x* +x =7) =0

—1+4/29
2
x=3 [ x >+/7]

17. Lety =2 (k — x) (x ++/(x* +k?)

O y-2(k-x)x=2k —x)(x* +k?)

On squaring both sides, we get

O y*+4(k-x)°"x" —4xy (k —x)=4(k - x)* (x* +k?)
a y? —4xy (k —x) =4 (k —x)*k?

O 4(k*-y) x* —4@k> —ky) x —y* +4k* =0

X =3 -2,

O o ooooo O

Since, x is real.
0O D=0

0 16@k> -ky)? —4@(K* -y) (4k* —y?) 20
[using, b? - 4ac > 0]
O 4k® + k%% —ak'y —(=k%? +4k® +y° —4yk*) 20

a 2k*y* —y? =0
O y:(y —2k*) <0
O y <2k
2
-2x +
18. We have, 1<XZ#X4<3,EIXD R
3 x“+2x+4

1 x*+2x+4
i R —

3 <30« R
3 x“-2x+4

19.

20.

21.

22.

IB**+6B3  +4 (3" "2 +2B3" " +4

Let y = =
93%** —6B3* +4 (TN -23 "1 +4
t+2t+4
= ———— wheret =3"""
-2t +4

0 (y-1)t=2(y +1)t +4(y -1) =0
By the given condition, for every t [IR,

1

Z<y<3

3 y
But t=3""1>0
We have, product of the roots = 4 > 0, which is true.

+
And sum of the roots = M >0
-1
+
0 Y*rls,
y—1

o yOfteo - 10 (® )
From Egs. (i) and (ii), we get

1<y <3

Since a, 3 and Y are the roots of
(x—a)(x —b)(x —c) =d

O (x=a)(x=b)(x —c) =d =(x —a)(x B)(x -y)
O (x=a)(x=B)(x —y) +d =(x —a) (x =b) (x —¢)
0 a, b and c are the roots of

(x —0) (x =B) (x ~y) +d =0
Since, all the coefficients of given equation are not real.
Therefore, other root #3 + i.
Let other root be Q.

b

Then, sum of the roots =2(17_l)
i
v

0 a+3-i=20rD)
i

g a+ 3 ¥ 2 2

O a=- t i

We have, [[x] —2x| =4

O Al =2([x] +{xl =4

u |[x]+2{x}[ =4

which is possible only when

2{x}=0,1

If {x} = 0, then [x] = + 4 and then x = — 4, 4 and if {x} = %

then
[x]+1=+4
[x]=3,-5
1 1
0 x=3+—-and -5+ —
2 2
7 9 97
O x=—,-——-0 x=-4--,-,4
2 2 2 2

We know that, x2 + x + 1is a factor of ax’® + bx? + cx +d.

Hence, roots of x* + x + 1 =0 are also roots of
ax® + bx? + cx +d =0. Since, W and W?

()

...(i)



23.

24.

25.

1 3i
@Vhere w= —5 +E§are two complex roots of x*+ x +1 =0.

Therefore, wand W’ are two complex roots of
ax® + bx* +cex +d =0.

We know that, a cubic equation has atleast one real root. Let
real root be a. Then,
d

am@?=-2 0a=-

a a
We have, \/(sz -8x +3) —\/(sz -9x +4)

:\/(sz -2x) —\/(sz -3x +1)
0 J6x-3)(x —1) —/6x —4)(x —1)
= 2x(x —1) - Jex -1) (x -1)
g \/x -1 (\/Sx -3 —\/Sx —4)=\/x -1 (\/g —42x —1)

0 x—1=0
0 x=1
We have, (@+~b)(a—+b)=a* -b =1 [given]
0 (a+\/g)x2 -15 +(a _\/E)x2 -15 =%
O PR Gk T —
(a+\/g)x -15
Let y:(a+\/5)x2—15
a y+l:2a O y*-2ay +1=0
y

2a * +/4a* - 4
a y:%:aiﬂaz—l
O y=a+b=(a+b)*! [-a®-b=1]
0O (a+\/g)x2—15:(a+\/g)il
0 xt-15=%1
O x*=15+1 0 x*=1614

x=*4 ++14

We have, i —xy +yP =a(x +y —4)
a x' = x(y +4) +y* -4y +16 =0

x OR

O (-(y+4)* -400* -4y +16) 20

[using, b* —4ac 20]

O y? +8y +16 —4y® +16y —64 20
O 3y? —24y +48 <0
0 y? -8y +16<0 O (y-4)*<0
O (y-—4)*=0
0 y=4

Then, xi—4x +16 =4(x +4 —4)
x* =8x+16 =0
(x-4)*=0
x=4
Number of pairs is 1 i.e., (4, 4).

26.

27.

28.

Since, 3789108 is an even integer. Therefore, x* - y4 is also an

even integer. So, either both x and y are even integers or both
of them are odd integers.

xt =yt =(x —y) (x +y) (F +yP)

U x-y,x+y, X2+ y2 must be even integers.

Now,

Therefore, (x — y) (x + y) (x* + y*) must be divisible by 8. But

3789108 is not divisible by 8. Hence, the given equation has no
solution.

[0 Number of solutions = 0

We have, x¥+ax+1=0
or xt +axt+x=0 ..(Q)
and xt+axt+1=0 ...(ii)

From Egs. (i) and (ii), we get

x—1=0
a x =1
which is a common root.
O 1+a+1=0
a a=-2
(1 —a?) x* +2ax -1 =0
0 0
e Za2
[t —a°0
Let flx)=x*+ [
n X
0 aN_ 7B
The following cases arise:
Casel D=0
092 O 0-1 0
O——0 -40WM——-0=20
1 -a°0O 1 -a°0O
2
0 A S
(1-a’)? (-a%
g 4a® + 4 - 4a°
(1-a%?
O —— 20 [always true]
(1-a’) Y
Casell f(0) >0
O _712>0 O ! <0
1-a%) 1-a
0 1-a*<0
0 allfo - 1)1 (& )

CaselIll f(1) >0
2a 1

0 1+ ——=-———>0
1-a* @-a%



1-a*+2a -1
1 -d*) 1-a

0 a(a—2) S
(@a+1)(a-1)
o alfoe - 10 (0,0 o )
Case IV 0 < x-coordinate of vertex <1
O 0<- 2a2<1 0 o< <1
2(1-a") a” -1
O 0< a and1-—2—>0
(a+1)(@-1) a® -1
O #)0
(a+1)(@a-1)
+ y
_ J4 0\_/1
U alll 1,03 ® )
0 1+4500 - 50
b - IDDI—I JgD
O 2 00 2 0O
and >
(@a+1)(a-1)

and a [} o ~ 1)J M, IED M, OOB
O 2 o o 2 ad
o aDéL M

Combining all cases, we get
a>2

-J1—]x] <0 (1)

which is defined only when

29. We have,

1-|x|20
ad [x] <1
a x OF 1,1]

Now, from Eq. (i), we get
x < m
Casellf x=0,ie,0<x<1
A =[x[) <0

a x <, -x)

On squaring both sides, we get
x4+ x-1<0
-1- -1+
. 1-45 _ _-1+45
2 2

But x=20

30.

31.

32.

—1+\fD

O x D@ [I
CasellIf x <0,ie,-1<x <0
x—4/1+x) <0
O x<s1+x [always true]
x OF 1,0)
Combining both cases, we get
x DD -1t ID
0 2 I]
We have, (a2b —2c[@)(2cd — b @b) =(ba —ca)®
O 2a (b —c)2(c* —b*) =a(b —c)*
0 4a(c-b)(c +b) =d*(b —¢) [+bZc]
O 4a(c+b)=-d°
g a+4b+4c=0
0<a<b<ca+f :Q~é§and(x[3=£
a a
For non-real complex roots,
b* — 4ac <0
0 bk,
a*> a
O @+pB)* —4aB <0
@-p)y’<o
. 0<a<b<c
0 Roots are conjugate, then o | = |B|
But ap =£
a
|oB| =|— E'a<c,D% IE
O laf |B]>1
0 la*>1 or |a|>1
Given equation is
Ax* |G| x -H =0 )
O Discriminant =(—|G|)* —4A (- H)
=G’ + 4AH
=G® + 4G* [ G* = AH]
=5G* >0
0 Roots of Eq. (i) are real and distinct.
c A=t o o=Vap >0 =22 5
a+b

[ @ and b are two unequal positive integers]
Let a and 3 be the roots of Eq. (i). Then,

(€
a+pB=2>
B A
and O(B:—E<O
A
and G—B—QZG—\E>O



33.

34.

35.

G| + G5
a:u>0

O
2A

nd p=lCl=G¥5
2A

Exactly one positive root and atleast one root which is
negative fraction.

It is clear from graph that the equation y = ax® + bx +¢ =0
has two real and distinct roots. Therefore,

b® — 4ac >0 ()
-+ Parabola open downwards.
g a<o0

andy = ax® + bx + c cuts-off Y-axis at, x = 0.

g y=c¢<0
g c<0
and x-coordinate of vertex > 0
. Paen b
2a a
ad b>0 [va<0]
It is clear that a and b are of opposite signs.
Lety =ax® + bx +c
a>0
—2 2
LB
Consider the following cases:
Casel D >0
g b* = 4ac >0
Casell af(—2) <0
a a(4a —2b +c¢) <0
g 4a —2b +¢ <0
Caselll af(2) > 0
a a(4a +2b +¢) >0
g da+2b+c>0
Combining Case Il and Case III, we get
4a +2|b| + ¢ <0
Also, at x =0, y<0 0O ¢<o0
Also, since for =2 < x <2,
y <0
g ax® + bx +¢ <0
For x =1, at+tb+c<0 (1)
and for x = -1, a-b+c¢<0 ..(ii)
Combining Egs. (i) and (ii), we get
a+|b+c<0
Put x* = Y.
Then, the given equation can be written as
f)=ay® +by +c =0 (1)

36.

37.

The given equation will have four real roots, i.e. Eq. (i) has two
non-negative roots.

Then, —EZO

a

af(0)=0

and b* = 4ac 20 [given]
a BSO

a

ac=20
O a>0,b<0,¢c>0
or a<0,b>0c¢<0

a
Let the roots be —, a andar, wherea > 0,r >1
r

[0 Product of the roots =1

0 Samr=1
r
a a® =1
O a=1 [one root is 1]

1
Now, roots are —, 1 andr. Then,
r

1
—+1+r=-b
’

1

D Z4+r= _b -1 (l)
r
1
r+—>2
r
0 - b » 2
- bh<-3 [from Eq. (i)]
or b Of o - 3)
Also, llj+1|__z}+rE]F=c
r r
- 1, r+1=c=-b [from Eq. (i)]
-
0 b+c=0

1
Now, first root == <1
r

[ one root is smaller than one]

Second root =1
Third root =r >1
We have,

[ one root is greater than one]

flx)=ax® +bx +c

a,b,c UR [ a#0]
. 1

On putting x =0, 1, 5 we get

le] <1
a+b+c| <1
|

1 1
and ‘fa+5b+c <1

4
O - ¥ g 1,
-1<a+b+c<1

and —4<a+2b+4c <4
O - £ 44 4k 4£ 4
and —4<-qg-2b —-4c <4



On adding, we get

Also,

O
g

We get,

g
a

38. -

39.

40.

or

But

O

—-8<3a+2b<8
—-8<a+2b<8
- 1& 2& 16
la| <8
-1<-¢<1,-8<-a <8
—-16<2b <16
b <8

lal +1b] +[c| <17

_ =5+ 425+1200 _ -5%35 _30 —40

50 50 50" 50
3 -4
cosa = —, —
5 5
-1<x<0

4
cosa = — 5 [lies in IT and III quadrants]

3

sin0 = 5 [lies in IT quadrant]

. 3 Lo
sina = — 5 [lies in IIT quadrant]

sin 20 = 2[0$ina [tosa = — s

25
[lies in IT quadrant]

24

sin 20 = 2[$in0 [kosa = e [lies in IIT quadrant]

ca+2b+4c =0

O a%g+b%§+c=0

. 1
It is clear that one root is E
1
Let other root be a. Then, o + E ==

g o=-

which depends upon a and b.
-+ Cut-off Y-axis, put x = 0, i.e. f(0)=c

b
Option (a)a <0,¢ <0, —— <0

2a
or a<0,¢<0,b<0
0 abc <0
. b
Option (b) a<0,¢>0,—— >0
2a
or a<0,¢>0,b>0
a abc <0

b
Option(c)a>0,c>0,—2— >0
a

or

O

a>0,c>0,b<0
abc <0

41.

42.

43.

44.

Option (d)a <0, ¢ <0, b <0

2a
or a<0,c<0,b<0
0 abc <0
Here, D0
and f(x)=20,0x0 R
0 fB)=0
O 9a +3b+6 20
or 3a+b=-2
(0 Minimum value of 3a + b is — 2.
and fe)=0
O 36a +6b +6 20
0 6a+b=-1

0 Minimum value of 6a + b is —1.

Since, f(x) = x® +3x* =9x + A =(x —a)%(x —B)

[& is a double root.
0 f'(x) = 0 has also one root Q.
ie. 3x% + 6x —9 =0 has one root 0.

O ¥ +2x-3=0 or (x+3)(x—-1)=0
has the root 0 which can either =3 or 1.
Ifa =1, then f(1) =0givesA—-5=0[A = 5.
Ifa = -3, then f(—3) =0 gives

=27 +27 +27 +\N =0

a A=- 27
Wehave, D= -c)* —4a(a —=b —c) >0
O b® + ¢* —2bc —4a® + 4ab +4ac >0

O ¢+ (4a —2b) c —4a® +4ab +b* >0,0d R

Since, ¢ LR, so we have

(4a —2b)* — 4 (- 4a® + 4ab +b?) <0

O 4a® - 4ab + b® + 4a* —4ab -b* <0

O a(a—-b)<o0
Ifa>0,thena—-b <0

ie. 0<ac<b

or b>a>0

Ifa< 0,thena—b>0

ie. 0>a>b

or b<a<o0

We have, x3 —ax? +bx -1 =0

Then, a®+B*+y?> =(a +B +y)’ -2 (P +By + ya)

=q%-2b
a’B? +B%y* + v o =(aB + By + yo)’
-20By (o +B +vy) =b* —2a
and a’Biy?=1

Therefore, the equation whose roots are 0 2 [32 and yz, is

x? —(@® —2b) x? +(b* —2a) x -1 =0
Since, Eqgs. (i) and (ii) are indentical, therefore
a®*-2b=a and b*-2a=b

...(i)



Eliminating b, we have

(a® - a)? —2a:a2_a
0 afa(@-1)°*-8-2(a—-1) =0
a a(@® -2a>—a -6) =0
a a(@=3)(a®+a+2)=0
g a=0ora=3or a°?+a+2=0
g b=0or b=3
or b*+b+2=0
O a=b=0
or a=b=3

or a and b are roots of x> + x +2 =0.

45, Here,D >0

©
\

<Q/
'@\
>

|
L\
R ) o

b* - 4ac >0
or b* > dac
and f0)<o
g c<0

f@)y<o

a a+b+c<o0
f=1)<o0

a a—-b+c<0
fl2y<o

a 4a +2b + ¢ <0
f(=2)<o0

a 4a —2b +¢ <0

From Egs. (i) and (ii), we get
c<0,b®—4ac >0
From Egs. (iii) and (iv), we get
a—|bl+c<0
and from Egs. (v) and (vi), we get
4a =2|b| +c <0
Solutions (Q. Nos. 46 to 48)
2
-3x +
Let - 2x2 3x +2
2x" +3x +2
g 2x%y + 3xy +2y =2x% —3x +2

O2@-1)x"+3(@y+1)x+2(y —-1) =0

As x IR

0 D20

0 9(y+1)>-4@(y -1)2(y —1) 20
O 9(y +1)* —16(y —1)* 20
O By +3)* —(4y —4)* 20
a 7y -1)(7-y)=20

ad (7y —1)(y —=7) <0

1
O —<y<7

7 y
0 G =7and L=1

7
0 GL =1
G0 4 7100 G0 4 100
Now, ———>GL)! 0 ————>1
2 2

0 GO0 4 [190 55

46. Least value of G' + ' is 2.

47. The quadratic equation having roots G and L, is
x2=(G+ L)x +GL =0

50
a x2—7x+120

0 7x% =50x +7 =0
48. We have, < A<G?

0 %gd\az

1
O — < A<49
49

O A= 1,23, ,48asA 0N

48 X 49

[0 Sum of all values of A =1+ 2 +3 +...+48=

Solutions (Q. Nos. 49 to 51)
Let roots be a,f3,y, &> 0.
g o +3 +y +d = 12
@ #B)(y +0) +ap +yd =
aB(y+9d) +yd(a+p =-d
apyod =81

_a+B+y+o_

AM 3

and GM =@ Byd)'* =@81)"* =3
0 AM =GM
O oa=p=y=56=3
49. c=(a +B)(y +d) +af +yd
=(3+3)(3 +3) +33 +33=36 +18 =54
50. caB(y+9d)+ yd(a+ P =-d
O d=-{33IB +3) +3B33 +3)}=-108
d (- 108)

51. Required root = - — = - =1
2c 2 X54

Solutions (Q. Nos. 52 to 54)
Given that, AC = 4\/5 units

= —£ = i
t AB—BC—\/5 4 units
and OB =+/(BC)* -(0OC)*

=@ - @2)?

= 2\/5 units

=1176



[0 Vertices are A = (—2\/5, 0),

B =(0, 2+/2)

C =(242,0)

Since, y = f(x) =ax® +bx +c passes through A, B and C, then

0=8a —22b +¢c -2v2 =¢

and

52.

and 0=8a +2+/2b +¢
1
We get, b =0,a =—~= andc = —2«/5
& 242
2

x

a = flx) === -242
y = f(x) )
2
53. Minimum value of y = —— —22isat x=0.
Y 2\/5
o mm - 2[
54. f(x)=
0 ——2\/5—0 O x=+242
242
Given, 22 < 3 Aoz
or — 42 <) <42
[O1Initial values of A are
=5, -4, -3 -2, -1,0,1,2,3,4,5.
UNumber of integral values is 11.
Solutions. (Q. Nos. 55 to 57)
We have, @-B)=@ +k)-B +k)
0 \/b2—4c :\/b12—4c1
1 1
g b? —4c =b? —4c, ..(i)
2 =
Given, least value of f(x) = — 1_ ("~ --1
4 4x1 4

O b? —4c =1
a b® —4c =1 =b7 —4c, [from Eq. (i)] ...(i1)

7
Also, given least value of g(x) occurs at x = 5

; b7
2x1 2
b =-7
55. b, =-
b? - 4c 1
56. Least value of g(x) = - 1—21=-= from Eq. (ii
gl =" 2= 0 [from Eq. i)}
7. g(x)=0
g x*+bx+c¢ =0
q x:—bli,/bf—4c1
2
71
= :3’4
2
0 Roots of g(x) = 0 are 3, 4.

Solutions (Q. Nos. 58 to 60)
Let f(x) = ax® = bx + ¢ has two distinct roots  and 8. Then,

J(x)=a(x-0)(x

—PB). Since, f(0) and f(1) are of same sign.

Therefore, c(@a—-b+c)>0
0 cla=—b+c)21
0 ad*af (1 —a)(1 -B) =1
But aQ —0()-l —% —ugsl
4 4
a2
0 adap (1 -a)1 —p) <—
16
2
O 510 a>4 [-a #B]
16
a a=5asa I
Also, b? —4ac 20
0 b* > 4ac =20
O b=5
Next, a=5b25 wegetc=>1
0 abc 225
O logsabc > logs25 =2
58. Least value of ais 5.
59. Least value of bis 5.
60. Least value of log, abc is 2.
Solutions. (Q. Nos. 61 to 63)
Leta,Bandy be the roots of 2x> + ax? + bx + 4 =0.
O a+fB+y= -2
2
b
af +By +ya :5 and ofy = -2
61. .- AM>GM
a
O 2 >3
3 @)
O az6@2)"? ()
or a’ =432
Hence, minimum value of a® is 432.
62. - AM>=GM
g COER)+HR)(y) +(=n(-a)
3
2{(-o) (=B) (=B (=V) (=Y (—a)}'”*
¥ b/2 > (4)3
3
0 b=6(4)"° ...(id)

or b> 2864
Hence, minimum value of b> is 864.
63. From Egs. (i) and (ii), we get

ab 26 (2)3m(4)!3



0 ab >36 x2
azibz ab 262 O aT”’zeﬁ
O a+b21242

or (a + b)® 2345642

Hence, minimum value of (a + b)? is 34564/2.

Solutions (Q. Nos. 64 to 66)

64. -

65.

66.

67.

ad a+B+y+0=- A ..(i)
(a +B)(y +0) +af3 +yd =B ...(ii)
aB(y+9d +yd(a+p=-C ...(iii)
and apyd =D ..(iv)
C _oB(y+9d) +yd(a+P
A a+B+y+0d
_k(y+d+k(a+Pp AR —us =
= GApry+d [-oB =yd =]
=k (V)

From Eq. (ii), we get
@ +B)(y +0) =B «aP +yd =B 2k  [-af =yd =k]

From Eq. (iv), we get
apyd =D
ad klk=D [-oB =yd =k]
C B ot
n [from Eq. (v)]
0 C*=A’D

The given equation is|x —2|* + |x —2| =2 =0.
There are two cases:
CasellIf x 22, then(x —2)* + x =2 =2 =0

g x* =3x=0
a x(x=3)=0
O x=03
Here, 0 is not possible.

O x=3

Casell If x <2, then
(x-2)"-x+2-2=0

g x* =5x+4=0
g (x—=1)(x—4) =0
O x=14
Here, 4 is not possible.

O x=1

OThe sum of roots =1 +3 =4

Aliter

Let|x —2| =y.

Then, we get yi+y-2=0

g y-Hy+2)=0 O y=1,-2
But — 2 is not possible.

Hence, [x-2/=10 x=13

[J Sum of the roots =1 +3 =4

68. We have,

(5 ++/2) x2 (4 +/5) x +8 +2+5 =0

+45
+42

8 +245
+2

[0The harmonic mean of the roots

[JSum of the roots = 4

and product of the roots =

_ 2xProduct of the roots _ 2 x(8 + 24/5) _

Sum of the roots (4 + \/g)

69. Let x* —ax +30 =y

g y=2\/y+715

O y? -4y =60 =0

O (y —10)(y +6) =0

O y =10, -6
O ¥y =10,y #-6
Now, x> —ax +30 =10

g xt—ax +20=0
Given, aB=A=20

0 P Jap =2
O o +PB =220
or U:4\/g

[0 Minimum value of |l is 44/5.

ie. H=45=89 O ¥ 9

70. .- N =

.
Hence, minimum value of — is 6.
D

71. a+b=2
ab =-5d
c+d=2a
cd = =5b...(iv)
From Egs. (i) and (iii), we get
atb+c+d =2(a +c)
O a+tc=b+d

()

[y >0]

()
...(ii)
.. (i)



72. -

73.

From Egs. (i) and (iii), we get
b—d=3(c —a)
Also, ais aroot of x%—2cx —5d =0
g a®—2ac-5d =0
And c is a root of
¢* —2ac -5b =0
From Eqgs. (vii) and (viii), we get
a*=c*-5(d -b) =0
(@atc)(a—c)+5(0b —d) =0
(@+c)(a—c)+15(c —a) =0
(@a=c)(a+c—15) =0
a+c=15a —c #0
From Eq. (v), we get b +d =15
g a+b+c+d =a+c+b +d =15 +15 =30
0O Sum of digitsof a+b +c+d =3+0=3

Oooo

:x2—3x+c
X2 +3x+c
O x%y-1)+3x(y +1) +c(y —1) =0
A x OR
| 9(y +1)* —4c(y —1)% 20
(2vey —24/c)? =3y +3)* <0
0 {@Ve +3)y —@Je =3)} Ve -3)y —@Je +3)} <0
o 2[—3Syszﬁ+3
2Jc +3 2Je -3
. 24c +3
But given, 2\/7_3 =7
0 2Je +3 =14/c -21
or 124c =24 or Jc =2
0 c=4
We have, \/? —\/(x -1)? +\/(x -2)* =5
0 Ix|=|x =1 +|x =2 =5

Casel If x <0, then
—x+(x -1) —(x =2) =5
x=1 —\/g
Casell If 0 < x <1, then
x+(x —1) =(x =2) =5
0 x :\/g —1, which is not possible.
Caselll If 1 < x <2, then
x—(x—1) =(x =2) =+/5
0 x=3- \/g which is not possible.
CaselIV If x > 2, then
x—(x—1) +(x =2) =5
g x=1+45

Hence, number of solutions is 2.

[from Eq. (vi)]

74. -

75.

76.

)
) =4/ +4i)

(1+i)x*+(1 —i)x —2i =0
0 xu@x_iz
(1+1) (1+1)
0 x2—ix —(1 +i) =0
oa+B= jLandB=- (* i
O G—B:\/(G+B)2—4GB:\/i2+4(l+i
ja =Bl =9 +16 =45
O la -B> =5
w4x?—16x+¢ =0
O x2—4x+£=0
4
Let f(x) =x* —4x +§

Then, the following cases arises:

B i
0no
WIT™~"777

a B
Casel D>0
0 16 —c >0
O c<16
Casell fa)>o
O l—4+£>0
4
O 53
4
O c>12
Case 111 f2)<o
O 4-8+5 <0
4
O <y
4
0 c<16
CaseIV fB)>o0
O 9-12+5>0
4
O 53
4
a c>12

Combining all cases, we get

12<c¢ <16
Thus, integral values of ¢ are 13, 14 and 15.
Hence, number of integral values of ¢ is 3.

We have, r+s+t=0
1001
rs st +ir=——
2008
and rst = — =-251

8

...(i)

...({ii)



77. A

78.

=(=1)" +(=r)* +(=s)’
[vr+s+t=0]
[or+s+t=0]

Now, (r +5)° + (s +1)° +(t +r)’

== +r° +s%) = -3rst
= -3(-251)=753

Now, 99N=(r+s)*+(s +1)® +(t +r)* =753

0 A =23
99

d [A]=7

- (r,8); B - (p,q,1,5,1); C -

=76

(p-q:t)
2

-2x +
(A) We have, y = W
x“+2x+4
0O x*(y

As x [JR, we get

—1)+2(y +1)x +4(y —1) =0

D=0
| 4y +1)% -16(y —1)* 20
O 3% =10y +3 <0
a y-3)By-1)<o0
1
O ~<y<3
3 y
244x +
(B) We have, y:w
x“+4x +2
O x*(y—-2)+4y -1) x +2y -1 =0
As x R, we get

v v
OOO

16(y —1)° —4(y -2) @y -
4@y -1 =(y —2) @y -
2% =3y +220

D
1)
) 2

g
g
a
g

0 @_EQZLZO
4 16

a y OR
2
—3x +
(C) We have, y X T3x+4
x =3
a x> =B +y)x +3y +4 =0

As x UR, we get

D200 3+y)?-4(3y +4) 20
O yr=6y -720 O (y +1)(y =7) 20
O yOteo - 10 [® )
A- (qrs);B- (p);C- (9
(A)o(d+a-b)*+(d +b —c)? =
which is possible only when

d+a-b=0,d+b-c =0

a b-a=c-b
a 2b=a+c
O a, bandcare in AP. ..()

a(b-c)+b(c—a)+c(a-b) =0
0 x =1isarootof
a(b-c)x* +b(c —a)x +c(a —b) =0

Given, roots [Eq. (ii)] are equal.

0O 1xl:c(a—b)
ab-c)

O a(b-c)=c(a-b)

or b= 2ac
atc

0O a, band c are in HP.
From Egs. (i) and (ii), we get

a=b=c
[0 a,bandc are in AP, GP and HP.
(B) x®=3x +3x -1 =0
0 (x-1)%=0
O x=111
0 Common root, x =1
0 a@)*+b@1)+c=0

a+b+c=0

(C)leen bx? + (yJ(a +¢)* +4b%) x +(a +c) 20

D<o
0 (a+c)* +4b* —4b(a +¢) <0
O (a+c—-2b)?<0
or (a+c-2b)?=0
O a+c=2b
Hence a, band c are in AP.
79. A - (qrs,t); B~ (q0); C - (p.@)

(A) We have, y :L%;_‘L
3x —4x° +a
O x*(a+4y)+3(1-y)x —(ay +4) =0
As x OR, we get
D20
O 9(1—y)* +4(a+4y)(ay +4) 20
O (9 +16a) y* + (4a* + 46)y +(9 +16a) 20,030 R
O If9+16a >0thenD <0
D<
(4a® + 46)% —4(9 +16a)® <0
4[(2a* + 23)? ]
+(9 +16a)][(2a* + 23) —(9 +16a)]
(2a* + 16a +32) (2a* —16a +14)

Z
)
=

0
-(9 +16a)*] <0
[2a* + 23) <0
<0

4(a+4)*(@*-8a +7) <0

9+ 16a >0and 1<a <7
1<a<7

of0ooooooo -

..(ii)

...(ii)



24, 1)>0
(B) We have, y:ax Xz f®

a+ x —2x* O 1-6+9+A>0
g xi(a+2y)+x(1-y) -2 +ay) =0 O A>- 4 ..(i)
As x OR ; and fB)<o0
§ X LK, wege 0 27 =54 +27 + A <0
D=0
0 L =) +4(2 +ay) (@ +2y) 20 O A< 0 ...(iii)
(1-y) ay)ta rey) = From Egs. (i), (ii) and (iii), we get
O (1+8a)y? +(4a® +14) y +(1 +8a) 20 —4<)\ <0
0 If1 +8a >0,thenD <0 g - ¥ X K 1
O (4a® +14)* —4(1 +8a)? <0 0 [A+1]=-3-2-1,0
0 4[(@2a® +7)° ~(1 +8a)*] <0 . A +1]1=321,0
. 2
O [@a?+7) +(1 +8a)][2a® +7) —(1 +8a)] <0 (B)-. X+ x+1>004 R
Z_ f—
- (2a® +8a +8) (20" ~8a +6) <0 Given, -3 <% <2
2, 2 x"+x+1
a 4(a+2)"(a"—4a +3) <0
) O - 3x% 3x % x% Ax X 2x% 2% 2
g a®—4a +3 <0 2 _
O 4x° =N =3)x +1>0
0 (@-1)(a-3) <0 x - -3x
0 1<a<3 and X2+ (N +2)x+4>0
Thus,1 +8a >0and1<a <3 O AN-32-4@0O<0
0 l<a<3 and A +2)?-40@<0
xt+2x+a 2 2
(C) We have, yE=G— 0 A=-3)"-4"<0
x“ + 4x +3a 5 )
) and A+2)"-4"<0
g =1) +2@2y —1)x +a@By —-1) =0
x(y —1) +2@2y —1)x +a@By —1) - S ek ox o4
As x LR, we get and —4<A+2<4
) D=0 or -1<A <7
a 42y —1)" —4(y —1)a@By —-1) 20 and —6 <\ <2
O (4 —3a)y* —(4 —4a)y +1 —a) 20 We get, —-1<\ <2
O If4-3a>0thenD<0 t [A]=-1,0,1
O (4 -4a)®> —4(4 =3a) (1 —a) <0 0 [[A]l=01
O 4(2-2a)* -4 (4 -3a) (1 —a) <0 ©)~ (b=c)+(c~-a) +(a ~b) =0
0 4+ 4a° —8a —(4 ~Ta +3a%) <0 O x =1is aroot of
¢ ¢ ¢ Za - (b-c)x*+(c—a)x +(a —b) =0
-a<
- @ -as0 Also, x =1 satisfies
a(@a—-1)<0 W Ax+1=0
a 0<ac<l1
“ a 1+A+1=0
80. A - (p.a,rs);B- (p,9); C - () 0 A=- 2
(A)Let y=f(x)=x> —6x" +9x +A Now, A-1=-3
N a2 _ [A-1]=-3
f(x)=3x"-12x +9 =0 0 A -1] =3
O x=13 81. If quadratic equation ax® + bx + ¢ =0 is satisfied by more than
J'(x) =6x —12 two values of x, then it must be an identity.
f"1)<0 and f"(3)>0 Therefore, a=b=c =0

[J Statement-2 is true.

But in Statement-1,

Then, p:q:%,r =0

which is false.

Since, at one value of p or g or r, all coefficients at a time # 0.

Also, floy<o OA< 0 (D) O Statement-1 is false.



82.

83.

84.

85.

Wehave, x>+Q@m+1)x+(@2n +1) =0 (1)
mn OI
a D =b* - dac

=(2m+1)* —4(2n +1)
is never be a perfect square.

Therefore, the roots of Eq. (i) can never be integers. Hence, the
roots of Eq. (i) cannot have any rational rootasa =1, b, ¢ OI.

Hence, both statements are true and Statements -2 is a correct
explanation of Statement-1.

Let o be one root of equation ax® + 3x +5 = 0. Therefore,

alk =2
a

d 1=

s lu s |

0 a=>5
Hence, both the statements are true and Statement-2 is the
correct explanation of Statement-1.

Let roots of Ax* + Bx? +Cx +D =0 ...(1)
ared —fB,0,0 +f (in AP).

Then, (a-B)+a+(a +[3)=—§

a oa=- 3% , which is a root of Eq. (i).

Then, Aa®+ Ba?+ @ +D =0

O AQ‘EQJ'BQ'EQ:CQ‘EQ"D:O
3A 3A 3A
3

B B*® BC
- +—-—+D =0
27A% 9A%* 3A

O 2B —=9ABC +27A*D =0

ad

Now, comparing with 2B* + kABC + k, A’D =0, we get
k =-9k, =27

O k, —k =27 —(-9) =36 =6

Hence, both statements are true and Statement-2 is a correct

explanation of Statement-1.

v x, ¥,z OR

x+y+z=6 (1)
and xy+yz +zx =8 ..(ii)
u xy +(x+y)f6 —(x +y)} =8 [from Eq. (i)]
O xy+6x+6y —(x* +2xy +y?) =8
or yP+(x—6)y +x° —6x +8 =0
| (x—6) —4OMx* —6x +8) 20,00 R

- 3x% 12# 2 0 or3x°-12x-4<0

or 2= Sx<2+

-

4

NE)
4 4 0

or xD% —_— " —
NERENCYS
4 4 0

Similarly, D% —, 4 —
Y "B BT BB

86.

87.

88.

4 4 [
z O — " —
NCRNCYS
Since, Eqs. (i) and (ii) remains same, if x, y, z interchange their
positions.

and

Hence, both statements are true and Statement-2 is a correct
explanation of Statement-1.

Lety =ax’ +bx +c

O d—y=3ax2+b
dx

. . d
For maximum or minimum d—y =0, we get
x

b
x == -
V' 3a

CaseIIfa>0,b>0,thenj—y>0
x

In this case, function is increasing, so it has exactly one root
dy
CaseIlIIfa <0,b <0, then— <0
dx
In this case, function is decreasing, so it has exactly one root.
Casellla>0,b <0ora <0,b >0, theny zax®+bx +cis
maximum at one point and minimum at other point.
Hence, all roots can never be non-negative.
[Statement-1 is false. But
Coefficient of x*
Sumofroots=~-——+———— =
Coefficient of x
i.e., Statement-2 is true.
Statement-2 is obviously true.

But y=ax* +bx +c

[where, D = b® — 4ac]

b
Let x+ —=Xandy + — =Y
2a
1
0 X*==y
a
. . . b
Equation of axis, X = 0ie. x + 2— =0
a
or 2ax +b =0

Hence, y = ax’ + bx + ¢ is symmetric about the line
2ax + b =0.

[] Both statements are true and Statement-2 is a correct
explanation of Statement-1.

@1+ m)xt-2(1 +3m)x +(1 +8m) =0
0 D=4(1+3m)* -4 +m)(1 +8m) =4m(m —3)
(i) Both roots are imaginary.
a D<o
a 4m(m —3) <0



t 0<m<3 Combining all cases, we get

or m (0, 3) ml]% - 1@

(ii) Both roots are equal. 8
U D=0 (vii) Roots are equal in magnitude but opposite in sign, then
O dm(m —3) =0 Consider the following cases:
0 m=0,3 Case I Sum of the roots = 0
(iii) Both roots are real and distinct. 0 2(1+3m) =0
0 D>0 1+ m)
. 4m (m =3) >0 a m=—l,m¢1
O m<O0orm>3 3
g moeo, 00 & ) Casell D>0 [0 4m(m-3) >0
(iv) Both roots are positive. o m Ut o, 00 (& )
Case I Sum of the roots > 0 Combining all cases, we get
+
0 2(1+3m) >0 = _1
1+ m) 3
1 (viii) Atleast one root is positive, then either one root is positive
0 m [ 0o = 1) _Q ;9 @ or both roots are positive.
ie. O
Case II Product of the roots > 0 e )0 .
1+ _ 1
. a+sm or  mBtes 00K HOB)
1 +m)
1 (ix) Atleast one root is negative, then either one root is
m [ oo ~ 1)1 *@ -89 @ negative or both roots are negative.
8
. 1
CaseIIl D>0 ie. (e) J(f) or mD% 1= g@
O 4m(m—3) 20

(x) Let roots are 20 are 30. Then,
Consider the following cases:

m Ut o, 00 [& )

Combining all Cases, we get CaseLS b 20 430 = 2(1 + 3m)
mD(-m,Tl)D (& ) ase I Sum of the roots = —m
(v) Both roots are negative. 2(1+3m)
Consider the following cases: O a= W
2(1 +3m)
— +
Casel Sum of the roots <0 1+ m) <0 Case II Product of the roots =20 [B3a = (L +8m)
1 +m)
1
- = +
O ml]% 1; 3@ 0 6(}2:(1 8m)
(1 +m)
(1+38m) . .
Case Il Product of the roots >0 [ m >0 From Egs. (i) and (ii), we get
m
1 6E2(1+3m)D2_(1+8m)
. mmw’m_@? @ D5SA+m g (1+m)
CaseIll D >0 O 24 (1 +3m)? =25(1 +8m) (1 +m)
dm(m=3)20 0O mUtw 00 [& ) O 24(9m® +6m +1) =25 (8m® +9m +1)
Combining all cases, we get o 16m® =81m =1 =0
m
[ 2
(vi) Roots are opposite in sign, then or m= 81+ /(=81)" +64
Case I Consider the following cases: 32
Product of the roots < 0 0 = 81 £ 6625
1+m 89. 2x* —2@2m+1) x +m(m +1) =0 [~ mOR]
mg% -1 0 D=[-2@m + 1) —8m(m +1) [D = b? - 4ac]
8

=4{2m +1)* -2 +1
Casell D>0 0 4m(m—-3)>0 tem+1) m(m +1)}

O mOfew 00 & ) =402m® +2m +1)



2 1 a 1@2 1g Combining all cases, we get
:8@" +m+7§:8 +-0+-1>0
%+«/ t
2 2 4D mDD 233,00

0
O

or D>0,0md R (1)

. b _20@m+1) 1 ) (iii) Both roots lie in the interval (2, 3).
x -coordinate of vertex = — a4 @’" + 5@ (i) Consider the following cases:
and let
F(x)=x2 —@m +1)x +2m(m +1) (i) i i
2 ! {1(3)
(i) Both roots are smaller than 2. L . X

N
Q

™|
w

Casel D=0
O m OR [from Eq. (i)]
X Casell f(2)>0

a~_i B

N T

a - a + g
O m[IE|0°,7 @DD% @,WD [from part (a)]

Consider the following cases: a 2 0O o 2 u
Case1D 20 Caselll f(3)>0
g mUR [from Eq. (i)] 1
Case Il x -coordinate of vertex <2. U 9-3@m+1)+ gm (m +1) >0
O m+é <2 [from Eq. (ii)] or m® =11m +12 >0

a - ad + O
or m<s O mOge \/%EIEI E’“ ‘%,oou

O 2 0O 0O 2 O
Caselll f(2) >0 Case IV 2 < x -coordinate of vertex <3
0 4—(2m+1)2+%m(m+1)>0 a 2<m+§<3
d m* —=7m+4 >0 or §<m<§ orm[l%§§

O 7-4330 Ei] +433 0O 2 2 2
a m O oo , o0 , o] ..
B 2 00 2 5 Combining all cases, we get
- m [
Combining all cases, we get (iv) Exactly one root lie in the interval (2,3) .
m O % | 7= \/EH Consider the following cases:
g 2 0 Casel D>0

(ii) Both roots are greater than 2. a from Eq. ()]

m OR [
Consider the following cases: \ /
3
f(2) - = 8 X

1
i
1
i
1
H
2

2
a B X
Case II f(2) f(3) <0
Casel D=0 @4—2(2m+1)+1m(m+1)§
a mOR [from Eq. (i)] 2
Casell x -coordinate of vertex >2 1
: @—3(2m+1)+7m(m+1)§<0
O m+ - >2 [from Eq. (ii)] 2
2 5 O (m* =7m + 4) (m* —11m +12) <0
0 m>— 0
7-~3300  7++4330
2 0 B - 7= V38R0, 7+ V350
Caselll f(2) >0 a 2 Q0o 2 0

g g |
oo EQOEI [from part (a)] %n—ll_\/%%%n—ll+ﬁg<o
S . 0 2 00 2

0 _
lelEIOO,7 /33
a 2



(vi)

NI Sl
743*3\-/ 7 V73 \:/11+v73

2 2 2
Dmug_@,ll_mgughﬁ,l”mg
O 2 2 0O 0O 2 2 0

Combining all cases, we get
-+33 11 -+730 ++/33 11 ++730
m O E? , go EV , t
o 2 2 0O 0O 2 2 O

One root is smaller than 1 and the other root is greater
than 1.

Consider the following cases:

\ol

Casel D >0
a m OR [from Eq. (i)]
Casell f(1) <0
t 1-2m+1) + %m (m +1) <0 [from Eq. (iii)]
g m? =3m <0
O m(m—3)<0
O m [(0,3)
Combining both cases, we get
m (0, 3)

One root is greater than 3 and the other root is smaller
than 2.

Consider the following cases:

2 3

a H H X
Casel D >0
a m R [from Eq. (i)]
Casell f(2) <0
O m* —=7m+4 <0
. 7—\/§<m<7+«/§

2 2

- + g
0 m 0 33,7 &D

o 2 2 0O

Caselll f(3)<0
O m* —11m + 12 <0
. 11—\/%<m<11+\/%

2 2

(vii)

(viii)

(ix)

)

O

- + u

et N u V730

o 2 2 0
Combining all cases, we get

- + 0
mDD% @,7 \ED

2 2 0

Atleast one root lies in the interval (2, 3).

ie. (@) 0 ()
- - 0 + + 0

0 mod \/5,11 MEI T \/5)11 V730
o 2 2 O o 2 2 g

Atleast one root is greater than 2.

i.e. (Exactly one root is greater than 2) O (Both roots are
greater than 2)

\od-

or(Exactly one root is greater than 2) [1 (b) (D)
Consider the following cases:
Casel D >0
O mOR [from Eq. (i)]
Casell f(2) <0
0 m? =7m +4 <0
O m [ D7]7— \/g T @H
o 2 2 0

Combining both cases, we get

- + a
mod «/§’7 \/QD

o 2 2 U

.(I0)

Finally from Egs. (I) and (II), we get
- +
. DE{ 2«/§ 7 33

2

O + O
DDEV ‘/%,oom
o o 2 0

Atleast one root is smaller than 2.

i.e. (Exactly one root is smaller than 2) 0(Both roots are
smaller than 2)

or (h) (1) O (a)
7-433
2

o s 7o
o 0O 2 2 O
Both 2 and 3 lie between o and f3.
Consider the following cases:
Casel D >0

O m UOR

O
We get, ml]%w,

[from Eq. (i)]




91.

92.

Casell f(2) <0

0 m?—7m+4 <0
- + a
q mod \/5,7 J%D
0o 2 2 O
Caselll f(3) <0
0 m? —11m +12 <0
- O
. DEII” \/%’11+\/%D
O 2 2 0

Combining all cases, we get

- + 0
mD%l \/%’7 \/QD

93.

o 2 2 O
a—
—=r
B
a+p _r+1
a-B r-1
[using componendo and dividendo method]
—bla _r+1
= O ob@a-r :1+V\/B
T Ty 0 ban=aen
a

On squaring both sides, we get

O b1 - r)* =@ +r)? (b® —4ac)
2 2
or (1 + r)? @ac = b*(4r) or M=b—
r ac
We have, ! + ! 21
xtp x+q r
. (xtq tx+p) _1
X +prq)xtpg v
O x*+(p+q-2r)x+pq —(p +q)r =0

Now, since the roots are equal in magnitudes, but opposite in

sign. Therefore,

Sum of the roots = 0

a
a
and

ptq—2r=0
ptaq=er
product of the roots = pg —(p +q) r

...() 94,

=pg ~(p +q) P11 [from Eq. ()]

_2pq-p° —q° —2pq
2
:_pz +q2
2

Let o be one root of the equation ax? + bx + ¢ =0.

Then, other root be a”.

O

and

or+0(”:—é
a

am" =<
a

qrti=S
a

95.

) o=

1 1 1 n
0 (C)n+l@ n+1 +(Cn)n+1m n+1 +b:0

1 n 1 1

0 Cn+lmn+l+(cn)n+lmm+b:0
1 1
0 (anc)n+l+(cna)n+1+b:0
We have, O(+[3:—k
a

aBzE O y+£’>:—E and yE’)zE
a I l

Now, sum of the roots
=(ay +Bd) +(ad + By = PB)y Ha +B)d
=@ +B)(y +9)

=B B T

and product of the roots

=(ay +Bd) (ad + By

=@’ +p*) yd +aB(y" + &)

={ +B)* —20B}yd +aB{(y + 9’ -2v3

G2

—2acgn c Dnz—anD (b% = 2ac) In + (m* —2nl) ac

- 222

0 a’ 0! aD 12 D

U Required equation is

2 _ 2 _
2 —%ng+(b 2ac) In + (m” —2nl) ac —0
al a’l’

O a%** = mbalx + (b* —2ac) In +(m* —-2nl) ac =0

Since, the roots are equal.

O D=0
O 4 (b* - ac)® =4 (a* = be) (c* —ab) =0
0 (b* = ac)? = (a* —bc) (c* —ab) =0
0 b(a®+b®+c¢® —3abc) =0
0 b=0or a®+b>+c* —3abc =0
Let a and B be the roots of x* — px + q =0. Then,

a+p=p

ap=gq

1
Anda and—l3 be the roots of x* — ax + b =0. Then,

()
...(ii)

.. (i)

... (iv)



Now,

[from Egs. (ii) and (iv)]

_ 2 _1|:|2_ 2 _ o l[lﬁ
o g e P
=a*(p - a)*[from Eqs. (i) and (iii)]
=0(BE%(p-a)2

=bq (p —a)* [from Egs. (ii) and (iv)]

=RHS

96. Since, roots of x* —2px +g =0 are equal.

O

ie.,

D=0
(—2p)2 —4q =0or p2 =q ...(1)

Now, (1 +y) x* =2(p +y) x +(q +y) =0

0 Discriminant =4 (p + y)* =4 (1 +y)(q +y)

=4(p®+2py +y° —q -y —qy -y°)
=4[2p-q -1y +p° —q]
=4[@2p-p* -1)y +0]
=-4(p -1’

>0 [y <Oandp #1]

[from Eq. (i)]

Hence, roots of (1 + y) x* =2 (p +y) x +(qg +y) =0 are real

and distinct.
2
97. xlex(r*37 =14 ()

Equation is defined, when

x>0, x%1, x #-3,

Then, (x +3)% =4 [by property]
O x+3=x4
ad x=land x = -7
But x*ElL,x#*-7
i.e. no solution.
g x [
x2—2x+1 x2 —-2x -1 101
98. - (2 +/3) +(2 =3) —
102 —/3)
O @+B) 2 R+43)@2-3)
=B T R ) =
0 (2+\/§)x2—2x +(2 _ﬁ)xz—Zx :%
or R e e
(2+\/§)x -2x 10
a 1 O
.2_\/7:
] 2+ 3
)
Let (2 + +/3)® ~2* =\, then Eq. (i) reduces to
1 101
+ —=—
A 10

or

10A> = 101N + 10=0
(A = 10) (10A = 1) =0

99.

0 A=10,—
10
0 @++3)" " =10,107"
2 —
0 x° —2x=log,, 510, ~log,, ;10
O (x-1)* =1 +log,, 510,1 ~log,, ;10
0 (x-1)*=1+log,, ;10
[ (x=1)* #1 - log,, ;10]
O x=1% (1+log2+ﬁ10)
0 xy =1+ /1 +log,, ;310)
x;=1- /1 +log, ~10)
Ox O
We have, x%+ =8
=10
0 o
0 O + T 0 -2t —=3
x—1 (x-1)
Ox2 0 Ox*0 .
O O—~0 -20——10-8=0 ..(1)
Ox —10 x —10
2
Lety = X 1.Then, Eq. (i) reduces to
X —
2 —
y° =2y —-8=0
O -4 +2) =0
O y =4 -2
2
If y = 4, then g="2
x—1
or x’—4x+4=0
or (x-2)2=0
or x=2
0 X =2
52
and if y = =2, then -2=
x-1

or

ad

O

O

or

x2+2x-2=0

-2+ /(4 +38)

2
x=-1%43

Xy, =—1+43, x5 =-1 —«/5

X =

100. We have, \/x+8 +2/(x +7 +\/(x +1) = J(x +7) =4 ..(>i)

Let

x+7)=A ...(ii)

x=N -7

Then, Eq. (i) reduces to

or

\/()\2—7+8 +2\) +\/()\2 -7+1 -\) =4
A+ D+ A* =\ -6)=4
JNE =N =6) =3 =\



101.

102.

On squaring both sides, we get

A=\ —6=9 +A\? @\

O 5N =15
ad A= 3
g Ax+7) =3 [from Eq. (ii)]
or x+7=9
a x =2

and x =2 satisfies Eq. (i).
Hence, x, =2
2 2
We have, 4% +2(Qa +1)2° +4a® -3 >0 (1)
. x2 . .
Putting ¢t =2 in the Eq. (i), we get
P +2Qa+1)t+4a* -3 >0
2

Let f(t)=t*+2@Qa +1)t +4a® -3 [vt>002" >0]

fn>o0

T-axis

Consider the following cases:
Case I Sum of the roots > 0
- (2a+1) >0

1
e e 0fe - 1
2

Case II Product of the roots > 0

2 _
0 4a 3>0
1
or az>i
4
g d a
or aOHoo ~ ﬁ[ll:l %,OOD
O 20 02 O
Case IIl D<0
O 4(2a +1)* — 41 [(4a* -3) <0
g 4a+4<0
g a<-1
or allf o~ 1)
Combining all cases, we get
O
aOft o ~ 1)1 % O
oz 0O

We h 1 x+ 4 _|x|ﬁ>o
ehave, log , , .,
x x x—1

The given inequation is valid for
|x + 4 —|x]
= 1 >
(x-1)
and x2+2x -3 >0, 21 (1)

Now, consider the following cases:

CaselIf0 < x? +2x -3 <1
0 4<x®+2x+1<5

4<(x+1)* <5

0 -5 <(x+1) <=2 or 2<x+1<45
0 -5 -1<x<-30or1<x<+5 -1
O x ¢ A5 1- 30 (L,V5 1) (i)
+ —
Then, et a =l
(x-1)
Now,x<—4,thenM<l
(x=1)
a 1+ >0
x—1
0 (x+3)>
(x-1)
O xOfeo - 300 (&% )
O x Ot o - 4) [ x < —4]..(iii)
x+4+x
-4<x<0,then—-1<0
(x-1)
O M<O
(x=1)
0 x ¥ 51)
O x OF 4,0) [v=4<x<0]..(iv)
and x =0, thenw <1
(x=1)
g 1- 4 >0
x -1
0 (x—5)>0
(x=1)
O x O , 10 (& )
O x 000,13 (& ) [ x=0]..(v)
From Egs. (iii), (iv) and (v), we get
x Ut 10 (& ) -(vi)
Now, common values in Egs. (ii) and (iv) is
x O 5 1~ 3) ..(vii)
Casell If xt+2x =3 >1
0 ¥ +2x+1>5 0 (x+1)*>5
0 x+1<-4/5
or x+1>«/§
O xfo -~ 1= B0 5 % ) ...(viii)
Then, x4 -«
(x=1)
Now, x < — 4, then PN
x-1
a 1+ <0
x—1
0 x+3<O
x -1

O x ¢ 3,1)



103.

which is false. [ox <—4]
—a<x<0then X 2150
x—1
0 x5 50
(x—1)
ad xoo - 50 (® )
which is false. ["—4<x<0]
and x =0, then >1
x—1
g 1- 4 <0
x—1
0 7 o
x—1
a x 0(1, 5) ..(ix)
which is false. [*vx=0]
Now, common values in Eq. (viii) and (ix) is
0 x OG5 1,5) (%)
Combining Egs. (viii) and (x), we get
xO¢ V5 1~ 3)0 (5 1,5)
Lety 20, then|y| =y
and then given system reduces to
|x* —2x| +y =1 ..

and +y=1
From Egs. (i) and (ii), we get

x? =|x? - 2x|

O x*=|x||x -2
Now, x<0, 0<x<2 x2=2
xi=x(x-2), x*=—-x(x-2)

x?=x(x -2)

a x=0

a x(x+x-2)=0

0 x=0

fail 0 x=0,1 fail

0 x=0,1,theny =1,0

Solutions are (0, 1) and (1, 0).
If y < 0then|y| = —y and then given system reduces to
|x* —2x| +y =1

...(iii)

and x* -y =1 (i)
From Egs. (iii) and (iv), we get
|x%—2x| +x% =2
a |x||x =2 + x* =2
x <0, 0<x<2

x(x—2)+x*=2
)

Now,

- x(x-2) +x* =2
x(x-2)+x% =2
] 2x* —2x-2=0 0O 2x=2

0 xX*-x-1=0

O x =
+
0 x—l_\/g
2
+
0 x=1_\/§fail
2
O x—l_;/g [ x<0]
O x=1_2£,1,theny=l_2£,0

- —+50
[0 Solutions are SLZ\/E ! zﬁgand (1, 0).

—450
Hence, all pairs (0, 1), (1, 0) and M, ! 2\/5

- (are solutions
o 2 ad

of the original system of equations.

104. Given, 0,  and Yy are the roots of the cubic equation

x® = px* +gx —r =0 (1)
Ooa+B+y= p af +By +ya =q, oy =r
(i) Let y=By+—
a
0 _OBy+1_r+1
a a
0 a=r+1
y

From Eq. (i), we get

a’—pa’+q —r =0
+1)3 +1)2 +
(r 31) _P(rzl) Lar+n
y y y
or ry’—qir+1)y" +p(r+1)°y ~(r +1)° =0

(i) Lety =B+ y-oa=(a+B+}y —20 =p 20

0 =0

0 a=2"Y
2
From Eq. (i), we get
o —pa?+q —r =0
_ 33 — )2 -
0 P=y)" _pp=y) alp=y) _ _
8 4 2
or y’-py’+(4q —p*)y +(8r —4pq +p’) =0
Also product of roots = = (8r —4pq + p°)

0

105. Assume 0 + i3 is a complex root of the given equation, then
conjugate of this root, i.e. o — B is also root of this equation.
On putting x =a + i and x = o — iBin the given equation, we

get
2 2 A2 2
A + 42 + 3 +...+ 4,
a+PB-aq a+P-a a+P-a, a+P-a,
=ab?® + %@ +iB) +ac (1)
2 2 2 2
and Al A, As .+ A,
a-PB-a o-PB-a, oO-f—a a-f-a,

=ab® + % - B) +ac



106.

On subtracting Eq. (i) from Eq. (ii), we get

O A2 A2 A2
le 1 + 2 3
2 2 2 2 2 2
Ho —a)’ +B* (@ -, +B° (@ —ay)’ +B
2 O
+...+# 2= _

+c'=0
@-a)f+p
The expression in bracket # 0
0 2i3=0 OB= 0

Hence, all roots of the given equation are real.
Given equation is

x* +2ax? + x* +2ax +1 =0
On dividing by x%, we get

1

2 2a
x“+t2ax+1+— +— =0
2
x X

O @x?+i§+2a§x+l§+1:0
x2 X

. Fe ] peza e e =0
X X
1 1

or @x+— +2a§x+—§—l:0
X X

2 1
or y°+2ay—-1=0,wherey =x+—

X
—2a * +/(4a* + 4
O = ¢ ):—a +,/@® +1)

S )
2
Taking ‘+’ sign, we get

y=—a+(a +1)
0 x+ = —a+@ +1)
X
x2+ (@ —+(@® +1))x+1 =0

Taking ‘~ sign, we get y = —a —4/(a® +1)
1
x
x4 (a+ 4@ +1))x +1 =0

Let a, 3 be the roots of Eq. (ii) and Y, dbe the roots of Eq. (iii).

or

d x+==—a —@* +1)

or

Then, a+B=4@*+1) -a
and ap=1

and y +8 = —(d® +1) -a
and yo =1

Clearly,a + 3 >0andaf >0
OEither a, 3 will be imaginary or both real and positive

...(iii)

according to the Eq. (i) has atleast two distinct negative roots.

Therefore, both y and d must be negative. Therefore,
(i) y® >0, which is true as y & =1.

(ii) y +d <0

O —(a ++/(a® +1)) <0

a a + /(a* +1) >0, which is true for all a.
ad a R

(iii) D>0

107.

108.

109.

O (a++@ +1)? -4>0
0 (a++@* +1) +2) (a ++(a* +1) -2) >0

a++(@®+1) +2>0
O a++(@*+1) -2>0
0 (@a*+1)>2-a

(h=2
Epraz +1>@2 —a)if a <2

Hence, i<a<0°or aD%,OO@
We have, [2x] =[x +1] =2x
Since, LHS =Integer
] RHS =2x = Integer
O [2x] =2x
Now, —-[x+1]=0
O [x+1]=0
or 0<x+1<1
or -1<x<0
or —-2<2x<0
O 2x=-2, -1
or x=-1, —1

2
or xlz—l,xzz—l

2
We have, (a® +3)x% +(a +2)x =6 <0
X

Let flx)=(@® +3) x* +@a +2) x -6

(@*+3)>0and f(x) <0
t D>0
O (a +2)* + 24 (a® +3) >0is true for all a OR.

We have, 6x% —77[x] + 147 =0
a 6x” +147 _ [x]
77
0 (0.078) x* = [x] 1.9
0.078)x*>0 O x%>0
0 [x]-19 >0
or [x]>19



If
Then,

If
Then,

If
Then,

If
Then,

If
Then,

If
Then,

If
Then,

If
Then,

If
Then,

If
Then,

O

[x]=2,3 4,5.,...
[x]=2, ie2<x<3
., 2-19
x° = =128
0.078
x =113
[x]=3, ie3<5x<4
, 3-19
x°=——=141
0.078
x =3.75
[x]=4ie.4<x<5
, _4-19
x°=———=269
0.078
x=5.18
[x]=5,ie.55x<6
, 5-1.9
x°=—— =397
0.078
X =63

[x]=6,ie.6<x<7

, _6-19 _ 41
x° = = =52.56
0.078  0.078
x =7.25
[x]=7,1e7<x<8
7-1.9 5.1
xt= = =65.38
0.078 0.078
x =8.08
[x]=8ie8<x<9
, _8-19_ 6.1
x° = = =78.2
0.078 0.078
x =8.8
[x]=9,ie9<x<10
9-1.9 7.1
xP="—""= =91.03
0.078 0.078
x=9.5

[x]=10,ie.10 < x <11
, _10-19 _ 81

X =——=103.8
0.078 0.078
x =10.2
[x]=1Lie 11 £x <12
11-1.9
x? =
0.078
9.1
= =116.7
0.078
x =10.8

Other values are fail.

Hence, number of solutions is four.

110. Since, the given equation is

ad

g
g

xt-2x-a

2+1=0

(x —1)? =q?
x—1#a or x=1%a
0= t+ aandB=1-a

[fail]

[true]

[fail]

[fail]

[fail]

[fail]

[true]

[true]

[true]

[fail]

111.

112.

Y

Let f(x) = x* =2(a +1) x +a(a —1), thus the following

conditions hold good:
Consider the following cases:

Casel D>0
O 4@+1)°*-4a(a-1)>0
O 3a+1>0
O a>—l
3
Casell fla)<o
O fd+a)<o0
O Q+a)?-2(1+a) +a) +a(a —-1) <0
0 - (* a)% a(@ 1¥ 0
0 - 3¢ ¥ 0
O a>—1
3
Case 111 f(s)=0
O f-a)<0
O @-a)-2@a@+1)1 —a) +a(a -1) <0
O (4a +1)(a —1) <0
O —l<a <1
4

Combining all cases we get

208 L4
4

pr=(=p)(-r)
=(a +B +y +)(aPy +aBd +yda +ydf
= a’By+ of B3+ of yd+ apyd+ B ya
+ Fad+ apyd+ [ yd+ ¥ apt afyd
+ V' da+ V' OB+ apyd+ apd + yad + ypd
AM = GM
0 % 2(a16816y16 616)1/6 =aByd =5
0 Prss
16
or pr =80

0 Minimum value of pris 80.

@ +pH)* =@ +B)@’ +B*)

O {o+B)*-20B}* =@ +PB) {@ +B)’* —3aB @ +B)}

2 gelf 0 p° 0
o Lo peppr sk
[k all alOa a“ O

2 _onolf O-p3 + g
R % 22ac|:| _ Qj@ b 33abc[|
0 a 0 a Y[ a O



113.

114.

115.

116.

a 4a*c* = acb?

a ac (b* = 4ac) =0

As a*0

a A=0

Let P(x) =bx* + ax +¢

As P(0)=0

a c=0

As P@1)=1

a atb=1
P(x)=ax +(1 —a) x*

Now, P'(x)=a+2(1-a)x

As P' (x)> 0for x [J(0,1)

Only option (d) satisfies above condition.
Let the roots areat and o + 1, wherea 1.

Then, sum of the roots =20 +1 =b
Product of the roots = (0 +1) =¢

Now, b?—-4c=(200 +1)* —da@ +1)
=40” +1 +4a —40% -4 =1
O b* —4c=1
Let f(x)=a,x" +a,_,x" " +..+ax
fo)=0f@)=0
O  f'(x) = 0 has atleast one root between (0, 0 ).

i.e.Equation

na, x" '+ (n-1)a,_x""?+.+a =0

has a positive root smaller than a.
Let f(x) = x* —2kx +k* +k =5

Consider the following cases:

Casel D=0
0 4k* = 4.1(k* +k =5) 20
ad - 4k 52 0
a k-5<0
a k<5 or k fw ,5]
CaseIl x-Coordinate of vertex x <5
0 % s
2
a k <5 ork [Ko ,5)
Case III fG)>0
O 25-10k +k* +k =5 >0
O k* =9k +20 >0
ad (k—4)(k =5) >0o0r k Ofco 4] ¢,

Combining all cases, we get

k (Koo ,4)

117. We have, a+b=10c,ab = -11d

and c+d =10a,cd =—11b

0 atb+c+d =10(a +c¢)

and abed =121 bd

O b+d=9(a +c)

and ac =121

Next, a® -10ac -11d =0

and c?=10ac —11b =0

118.

119.-:

120.

O a*+c¢?-20ac—-11(b +d) =0
O (a+c¢)*—22%121 =99 (a +c) =0

O a+c=121or—-22
Ifa +c=-220 a =c, rejecting these values, we have
a+c=121
0 at+tb+c+d=10(a +c) =1210
D=0

4(a+b+c)> =12\ (ab +bc +ca) 20
(a* + b* +¢*) =3\ —2) (ab +bc +ca) 20

(@® +b*+ %)

O Br-2)s——— 7
(ab + bc + ca)

Since, la—b|<c

O a® + b* —2ab <c*
|b-c|<a

g b? + ¢* —2bc <a®
lc—a|l <b

O ¢ +a* —2ca < b*

From Egs. (i), (ii) and (iii), we get
a® +b* + c?

- <2
ab + be + ca

From Egs. (i) and (iv), we get

3N -2<2 O )\<§

x2 =2mx +m? -1 =0
O (x-m)* =1
0O x—-m=x1lor x=m-1,m+1

According to the question,
m-1>-2m+1>-2

OJ m>-1,m>-3
Then, m>-1

and m-1<4m+1 <4

O m<5m<3andm<3

From Eqgs. (i) and (ii), we get —1 <m <3
x? + px+q=0

Sum of the roots = tan30° + tan 15° = — p
Product of the roots = tan 30°[tan 15° = ¢

tan 30° + tan 15°
1 — tan 30°[fan 15°

tan45° = tan (30° + 15°) =

)

.. (i)

...(iii)

(iv)

...(id)



121.

122.

123.

124.

0 1=—f 0- 5 1 g 125. Let f(x) = x” + 14x° +16x° +30x —560

1- .
q O f'(x)=7x° +70x* +48x%+30 >0, Ox0 R

d q-p =1
0 2+q-p=3 O f(x)1is an increasing function, for all x OR
The equation x* — px + r =0 has roots (@, 3) and the equation Hence, number of real solutions is 1.
-3 _
x* = gx + r has roots @, ZBQ 126. Let f(x)=x" —px +q
’ 0 () =3x" =p
a
a r=afand a +B=pand5+2[3=q O fr(x) =6x
O B=72q_pand0( ~2@r-q) ! I
32 3 | /%
O aB=r=-(2q-p)@p —q) _[p |
; ok :
o + B = —-a H
lo =Bl <5 O (@ -B)*<5 For maxima or minima, f'(x) =
0 a*-4<5 0 all 3,3) 0 .= \ﬁ
Suppose roots are imaginary, then 3 = o

and 1 o . F H‘fD 6\/7§>0
B
B [not possible] and f E{— \/EE= —6\E <0
B 0\s0O 3

0 Roots are real O (p* — ) (b* —ac) 20

d

Hence, given cubic minima at x =, P 2nd maxima at
3

2b 1
-— =a +— :—B
2o o f

[0 Statement —1 is true.

and %:5,0( +B=-2p0B =¢ 127. Let f(x) = x* —8kx +16 (k* =k +1)
a
If B=1thena =gq
g c=qa [not possible]
Also, a+1= _—Zb
a
0 Lop=C 2b
a 0 D>0
U b=ap [not possible] 0 64k? =406 (k> =k +1) >0
U Statement —2 is true but it is not the correct explanation of 0 k>1
Statement-1. -b sk
LetO(,4[3berootsofx2—6x+a =0and d, 3B be the roots of 0 §>4 O ?>4
xt —cx +6 =0. 0 k>1
Then, o+ 4B =6and 40P =a ..(i) and f4)=o0
a +3B =cand3af =6 (i) O 16 =32k + 16 (k* =k +1) 20
From Egs. (i) and (ii), we get 0 K2 =3k +2>0
a=80p =2 0 (k-1)(k -2) 20
Now, first equation becomes 0 k<lorks>2
x* —6x+8=0 From Egs. (i), (ii) and (iii), we get
O x=24 kz2
If a =2 4B =4, then3B =3 Kepin =2
3 128. Since, roots of bx* + cx + a =0 are imaginary.
If o =4,4B =2,then3B == [non-integer]
2 0 c’~4ab <0

UJCommon root is x = 2. 0 — c%— 4ab

)

...(ii)

.. (i)

()



Let f(x) =3b%*x* + 6bex + 22

Since, 362 >0
and D =(6bc)* — 4 (3b%) (2¢%) = 12b°%*
22
0 Minimum value of f(x) = Do 12b z = —? > —4ab
4a 4(3b%)
2, 2 2 _
1290 B -0 *B _(@+P) ~20B 00
B« ap ap
and given, O(3+Bszq,0( +B=-p
O @+B)’*-30B@ +B)=¢
O -+ 3pofE g
3
or QB :q+7p
3p
U From Eq. (i), we get
2 2 (g + Pa)
g + E = 3p = p3 —2q
B «a @+p)  (@+p)
3p
and product of the roots = & di =1
B a
35 —9g0
0 Required equation is x* — MDx +1=0
Ug+p O
or (q+p*)x*=(p’ —2q) x +(q +p*) =0
130. Since, f' (x) =12x% +6x +2
Here, D =6" - 4122 =36 -96=—-60 <0
O fi(x)>0,0xd R
O Only one real root for f(x) =0
Also, f(0)=1, f(-1) = -2
[0 Root must lie in (- 1, 0).
Taking average of 0 and (- 1), f% %g = i
. 1
[0 Root must lie in % 1, —EQ
3 1
Similarly, %%: -1
imilarly, f . 5
[0 Root must lie in % é —lg
4 2
131.ca?-6a —2=000 *-2=a ()
and B‘-6B-2=0 OB *-2=P ..(ii)
0 4 ~2ag _ (a'” -p") -2(a® -B°)
2a, 2(a” =B’
_a’@’®-2)-B*@°-2)
2(a’-p’%)
8 8
a°’Ba —B° 6B . ..
= from Egs. (i) and (ii
s, [romBes () and ]
6(a’ -p’)

= =3

2(a’ -p%)

132. Let o be the common root.
Then,a?+ bo -1 =0anda?+a +b =0
2

1 b b -1 |-1 1
D X =

1 1] |1 b b 1
0 (1-b)(* +1) =(-1 —b)?
0 b +3b=0

O b=0,i\/§,—i«/§,wherei=1/—1.
133. Let f(x) =x* —4x’ +12x%* +x -1
O fl(x) =4x® —12x% +24x +1
0 f(x) =12x% —24x + 24
=12 (x* —2x +2)
=12[(x —1)* +1] >0
ie. f"(x)has no real roots.
Hence, f(x) has maximum two distinct real roots, where
f0)= -1
134. Given, p(x) = f(x) —g(x)
0 po=@=-a)x +G —b)x +(c —a)
It is clear that p(x) = 0 has both equal roots — 1, then

-1-1 =_(b_b1)
(a-a)
and —1x-1="9
a-aq
g b-b =2(a -q)andc—c, =(a —a) (1)
Also given, p(-2) =2
O 4(a-a)-2(0b-b)+( —¢) =2 ...(ii)

From Egs. (i) and (ii), we get
4(a-a)—4@-q) +@ —q) =2

0 (a—a)=2 ...(iif)
ad b-b =4andc-¢ =2 [from Eq. ()] ...(iv)
Now, p2) =4(a —a) +2(b =b,) +(c —c,)

=8+8+2 =18 [from Egs. (iii) and (iv)]

135. Let the quadratic equation be
ax? +bx +¢=0
Sachin made a mistake in writing down constant term.
0 Sum of the roots is correct.
ie. a+pB=7
Rahul made a mistake in writing down coefficient of x .
0 Product of the roots is correct.
ie. ap =6
U Correct quadratic equation is
x—(@ +B)x+aP =0
O x* =7x+6=0
O (x-6)(x-1)=00 x=6,1
Hence, correct roots are 1 and 6.

136.Leta +1 =h°

0 -1 x> +(H -1) x +(h -1) =0



2 _10 3 _10
O % 1Dx2+%1 o +1=0
Oh—-10 Oh-10

Asa - 0,thenh - 1

llmLDx + thDx+ 1=0

h-10h-10 h-10h

O 2x%+3x+1=0
O 2x%+2x+x +1=0
0 @x+1)(x +1) =0
1
O x=—-landx=--
2
137. Lete" ™ =t ...(d)

Then, the given equation can be written as

1
t-=—-4=00 !-4r-1=0
t

. t:4¢,/(16+4)

2
eM* = (2 +45) [ e*"* > 0,0taking + ve sign]
O sin x = log,(2 +/5) (i)
(2++5)>e [ e=2.71828...]
0 log,(2 +/5) >1 ...(iii)
From Egs. (ii) and (iii), we get
sin x >1 [which is impossible]
Hence, no real root exists.
138. Given equations are
ax’ +bx +¢=0 (1)
and xt+2x +3=0 ..(ii)

Clearly, roots of Eq. (ii) are imaginary, since Egs. (i) and (ii)
have a common root, therefore common root must be
imaginary and hence both roots will be common. Therefore,
Egs. (i) and (ii) are identical.

a_b _c

O —=—=—ora:b:c=1:2:3
—[x] ={x} [fractional part of x]

For no integral solution, {x} # 0
a az0 (1)
The given equation can be written as

3{x}* -2{x} —a* =0

2% 44 +124%) 1+ 41 +34°
O {x)= (6 ) - (3 @) o< fx) <1]
1+ 40 +34*
O 0<%<1D,/(1+3a2)<2
0 <1 0- ¥ & 1 ..(ii)
From Egs. (i) and (ii), we get
af 1,00 (0,1)
l+l:4 O CX+[3:4

a B ap

q
0 _P_y
r
p
. q=-4r ()
Also, given p, ¢, r are in AP.
0 Zq =p+r
O p=-9 [from Eq. (i)] ...(ii)
a
Now, |U_B|=@ D.‘forax2+bx+c:0,g—|3:@D
|al 5 a
_ @ ~4pr)
Pl
16r° + 36r°
oo s s
9|r| 9|r‘
_2J13
9
141. f(x) = x° -5x and g(x) = —a
o f(x)=5x" =5
""" 4
- :
)

=5(x* +1)(x —1) (x +1)

Clearly, f(x) = g(x) has one real root, if a > 4 and three real
roots, if |a| < 4.

142. Since, b = 0 for p(x) = ax® + bx + ¢, as roots are pure

imaginary.

-— + 7
Ox==%, M, which are clearly neither pure real nor
a

pure imaginary, as ¢ # 0.

r0ax®—x+a =0 has distinct real roots.

O D>0
2 11 .
O 1-40°>0 0 a Of —,— (1)
22
Also, I, =%,/ <1 O |x —x,*<1
D 1—40(2 1
0 —<1 0 <1 0a? >7

e 0 IQD e 6

From Egs. (i) and (ii), we get

by o



144.

145. -

(xz 5y +5)x2 Fax =60 —g

Case I

x* —5x +5 =1 and x* + 4x —60 can be any real number
O x=14

Case II
x? =5x +5=-1 and x* + 4x — 60 has to be an even number
O x=273

Forx=3,x2+4x -60isodd, O x#3

Hence, x=2

Case III x* —5x + 5 can be any real number and
x* +4x =60 =0

a x=-10,6

0 Sumofall valuesof x =1+4 +2 —10 +6 =3

x*—2xsecBa+1=0 0 x=secO*tan®

Tt T

and -—<0<-—

6

a sec @—E§>sece >sec Q—EQ

6 12
TU

or sec %@>sec 0 >sec %E@
I Tt

tan @»—§< tan O <tan %—Q
6 12

a - tan %Q<tan6<—tan %@
TU

or tan %Q> —tan 0 >tan %Q

and

146. -

"+ 0y, B, are roots of x> —2xsec @ +1 =0anda, >p,

& [ =se® —tafl and [, =sec O + tan 6

Oo B 2arerootsofx2 +2xtan® -1 =0

and a,>p,

O a ,=-taf +sed
and B,=-tan B —sec O
Hence, o, +B,=-2tan®

x(x+1)+(x +1)(x +2) +.... +(x +ﬁ)(x +n) =10n
O nx®+xA+3+5+... +@n -1)) +1.2 +2.3
+..+(n—-1).n) =10n

1
or nx*+ n2x+§(n —-1)n(n +1) =10n

or 3x% + 3nx + (n? —1) =30 (- n#0)
or 3x% +3nx + (n? -31) =0
la -B|=1

or (@ -B)¥=1
D _

or — =1
a

or hEYE

or on* —12.(n* -31) =9

or n* =121

g n=11



