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5.COMPLEX NUMBERS AND QUADRATIC EQUATIONS
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14.

Single Correct Answer Type

The value of the expression x* — 8x3 + 18x% — 8x + 2 whenx = 2 + /3

a) 2 b) 1 90 d)3
Ifz=x+iy(x,y € R,x # —1/2), the number of value of z safisfying |z|"* = z?%|z|"*"2 + z|z|"2 + 1 -
(n €N, n>1)is

a) 0 b) 1 J 2 43

If @, B,y are the roots of x> — x? — 1 = O then the value of (1 + @) /(1 —a) + (1 +B)/(1 —B) + (1 +
y)/(1 —y) is equal to

a) 5 b) -6 Q-7 d) -2

If the equation |x? + bx + c| = k has four roots, then

_p? _p2
a) b2 — 4c > 0and 0 < k < 2= b) b2 —4c < 0and 0 < k < *==
&) b —4c>0and k > 4c-b? d) None of these
4
The value of z satisfying the equation log z + logz? + --- + logz™ = 0 is
4dmm +isi 4mm 12
a) cosn(n+1) lSlnn(n+1),m— 2,
b 4mn . dmm 19
)cosn(n+1) lSlnn(n+1),m— )2,
. 4mn +i 4mm — 17
) Smn(n+1) Lcosn(n+1),m— ,2,
d)o
Ifa(p +q)? + 2bpq + c = 0and a(p + )% + 2bpr + ¢ = 0 (a # 0), then
c
a) qr = p? b) qr = p? + - ¢) qr = —p? d) None of these

The value of m for which one of the roots of x?> — 3x + 2m = 0 is double of one of the roots of x> — x +
m=20is

a) -2 b) 1 c) 2 d) None of these
Roots of the equations are (z + 1)°> = (z — 1) are

T 21 T 21
a) +itan (g) ,+itan <?> b) +i cot (E) ,+i cot <?>
. T . 2 d) None of these
c) +icot <§) ,Titan (?)
Total number of integral values of ‘a’ so that x? — (a + 1)x + a — 1 = 0 has integral roots is equal to
a)l b) 2 c) 4 d) None of these

71, Z2,Z3, Z4 are distinct complex numbers representing the vertices of a quadrilateral ABCD taken in
order.If z; — z4, = z, — z3 and arg[(z4 — z1) /(22 — z1)] = /2, then the quadrilateral is

a) Rectangle b) Rhombus c) Square d) Trapezium

If the roots of the equation ax? + bx + ¢ = 0 are of the form (k + 1) /k and (k + 2)/(k + 1), then
(a+ b + c)?is equal to

a) 2b% — ac b) 2 a2 ¢) b% — 4ac d) b? — 2ac

Letr, s and t be the roots of the equation, 8x3 + 1001x + 2008 = 0. The value of (r + s)3 + (s + )3 +
(t+7r)dis

a) 251 b) 751 c) 735 d) 753

If b > a, then the equation (x —a)(x —b) — 1 = 0 has

a) Both roots in (a, b) b) Both roots in (=, a)

c) Both roots in (b, +0) d) Onerootin (—o0,a) and the other in (b, +)

If ,m, n are real | # m, then the roots of the equation (I — m)x? — 5( + m)x — 2(l—,m) = 0 are
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33.

a) Real and equal b) Complex c) Real and unequal d) None of these
If the expression x2 + 2(a + b + ¢)x + 3(bc + ca + ab) is a perfect square, then

ajJa=b=c b)a=+b = *c ca=b#c d) None of these
If |z| < V2 —1,then |z? + 2z cos a | is
a) Less than 1 b)vV2 +1 AV2-1 d) None of these
If  be a complex nt"* root of unity, then Y., (ar + b) w" ! is equal to
2) nn+ 1)a b) nb 9 na d) None of these
2 1—n w—1
Ifa,b € R,a # 0 and the quadratic equation ax? — bx + 1 = 0 has imaginary roots then (a + b + 1) is
a) Positive b) Negative
c) Zero d) Dependent on the sign of b
Sum of the non-real roots of (x? + x — 2)(x?> + x — 3) = 12 s
a) —1 b) 1 c) —6 d)6
Let z = cos 8 + i sin 8. Then, the value of ¥1>_, Im(z>™ 1) at § = 2°is
1 1 1 1
a) — b) — ) —— d) —
sin 2° 3sin 2° 2sin 2° 4 sin 2°

If @, B be the roots of the equation u? — 2u + 2 = 0 and if cot@ = x + 1, then [(x + @)™ — (x + p)"]/[a —

B]is equal to

sinnf cosnf sinnf cosnb

sin™ 6 cos™ 0 ¢ cos™ @ sin™ 8
If the cube roots of unity are 1, w, w?, then the roots of the equation (x — 1)3+8=0are
a)-1,1+2w,1+2w?> b)-1,1-2w,1-2w? ¢ —-1,-1,—-1 d) None of these
Suppose A4 is a complex number and n € N, such that A™ = (4 + 1)" = 1, then the least value of n is
a) 3 b) 6 )9 d) 12

Ifa,b,c,d are four consecutive terms of an increasing A.P. then the roots of the equation (x —a)(x —¢) +

2(x —b)(x—d) = 0are

a) Non-real complex b) Real and equal c) Integers d) Real and distinct
If the equations ax? + bx + ¢ = 0 and x3 + 3x? + 3x + 2 = 0 have two common roots, then
ajJa=b=c b)a=b#c ca=-b=c d) None of these
If @ and B, @ and y, @ and § are the roots of the equations ax? + 2bx + ¢ = 0,2bx? + cx + a = 0 and
cx? + ax + 2b = 0, respectively, where a, b and c are positive real numbers, then a + a? =

a) abc b)a+2b+c c) -1 d) 0

If @, B are the roots of x2 + px + ¢ = 0 and x?"* + p™x™ + q" = 0 and if (a/pB), (B/a) are the roots of
x"+ 14+ (x+1)" =0, thenn(€ N)

a) Must be an odd integer b) May be any integer

c) Must be an even integer d) Cannot say anything

If z2 + z|z| + |z?| = 0, then the locus of z is

a) A circle b) A straight line

c) A pair of straight lines d) None of these

If|z]| =1landw = % (where z # —1), then Re(w) is

a) 0 b)| 12 c)|i|. 12 ) V2
z+1| z+ 1l |z+ 1] |z + 1|2

If the equation x2 + ax + b = 0 has distinct real roots and x? + a|x| + b = 0 has only one real root, then
which of the following is true

a)b=0,a>0 b)b=0,a<0 c)b>0,a<0 db<0,a>0
Let f(x) = ax? — bx + c%,b # 0 and f(x) # 0 forall x € R. Then

a)a+c?<b b) 4a + ¢? > 2b )9a—-3b+c?<0 d) None of these
The number of real roots of the equation x? — 3|x| + 2 =0 is

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

If z; and z, are the complex roots of the equation (x — 3)3 + 1 = 0, then z; + z, equals to
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a) 1 b) 3 95 )7
If x2 + px + 1 is factor of the expression ax?® + bx + ¢, then

a)a’?—c?=ab b)a? + ¢? = —ab c) a? —c?=—ab d) None of these
Ifz= (i)(i)(i) where i = v/—1, then |z| is equal to

a) 1 b) e~T/2 c)e™ d) None of these
The number of roots of the equation Vx — 2(x? — 4x + 3) = 0 is

a) Three b) Four c) One d) Two

Total number of values of a so that x2 — x — a = 0 has integral roots, wherea € N and 6 < a < 100, is
equal to
a) 2 b) 4 c)6 d) 8
If a, b, care the sides of the triangle ABC such that a # b # cand x2 — 2(a + b + ¢)x + 3A(ab + bc +
ca=0has real roots, then

4 5 45 15
1<z b) 2> > c)le<§,§) d)Ae<§,§)
Suppose 4, B, C are defined as A = a?b + ab? — a’c — ac?,B = b?c + bc? — a?b — ab? and C = a%c +

ac? — b?c — bc?,where a > b > ¢ > 0 and the equation Ax? + Bx + C = 0 has equal roots, then a, b, c are

in
a) A.P. b) G.P. c) H.P. d) A.G.P.

Consider the equation x? + 2x —n = 0, where n € N and n € [15, 100]. Total number of different values of

‘n’ so that the given equation has integral roots is

a) 8 b) 3 c) 6 d) 4
If x2 + x + 1 = 0, then the value of (x + 1/x)? + (x? + 1/x?)? + -+ (x2” + 1/x?7)? is
a) 27 b) 72 c) 45 d) 54
If (x? + px + 1) is a factor of (ax3 + bx + ¢), then
a)a’+c?=—ab b)a? —c? = —ab c)a’*—c?=ab d) None of these
Let z, w be complex numbers such that Z + iw = 0 and argzw = &. Then arg z equals

s s
a) 1 b) > c) ?%T d) %T
Ifa > 0,b > 0and c > 0 then the roots of the equation ax? + bx +c = 0
a) Are real and negative b) Have positive real parts
c) Have negative real parts d) None of these
Which of the following is equal to ¥—1?
SRERAL] A gVt d) V=1

2 V-4 V-4

The interval of a for which the equation tan? x — (a — 4) tanx + 4 — 2a = 0 has at least one solution
vV x €[0,m/4]
a)a€ (2,3) b)a € [2,3] c)ac€e(1,4) d)a € [1,4]

Which of the following represents a point in an Argand plane, equidistant from the roots of the equation
(z+ 1D* =162z%?

neY (-59) 50) =

b) (= - 4 (0,—

) 3.0 c) 3,0 ) 7
Ifa,f,yaresuchthata + B +y =2,a? + B2 +y2 =6,a+ B3 +y3 =8, thena* + f* + y*is
a) 18 b) 10 d 15 d) 36

The minimum value of |a + bw + cw?|, where a, b and ¢ are all not equal integers and w(# 1) is a cube
root of unity, is

a) V3 b) 1/2 o1 d)o

If |z;] = |z,| = |z3]| = 1 and z; + z, + z3 = 0, then area of the triangle whose vertices are z;, z,, z5 is
a) 3v3/4 b) V3/4 01 d) 2

Number of positive integers n for which n? + 96 is a perfect square is

a) 8 b) 12 c) 4 d) Infinite
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The greatest positive argument of complex number satisfying |z — 4| = Re(2) is
T b 21 T q T
) 3 )5 95 )2
If x and y are complex numbers, then the system of equations (1 + i)x+ (1 —i)y =1,2ix + 2y =1 +
i has

a) Unique solution b) No solution

¢) Infinite number of solutions d) None of these

For the equation 3x2 + px + 3 = 0,p > 0, if one of the root is square of the other, then p is equal to
a)1/3 b) 1 c) 3 d) 2/3

If @,  are the roots of the equation x? — 2x + 3 = 0. Then the equation whose roots are P = a3 — 3a? +
S50 —2andQ =3 — B2+ +5is

a)x?2+3x+2=0 b)x?-3x—-2=0 c)x>?—-3x+2=0 d) None of these

If centre of a regular hexagon is at origin and one of the vertices on Argand diagram is 1 + 2i, then its
perimeter is

a) 2v5 b) 62 ) 45 d) 6v5
Ifz,2, € C,z? + 2% € R, z,(z% — 32%) = 2 and z,(3z% — z%) = 11, then the value of z7 + z2 is
a) 10 b) 12 d5 )8

P(x) is a polynomial with integral coefficients such that for four distinct integers a, b, ¢,d; P(a) = P(b) =
P(c) = P(d) = 3.1f P(e) = 5 (e is an integer), then

aJe=1 b)e=3 c)e=4 d) No real value of e

If @, B are the roots of ax? + bx + ¢ = 0 and a + b, B + h are the roots of px? + qx +r = 0, then h =
1/a b 1/b

2) __(_ _ B) b) (_ _ g) 9 _(_ _ g) d) None of these
2\b q a p 2\a p

If t and ¢ are two complex numbers such that |t| # |c|,|t| = 1and z = (at + b) /(t — ¢),z = x + iy. Locus
of z is (where a, b are complex numbers)

a) Line segment b) Straight line c) Circle d) None of these
The complex numbers z = x + iy which satisfy the equation |(z — 5i)/(z 4+ 5i)| = 1 lie on

a) The x-axis b) The straight line y = 5

c) A circle passing through the origin d) None of these

If @ and B (@ < B) are the roots of the equation x? + bx + ¢ = 0, where ¢ < 0 < b, then
a)0<a<p b)a<0<pB<|a Ja<pB<o0 dDa<0<|al<p

All the values of m for which both the roots of the equation x? — 2mx + m? — 1 = 0 are greater than —2
but less than 4, lie in the interval

a)—2<m<0 b)m >3 c)-1<m<3 dl<m<4

Two towns A and B are 60 km apart. A school is to be built to serve 150 students in town A and 50
students in town B. If the total distance to be travelled by all 200 students is to be as small as possible,
then the school be built at

a) Town B b) 45 km from town A c) Town A d) 45 km from town B

5 5
Ifz=[(vV3/2) +i/2] +[(¥3/2) —i/2], then
a)Re(z) =0 b) Im(z) =0 c) Re(z) >0,Im(z) >0 d)Re(z) >0,Im(2) <0
Letp and q be real numbers such that p # 0,p3 # q and p® # —q. If @ and 8 are non-zero complex
numbers satisfying a + § = —p and a3 + B3 = q, then a quadratic equation having % and g as its roots is
a) (° +@x? — (P°+2)x+ P> +q) =0 b) ®° + @)x? — (»° —2)x + P>+ q) = 0
) @ —@x* = (6p® —29)x+ (P> —q) =0 d) @° —x? =GP +2)x+ (p° —q) =0

Let p and q be roots of the equation x> — 2x + A = 0 and let r and s be the roots of the equation
x2—18x + B = 0.If p < q < r < s are in arithmetic progression, then the values of A and B are

a) 3,-77 b) 3,77 c) —3,-77 d) —3,77

If @ and B are the roots of the equation x? + px + g = 0, and a* and $* are the roots of x> —rx + q = 0,
then the roots of x? — 4qx + 2q% — r = 0 are always

a) Both non-real b) Both positive c) Both negative d) Opposite in sign
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82.

83.

The shaded region, where
P=(-1,0),Q = (-1 ++2,V2)
R =(-1++2,-V2),5 = (1,0) is represented by

T T
a)|Z+1|>2,|arg(z+1)<Z| b)lz+1|<2,arg(z+1)<§
I 4
c) |z—1|>2,arg(z+1)>Z d)IZ—1|<2,|arg(z+1)>Z
Number of values of a for which equations x3 + ax + 1 = 0 and x* + ax? + 1 = 0 have a common root
a)o b) 1 c) 2 d) Infinite
Iflz—2—1i| = |z| |sin G — argz)|, then locus of z is
a) A pair of straight lines b) Circle
c) Parabola d) Ellipse
Ifz = ilog(Z — \/—3), thencosz =
a) —1 b) —1/2 A1 d)1/2

2
If x,y € R satisfy theEquation x? + y2 — 4x — 2y + 5 = 0, then the value of the expression [(ﬁ - \/;) +
4xy)/(x+xy)is

V2+1 V2-1 VZ+1
a)V2+1 b) - c) - d) 7
The least value of the expression x? + 4y? + 3z2 — 2x — 12y — 6z + 14 s
a)l b) No least value o d) None of these
If A(z,), B(z,), C(z3) are the vertices of the triangle ABC such that (z; — z,) /(23 — z,) = (1/7/2) + (i/V2),
the triangle ABC is
a) Equilateral b) Right angled c) Isosceles d) Obtuse angled

If the roots of the equation, x?% 4+ 2ax + b = 0, are real and distinct and they differ by at most 2m, then b
lies in the interval

a) (a?,a%? + m?) b) (a? — m?,a?) c) [a? —m?,a?) d) None of these
If x is real, then the maximum value of (3x% + 9x + 17)/(3x% + 9x + 7) is
a) % b) 41 91 d)17/7

Ifa <0,b> 0thenvaVvbis equal to

a) —/la| b b)./|a| bi c) \/|a| b d) None of these

The inequality |z — 4| < |z — 2| represents the region given by

a) Re(z) = 0 b) Re(z) < 0 c) Re(z) >0 d) None of these
If x = 91/391/991/27 ... 00 y = 41/3471/941/27 ... 0, and z = 3.2, (1 + i) ™", then arg(x + yz) is equal to
a) 0 V2 V2 2
b)) — tan™! <?> c) —tan~?! <?> d) —tan™?! (E)
The set of values of a for which (a — 1)x? — (a+ 1)x + a— 1 > Ois true forall x > 2
7 7
a) (=0, 1) b) (1’§> 9 (5’00) d) None of these

w—-wz

Ifw=a + if8, where § # 0 and z # 1, satisfies the condition that (

) is purely real, then the set of

1-z
values of z is

a)l|z|=1,z+2 b)|z| =1landz # 1 Qz=2 d) None of these
The number of points of intersection of two curves y = 2sinx and y = 5x% + 2x + 3 is
a)0 b) 1 c) 2 d) o
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84. Ifroots of an equation x™ —1 = 0 are 1, a4, ay, ... a,,_q, then the value of (1 —a)(1 — a,)(1 —a3) ...(1 —
a,_1) will be

a)n b) n? c) n™ d)o

85. If one root of the equation ax? + bx + ¢ = 0 is square of the other, then a(c — b)® = cX, where X is
a) a® — b3 b) a3 + b3 c) (a—»b)3 d) None of these

86. Letx,y,z tbereal numbers x? + y2 =9,z2 + t? = 4 and xt — yz = 6. Then the greatest value of P = xz is
a) 2 b) 3 Q) 4 d) 6

87. Let A € R, the origin and the non-real roots of 2z% + 2z + A = 0 form the three vertices of an equilateral
triangle in the Argand plane then 4 is

a)l b)z c) 2
3

d) -1

88. The number of values of k for which [x? — (k — 2)x + k2] X [x? + kx + (2k — 1)] is a perfect square is
a) 2 b) 1 )0 d) None of these

89. Letp(x) = 0 be a polynomial equation of the least possible degree, with rational coefficients, having
V7 + V49 as one of its roots. Then the product of all the roots of p(x) = 0 is

a) 56 b) 63 Q)7 d) 49
90. The number of real solutions of the equation |x|?> — 3|x| + 2 =0 s
a) 4 b) 1 Q) 2 d) 0

91. The number of integral values of a for which the quadratic equation (x + a)(x + 1991) + 1 = 0 has
integral roots are

a) 3 b) 0 a1l d) 2
92. Letzand w be two complex numbers such that |z] < 1, |w| < 1and |z — iw| = |z — iw| = 2 then z equals
a)lori b)ior-i c) lor—1 d)ior-1
93. 2z, and z, lie on a circle with centre at the origin. The point of intersection z3 of the tangents at z; and z, is
given by
1 2217, 1/1 1 zZ1+ 2z,
V@ z) b7 93(5+7) V77
94. If a and 8 be the roots of the equation x2 + px — 1/(2p?) = 0 where p € R. Then the minimum value of
a*+ p*is
a) 2v2 b)2 —+2 c) 2 d)2 ++2
95. Ifa,p are the roots of ax? + ¢ = bx, then the equation (a + cy)? = b?y in y has the roots
a)af~ta lp b) a~?, B2 c)atp? d) a?, p?
96. If(cos@ + isinB)(cos26 + isin260) - (cosnb + isinnf) = 1, then the value of 8 is, m € N
2mm dmm mn
a) 4mn b) m C) m d) m
97. The roots of the cubic equation(z + ab)® = a3, such that a # 0, represent the vertices of a triangle of sides
of length
) labl b)v3 la 9 V3 Ib @ lal

98. A quadratic equation whose product of roots x; and x; is equal to 4 and satisfying the relation
x1/(x1 = 1) +x2/(x — 1) = 2is
a)x2—-2x+4=0 b)x?+2x+4=0 Q)x?+4x+4=0 d)x?—4x+4=0
99. If the equation cot* x — 2 cosec? x + a? = 0 has at least one solution then, sum of all possible integral
values of a is equal to

a) 4 b) 3 c) 2 d)o
100. The number of irrational roots of the equation 4x/(x? + x + 3) + 5x/(x? — 5x + 3) = —3/2 s
a) 4 b) 0 c)1 d) 2

101. If z,, z, and z3 are complex numbers such that |z, | = |z,| = |z3]| = [(1/21) + (1/23) + (1/2z,)| = 1, then
|z1 + 2z, + 73] is
a) Equalto 1 b) Less than 1 c) Greater than 3 d) Equal to 3

102. If z;and z, be complex numbers such that z; # z, and |z;|= |z,|. If z;has positive real part and z, has
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negative imaginary part, then[(z; + z,)/(z; — z,)] may be

a) Purely imaginary b) Real and positive c) Real and negative d) None of these
103. If the expression [mx — 1 + (1/x)] is non-negative for all positive real x, then the minimum value of m
must be
a) —1/2 b) 0 c) Ya d) %2
104. If for complex numbers z;and z,, arg(z;) — arg(z,) = 0, then |z; — z,| is equal to
a) |zq| + |z b) |z1] — |z,] c) [l1z1] = 1zl] d)0
105. 3 when |z| < |z — 2|
Locus of z ifarg[z — (1 + )] = 4% is
- When |z] > |z — 4|
a) Straight lines passing through (2, 0) b) Straight lines passing through (2, 0), (1, 1)
c) Aline segment d) A set of two rays

106. For positive integers ny,n, the value of the expression (1 + i)™ + (1 +i3)™ + (1 +i®)"2 + (1 +i7)"2,
where i = v/—1 is a real number if and only if
a)n, =n, +1 b)n,=n, -1 c)ny=n, d)n, >0,n, >0

107.1f |z, + iz| = |z1| + |z3| and |z,| = 3 and |z,| = 4, then area of AABC, if affixes of A, B and C are z,, z, and
[(zy —izq)/(1 —i)] respectively, is

5 b) 0 25 25
a) > ) - d) N
108. x2 — xy + y? — 4x — 4y + 16 = 0 represents
a) A point b) A circle
c) A pair of straight lines d) None of these
109. Sum of common roots of the equations z3 + 2z2 + 2z + 1 = 0and z18% + 210 + 1 = 0 is
a) -1 b) 1 0 d)1
110. If the roots of the equation ax? — bx + ¢ = 0 are a, § then the roots of the equation b?cx? — ab?x + a3 =
0 are
) 1 1 b) 1 1 9 1 1 d) None of these
a3+ af’ B3+ ap a’+af’ B? + ap a*+af’ B*+ ap
111.1f |z2 — 1] = |z|? + 1, then z lies on
a) A circle b) A parabola c) An ellipse d) None of these

112. The locus of point z satisfying Re G) = k, where k is a non-zero real number, is

a) A straight line b) A circle c) An ellipse d) A hyperbola

113.
The number of integral values of x satifying J— x?2+10x —16 <x —2is

a)o b) 1 c) 2 d) 3
114. Let a, B be the roots of the equation x> — px + r = 0 and % 23 be the roots of the equation x2 — gx + r =

0. Then the value of r is

2 2 2 2
a)g(p—q)(Zq—p) b)g(q—p)(ZP—q) c) §(q—2p)(2q—p) d)§(2p—q)(2q—p)

115. For x? — (a + 3) |x| + 4 = 0 to have real solutions, the range of a is

a) (—0,=7] U [1,0) b) (=3, ) c) (=0, =7] d) [1, 0)
116.1f z = 3/(2 + cos 8 + i sin ), then locus of z is

a) A straight line b) A circle having centre on y-axis

c) A parabola d) A circle having centre on x-axis
117. The number of real solutions of the equation (9/10)* = =3 + x — x? is

a) 2 b) 0 a1l d) None of these

118.If p, q, 7 are +ve and are in A.P., in the roots of quadratic equation px? + gx + r = 0 are all real for
r
a) |;—7‘24\/§ b)|§—7|24\/§ ¢) All p and r d) Nopandr
119. If arg(z) < 0, then arg(—z) — arg(z) =
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a) b) -1 0 - % d) %
120. If @, 3, v, o are the roots of the equation x* + 4x3 — 6x2 + 7x — 9 = 0, then the value of (1 + a?)(1 +
L21+y2(1+02)is
a)9 b) 11 c) 13 d)5
121. ¢ 2—; = 1and arg(z,z;) = 0, then
a) zy =27, b) |z,|? = 22, C) z12, =1 d) None of these
122. The complex numbers sin x + i cos 2x and cos x — i sin 2x are conjugate to each other for
a)x =nm b)x=0 Jx=Mn+1/2)n d) No value of x
123. P(2) be a variable point in the Argand plane such that |z| =minimum {|z — 1], |z + 1|} then z + Z will be
equal to
a)—1lorl b) 1 butnotequalto —1 c¢) —1butnotequaltol d) None of these
124.1f z = (1 + 3) — iV5 — A2, then the locus of z is
a) Ellipse b) Semicircle c) Parabola d) Straight line
125. For all complex numbers z4, z, satisfying |z;| = 12 and |z, — 3 — 4i| = 5, the minimum value of |z; — z,| is
a)o b) 2 c)7 d) 17

126. If @, B be the roots of the equation (x — a)(x — b) + ¢ = 0(c # 0), then the roots of the equation
x—c—a)(x—c—pB) =care
a)a+candb+c b)a—candb —c c)Jaandb +c d)a+candb

127.If tan 0, , tan 6, , tan O are the real roots of the x3 — (a + 1)x? + (b — a)x — b = 0, where 6, + 6, + 05 €
(0,m), then 6, + 6, + 85 is equal to

a)m/2 b) /4 c) 3n/4 dr
128. If |z| = 1 then the point representing the complex number —1 + 3z will lie on
a) Acircle b) A straight line c) A parabola d) A hyperbola

129. The set of all possible real values of a such that the inequality (x —(a - 1))(x —(a®+ 2)) < 0 holds for
allx € (—1,3) is

a) (0,1) b) (o0, —1] ¢) (=o0,—1) d) (1, )
130. If the root of the equation (a — 1)(x? + x + 1)? = (a + 1)(x* + x? + 1) are real and distinct then the
value of a €
a) (—,3] b) (=00, —2) U (2, ) c) [-2,2] d) [-3,0)
131. The equationx —2/(x —1) =1 —-2/(x — 1) has
a) No root b) One root c) Two equals roots d) Infinitely many roots
132. Let , B be the roots of the equation (x — a)(x — b) = ¢, ¢ # 0. Then the roots of the equation (x — a)(x —
L+c=0are
a)a,c b) b, c c)ab d)a+cb+c
133. Number of complex numbers z such that |z| = 1 and |z/Z + Z/z| = 1is (arg(z) € [0,2m))
a) 4 b) 6 c) 8 d) More than 8
134.1f x = 1 + i is a root of the equation x3 — ix + 1 — i = 0, then the other real root is
a)o b) 1 c) —1 d) None of these

135. If (m,, 1/m,.),r = 1,2, 3, 4 be four pairs of values of x and y that satisfy the equation x? + y? + 2gx +
2fy + ¢ = 0, then value of mym,msm, is

a)o b) 1 c) —1 d) None of these
136.If k + |k + z%| = |z|?(k € R™), then possible argument of z is
a)o b)m c) /2 d) None of these

137. Let a # 0 and p(x) be a polynomial of degree greater than 2. If p(x) leaves remainders a and - a when
divided respectively by x + a and x — a, then remainder when p(x) is divided by x? — a? is
a) 2x b) —2x c) x d) —x

138. If z is a complex number lying in the fourth quadrant of Argand plane and |[kz/(k + 1)] + 2i| > /2 for all
real value of k(k # —1), then range of arg(z) is
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139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

a) (—% 0) b) (_% 0) c) (_%’ 0) d) None of these

The largest interval for which x12 —x% + x* —x + 1> 0 is

a)—4<x<0 b)0<x<1 c) —100 < x < 100 d) —o < x <

If |2z — 1| = |z — 2| and 24, z,, z3 are complex numbers such that |z; — a| < a, |z, — B| < S, then %
a) < |z| b) < 2|z| c) > |z| d) > 2|z|

Ifa,b,c,d € R, then the equation (x? + ax — 3b)(x? — cx + b)(x? — dx + 2b) = 0 has

a) 6 real roots b) At least 2 real roots c) 4 real roots d) 3 real roots

If a, b, c be distinct positive numbers, then the nature of roots of the equation 1/(x —a) + 1/(x — b) +
1/(x—c)=1/xis

a) All real and distinct b) All real and at least two are distinct

c) Atleast two real d) All non-real

If the roots of the quadratic equation (4p — p? — 5)x2 — (2p — 1)x + 3p = 0 lie on either side of unity,
then the number of integral values of p is

a) 1 b) 2 c)3 d) 4
_ _ _z=w
Ifk>0,|z| =|lw|=kanda = e then Re(a) equals
a)o b) k/2 c)k d) none of these

Let f(x) = (1 + b?)x? + 2bx + 1 and let m(b) be the minimum value of f(x). As b varies, the range of
m(b) is

1 1
2) [0,1] b) (03] 9 [5.1] d) (0,1]

The coefficient of x in the equation x? + px + ¢ = 0 was wrongly written as 17 in place of 13 and the roots
thus found was —2 and —15. Then the roots of the correct equation are

a) —3,10 b) —3,—-10 c) 3,—-10 d) None of these
If8iz3 + 12z% — 18z + 27i = 0, then
a) Izl =5 )1zl =2 ) lel =1 Vel =
If ‘2’ lies on the circle |z — 2i| = 2+/2 then the value of arg[(z — 2)/(z + 2)] is equal to
T s T s
a) § b) Z C) g d) E

If ‘p’ and ‘q’ are distinct prime numbers, then the number of distinct imaginary numbers which are p™ as
well as g™ roots of unity are

a) min(p, q) b) max(p, q) A1l d) Zero

Let a be a complex number such that |a| < 1 and z4, z,, 23, ... be the vertices of a polygon such that
Zy=1+a+a?+-+a*forallk = 1,2,3,..then zq, 2, .... lie within the circle

1 1 1) 1 1
1—a|:|a—1| b) a+1|_|a+1| 1—a
The sum of values of x satisfying the equation

(31+8vI5)" “+1=(32+8Vi5)" is

a)3 b) 0 c) 2 d) None of these

Let a, b, c be real numbers, a # 0.If « is a root of a®x? + bx + ¢ = 0. 8 is the root of a?x? — bx — ¢ = 0 and
0 < a < B, then the equation a?x? + 2bx + 2c¢ = 0 has a root y that always satisfies

)y =227 by =a+h 9y =a Ha<y<p

If @, B be the non-zero roots of ax? + bx + ¢ = 0 and a?, 2 be the roots of a?x? + b%x + ¢? = 0, then
a,b,carein

z+

1
zZ— — =la—1] d | —|= 1
a)| c)|z | |a | )Z+a+1 la + 1|

a) G.P. b) H.P. c) AP. d) None of these
The equation 22* + (a — 1)2**! + a = 0 has roots of opposite signs then exhaustive set of values of a is
a)a € (—-1,0) b)a<0 c)a€ (—x,1/3) d)a € (0,1/3)

Let z = x + iy be a complex number where x and y are integers. Then the area of the rectangle whose
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vertices are the roots of the equation zz3 + zz3® = 350 is

a) 48 b) 32 c) 40 d) 80
156. If the quadratic equation 4x? — 2(a+c—1)x+ac—b=0(a>b >¢)
a) Both roots are greater than a b) Both roots are less than ¢
c) Both roots lie between ¢/2 and a /2 d) Exactly one of the roots lies between ¢/2 and a /2
157. Let |z, —r| <r,vr =1,2,3,...n. Then |2}~ z, | is less than
a)n b) 2n 9 nn+1) d) @
158. If (ax? + ¢)y + (a’x? + ¢’) = 0 and x is a rational function of y and ac is negative, then
a)ac'+a'c=0 b)a/a’ =c/c ca’+c?=a?+c"? d)aa’ +cc' =1
159. Let z and w be two non-zero complex numbers such that |z| = |w| and argz = m — arg w, then z equals
a) w b) —w ) w d) -

160. Suppose that f(x) is a quadratic expression positive for all real x. If g(x) = f(x) + f'(x) + f"'(x), then for
any real x (where f'(x) and f"'(x) represent 1st and 2nd derivative respectively)
a) g(x) <0 b) g(x) >0 c)gx) =0 d)gx)=0
161. If z is a root of the equation agz™ + a;z" ' + -+ + a,_1z + a, = 3, where |a;| < 2fori = 0,1, ...,n. Then
1 1 1 1
a) |z1| > 5 b) |zl <7 ) |zl > 7 dlzl <3

162. The complex numbers z;, z, and z5 satisfying [(z; — z3)/(2z2 — 23)] = [(1 — iv/3)/2] are the vertices of a
triangle which is

a) Of area zero b) Right-angled isosceles
c) Equilateral d) Obtuse-angled isosceles
163. The number of solutions of the equation z2 + Z = 0 is
a) 1 b) 2 o) 3 d) 4
164. If a is the n'™" root of unity, then 1 + 2a + 3a? + -+~ to n terms equal to
-n -n —-2n —2n
leeme Mg g Va-o2
165. If a, B be the roots of the equation 2x? — 35x + 2 = 0, then the value of (2a — 35)3(2 — 35)3 is equal to
a) 8 b) 1 c) 64 d) None of these
166. If z is a complex number such that - /2 < arg z < /2, then which of the following inequality is true?
a) |z —z| < |z|(argz — argz) b) |z —Z| = |z|(argz — argZ)
c) |z —7z| < (argz — argz) d) None of these
167.If x? + ax — 3x — (a + 2) = 0 has real and distinct roots, then minimum value of (a? + 1)/(a? + 2) is
a) 1 b) 0 9 1 d)l
2 4
168. If & and g are the roots of the equation x? — ax + b = 0 and 4,, = a™ + B, then which of the following is
true?

a) Ap+1 = adn +bAyy b)Apy =bAn+adyq ) Apyy =ady —bAy 1 d)Apyq = bAy —adp
169. The polynomial x® + 4x> + 3x* + 2x3 + x + 1 is divisible by where w is cube root of units
Where w is one of the imaginary cube roots of unity

a)x+w b) x + w? c) (x + w)(x + w?) d) (x — w)(x — w?)
170. Let f(x) = ax? + bx + c,a # 0 and A= b? — 4ac.If a + B,a? + B? and a® + B3 are in GP, then
a) A+ 0 b) bA=0 c) cA=10 d) bc #0

171. zyand z, are two distinct points in an Argand plane. If a|z,| = b|z,| (where a, b € R), then the point
(azy/bz,) + (bz,/az,) is a point on the

a) Line segment [—2,2] of the real axis b) Line segment [—2, 2] of the imaginary axis
c) Unitcircle |z| = 1 d) The line with argz = tan™!2
172. The number of complex numbers z satifying |z —3 —i| = |z—9 —i| and |z — 3 + 3i| = 3 are
a) One b) Two c) Four d) None of these
173.1f ‘" is complex number then the locus of ‘z’ satisfying the condition |2z — 1| = |z — 1] is

a) Perpendicular bisector of line segment joining 1/2 and 1
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174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

b) Circle

c) Parabola

d) None of the above curves

Ifxy =2(x +y),x < yandx,y € N, then the number of solutions of the equation are

a) Two b) Three

c) No solution d) Infinitely many solutions

If the roots of the equation x? —2ax + a®> 4+ a — 3 = 0 are real and less than 3, then
aJa<?2 b)2<a<3 c)3<acs<4 d)a>4

Let f(x) = ax? + bx + c,a,b, c € R.If f(x) takes real values for real values of x and non-real values of x,
then

a)a=0 b)b=0

cJc=0 d) Nothing can be said about a, b, ¢

Ifz(1+a) = b+ icand a? + b? + ¢? = 1, then[(1+iz) /(1 — iz)=

2) a+ib b) b —ic 0 a+ic d) None of these
1+¢c 1+a 1+b

The number of positive integral solutions of x* — y* = 3789108 is

a) 0 b) 1 Q) 2 d) 4

Let a, b and ¢ be real numbers such that 4a + 2b + ¢ = 0 and ab > 0. Then the equation ax? + bx + ¢ = 0
has

a) Complex roots b) Exactly one root c) Real roots d) None of these

If w(# 1) is a cube root of unity and (1 + @)’ = A + Bw then A and B are respectively

a)o,1 b) 1,1 c)1,0 d)—-1,1

Consider the equation 10z2 — 3iz — k = 0, where z is a complex variable and i? = —1. Which of the

following statements is true?

a) For real positive numbers k, both roots are purely imaginary

b) For all complex numbers k, neither roots is real

c) For real purely imaginary numbers k, both roots are real and irrational
d) For real negative numbers k, both roots are purely imaginary

8

I, T
1+sin——icos—
8 8

LT .8
. 1+sing+icosy
The expression

a) 1 b) —1 )i d) —i
If roots of x> — (a — 3)x + a = 0 are such that at least one of them is greater than 2, then
a)a€[7,9] b) a € [7, ] c) a €[9,x] d)a€[79)
If a, b, c are three distinct positive real numbers, then the number of real roots of ax® + 2blx| —c=0is
a)o b) 4 c) 2 d) None of these
Ifi = V=1, then 4 + 5[(=1/2) + iV3/2] " +3[(~=1/2) + (iV3/2)]""" is equal to
a)1-iV3 b) -1 +iv3 ) iv3 d) —iv3
The smallest positive integer n for which [(1 +i)/(1 —i)]* = 1is
ajn=28 b)n =16 An=12 d) None of these
If x,y and z are real and different and u = x2 + 4y? + 922 — 6yz — 3zx — 2xy, then u is always
a) Non-negative b) Zero c) Non-positive d) None of these
If the ratio of the roots of ax? + 2bx + ¢ = 0 is same as the ratio of the px? + 2gx + r = 0, then
2b  q* b q b? g? d) None of these
a)—=— b)—=— ) —=—
ac pr ac pr ac pr
Ifonerootofx?2 —x —k =0is square of the other, then k =
a)2£+5 b)2++v3 )32 d) 52
If n € N > 1 then sum of real part of roots of z" = (z + 1)" is equal to
a)g b)(nzl) C)_g d)(lzn)

If z is a complex number having least absolute value and |z — 2 + 2i| = 1,thenz =
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a) (2—-1/V2)(1-1) b) (2 - 1/V2)(1 + 1) A (2+1/4V2)1-10) d) (2 +1/vV2)(1+10)
192. If x = 2 4 22/3 4 21/3 then the value of x3 — 6x2 + 6x is

a)3 b) 2 a1 d) -2
193. The principal argument of the complex number [(1 + i)5(1 + @)2] /[—2i(—\/§ + l)] is
19 7 5 5
N pd b) — = o )
12 12 12 12
194. The range of a for which the equation x? + ax — 4 = 0 has its smaller root in the interval (—1, 2) is
a) (=, -3) b) (0, 3) c) (0, ) d) (=0, =3) U (0, )

195. If @ and B are the roots of x? + px + g = 0 and a*, f* are the roots of x> — rx + s = 0, then the equation
x? — 4qx + 2q? — r = 0 has always

a) One positive and one negative root b) Two positive roots
c) Two negative roots d) Cannot say anything
196. The number of solutions of the equation sin(e*) = 5* + 57* is
a)o b) 1 c) 2 d) Infinitely many
197.1fp(q — r)x* + q(r — p)x + r(p — q) = 0 has equal roots, then 2/q =
a)l+1 b)yp+r c) p?+1? d)l+l
p T p p2 ' 12

198. The roots of the equation ¢t + 3at? + 3bt + ¢ = 0 are z,, z,, z; which represent the vertices of an
equilateral triangle, then
a)a’? =3b b)b? =a c)a’=hb d) b? = 3a

199. The integral values of m for which the roots of the equation mx? + (2m — 1)x + (m — 2) = 0 are rational
are given by the expression [where n is integer]

a) n? b)n(n + 2) cgnn+1) d) None of these
200. Letz =1 —t + iVt2 + t + 2, where t is a real parameter. The locus of z in the Argand plane is
a) A hyperbola b) An ellipse c) A straight line d) None of these

201.1, 24, 25, 23, ..., Zy—, are the n™ roots of unity, then the value of 1/(3 — z;) + 1/(3 — z,) + -+ 1/(3 —
Zn—1) is equal to

2) n3n-1 N 1 b) n3n1 4 0 n3n1 ‘1 d) None of these
3n—-1 2 3n—-1 3n—-1
202. Given z = (1 + iv/3)1°, then [RE(z)/IM(2)] equals
1
100 50 —
a) 2 b) 2 c) Ve d)3
203. The quadratic x? + ax + b + 1 = 0 has roots which are positive integers, then (a? + b?) can be equal to
a) 50 b) 37 c) 61 d) 19
204. x; and x, are the roots of ax? + bx + ¢ = 0 and x;x, < 0. Roots of x; (x — x,)? + x,(x — x;)? = O are
a) Real and opposite sign b) Negative
c) Positive d) Non-real
205. Both the roots of the equation (x — b)(x —¢) + (x —a)(x — ¢) + (x — a)(x — b) = 0 are always
a) Positive b) Real c) Negative d) None of these
206. If a? + b% + c? = 1, then ab + bc + ca lies in the interval
1 1 1
0|72 P2 9|21 9|1
207.1f |z4|=|z,| and arg arg(z,/z,) = 7, then z; + z,is equal to
a)o b) Purely imaginary c) Purely real d) None of these
208.1f b b, = 2(cq + ¢3), then at least one of the equations x? + b;x + ¢; = 0 and x? + b,x + ¢, = 0 has
a) Imaginary roots b) Real roots
c) Purely imaginary roots d) None of these
209.Ifcosa + 2cosf + 3 cosy =sina + 2sinf + 3 siny = 0, then the value of sin3a + 8sin3f + 27 sin 3y is
a) sin(a+b +vy) b) 3sin(a + S +y) c) 18sin(a + B8 +v) d) sin(a + 26 + 3)

210.Ifz=x+iyand w = (1 — iz)/(z — i), then |w| = 1 implies that, in the complex plane
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211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

a) z lies on the imaginary axis b) z lies on the real axis

c) z lies on the unit circle d) None of these

The maximum area of the triangle formed by the complex coordinate z, z;, z, which satisfy the relations

|z —z1| = |z — z3| and |z — (z1 + 23) /2| < r,wherer > |z, — z,] is

a)%|z1—22|2 b)%|z1—22|7" C)%|Zl—22|27”2 d)%|Z1—Zz|7’2

The points z;, z,, 3, z4 in the complex plane are the vertices of a parallelogram taken in order if and only if
a) z1 + 24 = 7, + 73 b))z, +2z3=2,+2, C)zy+2z,=23+2, d) None of these

The equation Vx + 1 —vx — 1 = v4x — 1 has

a) No solution b) One solution

c) Two solutions d) More than two solutions

If (b? — 4ac)?(1 + 4a?) < 64a?,a < 0, then maximum value of quadratic expression ax? + bx + c is
always less than

a)o b) 2 c) -1 d) -2
The curve y = (1 + 1)x? + 2 intersects the curve y = Ax + 3 in exactly one point, if A equals
a) {—2,2} b) {1} c) {-2} d) {2}
Ifa?+b?=1then(1+b+ia)/(1+ b —ia) =
a)l b) 2 c)b+ia d)a+ib
If z1, z,, 5 are the vertices of an equilateral triangle ABC such that |z; — i| = |z, — i| = |z3 — i|, then
|z + z, + z3| equals to
c)3 1
a) 3v3 b) V3 d) 33

Let C; and C, are concentric circles of radius 1 and 8/3, respectively, having centre at (3, 0) on the Aragnd
plane. If the complex number z satisfies the inequality

2
logy/3 (%) > 1 then
a) z lies outside C; but inside C, b) z lies inside of both C; and C,
c) z lies outside both of C; and C, d) None of these
If a, b and c are real numbers such that a? + b% + ¢2 = 1, then ab + bc + ca lies in the interval
a) [1/2,2] b) [-1,2] ) [~1/2,1] d) [~1,1/2]
If z = x + iy and x? + y? = 16, then the range of ||x| — |yl| is
a) [0,4] b) [0,2] c) [2,4] d) None of these
If|z—1| < 2and |wz — 1 — w?| = a (where w is a cube root of unity) then complete set of values of a is
a)0<a<?2 b)%gagg Cg_%gaséq_? d0<ac<4
If @, B are real and a?, B2 are the roots of the equation a?x? + x + 1 — a? = 0(a > 1), then g2 =
a) a? b)1—% c)1—a? d)1+a?

If the complex number z satisfies the condition |z| > 3, then the least value of [z + (1/2)] is equal to
a)5/3 b) 8/3 c) 11/3 d) None of these

The points z; = 3 +v/3i and z, = 2v/3 + 6i are given on a complex plane. The complex number lying on
the bisector of the angle formed by the vectors z; and z, is

a)z=(3+22*/§)+‘/§2+2i b)z=5+5i
z=-1-i d) None of these
If |z2 — 3| = 3|z| then the maximum value of |z| is
a) 1l b) 34421 0 V21 -3 d) None of these
2 2
If a complex number z satisfies |2z + 10 + 10i| < 5v/3 — 5, then the least principle argument of z is
5t 11m 3 2

- b) — ——— - o | P

2) 6 ) 12 9 4 ) 3
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227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

If x be real, then x/(x? — 5x + 9) lies between

a)—land—-1/11 b)1and —1/11 c) land 1/11 d) None of these

The complex number associated with the vertices 4, B, C of AABC are et o, respectively [where w, w
are the complex cube roots of unity and cos 8 > Re(w)], then the complex number of the point where
angle bisector of A meets the circumcircle of the triangle, is

a) et? b) e~ c) ww dw+ow

Zl_% T z
Ifarg( - > = Eand |E - Zl| = 3 then |z,| equals to

|z]

a) V26 b) V10 ) V3 d) 2v2
Dividing f(z) by z — i, we obtain the remainder i and dividing it by z + i, we get the remainder 1 + i, then
remainder upon the division of f(z) by z% + 1 is

1 1 1 1
a)z(z+1)+i b)z(iz+1)+i C)E(iz_l)-l_i d)z(z+i)+1
If both roots of the equation ax? + x + ¢ — a = 0 are imaginary and ¢ > —1, then
a)3a>2+4c b)3a <2+ 4c c<a d) None of these
Let a, B be the roots of x? —x + p = 0 and y, § be roots of x2 —4x + q =0.Ifa, B,y,6 are in G.P., then the
integral values of p and q, respectively are
a) —2,—-32 b) —-2,3 c) —6,3 d) —6,—32
If a, B be the roots of the equation ax? + bx + ¢ = 0, then value of (aa? + ¢)/(aa + b) + (ap? + ¢)/(aB +
b) is

2) b(b? — 2ac) b) b? — 4ac 0 b(b? — 2ac) d) None of these
4a 2a a?c

Number of solutions of the equation z3 + [3(2)?]/|z| =0 where z is a complex number is

a) 2 b) 3 c)6 d)5

Given z is a complex number with modulus 1. Then the equation [(1 + ia)/(1 — ia)]* = z has

a) All roots real and distinct b) Two real and two imaginary

c) Three roots real and one imaginary d) One root real and three imaginary

If the equation z* + a,z3 + a,z% + a3z + a, = 0, where aq,a; as a, are real coefficients different from
zero, has a purely imaginary root, then the expression as/(aia,) + (a;a4)/(a,az) has the value equal to
a)0 b) 1 c) —2 d) 2

argz, argz, argz
If z; z, z3 are three complex numbers and A = [argz; argzz argz;|then Ais divided by

argzs argz, argz,

a) arg (z; + 2z, + z3) b) arg(z,z,23) c) All numbers d) cannot say
Let z; and z, be n™® roots of unity which subtend a right angle at the origin. Then n must be of the form
a) 4k + 1 b) 4k + 2 c) 4k +3 d) 4k

Multiple Correct Answers Type

If a, b, c are distinct numbers in arithmetic progressions then both the roots of the quadratic equation
(a+2b—3c)x*>+ (b+2c—3a)x+ (c +2a—3b) =0are

a) Real b) Positive c) Negative d) Rational
If the equation ax? + bx + ¢ = 0,a, b ¢ € R have non-real roots, then
a)c(la—b+c)>0 b)c(a+b+c)>0 c)c(4a—2b+¢c)>0 d) None of these

Let z be a complex number satisfying equation z? = z?, where p,q € N, then

a) If p = g, then number of solutions of equation will be infinite

b) If p = g, then number of solutions of equation will be finite

c) If p # q, then number of solutions of equation willbe p + g + 1

d) If p # g, then number of solutions of equation will be p + g

Leta, b, c € Q' satisfyinga > b > c¢. Which of the following statement(s) hold true for the quadratic
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polynomial f(x) = (a+ b — 2¢)x? + (b + ¢ — 2a)x + (c + a — 2b)?
a) The mouth of the parabola y = f(x) opens upwards
b) Both roots of the equation f(x) = 0 are rational
c) x-coordinate of vertex of the graph is positive
d) Product of the roots is always negative
243. Let P(x) and Q(x) be two polynomials. Suppose that f(x) = P(x3) + xQ(x?) is divisible by x? + x + 1,

then

) P(x) is divisible by (x — 1) but Q(x) is not b Q(x) is divisible by (x — 1) but P(x) is not
divisible by (x — 1) divisible by (x — 1)

c) Both P(x) and Q(x) are divisible by (x — 1) d) f(x) is divisible by (x — 1)

244. z, and z, are the roots of the equation z2 — az + b = 0, where |z;| = |z,| = 1 and a, b are non-zero
complex numbers, then

a)lal <1 b) lal <2 c) arg(a?®) = arg(bh) d) arga = arg(b?)

245. Let z; and z, be complex numbers such that z; # z, and |z,| = |z,]|. If z;has positive real part and z, has
negative imaginary part, then (z; + z,)/(z; — z;) may be
a) Zero

b) Real and positive
c) Real and negative
d) Purely imaginary
246. Given that the complex numbers which satisfy the equation zZ° + Zz3 = 350 form a rectangle in the
Argand plane with the length of its diagonal having an integral number of units, then
a) Area of rectangle is 48 sq. units
b) If z4, z,, z3, z4 are vertices of rectangle then z; + z, + z3 + 2, = 0
c) Rectangle is symmetrical about real axis

d) T 3
arg(z, — z3) = 2 or 2
247.1fzy = 5+ 12i and |z,| = 4 then
a) Maximum (|z; + iz,|) = 17 b) Minimum (|z; + (1 4+ i)z,]) = 13 — 42

21
zﬁ%
248. For the quadratic equation x% + 2(a + 1)x + 9a — 5 = 0, which of the following is/are true?

a) If 2 < a < 5, then roots are of opposite sign b) If a < 0, then roots are of opposite sign
c) If a > 7, then both roots are negative d) If 2 < a < 5, then roots are unreal
249. Given z = f(x) + i g(x) where f,g: (0,1) - (0, 1) are real valued functions. Then, which of the following

does not hold good?

Z1
4
22+Z

13 :
= d) Maximum

13

¢) Minimum

1 1 1 1
a)Zzl—lix-H(l-liix) b)zzl-liix-l_l(l—lix)
C)Z=1+ix+1(1+ix) d)Zzl—ix+l(1—ix>

250. If S is the set of all real x such that (2x — 1)/(2x3 + 3x? + x) is positive, then S contains

3 3 1 11 1

) (~e0=3) 0 (-z-3) 9 (-3:2) 3(33)

251. If the following figure shows the graph of f(x) = ax? + bx + ¢, then

L

a)ac <0 b) bc > 0 c)ab>0 d)abc <0
252. If the equation ax? + bx + ¢ = 0(a > 0) has two roots @ and 8 such that @« < —2 and > 2, then

a) b> —4ac >0 b)c <0

cJa+|bl+c<O0 d)4a +2|b|+c<0
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253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

If |z— 1] = 1, then

a) arg((z — 1 —1i)/z) can be equal to —mr/4

b) (z — 2)/z is purely imaginary number

c) (z — 2)/z is purely real number

d) Ifarg(z) = 6, where z # 0 and 6 is acute,then 1 — 2/z = i tan 8

If the points A(z), B(—z) and C(1 — z) are the vertices of an equilateral triangle ABC, then
a) Sum of possible z is 1/2 b) Sum of possible z is1

c) Product of possible z is 1/4 d) Product of possible z is 1/2

If every pair from among the equations x? + ax + bc = 0,x? + bx + ca = 0 and x*> + cx + ab = O has a
common root, then

a) The sum of the three common rootsis —1/2(a + b + ¢)

b) The sum of the three common roots is 2(a + b + c)

c) The product of the three common roots is abc

d) The product of the three common roots is a?h?c?

|72]3 is equal to

a) |z3|? b) |33]? o |zl° d) |z°|
Ifax? + (b — ¢)x + a — b — ¢ = 0 has unequal real roots for all ¢ € R, then

a)b<0<a bJa<0<b b<ax<0 db>a>0
Ifcosx —y?—\/y—x2—12=0,then

ajy=>1 b)x €R gy=1 d)x=0
Equation of tangent drawn to circle |z| = r at the point A(z,) is

a) Re (ZZ—O) =1 b) 2Zo + 247 = 212 ¢) Im (ZZ—O) =1 d) Im (ZZ—O) =1
Ifa,b,c € R and abc < 0, then the equation bcx? + 2(b + ¢ — a)x + a = 0, has

a) Both positive roots b) Both negative roots

c) Real roots d) One positive and one negative root
IfV5 — 12i + V—5 — 12i = z, then principle value of arg z can be

a) —% b)% c) %Tn d) —%Tn

If @,  are the roots of the quadratic equation ax? + bx + ¢ = 0 then which of the following expression will
be the symmetric function of roots

o 1\°
2 [log ] b) a?65 + f2a’ ) tan(a - ) @) (log) + log )

Let z4, Z5, 3 be the three non-zero complex numbers such that z, # 1,a = |z;|,b = |z,| and ¢ = |z3]|. Let,

a b c
b ¢ a|=0
c a b
Then
Z3 Z3 — Z1\?
) arg () = arg (=)

b) Orthocenter of triangle formed by z;, z,, z3 is z; + z, + 73
c) If triangle formed by z,, z,, z3 is equilateral, then its area is % |z, ]?

d) If triangle formed by z4, z,, z; is equialateral then z; + z, + z3 = 0
If the quadratic equation ax? + bx + ¢ = 0 (a > 0) has sec? 8 and cosec? 0 as its roots, then which of the
following must hold good?

a)b+c=0 b) b2 —4ac =0 c) c=4a d)4a+b=0
If |z,] = 15 and |z, — 3 — 4i| = 5, then
a) |Zl - Z2|min =5 b) |Z1 - Z2|min =10 C) |Zl - Zzlmax =20 d) |Zl - Zzlmax =25

71,75, 25 and z1, z5, z5 are non-zero complex numbers such that zz = (1 — 1)z; + 1z, and z3 = (1 — u)z; +
uz, then which of the following statements is/are true?
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267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

a) If A, u € R — {0}, then z;, z, and z; are collinear and z;, z;, z5 are collinear separately
If A, u are complex numbers, where A = u then triangles formed by points z;, z,, z3 and z1, z3, z5 are
similar
0 If A, u are distinct complex numbers, then points z;, z,, z3 and z3, z3, z5 are not connected by any well
defined geometry
a) If 0 < A < 1, then z3 divides the line joining z;and z, internally and if u > 1 then z3 divides the line
joining of z1, z; externally
If from a point P representing the complex number z; on the curve |z| = 2, two tangents are drawn from P
to the curve |z| = 1, meeting at points Q(z,) and R(z3), then
a) Complex number (z; + z, + z3)/3 will be on the curve |z| =1
4 1 1\¢4 1 1
b) <_—+_—+_—>(—+—+—) =9
Z1 Zz Z3/\Zy Zp Z3

Zy 2m
c) arg (Z) =3
d) Orthocentre and circumcentre of APQR will coincide
If every pair from among the equations x? + px + qr = 0,x> + gx + rp = 0 and x% + rx + pq =

0, where p, g, r are unequal non-zero numbers, have a common root, then the value of
( sum of common roots ) .

product of common roots

¥ 2 1 d)o
a) ﬁ 0) () p) ) Z;

If 31 = a + ib and 3, = ¢ + id are complex numbers such that | 3;| = |z,| = 1 and Re(z,3,) = 0, then the
pair of complex number w; = a + ic and w, = b + id satisfies

a) lwyl =1 b) lwy| =1 c) Re lwyw,| =0 d) None of these

Ifarg(z + a) = m/6 and arg(z — a) = 21/3 (a € R*), then

/s T
a) |zl =a b) |z| = 2a c) arg(z) = 3 d) arg(z) = 3

A rectangle of maximum area is inscribed in the circle |z — 3 — 4i| = 1. If one vertex of the rectangle is
4 + 4i, then another adjacent vertex of this rectangle can be

a)2 +4i b) 3 + 5i c)3+3i d)3-3i
If amp (z,2;) = 0 and |z;| = |z,| = 1, then
a)z;+2,=0 b)zyz;, =1 C) z1 =7, d) None of these

If the equations 4x? —x — 1 = 0 and 3x2 + (1 + w)x + A — u = 0 have a root common then the rational
values of 1 and u are

Sp b)A =0 =2 d)p=0

If |ax? + bx + ¢| < 1 forall x in [0, 1], then

a) la| < 8| b) |b| > 8 o lel <1 d) lal + |b| + |c| < 17
Ifx,y € R and 2x? + 6xy + 5y = 1, then

a) |x| < V5 b) |x| =5 c) y? <2 d)y*<4

Let z; and z, be two distinct complex numbers and let z = (1 — t)z; + tz, for some real number t with
0 <t < 1.Ifarg(w) denotes the principle argument of a non-zero complex number w, then

a) |z — z1| + |z — 75| = |21 — 75| b) arg(z — z;) = arg(z — z,)

zZ—27Z1 Z—Z;

) Zy—2, 52| 0 d) arg(z — z;,) = arg(z, — z1)
Value (s)(—i)'/3 is/are
2) \/§2—i b)\/§2+i 9 —\/i—i q —\/i+i

Z, is a root of the equation z" cos 8y + z" ! cos §; + -+ + z cos 8,,_, + cos 8, = 2, where 6; € R, then
1 1 3

a) |zol > 1 b) Izol > 5 ) lzol > 7 d) Izol > 5

Let f (x) = ax? + bx + c. Consider the following diagram. Then
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\ / y=ax*+bx+c
g
a)c<o0 b)b >0 ga+b—-c>0 d) abc <0
280. If a is a complex constant such that az? + z + @ = 0 has a real root, then
aJat+ta=1 b)a+a=0
Qa+a=-1 d) The absolute value of the real roots is 1

281.1fp=a+bw+cw? q=>b+ cw+ aw? andr = ¢ + aw + bw? where a, b, ¢ # 0 and w is the complex cube
root of unity, then
a) If p, q,r lie on the circle |z| = 2, the triangle formed by these points is equilateral
b)p?+q?+1r2 =a%?+b?+c?
) p*> +q*+1r*=2(pq + qr +1p)
d) None of these

282. P(z,),Q(z;),R(z3) and S(z,) are four complex numbers representing the vertices of a rhombus taken in
order on the complex plane, then which one of the following is/are correct?

Z1—Zy . Zl - Z4 ZZ - Z4
o 1 1 =
a) ;= ispurelyrea b) amp Z3 — 7, amp Zs — 74
c) ;:Z is purely imaginary d) It is not necessary that |z, — z3| # |2, — z4|
283.1f z,, z, be two complex numbers (z; # z,) satisfying |le - Z22| = |Zf + E; — 2717Z,|, then
. . . . T
a) 2—;15 purely imaginary b) Z—: is purely real ) largz; —argz,| =m  d)|argz, —argz,| = >
284.1f |z — (1/z)| = 1 then
) 1+v5 b) V5-1 ) V5 -2 4 _V5-1
a |Z|max = 2 |Z|min = > C |Z|max = > |Z|min = T

285. A quadratic equation whose difference of roots is 3 and the sum of the squares of the roots is 29, is given
by

a)x?+9x+14=0 b)x2+7x+10=0 Qx2—7x—10=0 d)x?2—7x+10=0
286. If a and f are the roots of ax? + bx + ¢ = 0 and a + h, B + h are the roots of px? + gx + r = 0, then
1/b b% —4 24
a)h:—(—,g) b) ac _q*—4pr
2\a'p a? p2
0 a_b _c d) None of these
p q T
287.If a is one root of the equation 4x? + 2x — 1 = 0, then its other root is given by
1 1
a) 4a® — 3a b) 4a3 + 3a c)a—z d)—a—z
288. Locus of complex number satisfying arg[(z — 5 + 4i)/(z + 3 — 2i)] = —n /4 is the arc of a circle
a) Whose radius is 5v2 b) Whose radius is 5

c) Whose length (of arc) is 15—:

7z d) Whose centre is —2 — 5i

289. If the roots of the equation, x3 + px? + gx — 1 = 0 form an increasing G.P., where p and q are real, then
a)p+q=0
b) p € (=3, )
c) One of the root is unity
d) One root is smaller than 1 and one root is greater than 1

290. If |(z — z1) /(z — z,)| = 3, where z; and z, are fixed complex numbers and z is a variable complex number,
then ‘z’ lies on a
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a) Circle with ‘z;’ as its interior point b) Circle with ‘z,’ as its interior point

c) Circle with ‘z;’ as its exterior point d) Circle with ‘z,’ as its exterior point
291. The value of x satisfying the equation 22* — 8 X 2* = —12 s
log 3 1 3 d)1
1+ b) - e
a) log2 ) 3 log 6 )1+ log2
292. The equation x? + a?x + b? = 0 has two roots each of which exceeds a number c, then
2
a) a* > 4b? b) ¢? + a?c + b2 >0 c) _a? > c d) None of these

293. If the equations x? + bx — a = 0 and x? — ax + b = 0 have a common root, then
aJa+b=0 b)a=>» ca—-b=1 da+b=1

294.1f cos* 0 + a, sin* @ + a are the roots of the equation x? + 2bx + b = 0 and cos? 8 + 8,sin? 0 + f,sin? 6 +
[fare the roots of the equation +2+41+2=0, then values of /are

a) 2 b) -1 c) -2 d)1
295. If a, b, c are in G.P. then the roots of the equation ax? + bx + ¢ = 0 are in the ratio
1 1 1 1
a)z(—1+i\/§) b)5(1—i\/§) c) E(—l—i\@) d)§(1+i\/§)
296. If x3 + 3x%2 — 9x + c is of the form (x — a)?(x — B), then c is equal to
a) 27 b) —27 c)5 d) -5
297.1fp,q,r € R and the quadratic equation px? + gx + r = 0 has no real root, then
a)pp+q+1r)>0 byrip+q+1r)>0 c)qlp+qg+r)>0 dp+qg+r)>0
298. If the equations x? + px + ¢ = 0 and x + p'x + ¢’ = 0 have a common root, then it must be equal to
rq’ —r'q 9-q p'—p rq' —pr'q
a) ———— b) = c) 7 d) ———
q9—q p—p q—9q p—p

299. A complex number z is rotated in anticlockwise direction by an angle a and we get z’ and if the same
complex number z is rotated by an angle a in clockwise direction and we get z"' then

a) z',z,z" are in G.P. b) z',z,z" are in H.P.
c)z' +z"=2zcosa d)z'? +2"% = 222 cos 2a
300. Given that the two curves arg(z) = /6 and |z — 2v/3i| = r intersect in two distinct points, then
a) [r] # 2 b)0<r<3 )r==6 d)3<r<2V3
301. 1f ¢ # 0 and the equation P -2 42 hastwo equal roots, then p can be
2x xX+c  x—c
a) (va —vb)* b) (va +vb)~ Q) a+b d)a—b
302. If ¢ # 0 and the equation p/(2x) = a/(x + ¢) + b/(x — ¢) has two equal roots, then p can be
a) (Va—vb)* b) (va +vb)~ ) a+b d)a—b
303 Tpe equation xallogz¥)+loga x—3 _ V2 has
a) At least one real solution b) Exactly three solutions
c) Exactly one irrational solution d) Complex roots
304. If P and Q are represented by the complex number z; and z,, such that |1/z, + 1/z4| = |1/2z, — 1/2,|, then
a) AOPQ (where O is the origin) is equilateral b) AOPQ is right angled
c) The circumcentre of AOPQ is % (z1 + z) d) The circumcentre of AOPQ is % (z1 + z5)
305. If (x2 + ax + 3)/(x% + x + a) takes all real values for possible real values of x, then
a)4a®+39<0 b)4a®+39=>0 c)azi d)a<%

306. Given than a, y are roots of the equation Ax? — 4x + 1 = 0, and /3, § the roots of the equation of
Bx? — 6x + 1 = 0, such that @, 8,y and § are in H.P,, then
a) A =3 b)A =4 Q) B=2 d)B=8

307. Let P(x) = x? + bx + ¢, where b and c are integer. If P(x) is a factor of both x* + 6x? + 25 and
3x* 4+ 4x? + 28x + 5, then
a) P(x) = 0 has imaginary roots b) P(x) = 0 has roots of opposite sign
c)P(1)=4 dP(1) =6
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314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

If n is natural number > 2, such that z™ = (z + 1)", then

a) Roots of equation lie on a straight line parallel to y-axis

b) Roots of equation lie on a straight line parallel to x-axis

¢) Sum of the real parts of the roots is —[(n — 1) /2]

d) None of these

Ifz3+ (3 + 2i)z + (=1 + ia) = 0 has one real root, then the value of ‘a’ lies in interval (a € R)

a) (—=2,1) b) (—1,0) c) (0,1) d) (—=2,3)

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

a) a=*/3 b) a=3/4 c) a~/? d)a?!

If z, = a + ib and z, = ¢ + id are complex numbers such that |z;| = |z,| = 1 and Re(z,z;,) = 0, then the
pair of complex numbers w; = a + ic and w, = b + id satisfies

a) || =1 b) |w,| =1 ¢) Re(w;w;) =0 d) w;w, =0

If z = x + iy, then the equation |(2z — i)/(z + 1)| = m represnts a circle then m can be

a) 1/2 b) 1 c) 2 d)3<r<2v2

If1,2,,2,,23, ..., Z_1 be the ntM roots unity and w be a non-real complex cube root of unity, then the
product [T"=1(w — z,) can be equal to

a)o b) 1 c) —1 d1l+w

If z = w, w?, where w is a non-real complex cube root of unity, are two vertices of an equilateral triangle in
the Argand plane then the third vertex may be represented by

a)z=1 b)z=0 c)z=-2 dz=-1

If (sina)x? — 2x + b > 2, for all real values of x < 1 and « € (0,7/2) U (/2, ), then possible real values
of b is/are

a) 2 b) 3 c) 4 d)5

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

a)c b)d —c c) 2c d)o

Let P(x) and Q(x) be two polynomials. Suppose that f(x) = P(x3) + xQ(x?) is divisible by x? + x + 1,
then

a) P(x) is divisible by (x — 1) but Q(x) is not divisible by x — 1

b) Q(x) is divisible by (x — 1) but P(x) is not divisible by x — 1

c) Both P(x) and Q(x) are divisible by x — 1

d) f(x) is divisible by x — 1

If the equation ax? + bx + ¢ = 0 (a > 0) has two real roots a and 8 such that @ < —2 and 8 > 2, then
which of the following statements is/are true?

a)a—|bl+c<0 b)c<0,b?2—4ac>0 c)4a—-2|b|+c<0 d)9a —3|b|+c<0

For real x, then function (x — a)(x — b)/(x — ¢) will assume all real values provided

a)a>b>c bjJa<b<c cJa>c>b dja<c<b
1+icos®

The real value of 8 for which the expression is a real number is

1-2icos 6
- - L COSs - -
a)2nn+5,nel b)ZmT—E,nEI c) ZnHiE,nEI d)ZnHiZ,nEI

If the equation whose roots are the squares of the roots of the cubic x3 — ax? + bx — 1 = 0 is identical
with the given cubic equation, then

a)a=0,b=3 b)a=b=0

cJa=b=3 d)a,barerootsofx?2 +x+2 =0
If |z — 3| = min{|z — 1], |z — 5|}, then Re(2) equals to

a) 2 5 7 d) 4

) b)> oK )

The graph of the quadratic trinomial y = ax? + bx + ¢ has its vertex at (4, —5) and two x-intercepts one
positive and one negative. Which of the following holds good?
aJa>0 b)b <0 cc<o0 d)8a=1>
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324.1f | z;| = |z;| = 1 and amp z; + amp 3, = 0, then
a)z13, =1 b)zy+2,=0 C) 31 =3, d) None of these

325. If the equation, z3 + (3 + i)z2 — 3z — (m + i) = 0, where m € R, has at least one real root, then m can
have the value equal to
a) 1l b) 2 c)3 d)5

Assertion - Reasoning Type
This section contain(s) 0 questions numbered 326 to 325. Each question contains STATEMENT 1(Assertion)
and STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c¢) and (d) out of which ONLY ONE is
correct.

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1
b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1
c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

326
Statement 1: The greatest integral value of A for which (24 — 1)x2? — 4x + (24 — 1) = 0 has real roots,
is 2.
Statement 2: For real roots ofax? + bx +¢c = 0,D > 0.
327

Statement 1: Ifroots of the equation x? — bx + ¢ = 0 are two consecutive integers, then b? — 4c = 1

Statement 2: If g, b, c are odd integer, then the roots of the equation 4 abc x?>+ (b?> —4ac)x—b =0
are real and distinct
328 Letax? +bx+c=0,a # 0 (a,b,c € R) hasnorealrootsanda + b + 2c = 2

Statement1: ax?+bx+c>0,Vx €ER
Statement 2: a + b is positive

329

Statement 1:  [fco5(1 — i) = a + ib,wherea,b € Randi = Vv—1,thena = %(e + i) cosl,b =
12e—1esin1

Statement 2: ¢® = cos0 + isin 6

330 Let fourth roots of unity z,, z,, z3 and z, respectively
Statement 1: z?+zZ+22+22=0
Statement2: z; +z,+2z3+2,=0

331

Statement 1: The equation (x — p)(x — 1) + A(x — q)(x —s) = 0, where p < q < r < s, has non-real
roots
Statement 2: The equation px% + gx + v = 0 (p, ¢, € R) has non-real roots if g — 4pr < 0
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332
Statement 1: If both roots of the equation 2x? — x + a = 0(a € R) lies in (1, 2), then—1 < a < 1/8.

Statement 2: IfF(x) = 2x?2 —x+a,thenD >0,f(1) > 0,f(2) > 0yield— 1< a < 1/8.

333
Statement 1: The number of values of a for which (a? —3a + 2)x?> + (a® = 5a+ 6)x + a2 —4 =0is
an identity in x is 2
Statement 2: Ifa = b = ¢ = 0, then equation ax? + bx + ¢ = 0 is an identity in x
334
Statement 1: If equations ax? + bx + ¢ = 0, (a, b, ¢ € R) and 2x? + 3x + 4 = 0 have a common root,
thena:b:c=2:3:4.
Statement 2: Roots of 2x? + 3x + 4 = 0 are imaginary
335
Statement 1: [f 7\ and 3, are two complex numbers such that |z| = |z,| + |31 — 5,], then Im (z—;) =0
Statement 2: arg(z) = 0 = z is purely real
336
Statement 1: Ifa,b,c € Z and ax? + bx + ¢ = 0 has an irrational root, then |f(1)| = 1/g?, where
A€ (l=§;p,q € Z)and f(x) = ax?+ bx +c
Statement 2: Ifa, b,c € Q and b? — 4ac is positive but not a perfect square, then roots of equation
ax? + bx + ¢ = 0 are irrational and always occur in conjugate pair like 2 + /3 and
2-+3
337
Statement 1: If equations ax? + bx + ¢ = 0 and x? — 3x + 4 = 0 have exactly one root common, then
at least one of a, b, c is imaginary
Statement 2: If a, b, ¢ are not all real, then equation ax? + bx + ¢ = 0 can have one root real and one
root imaginary
338
Statement 1: Locus of z, satisfying the equation |z — 1| + |z — 8] = 5 is an ellipse
Statement 2: Sum of focal distances of any point on ellipse is constant
339

Statement 1: If cos? /8 is aroot of the equation x? + ax + b = 0 where a, b € Q, then ordered pair

(a' b) is [_1' (1/8)]

Statement 2: Ifa +mb = 0 and m is irrational, thena, b = 0

340 Consider the function f(x) = log.(ax3 + (a + b)x? + (b + ¢)x + ¢)
Statement 1: Domain of the functions is (—1, )~{—(b/2a)}, where a > 0,b? — 4ac = 0
Statement 2: ax? + bx + ¢ = 0 has equal roots when b? — 4ac = 0

341 If zy # —zy and |z; + z,| = |(1/2;) + (1/2,)] then
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342

343

344

345

346

347

348

349

350

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Z1Z, is unimodular

7, and z, both are unimodular

If z, + z, = a and z,z, = b, where a = @ and b = b, then arg(z,z,) =0

The sum and product of two complex numbers are real if and only if they are conjugate of
each other

If all real values of x obtained from the equation 4* — (a — 3)2* + (a — 4) = 0 are non-
positive, then a € (4, 5]

If ax? + bx + c is non-positive for all real values of x, then b? — 4ac must be negative or
zero and ‘a’ must be negative

If px? + qx + r = 0 is a quadratic equation (p, q,7 € R) such that its roots are a, # and
p+q+r<0,p—q+r<0andr > 0,then [a] + [f] = —1, where [-] denotes greatest
integer function

If for any two real numbers a and b, function f(x) is such that f(a)f(b) < 0 = f(x) has
at least one real root lying in (a, b)

Ifa > 0and b? — ac < 0, then domain of the function f(x) = Vax? + 2bx + cis R

If b2 — ac < 0, then ax? + 2bx + ¢ = 0 has imaginary roots

If|z.] = 1,13, = 2, |33] =3 and |z, + 23, + 333| = 6, then the value of 3,25 +
82331 + 273135| is 36
| 1 + 22 + 53] < |z1] + |22] + |33]

If f(x) is a quadratic polynomial satisfying f(2) + f(4) = 0. If unity is a root of f(x) = 0,
then the other root is 3.5
Ifg(x) = px? + qx + r = O hasroots a, B, then @ + B = —q/p and af = (r/p)

If both roots of the equation 4x? — 2x + a = 0,a € R lie in the interval (—1,1),
then—2 < a < %.

If f(x) =4x? —2x + a,thenD > 0,f(—1) >0and f(1) > 0> -2<a <

&R

If a? + b2 + c? < 0, then if roots of the equation ax? + bx + ¢ = 0 are imaginary, then
they are not complex conjugates
equation ax? + bx + ¢ = 0 has complex conjugate roots when a, b, c are real
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351

352

353

354

355

356

357

358

359

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

The equation x? + (2m + 1)x + (2n + 1) = 0, where m and n are integer cannot have
any rational roots
The quantity (2m + 1)? — 4(2n + 1), where m,n € I can never be a perfect square

If n is an odd integer greater than 3 but not a multiple of 3, then (x + 1) —x™ — 1 is
divisible by x3 + x% + x
If n is an odd integer greater than 3 but not a multiple of 3, we have 1 + w" + w?" = 3

Ifx+ (1/x) = 1andp = x*%9° + (1/x*°99) and g be the digit at unit place in the number
22" 4+ 1,n € N andn > 1, then the value of p + g = 8
If w, w? are theroots of x + 1/x = —1,thenx? + 1/x% = —1,x3 + (1/x3) =2

If0 < a < (m/4), then the equation (x — sina) X (x — cos a) — 2 = 0 has both roots in
(sina, cos @)

If f(a) and f(b) possess opposite signs, then there exist at least one solution of the
equation f(x) = 0 in open interval (a, b)

Let z; and z, are two complex numbers such that |z; — z,| = |z; + z,| then the
orthocentre of AAOB is [(z, + z3) /2] (where O is origin)

In case of right angled triangle, orthocentre is that point at which the triangle is right
angled

|Z_z1‘52 =k, (34,5, # 0), then the locus of z is circle
221122
As |§_zl = A represents a circle, if 1 € {0, 1}

%2

If z;, z, are the roots of the quadratic equation az? + bz + ¢ = 0 such that Im (z,z,) # 0,
then at least one of a, b, ¢ is imaginary

If quadratic equation having real coefficients has complex roots, then roots are always
conjugate to each other

If the equation ax? + bx + ¢ = 0,0 < a < b < ¢, has non-real complex roots z; and z,,
then |z1| > 1,]z,] > 1
Complex roots always occur in conjugate pairs

equation ix? + (i — 1)x — (1/2) — i = 0 has imaginary roots

Ifa=ib=i—1andc=—(1/2) —i,thenb? —4ac <0

The question - x2 + x — 1 = sin* x has only one solution.
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361

362

363

364

365

366

367

368

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

If the curve y = f(x)and y = g(x) cut at one point, the number of solution is 1.

Ifa,b,c,aq, by, c; are rational and equations ax? + 2bx + ¢ = 0 and a;x2 + 2b;x + ¢, = 0
have one and only one root in common, then both b? — ac and b? — a,c; must be perfect
squares

If two quadratic equations with rational coefficient have a common irrational root p +
\/E, then both roots will be common

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

Discriminant of equation (b + ¢ — a)x?> + (c + a — b)x + (a + b — ¢) = 0 is a perfect
square.

Let a, b, ¢, p, q be real numbers. Suppose a, 8 are the roots of the equation x? + 2px + ¢ = 0 and «, % are

the roots of the equation x2 + 2bx + ¢ = 0, where g2 ¢ (—1,0,1)

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

(* - (b*—ac) =0

b # paorc # qa

If (a® — 4)x? + (a? — 3a + 2)x + (a? — 7a + 10) = 0 is an identity, then the value of a is
2
Ifa—b = 0,then ax? + bx + ¢ = 0 is an identity

If| 21 + z21? = |31|? + |2,|%, then ? is purely imaginary
2

If 7 is purely imaginary, thenz 4+ 3 = 0

Letf(x) =—x?>+(a+1)x+5

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

f (x) is positive for some ¢ < x < f and foralla € R

f(x) is positive for all x € R and for some real a

|z, —al < a,|z, — b| < b,|z3 — c| < ¢, where a, b, c are positive real numbers, then
|z1 + z, + z3| is greater than 2|a + b + ¢|
|z1 + 25| < |z1| + | 23]

If|z,| = |zy| = |z3|,2, + 2, + z3 = 0 and (z,), B(z,), C(z3) are the vertices of AABC, then
one of the values of arg(z, + z3 — 2z;) /(23 — z,) is /2
In equilateral triangle orthocentre coincides with centroid

Let a, b, c be real such that ax? + bx + ¢ = 0 and x?> + x + 1 = 0 have a common root

Statement 1:

a=b=c
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Statement 2:

369

Statement 1:

Statement 2:

370

Statement 1:

Statement 2:

371

Statement 1:

Statement 2:

372

Statement 1:

Statement 2:

373

Statement 1:

Statement 2:

Two quadratic equations with real coefficients cannot have only one imaginary root
common

If the roots of x> — 40x* + Px3 + Qx? + Rx + S = 0 are in G.P. and sum of their
reciprocal is 10, then |S| = 64
X1 X3 X3 X4 X5 = —S, where X, X, X3, X4, X5 are the roots of given equation

The product of all values of (cos a + i sin a)3/® is cos 3a + i sin 3a

The product of fifth roots of unity is 1

If arg(z,z,) = 2m, then both z; and z, are purely real (z; and z, have principle
arguments)
Principle argument of complex number lies in (—m, 1)

Let f (x) be quadratic expression such that f(0) + f(1) = 0. If —2 is one of the root of
f(x) = 0, then other root is 3/5.

If @, B are the zero’s of f (x) = ax? + bx + ¢, then sum of zero’s = —b/a, product of zero’s
=c/a.

Let z be a complex number, then the equation z* + z + 2 = 0 cannot have a root, such
that |z] < 1
|21 + z3| < |z1| + |z,

374 Consider a general expression of degree 2 in two variables as f(x,y) = 5x? + 2y? — 2xy — 6x — 6y + 9

Statement 1:

Statement 2:

f (x,y) can be resolved into two linear factors over real coefficients

If we compare f(x,y) with ax? + by? + 2hxy + 2gx + 2fy + ¢ = 0, we have
abc + 2fgh — af? —bg? —ch? =0

Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (A, B, C, D) in columns I have to be matched with Statements (p, g, 1, s) in columns II.

375.

Column-I Column- II

(A) Ifa,b,candd are four zero real numbersuch (p) a+b+c=0
that (d + a — b)?> + (d + b — ¢)? = 0 and the
roots of the equation a(b — ¢)x? +
b(c —a)x + c(a — b) = 0 are real and equal

then

(B) Ifthe roots of the equation (a? + b?)x? — (@) a,b,carein AP
2b(a + ¢)x + (b? + ¢ = 0) are real and equal
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376.

377.

then

(C) Ifthe equation ax? + bx + ¢ = 0 and (r) a,b,careinG.P.
x3 —3x% + 3x — 1 = 0 have a common real
root, then

(D) Leta,b,c be positive real numbers such that (s) a,b,c arein H.P.
the expression

bx? + (w/ (a+c)?+ 4b2) x + (a + c) is non-

negative V x € R, then

CODES:
A B C D
a) r p qr S
b) p q qr s
c) q,r,s r p q
d) qr S r p
Column-I Column- II
@A |lz-1]=|z—-1i| (p) Pair of straight line
@B lz+zl+|z—2z| =2 (@) Aline through the origin
© lz+7z|=|z—-7] (r) Circle
(D) If|z| =1, then 2/z lies on (s) Square
CODES:
A B C D
a) p r q s
b) r q s p
c) o} S p r
d) s p r q
Ifa= 1_2i\/§, then the correct matching of list I from list I is
Column-I Column- II
(A) aa (p) _%
® g 1) @ —iv3
(© a-a (r) 2iV3
® () ) 1
® z
3
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(w 2
V3
CODES::
A B C D
a) d e C b
b) d a b f
c) f e b c
d) d a b C
378.
Column-I Column- II

(A) Ifx?+ax+ b = 0hasroots a, f and (p) (1-=bg)?=(a—pb)(p—aq)

x? + px + q = 0 has roots - a, y, then
(B) Ifx?+ax+ b = 0hasroots a, f and (@) (4—bq)? = (4a + 2pb)(—2p — aq)

x%2 + px + q = 0 has roots 1/a,y, then
(©) Ifx?+ax+ b = 0hasroots a, f and (r) (1-4bq)? = (a+ 2bp)(—2p — 4aq)

x%2 + px + q = 0 has roots —2/a, y, then
(D) Ifx?+ ax+ b = 0 hasroots a, f and (s) (@—b)?>=(aq+bp)(p—a)

x% + px + q = 0 has roots —1/(2a),y, then
CODES:

A B C D
a) S p q r
b) q p S r
c) r S p q
d) p r q S
379.
Column-I Column- II

(A) If|z—2i|+|z—7i| = k,thenlocusofzisan (p) 7
ellipse if k =

B) If|(2z—-3)/(3z—2)| = k,thenlocusofzisa (q) 8
circle if 2/3 is a point inside circle and 3/2 is
outside the circle if k =

(C) If|z— 3| — |z —4i| = k, then locus of z is a (r) 2
hyperbola if k is

(D) If|z— (3 +4i) = (k/50)|az + az + b|, where (s) 4
a = 3 + 4i, then locus of z is a hyperbola with
k =

) 5

CODES:
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380.

381.

(A) y = x2—2x+4

A B C D

P,q p,q.r,s,t r,s p.q
p:q;r;S»t I‘,S p'q p’q
r,s p.q p.q p,q.r,s,t
p.q p.q p,q.r,st r,s
Column-I

> ,X € R, then y can be
X +2x+4

2-3x-2

— XE€ R, then y can be

2x
2_
© = szﬂ, X € R, then y can be
x2—4x+3
M) x>—(@a—3)x+2<0,Vx € (—2,3),thena
can be

CODES:

A B C D
a) p pgrs  pgs r,s
b) I,s p.q q,s p
9 pq r,s 9 p
d) q,s r,s p.q r

Column-I

(A) One rootis positive and the other is negative

B)
©

for the equation (m — 2)x% — (8 — 2m)x —
8-=3m)=0

Exactly one root of equation x? —

m(2x — 8) — 15 = 0 lies in interval (0, 1)
The equation x? + 2(m+ 1)x + 9m — 5 =0
has both roots negative

(D) The equation x2 +2(m—1)x+m+5=0
has both roots lying on either sides of 1
CODES:
A B C D
a) p q s r
b) q s p r
c) s p r q

(p) 1

(@ 4

(s) —10

(p) ©

(q9) Infinite

rm 1
(s) 2

Column- II

Column- II
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382.

383.

The value of Y5, (x™ + 1/x™)? when

x>—=x+1=0is
[1+c050+isin9 4
sinf+i (1+cos 6)

The adjacent vertices of a regular polygon of n ()
sides having centre at origin are the points z

and z. If Im(z) /Re(z) = V2 — 1, then the value

(1/50) 3L, (r — w)(r — w?)} = (where w is
cube root of unity)

d) r
A)
(B)
n=
©
ofn/4is
D)
CODES:
A
a) q
b) S
c) r
d) p

Match the statements of Column I with these in Column II.

p

e

Column-I

q

= cosnf + i sinn@, then

q

r

(p)

(@

(s)

Column- II

(Note : Here z takes values in the complex plane andm (z) and Re (z) denote respectively, the imaginary
part and the real part of z)

)
®)
©

(D)

The set of points z satisfying |z — i|z||=

Column-I

z+iz[1is contained in or equal to

The set of points z satisfying |z + 4| +
|z — 4| = 0is contained in or equal to

If |w| = 2, then the set of points z = w — % is

contained in or equal to

If |w| = 1, then the set of points z = w + % is

contained in or equal to

CODES:

q

t,s

p,st

q

qrst

(p)
(@
(r)

(s)

®

Column- II

An ellipse with eccentricity 4/5
The set of points z satisfying Im (z) = 0

The set of points z satisfying [Im z| < 1

The set of points satisfying |Re z| < 2

The set of points z satisfying |z| < 3
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d) ts q p S

384. Match the following for the equation x? + a|x| + 1 = 0, where a is a parameter

Column-I Column- II

(A) Norealroots (p) a< -2
(B) Two real roots (@ ¢
(C) Three real roots (r) a=-2
(D) Four distinct real roots (s) a=0
CODES:

A B C D
a) r p q S
b) S r q p
c) p q r s
d) q S p r

385.
Column-I Column- II

@ z'-1=0 ) Z=cosg+ising
® z'+1=0 (@) Z=cosg—ising
© iz'+1=0 () z=cos%+isin%
D) iz*-1=0 (s) z=cos0+isin0
CODES:

A B C D
a) S r p q
b) r p q S
c) p q r S
d) q r s p

386. Let a, B, y are the roots of the equation x3 — 10x2 + 7x + 8 = 0. Match the following and choose the
correct answer
Column-I Column- II

A) a+B+y (1)

(B) a®+p*+y? ()

SIS
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387.

388.

1 1 1
© oy

a
O et
CODES:

A B C

a) 5 3 1
b) 4 3 1
c) 5 3 2
d 5 2 3

1

1

(3) 86
4) 0

(5) 10

Which of the condition/conditions in column II are satisfied by the quadrilateral formed by z4, z,, 73, z4 in

order given in column I?

Column-I
(A) Parallelogram
(B) Rectangle
(©) Rhombus
(D) Square
CODES:
A B C

a) P,qr,t p.r,s p,ar.st

b) prs pgrst pr

C) p,q,1,s,t p,r p,q.r.t

d) p.r paqrt  prs

D

p.r
p,q.r,t
p.r,s

p.q.rst

Column- II
(P) z1—2z4=12,— 23

(@ lzq —z3] = |z; — z4]

(r) zl_jz is purely real
3744

Z1—Z3 . . .
(s) =—3is purely imaginary
22724

® ?_? is purely imaginary
3742

Let a and 8 be the roots of the quadratic equation ax? + bx + ¢ = 0. Observe the lists given below

Column-I

@A @Ha=pg

B) (i) a =28
(©) (i) a = 38
D) (v) a=p?

Column- II

) (A) (ac)HV3 + (a?c)3+b=0

(@) (C)b? = 6ac
(r) (D) 3b? = 16ac

(s) (E)b? =4ac

Page|32



(t) (F) (ac2)1/3 + (aZC)1/3 =)

CODES:

A B C D
a) e b d f
b) e b a d
) e d b f
d) e b d a

Linked Comprehension Type

This section contain(s) 41 paragraph(s) and based upon each paragraph, multiple choice questions have to be
answered. Each question has atleast 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.
Paragraph for Question Nos. 389 to -389
Suppose 34,3, and z3 represent the vertices A4, B and C of an equilateral triangle ABC on the Argand plane.
Then, AB = BC = CA

A (z)

B (zp) C(z3)
= |z, — 21| = |73 — 32| = |71 — 23]
Also, 2CAB :g = arg (ﬂ) = i%

3231

Z3—2, |Z3—2% T 1 3
. 3 g It L {cos(i—)}=—i—i
2y — 21 22— 31 3 27 2
Z3—2; 1 V3
= ——=4+—1
Zy— %1 2 2
223 — 31— 33 +\/§_
_—_—mm-s— - —1
2(32 — 21) T2

On squaring, we get
(233 — 31 — 22)* = =3(3; — 51)?
On the basis of above information, answer the following questions

389. If the complex z,, 3,, 35 represent the vertices of an equilateral triangle such that |3;| = |z,| = |35/, then
z1 + 3, + 33 is equal to
a)o b) 3 c) w d) w?

Paragraph for Question Nos. 390 to - 390

Let z = a + ib = (a, b) be any complex number, Va,b € R and i = V—1.1f (a, b) # (0, 0), then arg(z) =
tan—1ba, where argz<m andargz+arg—z=m, ifargz<0—m, ifargz>0

On the basis of above information, answer the following questions
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390. If arg(z) > 0,thenarg(—z) — arg(z) = A; and ifarg(z) < 0, thenarg(z) — arg(—z) = A,, then
a) A +4, =0 b4 — A, =0 Q)34 =22, =0 d) 24, — 34, =0

Paragraph for Question Nos. 391 to - 391

The equation 3™ — 1 = 0 has n roots which are called the nth roots of unity. The nth roots of unity are
1, a,a?, ...,a™ ! which are in GP, where o = cos (Zf) + isin (27“) ;i = +/—1, then we have following results
1. nla” =0 or X"icos (Znﬂ) =0
and Y23 sin (Znﬂ) =0
2. 2" = 1=315(z —a")
On the basis of above information, answer the following questions

391. The value of Y- —— is equal to

r=1 (2_ar)
— n-1 _ n—-1 _ n-1
a) (n—2) 2 b) (n—2)2 +1 9 (n—2)2 d) (n—1)2
2t -1 2t —1 2t -1

Paragraph for Question Nos. 392 to - 392

Directions (Q. No. 34 to 36) Consider the quadratic equation
(1+m)x?—-2(1+3m)x+ (1+8m) =0,

wherem € R — {—1}.

On the basis of above information, answer the following questions.

392. The number of integral values of m such that given quadratic equation has imaginary roots, are
a) o0 b) 1 c) 2 d) 3

Paragraph for Question Nos. 393 to - 393

Let the roots of f(x) = x be a and 8, where f(x) is a quadratic polynomial ax? + bx + ¢, and 8 are also the
roots of f(f(x)) = . Let the other two roots of f(f(x)) = x be 1and §.
On the basis of above information, answer the following questions.

393. The correct statement (s) is/ are
[.if @ and B are real and unequal ,then A and § are also real.
Il if « and f are imaginary, then A and § are also imaginary.
a) [ only b) Il only c) BothIand Il d) Neither I nor Il

Paragraph for Question Nos. 394 to - 394

Directions (Q. No. 40 and 41) If x = 2 + iv/3 is a root of x? + px + q = 0, where p, q are real, then
On the basis of above information, answer the following questions.

394. The value of p is
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a) —3 b) —4 Q) 4 d) 3

Paragraph for Question Nos. 395 to - 395

Directions (Q. No.42 and 43) Let f(x) = x? + byx + ¢4, g(x) = x? + b,x + ¢,, real roots of f(x) = 0 be @, f and
real roots of g(x) = 0 be a + &, + &. Also, assume that the least value of f(x)be — % and the least value of g(x)

7
occurs atx = E

On the basis of above information, answer the following questions.

395. The least value of g(x) is

a) -1 b)—% ) -2 d)—§

Paragraph for Question Nos. 396 to - 396

Consider the complex numbers z; and z, satisfying the relation |z; + z,|? = |z,|? + |z, |?

396. Complex number z,z, is
a) Purely real b) Purely imaginary c) Zero d) None of these

Paragraph for Question Nos. 397 to - 397

Consider the complex numbers z = (1 —isin8)/(1 + i cos )

397. The value of 8 for which z is purely real are

T T
a)nn—Z,nEI b)nn+z,nel ) nmnel d) None of these

Paragraph for Question Nos. 398 to - 398

Consider a quadratic equation az? + bz + ¢ = 0 where a, b, c are complex numbers

398. The condition that the equation has one purely imaginary root is
a) (ca — ac)? = —(bc + cb)(ab + ab) b) (ca + ac)? = (bc + cb)(ab + ab)
c) (ca — ac)? = (bc — cb)(ab — ab) d) None of these

Paragraph for Question Nos. 399 to - 399

Consider the equation az + bz + ¢ = 0, wherea,b,c € Z

399.If |a| # |b|, then z represents
a) Circle b) Straight line c) One point d) Ellipse
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Paragraph for Question Nos. 400 to - 400

Let z be a complex number satisfying z2 + 2zA + 1 = 0, where 1 is a parameter which can take any real value

400. The roots of this equation lie on a certain circle if
a)-1<i<1 b)A>1 i1 d) None of these

Paragraph for Question Nos. 401 to - 401

Consider the equation az? + z + 1 = 0 having purely imaginary root where a = cos @ + isinf,i = v—1 and
function f(x) = x3 — 3x? + 3(1 + cos 8)x + 5, then answer the following questions

401. Which of the following is true about f(x)?
a) f(x) decreases for x € [2nm,(2n + 1)w|,n € Z

b) f(x) decreases for x € [(Zn - 1)%, (2n+1) g],n €Z

¢) f(x) is non-monotonic function
d) f (x) increases for x € R

Paragraph for Question Nos. 402 to - 402

Complex numbers z satisfy the equation |z — (4/2)| = 2

402. The difference between the least and the greatest moduli of complex numbers is
a) 2 b) 4 01 d) 3

Paragraph for Question Nos. 403 to - 403

Consider AABC in Argand plane. Let A(0), B(1) and C(1 + i) be its vertices and M be the mid-point of CA. Let z
be a variable complex number on the line BM. Let u be another variable complex number defined as u = z% + 1

403. Locus of u is
a) Parabola b) Ellipse c) Hyperbola d) None of these

Paragraph for Question Nos. 404 to - 404

In an Argand plane z4, z, and z3 are respectively, the vertices of an isosceles triangle ABC with Ac = BC and
2CAB = 6.1f z, is the centre of triangle, then

404. The value of AB x AC/(I1A)? is
2) (z3 — 21) (23 — 21) b) (z2 — 21)(z1 — 23) 9 (24— 21) d) None of these
(24 — 21)? (24 — 21)? (22 —2z1)(23 — 21)

Paragraph for Question Nos. 405 to - 405
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A(z,),B(z,),C(z3) are the vertices of a triangle ABC inscribed in the circle |z| = 2. Internal angle bisector of
the angle A meets the circumcircle again at D(z,)

405. Complex number representing point D is

1 1 Z>+ 2z ZZ
a)zy = —+— b) |23 o |22 d) z4 = /2323
Zy Z3 Z Z1

Paragraph for Question Nos. 406 to - 406

Consider an unknown polynomial which when divided by (x — 3) and by (x — 4) leaves remainders as 2 and 1,
respectively. Let R(x) be the remainder when this polynomial is divided by (x — 3)(x — 4)

406. If equation R(x) = x? + ax + 1 has two distinct real root then exhaustive values of a are
a) (—2,2) b) (—o0, —2) U (2, ) c) (—2,00) d) All real numbers

Paragraph for Question Nos. 407 to - 407

Consider the quadratic equation ax? — bx + ¢ = 0,a, b, ¢ € N, which has two distinct real root belonging to the
interval (1, 2)

407. The least value of a is
a) 4 b) 6 c) 7 d)5

Paragraph for Question Nos. 408 to - 408

Consider the equation x* + 2ax3 + x? + 2ax + 1 = 0, where a € R. Also range of function f(x) = x + 1/x is
(—OO, _2] U [21 OO)

408. If equation has at least two distinct positive real roots then all possible values of a are
a) (—oo,—1/4) b) (5/4, ) c) (—o,—=3/4) d) None of these

Paragraph for Question Nos. 409 to - 409

Let f(x) = x? + byx + ¢1,8(x) = x% + b,x + c,. Let the real roots of f(x) = 0 be a, # and real roots of g(x) = 0
be a + h, § + h. The least value of f(x) is —1/4. The least value of g(x) occurs at x = 7/2

409. The least value of g(x) is

@_% b) —1 q_% @—%

Paragraph for Question Nos. 410 to - 410

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 = 4+/2 units
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y=fx
=ax’*+bx +c¢
A 0] C
X/ X
B

410.y = f(x) is given by
X x
a =x2_2\/§ b =x2—12 C - —_ d :——2\/§
)y )y )y =2 )y o
Paragraph for Question Nos. 411 to - 411

Consider the inequality 9* — a3* — a + 3 < 0, where ‘a’ is a real parameter

411. The given inequality has at least one negative solution for a €
a) (—=,2) b) (3, ) c) (=2,) d) (2,3)

Paragraph for Question Nos. 412 to - 412

Consider the in equation x> + x + a — 9 < 0

412. The value of the real parameter ‘a’ so that the given in equation has at least one positive solution:
a) (—=,37/4) b) (=00, ) c) (3,) d) (=,9)

Paragraph for Question Nos. 413 to - 413

‘af (1) < 0’ is the necessary and sufficient condition for a particular real number u to lie between the roots of a
quadratic equation f(x) = 0, where f(x) = ax? + bx + c. Again if f (u;) f (uz) < 0, then exactly one of the roots
will lie between y; and u,

413.1f |b| > |a + c|, then
a) One root of f(x) = 0 is positive, the other is negative
b) Exactly one of the roots of f(x) = 0 liesin (—1,1)
c) 1lies between the roots of f(x) = 0
d) Both the roots of f(x) = 0 are less than 1

Paragraph for Question Nos. 414 to - 414

The real numbers x4, x,, x5 satisfying the equation x3 — x2 + fx + y = O are in A.P.

414. All possible values of § are

o(=) ) 9B a(de)
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415.

416.

417.

418.

419.

420.

421.
422,

423.

424,

425.

426.
427.

428.

429,
430.

431.

432.
433.

434,

435.
436.

437.

438.
439.

440.

Integer Answer Type

Given a and f are the roots of the quadratic equation x? — 4x + k = 0(k # 0).If aB, af? + a?B,a® + 3
are in geometric progression, then the value of 7k /2 equals
Let P(x) = x* + ax® + bx? + cx + d be a polynomial such that P(1) = 1,P(2) = 8,P(3) = 27,P(4) = 64,
then the value of P(5) is divisible by prime number
Let|z| =2andw = % where z,w € C (where C is the set of complex numbers)
Then product of least and greatest value of modulus of w is
If the equation 2x2 + 4xy + 7y% — 12x — 2y + t = 0 where ‘t’ is a parameter has exactly one real solution
of the form (x, ¥). Then the sum of (x + y) is equal to
If set of values of ‘a’ for which f(x) = ax? — (3 + 2a)x + 6,a # 0 is positive for exactly three distinct
negative integral values of x is (c, d], then the value of (c¢? + 4|d|) is equal to
Let P(x) = g —6x —9x%and Q(y) = —4y? + 4y + 12—3 If there exist unique pair of real numbers (x, y) such
that P(x)Q(y) = 20, then the value of (6x + 10y) is
Let ‘a’ is a real number satisfying a3 + % = 18. Then the value of a* + % —39is
If w is the imaginary cube root of unity, then find the number of pairs of integers (a, b) such that
law + b] =1

[ 1+cosO+ising 1%

sin @+i(1+cos0)
If the expression (1 + ir)3 is of the form of s(1 + i) for some real ‘s’ where ‘7’ is also real and, then the sum

of all possible values of r is
Given that x2 — 3x + 1 = 0, then the value of the expression y = x° + x” + x~° + x~7 is divisible by prime

number
The minimum value of the expression E = |z|? + |z — 3|2 + |z — 6i|? is m then the value of m/5 is

1 1 1 10 a b c .
—+ —+ — = —.The value of — + —+ —is
a+b b+c c+a 3 b+c c+a a+b

= cosnb + i sinnf, then n is

a, b, c arerealssuchthata + b + ¢ = 3 and

If a and b are positive numbers and each of the equations x? + ax + 2b = 0 and x? + 2bx + a = 0 has
real roots, then the smallest possible value of (a + b) is

Suppose a, b, c are the roots of the cubic x3 — x2 — 2 = 0. Then the value of a® + b3 + c3 is

Let P(x) = x3 — 8x? + cx — d be a polynomial with real coefficients and with all its roots being distinct
positive integers. Then number of possible value of ‘c’ is

If complex number z(z # 2) satisfies the equation z? = 4z + |z|? + % then the value of |z|* is

Letx? + y? + xy + 1 = a(x + y)Vx,y € R, then the number of possible integer(s) in the range of a is

The quadratic polynomial p(x) has the following properties: p(x) > 0 for all real numbers, p(1) = 0 and
p(2) = 2. Find the value of p(3) is

Suppose a, b, ¢, € I such that greatest common divisor of x? + ax + b and x? + bx + c is (x + 1) and the
least common multiple of x? + ax + b and x? + bx + c is (x3 — 4x? + x + 6). Then the value of |a + b + ¢|
is equal to

Ifa,b € R suchthata + b = 1and (1 — 2ab)(a® + b3) = 12. The value of (a? + b?) is equal to
Ifx+y+z=12andx? + y? + z? = 96 andi + i +§ = 36. Then the value x3 + y3 + z3 is divisible by

prime number
Suppose that z is a complex number that satisfies |z — 2 — 2i| < 1. The maximum value of |2iz + 4| is
equal to

If |z + 2 — i| = 5 and maximum value of |3z + 9 — 7i| is M then the value of M /4 is

1

Let a, b and c be real numbers which satisfy the equations a + L= -,b+ L =ZLandc+—= =1 The
bc 5 ac 15 ab 3

c—b .
value of —, is equal to

If the complex numbers x and y satisfy x> — y3 = 98i and x — y = 7i then xy = a + ib where a, b € R. The
value of (a + b)/3 equals
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441.

4472,
443,

444,
445.

446.

447,
448.

449,

450.

451.

452.
453.

454,
455.

456.

457.

458.
459,

460.

461.
462.

463.

464.
465.

466.

The quadratic equation x? + mx + n = 0 has roots which are twice those of x? + px + m = 0 and m, n and
p # 0. Then the value n/p is

The complex number z satisfies z + |z| = 2 + 8i. The value of (|z| — 8) is

Let a4, 3; are the roots of x2 — 6x + p = 0 and a,, 8, are the roots of x> — 54x + q = 0. If ay, By, a3, B2,
from an increasing G.P., then sum of the digits of the value of (q — p) is

Number of positive integers x for which f(x) = x3 — 8x2 + 20x — 13 is a prime number is

4
If\/\/\/E = \/4\/ Y/3x* + 4, then the value of x* is

All the values of k for which the quadratic polynomial f(x) = —2x2 + kx + k? + 5 has two distinct zeroes
and only one of them satisfying 0 < x < 2, lie in the interval (a, b). The value of (a + 10b) is

If z be a complex number satisfying z* + z3 + 2z2 + z + 1 = 0 then |z| is equal to

LetZ, = (8+1i)sin0 + (7 + 4i) cos6 and Z, = (1 + 8i) sin 6 + (4 + 7i) cos O are two complex numbers. If

Z1.Z, = a + ib where a,b € R.If M is the greatest value of (a + b)V6 € R, then the value of M*/3 is

If the roots of the cubic, x3 + ax? + bx + ¢ = 0 are three consecutive positive integers. Then the value of
2

a
b+1
Let a and /8 be the solutions of the quadratic equation x? — 1154x + 1 = 0, then the value of Va + ‘{/— is
equal to

Let 1, w, w? be the cube root of unity. The least possible degree of a polynomial with real coefficients
having roots 2w, (2 + 3w), (2 + 3w?), (2 —w — w?),is
Ifx = w — w? — 2, then the value of x* + 3x3 + 2x? — 11x — 6 is (where w is cube root of unity)

If x = a + bi is a complex number such that x? = 3 + 4i and x> = 2 + 11i where i = v—1, then (a + b)
equal to

f:R—>R, f(x) :%
The function f(x) = ax3 + bx? + cx + d has three positive roots. If the sum of the roots of f(x) is 4, the
largest possible integral values of c/a is

If equation x* — (3m + 2)x2 + m? = 0(m > 0) has four real solutions which are in A.P., then the value of
‘m’is

is equal to

. If the range of this function is [—4, 3), then find the value of |m + n| is

If the cubic 2x3 — 9x2 + 12x + k = 0 has two equal roots, then maximum value of |k| is
Modulus of non zero complex number z, satistyingz + z = 0 and |z|? — 4zi = z?% is
a, b, and c are all different and non-zero real numbers in arithmetic progression. If the roots of quadratic

equation ax? + bx + ¢ = 0 are a and S such that% + %, a + f and a? + B? are in geometric progression,

then the value of a/c will be
Let A = {a € R| the equation (1 + 2i)x3 — 2(3 + i)x? + (5 — 4i)x + 2a?® = 0} has the at least one real root.

2
Then the value onTa is

3_q24g—
If a® — 4a + 1 = 4, then the value of%

Polynomial P(x) contains only terms of odd degree. When P(x) is divided by (x — 3), the remainder is 6. If

P(x) is divided by (x? — 9), then the remainder is g(x). Then the value of g(2) is

1-a® _ 1-p3 _ 1-¢3
b ¢

(a? # 1) is equal to

Let a, b and c be distinct non zero real numbers such that The value of (a® + b3 + ¢3),

is

If the equation x? + 2(1 + 1)x + A2 + 2 + 7 = 0 has only negative roots, then the least value of A equals

If a, b, ¢ are non-zero real numbers, then the minimum value of the expression

((a4+3a2+1)(b4+5b2+1)(c4+7c2+1)
a?b?c?

Let z = 9 + bi where b is non zero real and i? = —1. If the imaginary part of z2 and z3 are equal, then b/3

is

) is not divisible by prime number
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5.COMPLEX NUMBERS AND QUADRATIC EQUATIONS

: ANSWERKEY :

1) b 2) b 3) a 4) a|189) a 190) d 191) a 192) b
5) a 6) b 7) a 8) b|193) ¢ 194) a 195) a 196) a
9) a 10) a 11) ¢ 12) d|197) a 198) ¢ 199) c 200) a
13) d 14) ¢ 15) a 16) a|201) d 202) c 203) a 204) a
17) ¢ 18) a 19) a 20) d|205) b 206) c 207) a 208) b
21) a 22) b 23) b 24) d|209) c 210) b 211) b 212) b
25) a 26) ¢ 27) c 28) c(213) a 214) b 215) c 216) c
29) a 30) a 31) b 32) c¢|217) c 218) a 219) c 220) a
33) d 34) a 35) a 36) d|221) d 222) b 223) b 224) b
37) d 38) a 39) c 40) a|225) b 226) a 227) b 228) d
41) d 42) ¢ 43) ¢ 44) c¢c|229) b 230) b 231) b 232) a
45) b 46) b 47) ¢ 48) a|233) c 234) d 235) a 236) b
49) ¢ 50) a 51) ¢ 52) d|237) b 238) d 1) a,d 2)

53) ¢ 54) ¢ 55) ¢ 56) d ab,c 3) a,c 4) a,b,c

57) ¢ 58) d 59) ¢ 60) c|5) cd 6) b,c 7) a,d 8)

61) a 62) b 63) ¢ 64) ¢ a,b,c

65) b 66) b 67) d 68) d|9) abd 10) b,cd 11) acd 12)

69) a 70) b 71) ¢ 72) d a,d

73) d 74) a 75) ¢ 76) c¢|13) abd 14) cd 15) ab,d 16)

77) b 78) b 79) d 80) c a,c

81) ¢ 82) b 83) a 84) a|17) ac 18) ab,cd19) cd 20)

85) ¢ 86) b 87) b 88) b cd

89) a 90) a 91) d 92) «c¢|(21) ab 22) cd 23) ab,cd 24)

93) b 94) d 95) b 96) c a,b,d

97) b 98) a 99) d 100) d|25) abd 26) ab,c 27) ad 28)
101) a 102) a 103) c 104) c a,b,c,d

105) d 106) d 107) d 108) a|29) ab,c,d30) ad 31) ab,c 32)
109) a 110) b 111) d 112) b a,d

113) d 114) d 115) d 116) d|33) b, 34) b, 35) ad 36)
117) b 118) b 119) a 120) c a,d

121) b 122) d 123) a 124) b|37) a.c 38) acd 39) ac 40)
125) b 126) a 127) b 128) a a,b,c

129) b 130) b 131) a 132) c|41) ab,cd 42) acd 43) ac 44)
133) ¢ 134) c 135) b 136) c a,b,c,d

137) d 138) c 139) d 140) b|45) ad 46) ab 47) b,d 48)
141) b 142) a 143) b 144) a a,b

145) d 146) b 147) a 148) b|49) ad 50) acd 51) acd 52)
149) d 150) a 151) b 152) d b,c

153) a 154) c 155) a 156) d|53) ad 54) ab,c 55) ac 56)
157) ¢ 158) b 159) d 160) b ab

161) a 162) c 163) d 164) b|57) a.c 58) b, 59) ab 60)
165) c 166) a 167) c 168) c a,b

169) d 170) c 171) a 172) a|61) acd 62) ad 63) ab 64)
173) b 174) a 175) a 176) a ab

177) a 178) a 179) c 180) b|65) ab,c 66) Db, 67) ad 68)
181) d 182) b 183) c 184) c a,d

185) c 186) d 187) a 188) ¢|69) a.c 70) ac 71) abd 72)
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73)
77)
81)
85)
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9)

13)
17)
21)
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29)
33)
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41)
45)
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13)
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21)
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5.COMPLEX NUMBERS AND QUADRATIC EQUATIONS

: HINTS AND SOLUTIONS :

1 (b) y = k must intersect y = |x? + bx + c| at four
x=24+3 points
>(x-2?%=3 +D>0andk € (0,-2)
Sx2—4x+1=0 (1) 5 (@)
=>x-2)*=9 We have,

= x*—8x3 +24x2 —32x +16 =9
=>x*—8x3+18x2 —8x+2+6(x*—4x+1)—
1 =0 Using (1), we get

logz + logz? +logz3 + -+ logz™ = 0
= log(zz?z3--2z") =0

nn+1)
x*—8x3+18x2 —8x+2=1 :1°g<z : ):0
(n+1)
2 (b) .
The given equation is 2
|zI" = (z2 + 2)|z|" 2 + 1 = z = 1+
. 2
= 72 +z1is rezal — (COS 0° + i sin Oo)m
>z2+z=7 +2 ) 2 2 0123
5 (z-D(z+7+1) =0 = (cos 2mm + i sin 2mm) ,m=20,1,2,3,..
— — 4mn . 4dmm
>z=z=xasz+z+1#0(x#-1/2) =cos———+isin———,m=0,1,2, ...
. . nn+1) nn+1)
Hence, the given equation reduces to 6 b
x™=x"+x|x|"2 +1 (_)
ne2 Given,
= x|x|"* =-1 ) )
ooy =—1 a(p+q)°+2bpg+c=0anda(p+r)*+
- 2b =0
So number of solutions is 1 pr+c ) ) )
3 () = q and r satisfy the equation a(p + x)* +
2bpx +c =0
Zazl,Zaﬁ=O,aﬂy=1 = q and r are the roots of
Zl+a’_ Z—a+1—2_z( 2 1) ax? +2(ap + bp)x +c +ap? =0
- -1 _ ., - 2
1_“1 1-a 1-a =>qr=productofroots=c+zp =p24+=<
=20 7=53 7@
Now, Let & be the root of x* — x + m = 0 and 2a be the
1 1 1 3x2 — 2x root of x2 — 3x + 2m = 0. Then,
(x—a)+(x—,8)+(1—y)=x3—x2—1 a’—a+m=0and4a?—6a+2m=0
1 1 1 32 Eliminatinga,m? = —2m=>m =0,m = -2
l—-a 1-8 1-y 1-1-1 (b)
1+a c For z # 1, the given equation can be written as
T 1 a (z+1)5_1
4 (a) z—1)
V' :>Z+1 _ p2kmi/5
4c - b? z—-1
0.3 Where k = —2,-1,1,2
If we denote this value of z by z;, then
y:k eZkTL’i/5+1
X \/ 0 \/ x! 2k = e2kmi/5 _q

ekni/S + e—km’/S

2 —
\ [o, b '40] = pkmi/5 _ g-kmi/5

] km
= —lCOt(?),k =-2,-1,1,2

Therefore, roots of the equation are +i cot(m/
5), ticot(2z/5)

For the equation to have four real roots, the line
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10

11

12

13

(@)

x>’ —(a+Dx+a-1=0

sSk—-a)kx-1)=1

Now, a € I and we want x to be an integer. Hence,

x—a=1x—1=1lorx—a=-1,x—1=-1
= a = 1 in both cases
(a)
D(z4) C(z3)
A(zy) B(zy)

The first condition implies that (z; + z3)/2 =

(z, + z4)/2, 1.e, diagonals AC and BD bisect each
other. Hence, quadrilateral is a parallelogram. The
second condition implies that the angle between
AD and AB is 90°. Hence the parallelogram is a
rectangle

()

We have,
k+1  k+2 _ b

k k+1 a

k+1 k+2 c
and—+—=-
k k+1

(1)

k+2 ¢ c 2a

2 c—a
ﬁT——OI‘;———l—TOI‘k—; (2)

Now, eliminate k. Putting the value of k in Eq. (1),
we get
c+a 2c b
2a c+a a
= (c +a)? + 4ac = —2b(a +¢)
= (a+c)?+2b(a+c) = —4ac
Adding b? to both sides, we have
(a+ b +c)?=b?—4ac
(d)
Equation 8x3 + 1001x + 2008 = 0 has roots 7, s
and t

20
r+s+r=0,rst=—T=—251

Now,letr+s=A4,s+1=B,t+r =2,
~A+B+C=2(r+s+t)=0

Hence,

A3+ B3+ C3 =3ABC

s+ + G+ )3+ (t+1)3
=3(r+s)(s+t)(t+7)
=3r+s+t—t)(s+t+r—r)(t+r+s—-s)
= —3rst(asr+s+t=0)

= 3(251) = 753

(d)

Given equation is
(x—a)(x—b)—1=0

Let f(x) = (x —a)(x — b) — 1. Then,
f(a)=—-1and f(b) = —1

14

15

16

17

Also, graph of f(x) is concave upward; hence, a
and b lie between the roots. Also, if b > a, then
one root lies in (—oo, @) and the other root lies in
(b, +0)

\elo/

* 0

(9

[,m,n are real and [ # m. Given equation is

(I-m)x?-5I+m)x—-2(l-m)=0

D=25(l+m)?+8(—-m)?>0,[,meR

Therefore, the roots are real and unequal

(a)

Given quadratic expression is x? + 2(a + b +

cx+3(bc+ca+ab), this quadratic expression will

be a perfect square if the discriminant of its

corresponding equation is zero. Hence,

4(a+b+c)>—4x3(bc+ca+ab)=0

=>(a+b+c)>—-3(bc+ca+ab)=0

= a® + b% + c? + 2ab + 2bc + 2ca
—3(bc+ca+ab)=0

s>a’+b?+c?2—ab—bc—ca=0

1
=>E[2a2 + 2b% + 2¢? — 2ab — 2bc — 2ca]l = 0

1
= —[(a? + b? — 2ab) + (b? + c? — 2bc)

+(c*+a*—-2ca)]=0

N

1
:E[(a—b)2+(b—c)2+(c—a)2] =0
Which is possible only when (a — b)? =
0,(b—c)>=0and(c—a)>=0,ie,a=b=c
(@)
|z2 + 2z cosal < |z?| + |2z cos a |
= |z|? + 2|z]|| cos a |

<|z|? + 2|z|
<(V2-1)"+2(2-1) =1
()

n
E= Z(ar +b) @
i=1

=(a+b)+a+b)w+ (Ba+b)w?+ -
+ (na + b)w™?!

=b (1l+w+w?+-+0")+a(l+ 2w+ 3w?
Zero
+ -+ ne™ !

Now,
S=1+42w+3w?+ - +nw™?
Sw=w+2w>+-+n-1Dw* ! +nw"
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18

19

20

21

22

23

2S1-0)=1+w+w?+...+0" ! —nw"

Zero

=—n (vw"=1)
g n
—1 =
w—1
E na
= =
w-—1
(a)

D=b?’-4a<0=>a>0

Therefore the graph is concave upwards
f(x)>0,vx €R

=f(-1)>0

=2a+b+1>0

(@)

Put x? + x = y, so that Eq.(1) becomes
y—-2)(y—3)=12

=>y2-5y—-6=0
=>@W-6)y+1)=0=>y=6-1

When y = 6, we get

x2+x—-6=0
=>x+3)(x—2)=0o0rx=-3,2

When y = —1, we get

Which has non-real roots and sum of roots is —1
(d)

Given, z=cosf +isinf =e
(@)
u?—2u+2=0=>u=1=i
N x+a)"—(x+p)"

i0

24

25

a—p

B [(cot8 — 1)+ 1A+ D] —[(cotd —1)+ (1 —-D]"
B 2i
B (cos@ +isin@)™ — (cos @ — isin )"
B sin™ 6 2i
_2isinn9
"~ sin™ 0 2i
_sinnB
~ sin™ @
(b)
(x—1)3 _,

-2 -

x—1
=— =1,w,w?
>x=-11-2w,1,—2w?
(b)
Let A = x + iy. Given,
[Al=1=>x?+y%2=1
and
[A+1=1=>@x+1D?+y%2=1
Sx=—= andy:iﬁ

2 2

=>A=w or w?

S @"=0+w)"=(—0d)"
Therefore, n must be even and divisible by 3

15 15
z Im (ZZm—l) — Z Im (eig)Zm—l
m=1 m=1

15
z Im el(@m-1)6
m=1
=sinf +sin30 + sin50+...4+sin29 6
04290\ . [15%26
n (22) sin (25%)
. (20
sin (7)

_sin(1560)sin(156) 1
- " 4sin2°

sin @

(v cotf —1=x)

(d)

Giventhata < b < c < d. Let
f)=Ex—-a)x—c)+2(x—b)(x—d)
=>fb)=Mb-a)b—c)<O0

and f(d)=(d—-—a)(d—c) >0

Hence, f(x) = 0 has one root in (b, d). Also,
f(a)f(c) < 0.So the other root lies in (a, c).
Hence, roots of the equation are real and distinct
(a)

By observation x = —2 satisfies equation

x3 + 3x% + 3x + 2 = 0 then we have (x + 2)(x? +
x+1=0

x% + x + 1 = 0 has non-real roots

Since non-real roots occur in conjugate pair,
x?+x+1=0andax?+ bx + c = 0 are identical
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26

27

28

29

30

>a=b=c

(9

Since «a is root of all equations
aa’?+2ba+c=0

2ba’+ca+a=0

ca’+aa+2b=0

Addingwe get (a+2b+c)(a’+a+1)=0
a+2b+c+#0asa,b,c>0

> a’+a+1=0o0ra’+a=-1

(9

We have,

a+fB=-pandaf=q (1)

Also, since a, 8 are the root of x2™ + p™x™ + g™ =
0,

we have

a’+pta®+qt*=0and B +p"p" +q* =0
Subtracting the above relations, we get

(@ = f?) + p"(a™ — ) = 0

L QB = —p" (2)

Given, a/f or B/aisarootof x™ + 1+ (x + 1)" =
0. So,

(a/B)"+ 1+ [(a/B)+1]" =0

> @+ +(@+p)"=0

= —p"+ (—p)" =0 [Using (1) and (2)]

It is possible only when n is even

(<)
Z\%¢ z
z2+zlz|+|z]? =0 :»(—) +—+1=0
|z |z
z
:Ezw,wz =z = wl|z| or z = w?|z|
, -1 V3 ,
>x+iy=|z||—+—) or x+iy
2 2
— 12| -1 iv3
—PN\Z T2
1I | |z|
S>x=—= =|z| = =——
X Zz’y |Z| 2 or x Z’y
_ Zv3
- 2

=>y+V3x=00or y— V3x=0 2y?2-3x2=0
(a)

Since, |z =1 and w=22 = = bw
z+1 1-w
|1+ w|
= |zl = 1-wl=1+w| [
|1 —w|
.o |Z|=1]

= 1+ |w|?—=2Re(w) =1+ |w|®>+ 2Re (w)
= Re(w)=0

(@)

Since the equation x2 + ax + b = 0 has distinct
real roots and x? + a|x| + b = 0 has only one real
root, so one root of the equation x> + ax + b = 0

31

32

34

will be zero and other root will be negative.
Hence,b =0anda >0

Graph of y = ax* + bx + ¢
according
to conditions given in

question
!

y

0

y

Graph of y = ax® + blx| + ¢

e
)LO

(b)
Here, ax? — bx + ¢ = 0 does not have real roots.
So,
D<0=>b?—4ac’<0=>a>0
Therefore, f(x) is always positive. So,
f2Q)>0=>4a—-2b+c*>0
(<)
We have,
|x]?=3|x|+2=0
= (Ixl =D(x|-2)=0
> x|=1,2=>x=4+1,+2
(d)
(x—=3)3+1=0

x —3\° _
:(—1)_1

x—3

-1
>x=23-w3— w?
Hence, the run of complex rootis 6 — (w + w)? =
6+1=7
(@)
Given that x? + px + 1 is a factor of ax3 + bx + c.
Then letax3 + bx + ¢ = (x? + px + 1) (ax + 1),
where A is a constant. Then equation the
coefficients of like powers of x on both sides, we

=

=1,w,w?

get

O=ap+ALb=pl+ac=27
A

SP=TiT
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35

36

37

38

39

Hence,

c
b= (— E) c+a
orab = a? —c?
(a)

s s

i=cos—+isin—=e
2 2

, i\t _r
:il=<ez) =e 2

o z= ()0 =2

=zl =1

(d)

Given equation is satisfied by x = 1, 2, 3. But for

x = 1,v/x — 2 is not defined. Hence, number of

roots is 2 and the roots are x = 2 and 3

(d)

x>—x—a=0,D=1+4a=o0dd

D must be perfect square of some odd integer. Let

D = (21 + 1)?

=>1+4a=1+44%+ 42

=a=11+1)

Now,

a € [6,100]

=a=6,12,20,30,42,56,72,90

Thus a can attain eight different values

(@)

Since, a, b and c are the sides of a A ABC, then

la — b| < |c| = a? + b?% — 2ab < c?

Similarly, b? + ¢? — 2bc < a?, ¢? +a? — 2ca <

b2

On adding, we get

(a? + b%? + ¢?) < 2(ab + bc + ca)
a? + b? + c? _

2ab+bc+ca< - ®

Also,D > 0,(a+b +c)?> —3A(ab + bc+ca) >0
a? + b? + c?

5 ————>31-2
ab + bc + ca

From Egs. (i) and (ii),

31-2<2=1<7

(<)

A=ab—-c)la+b+c)

B=b(c—a)(a+b+0)

C=cla—b)(a+b+0)

Now,

Ax?+Bx+C=0

= (a+b+c)alb—c)x*+b(c—a)x

+cla—b)}=0

Given that roots are equal. Hence,

D=0

= b?(c—a?®)—4ac(b—c)(a—b) =0

NE

40

41

42

= b%c? — 2ab?c + b%*a? — 4a’bc + 4ach?
+ 4a?c? — 4abc? =

= b?%c? + b%a? + 4a*c? + 2ab?*c — 4a®bc
— 4abc? =

= (bc + ab —2ac)? =0

= bc + ab = 2ac

1 1 2

c

a b
= a,b,carein H.P.
(@)
x°+2x—-n=0=>x+1?°=n+1
=>x=-1+ Vn+1
Thus, n + 1 should be a perfect square. Now,
n €[5,100] > n+1€[6,101]
Perfect square values of n + 1 are
9,16, 25, 36,49, 64,81,100. Hence, number of
values is 8
(d)
x>+x+1=0 2 x=w or w?
Let x = w. Then,

1 1
X t==0't—S=0'tw=-1
x )
1 1
3 _ 3 _
X +X_3 +w3 2
1 1
x*t—=wt+t—=w+w?=—-1etc

1\2 142 1\2
-'-<x+—) +(x2+—) +<x3+—) + o
x x2 x3

1 2
+(7 4 1)

1,2 1\2 142
=<x+— +(x2+=) +(x*+—=) +--
x x2 x4
1 2
=) |
1\2 1

3 6
+[(x o) ()

1 1\2

9 27
+(x +F)+---+<x +ﬁ)]

=184 9(22) = 54
(c)

+ (x26 +

2

ax — sp

X2+px+1
vax3 + bx +c¢

ax3 + apx? + ax

—apx®*+ (b —a)x +c

—apx? + ap?*x — ap
(b—a+ap?)x+c+ap
Now, remainder must be zero. Hence,
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44

45

46

b—a+ap?=0andc+ap=0

S>p= ——andpz—aab
—\%2 a-—b»b

= () = =

>c?2=a’-ab

=>a’—c>=ab

(o)

z+iw=0

=z—iw=0 (1)

=z =1iw

argzw =1

= argz +argw =m
= argz + argfi =m [Using (1)]
>argz+argz—argi=m

T
:2argz—§=n

3
= 2argz = >
3m
= argz = T
(@

Asa,b,c > 0,s0a, b, c should be real (note that
other relation is not defined in the set of complex
numbers). Therefore, the roots of equation are
either real or complex conjugate

Let a, B be the roots of ax? + bx + ¢ = 0. Then,

a+f = —§= —ve and aff =§= +ve
Hence, either both «, 8 are - ve (if roots are real)

or both a, § have - ve real part (if roots are
complex conjugate)

(b)

x =71

=>x3=-1

= (—x)3 =

> —x=1w,w?

>x=-1-w,—w

14V 143

T 2 2
—V3+i V3+i

I TR Y

_ BT BT
TV Vs

(b)

tanx:a—4—\/(a—4)2—4(4—2a)

2

a—4—a

:T=a—2,—2

~tanx =a—2 (- tanx # —2)
T

'-'XE[O,Z]

47

48

49

~0<a-2<1
=>2<a<3
(0)
7+ 1\*
( ) — 16
Z
z+1
= =42,+2i
z

Therootsare1,—1/3,(—1/5 — (2/5)i) and
(=1/5+ (2/5)i)

Note that (—1/3,0) and (1, 0) are equidistant
from (1/3, 0) and since it lies on the
perpendicular bisector of AB, it will be
equidistant from A and B also

’

y
(-1/5, +2/5)

TA\
)6(-1/3,0)1/0 13,00 (1.0)
B

(-1/5, -2/5)

(@)

We have,
(a+B+y)2=a?+p2+y2+2(By +ya+ ap)
=24=6+2(fy+yva+af)
>pytyat+af =—

Also,a® + B3 +y3 —3aBy = (@ + B +y)(a? +
B? +y* =By —yva—ap)
=2>8—-3afy=2(6+1)

= 3afy =8—14 =—6orafly = —

Now,

(a? + B2 +y?)? :Za4+22a232
:Z(x4+2[ 20{ )2—20(,8}/(20()]

:Z =36 —2[(~1)% — 2(~2)(2)] = 18

Letx = |a + bw + cw?|

= x?2=(a’?+b*+c?—ab—bc—ca)

> 22 =_{@=b)?+ (b -c)?+(c-a)?
(1)

Since a, b, c are all integers but not all
simultaneously equal

= Ifa=b,thena#candb # ¢

As, difference of integers=integer

= (b—c)?>1

[as minimum difference of two consecutive
integers is (+1)]

Also, (c—a)?=>1

~ From Eq. (i),
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50

51

52

53

54

x? =%[(a—b)2+(b—c)2+(c—a)2]

1
> 5 [0+1+1]
> x?>1
Hence, minimum value of x is 1
(a)
|21| = |Zz| = |Zs| =1

Hence, the circumcentre of triangle is origin. Also,
centroid (z4 + z, + z3)/3 = 0, which coincides
with the circumcentre. So the triangle is
equilateral. Since radius is 1, length of side is

a = /3. Therefore, the area of the triangle is

(v3/4)a® = (3v3/4)

(©
Let m be a positive integer for which
n? +96 = m?

>m?-n?2=96>=> (m+n)(m—n) =96

=> (m+n){(m+n)—2n} =96

= m + n and m — n must be both even
As96 =2x48o0r4x24o0or6 X160r8 x 12,
hence, number of solutions is 4

(d)

40)

|z — 4] = Re(2)

> J(x—4)?2+y?=x

=>x2—-8x+16+y? =x2

=>y2=8(x—2)

The given relation represents the part of the
parabola with focus (4, 0) lying above x-axis and
the imaginary axis as the directrix. The two
tangents from directrix are at right angle. Hence
greatest positive argument of z is 7 /4

(©

Observing carefully the system of equations, we
find

1+i 1-i 1

2i 2 141
Hence, there are infinite number of solutions
(o)

Let a, a? be the roots of 3x% + px + 3 = 0. Now,
S=a+a’=-p/3,p=a=1
—1+\Ei)

2
a+a’=-p/3>w+w?=-p/3
=>—-1=-p/3=>p=3

>a=1w0, w? (wherew =

55

56

57

58

()

Given, ¢, B are roots of equation

x> —-2x+3=0

>a’?—-2a+3=0 (1
AndpB?—-28+3=0 (2)
>a’=2a—-3=2a’=2a?-3a

=P =2a?-3a)—3a’+5a—2
=>—a?+2a—-2=3-2=1, [Using(1)]
Similarly, we have Q = 2

Now, sum of root is 3 and product of roots is 2.
Hence, the required equationisx?> —3x +2 =0

(d)

A4 A (142i)

As\ 0((0,0) /e

Ay A,

Let the vertices be zy, z4, ..., Zs w.r.t. centre O at
origin and |z,| = V5

Now AOA,Aj is equilateral = 0A, = 045 =
AyAs =5

= |zy||cos B + isin6 — 1|

Perimeter = 6v/5

()

We have,

21(212 - 3222) =2 (1)
2,322 -2 =11 (2)

Multiplying (2) by i and adding it to (1), we get

z3 —3z2z, +i(3z%z, — z3) = 2 + 11i

= (21 +iz,)% =2+ 11i 3

Multiplying (2) by i and subtracting it from (1),
we get

z3 —3z2z, —i(3z%z, — z3) = 2 — 11i

= (z,—izp)3=2—-11i (4)

Multiplying (3) and (4), we get

(z2 +22)3 =22 -121i? =4+ 121 =125

>zl +z2=5

(d)

P(a) = P(b) =P(c) =P(d)=3

= P(x) = 3 hasa,b, c,d as its roots
>Px)—3=x—-a)x—-—b)(x—-c)(x—d)Q(x)
[+ Q(x) has integral coefficient]

Given P(e) = 5, then
(e—a)(e—b)(e—c)e—d)Q(e) =5

This is possible only when at least three of the five
integers (e — a), (e —b)(e —c)(e — d)Q(e) are
equal to 1 or —1. Hence, two of them will be equal,
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60

61

62

63

which is not possible. Since a, b, ¢, d are distinct
integers, therefore P(e) = 5 is not possible

(c)
We have
c
a+ﬁ=——,aﬁ—a
q T
at+h+B+h=—,(a+h)(B+h)=—
p p
=>a+,8+2h=—%
b —-q b
=2 ——+4+2h=— [va+b=——]
a p a
1/b
-+-3-9
2\a p
(c)
at+b b+cz
= = =
t—c z—a
Now, |[t| = 1
b+cz
= =
zZ—a
Z+§ 1
—_— = — = 1
:z—a ] (#1as |c]| #|t])

= locus of z is a circle

()

We know that |z — z,| = |z — z,]|. Then locus of z
is the line, which is a perpendicular bisector of
line segment joining z; and z,

Hence,

z=x+1iy

= |z — 5i| = |z + 5i]

Therefore, z remains equidistant from z; = 5i and
z, = 5i. Hence, z lies on perpendicular bisector of
line segment joining z; and z,, which is clearly the
real axisory =0
Alternative solution:

z—5i

‘Z + 5i|
= |x + iy — 5i] = |x + iy + 5i]

= |x + (y = 5)i| = |x + (y + 5)i|
=>x2+(y—5)2%2=x%+(y +5)>2
=x2+y2—10y + 25 =x%2+ y? + 10y + 25
=20y =0

=>y=0

(b)

Here D = b? — 4¢ > 0 because ¢ < 0 < b. So,
roots are real and unequal. Now,
a+f=—-b<0andaf =c<0

Therefore, one root is positive and the other root
is negative, the negative root being numerically
bigger. As a < f3, so «a is the negative root while 8
is the positive root. So, |a| > fanda < 0 < B <
||

()

64

65

66

The given equation is

x> =-2mx+m?—-1=0

>(x-m)?—-1=0
>x-m+Dx-m—-1)=0
>x=m-1m+1

From given condition,
m—1>—-2andm+1<4
=>m>-landm < 3

Hence, -1 <m< 3

(c)

Let the distance of the school from A be x.
Therefore, the distance of the school from B is
60 — x. The total distance covered by 200
students is

[150x + 50(60 — x)] = [100x + 3000]

This is minimum when x = 0. Hence, the school
should be at town A

(b)
(VB (V3
NN

A AN T TN\°
=(cos—+lsm—) +(cos——lsm—)

5

6 6 6 6
_( 5n+,_5n)+< 51 ,_5n>
= |cos o+ isin— cos = — isin—
_ RY/4
=2cos—
=3

= Re(z) < 0 and Im(z) =0
Alternative solution:
Z=71+7,

Where

V3 i
(59

= zisreal
=Im(z)=0
(b)
Sum of roots= % + g = aza;ﬁﬁz and product =1
Given, a+f = —panda®+ B3 =¢q
= (@+p)a*—af+p?) =gq

L at+pEi—ap = ‘Tf’ ()

And (a+ B)? = p?
= a?+ 2%+ 2ap = p?
From Egs. (i) and (ii), we get

5

3
P’ —2q
2482 =
a“+p 3p
_Dptq
And af = 3
-~ Required equation is
3 2¢)x
(r°+q)

=> @ +9x* - @P*-29)x+ P> +q) =0
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68

69

(d)

Let the four numbersin AP.bep =a—3d,q =
a—d,r=a+d,s = a+ 3d. Therefore,
p+q=2,r+s=18

Given thatpg = A,rs =B
spt+q+r+s=4a=20

=2>a=5
Now,p+q=2=>10—-4d =2
r+s=18= 10+ 4d = 18

ad=2

Hence, the numbers are —1,3,7,11
pq=A=-3,rs=B=77

(d)

a, B are roots of x2 + px + q = 0. Hence,
a+pf=-p

af =q

Now,

a*, p* are roots x2 — px + q = 0. Hence,
at+pt=r,a*p*=gq

Now, for equation x? — 4gx + 2q* —r = 0,
product of roots is

207 = = 2(aB)* - (a* + B*)

= —(a? — B2)?

<0

As product of roots is negative, so the roots must
be real

()

Here, |[PQ| = |PS| = |PR| =2

=~ Shaded part represents the external part of
circle having centre (-1, 0) and radius 2

y-axis *@‘@\

/Q%
|
P (0] S
R
~7% B

~3
As we know equation of circle having centre z,
and radius r, is
|z —zo| =7

|z— (=14 0i)| > 2
= |z+1|>2 ..(1)
Also, argument of z + 1 with represent to positive
direction of x-axis is /4

X-axis

T
woarg(z+1) < 1

And argument of z + 1 in anti-clockwise direction
is -m/4.
I
— <arg(z+1)

s
= |arg(z+1)|SZ

70

71

72

73

74

75

(b)

Given equations are

x}+ax+1=0

orx*+ax?+x=0 (1)
andx*+ax?+1=0 (2)

From (1) - (2), we get x = 1. Thus, x = 1 is the
common roots.

Hence,
l1+ta+1=0>a=-2
(9
We have,
|t = 2) +i(y = DI = |21 |5 cos 0 ——=sin
X — ity — = |z| [—=cos 8 — —sin
g VZ TV

Where 6 = argz

1
x=2)2+(@y-1D2=—|x—
VE=22+ (=D = =k -y
Which is a parabola
(d)

z =ilog(2 —V3)

= iz = pi%10g(2—V3) = p—1log(2-V3)

o iz — plog(2-v3) _ ,log(2—V3) — 2 +3)

e?+e7Z  (2++3)+(2—-3) _,
2 2

= C0Sz =

(d)

fay)=Ex-2)*+@-1D*=0

>x=2andy=1

po (-0 +avT_ (VZ+1)° V241
T 2+vz V2(V2+1) V2

(a)

Let, f(x,y,2z) = x2 + 4y? + 322 — 2x — 12y —
6z + 14

=(x—-12+Q2y—-3)?2?+3z-1%?*+1

For the least value of f (x, y, z),
x—1=0,2y—-3=0andz—-1=0
~x=1y=3/2,z=1

Hence the least value of f(x,y,z) is f(1,3/2,1) =
1

(o)
A(zy)

B(zy) C(z3)
Zl _ZZ =i+L= ein/4
Z3—2; N2 W2

T
/CBA = —

4
Also,
|2y — 25| = |23 — 2,
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76

77

78

79

80

Hence, AABC is isosceles
(<)
Let the roots be a,
~a+pf=—2aandaf =b
Given,
la — ] <2m
= |a - B|*> < (2m)?
= (a + B)? — 4ab < 4m?
= 4a? — 4b < 4m?
= a? —m? < b and discriminant D > 0 or
4a’> —4b >0
=>a’—-m?<bandb < a?
Hence, b € [a? — m?, a?]
(b)
Let,

_ 3x%+9x+17
Y 3yt ox +7
>3x%2(y—-1)+%(y—-1)+7y—-17=0
Since x is real, so,
D=0
=>81(y—1)2—-4x3(y—-1)(7y—-17) =0
>@H-Dy—-41)<0=1<y<41
Therefore, the maximum value of y is 41
(b)
Verify by selecting particular values of a and b
Leta = —9 and b = 4. Then,
Vavb = V=94 = (3i)(2) = 6i

From option (a), we have

—Jlalb = —/|-9 x 4 = —/36 = —6

From option (b), we have
Jlalbi = /| —9| x4i=6i

(d)

|z —4] < |z—2|

= |(x—4) + iyl <[(x—2) + iyl
S>(x—4)2%+y°<(x—2)2+y?
= —-8x+16< —4x+4
=>4x—-12>0

=>x>3

= Re(z) > 3

(<)

1 1 1

ST aror e

81

82

83

84

_— 2

1+i
Leta = x + yz = 3 —+/2i (fourth quadrant).
Then,

arga = —tan™ " | —
3
()

Given,
(a-Dx?*—(a+Dx+a-1=>0
Sax?-x+1)—-x*+x+1)=0

>xz+x+1
:> —
a_xz—x+1

2x

=1+

x2—x+1

2
=1+ e 1)

Lety = x + 1/x. Now, y is increasing in [2, o).
Hence,

1+ 2 E(l 7]
x+%—1 '3

For all x > 2, Eq. (1) should be true. Hence,
a>7/3

(b) B
Letz; = Wl__v;’z be purely real
> zZ1=7;
wW—Wz W—WwZ
1-z 1-z
= W—WwZ—WwWz+wzzZ
= W—zZw-—-wzZ+wzzZ
> w-—-w)+W-w)z[?=0
= W-m+0-1]z>)=0
= |zI?=1

[as,w —w # 0, since f # 0]
= J|zl=1 and z=#1

(a)

Minimum value of 5x2 4+ 2x + 3 is
D (22-4(5)(3)
4a 4(5)

Where maximum value of 2 sin x is 2. Therefore,

the two curves do not meet at all

(@)

Clearly,

A"—=1=Cx-Dk-a)x—ay)..(x —a,_1)

x" =1
> = (= a)E =) . (x — anoy)
S>1+x+x2+-+x1
=(x—a)x—az)..(x —an_q)
>n=010-a)(1—-ay)..(1—a,_1) [putting
x=1]

> 2
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89

(9
If one root is square of the other root of the
equation ax? + bx + ¢ = 0, then
f=a?’=a’+a=—b/aanda’a =c/a
By eliminating a, we get
b3 + ac? + a*c = 3abc
Which can be written in the form a(c — b)3 =
c(a—b)3
Alternative solution:
Let the roots be 2 and 4. Then the equation is
x2—6x+8=0
Here obviously,

a(c—b)3 1(14)% 14 14 14
X = = =—X—X—=—=

c 8 2 2 2

Which is given by (a — b)3 = 73
(b)
x=3cosf;y =3sinb
z=2cos¢;t=2sin¢p
~ 6cosfsingp —6sinfcosp =6
= sin(¢p —6) =1

73

=>¢=90°+6

= P =xz = —6sinf cosf = —3sin 20
= Ppax =3

(b)

222 +2z4+41=0

Let the roots be z4, z,. Then,

z1+ 2, ==1 and z;z, =§

0, z4, z, form, an equilateral triangle
212 + 222 =2Z1Z,

= (zy+ 2,)% = 3242,

A
:>1=3§
2
:>}L:§
(b)

For given situation, x> — (k — 2)x + k? = 0 and
x%2 + kx + 2k — 1 = 0 should have both roots
common or each should have equal roots. If both
roots are common, then

1 —(k—-2) k?

1k 2k-1
>k=-k+2and2k—-1=k?=>k=1

If both the equations have equal roots, then
(k—2)2—4k?=0andk?-4Q2k—-1) =0

= (Bk—-2)(—k—2)=0and k? -8k +4 =0 (no
common value)

Therefore, k = 1 is the only possible value

(@)

x = V7 + V49

90

91

92

93

= x> =7+ 49 + 3Y7 V49 (V7 + 49)
=56+ 21x

=>x3-21x—-56=0

Therefore, the product of roots is 56

(a)

x> =3|x]+2=0

= (Ix|=2)(x|-1) =0

= |x|=1or2

>x=4+1+2
Hence, there are four real solutions
(d)

(x+a)(x+1991)+1=0
> (x+a)(x+1991) = -1
=>(x+a)=1landx + 1991 = -1
= a = 1993
orx+a=-1landx+ 1991 =1 = a = 1989
()
We have,
2=|z—iw| <zl +|w| (|2 + 2]
< lzyl +|22))
szl +lwl =2 ()
But given that |z| < 1 and |w| < 1. Hence

=zl + |lw| <2 (i)
From (i) and (ii),

lz| = lw| =1

Also, |z + iw| = |z — iw|
= |z — (—iw)| = |z — iw)|

Hence, z lies on perpendicular bisector of the line
segment joining (—iw) and (iw), which is a real
axis, as (—iw) and (iw) are conjugate to each
other. For z,Im(z) = 0.If z = x, then

lz] <1 =2x2<1

= -1<x<1

(b)

As AOAC is aright-angled triangle with right
angle at 4, so
|z11? + |25 — 2, |* = |z3]?
= 2|lez — E3Z1 _2123 =0
= 27, — Z3 —j—lzg =0 (1
1

Similarly,
222_73_2_223 =0 (2)

Z2

Subtracting (2) from (1), we get
Z1 Z
2(z; —2z1) = 23 <_1 - _2>

Z1  Z3
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94

95

96

97

2r%(z, — 25) 2 z3 — 7} . 2
= = Z3Tr 2.2 [ |Z1|
Z12Zy Z

122
= |z,|* = 1?]
2212,
= Z3 =
Zy + 274
(d)
Here,

a4 +B4 — (a2 +BZ)2 _ ZQZﬁZ
= {(a+ B)? - 2ap}* — 2(ap)?

_(2+1)2 1
“\P T 2] Tt

442

2
1
=(p?—-—=—) +2+V2=22+V2
(p \/7p2>

Thus, the minimum value of a* + f*is 2 + V2

(b)

ax?—bx+c=0
N _b _c

a ﬂ_a'aﬁ_a

Also, (a + cy)? = b2y
= c?y? — (b? — 2ac)y +a*> =0

S(© =& —2©) Jy+1=0

= (@p)’y?—(a*+p*)y+1=0
5y2—(@?+D)y+a?f?2=0
>@-aHy-7)=0
Hence the roots are a2, 572
()
We have,
(cos@ +isin@)(cos 20 + isin20) ...
X (cosnf +isinnf) =1
= cos(6 + 20 + 36 + -+ nb)
+isin(@ +20+---+n6)=1

= cos <w9> + isin(@@) =1

nn+1) (n(n+1)
= cos TG =1 and sin TB =0

amm

,wherem € Z
n(n+1)

:@9=2mn:>6=

(b)

Taking cube roots of both sides, we get
z+ab =a(1)Y? = q,aw, aw?

Where

~zZ;=a—ab,z, = aw — ab,z; = aw?® — ab
|z1 — 23| = la(1 — w)I

-(9)

= |a| > 5

98

99

100

101

_la) 3 3
B PR
= — — = 3
|a|(4+4) V3lal
Similarly,
|Zz_Z3|=|Z3—Z1|=\/§|a|
(a)
We have,
xle=4
=>x, = —
Xy o
X1 X2
+ =2
x1—1 x—1
4
X
>+ =2
x1_1 __1
X1
X 4
= = =2

x;—1 + 4 —xq
= 4x; —x2 +4x; —4=2(x; — 1)(4—x;)
=>x2—2x;,+4=0

>x2-2x+4=0

(d)

cot*x —2(1+cot?x) +a?=0

= cot*x —2cot?x+a?-2=0

= (cot?x —1)> =3 —a?

Now, for at least one solution

3-a?=0

=a?-3<0

~a€[—V3,V3]

Integral values are —1, 0, 1

~sum= 0

(d)

Here, x = 0 is not a root. Divide both the
numerator and denominator by x and put
x + 3/x = y to obtain

—4 +—5 3 53
= —_—— = —

y+1 y—5_  2°YT7>
x + 3/x = =5 has two irrational roots and
x + 3/x = 3 has imaginary roots
(a)
|z1| = |z] = |z5| (given)
Now,
|Z1| =1= |21|2 =1 :>2121 =1
Similarly,
2222 == 1,Z3E3 == 1
Now,

1 1 1

—+—+—|=1

Z1 Zpz Z3

:>|21+Ez+23| =1
$|Z1+Z2+Z3|:1
> |z1+2z,+ 23] =1
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104

105

106

(@)

Letzy = a+iband z, = c — id, where a > 0 and

d > 0. Then,

|z = |z,] = a? + b? = c? + d?

Now,

z1+zz_(a+ib)+(c—id)

z1—2, (a+ib)—(c—id)
[(a+c)+i(b—d)][(a—c)—i(b+d)]

€y

[(a=c)+i(b+d)][(a—c)—i(b+d)]
(a® + b?) — (c? + d?) — 2(ad + bo)i
a? +c? —2ac + b%? +d? + 2bd
—(ad+bc)i [Using (1)]

T aZ+b?-ac+bd
Hence, (z; + z5)/(z1 — 2;) is purely imaginary.
However, if ad + bc = 0, then (z; + z5)/(z1 — z5)
will be equal to zero. According to the conditions
of the equation, we can have ad + bc = 0

(©

We know that ax? + bx + ¢ > 0,Vx € R,

Ifa > 0 and b? — 4ac < 0. So,
mx?—x+1
—_—

1
mx—1+;202> 0

x
>mx?—x+1>0asx>0

Now,mx? —x+1>0ifm>0and1—4m<0
=>m>0andm > 1/4

Thus, the minimum value of m is %

(<)

We have,

|2y — z,|% = |z11* + 12,1* — 2]24]|2,] cos(8; — 6,)
Where 6, = arg(z,) and 8, = arg(z,). Given,
arg(z; —z;) =0

= |z — 2,% = |211* + |2,1* — 22412,

= (|z1] = |Zz|)2

= |z1 — 23| = ||z1] = |z2]|
(d)
The given equation is written as
3
—, when x <2
arg(z -1+ i)) = _?T
T when x > 2

(0.2)

 (1,1)
.0)

~

Re(z) =1

Therefore, the locus is a set of two rays

(d)

A+D)Mm+ @+ 3+ A+ 4 (1+i7)"
=[A+D)M+A-DM]+[A+D)"+ (1 —D)"2]
=|@+om+ @T+0m|+ [+ 0™ + T+ D™
=[purely real number]+[purely real number]

107

108

109

110

Hence, n; and n, are any integers
(d)

|zo +izq| = |24 + |2,]

= iz4,0 + i0 and z, are collinear
= arg(izy) = arg(z;)

T
> arg(z) —arg(z) = 5

B(2)
Az
Clzz) "N
0]
Let,
_Zp iz
BET
= (1 —_ i)Z3 =Zy — iZl
= 2y —z3 = i(zy — z3)
T
~ LACB ==
2
and
|zy — z3| = |z, — 23|
= AC = BC
+ AB? = AC? + BC?
5
>AC=— (v“AB =5
7z ( )

Therefore area of AABC is (1/2)AC X BC =
AC?/2 = 25/4 sq. units

(a)

Given equation is

x2—(+4dx+y —4y+16=0

Since x is real, so,

D=0

=>(@y+4)?2-4@?—-4y+16)=>0

= —3y2+24y—-48=>0
=y2-8y+16<0

= (y—4)?<0
>y—4=0
>y=4

Since the equation is symmetric in x and y,
therefore x = 4 only

(a)

We have,

z3+2z°+2z+1=0
>Z3+1D)+2z2z+1) =0
>Z+1D(E2+z+1)=0

=z=-1w, w?

Since z = —1 does not satisfy z1985> 4+ z100 4 1 =
0 while z = w, w? satisfy it, hence sum is
w+ w?=-1

(b)
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Multiplying the given equation by c/a3, we get 115 (d)

b%c* _  b’c x?+4
x —a—2x+c=0 =

a3

bc \* bc 4 2
ﬁa(;x) —b(g)x+c=0 =|x|+m—3=<\/|x|——>+1

|x|

bc
=>—=x=aq,pf >a=1
a 116 (d)
= (a+Blapx = a,B :
Given,
1 1 3
=>x = ,
(a+pB)a (a+p)B z= —
111 (d 2+ cosf +isinf
(d) N 3 3—2z
Let z = x + iy. Then, C059+151n9=;—2= Z
|z2—1] =|z|> + 1 |3 —22z] _
= (2 —y2—1) + 2ixyl =22 +y% + 1 =>1= Z] [taking modulus]
= (x?2 —y? —1)% + 4x%y% = (x? + y? + 1)? |z—§| .
=>x=0 2 = —
. . . . |z| 2
Hence, z lies on imaginary axis ) )
Hence, locus of z is a circle
112 (b) 117 (b
Letz = x + iy. Then, (b) 2
1 Let f(x) = —3 + x — x*. Then f(x) < 0 forall x,
Re (E) =k because coefficient of x2 is less than 0 and D < 0.
Thus, L.H.S. of the given equation is always
= Re (x + iy) - positive whereas the R.H.S. is always less than
x iy zero. Hence, there is no solution
= Re <x2 Ty x2 +y2> = 118 (b)
X For real roots,
>——=k
x%+y? q>—4pr =0
1 2
:x2+y2—Ex=O :(pTH) —4pr >0 (- p,q,7rarein A.P.)
Which is circle =>p2+1r2—14pr >0
113 (d 2
(d) = p—z —14241>0
J—x2+10x —16 < x — 2 r T
We must have = (E — 7) —-48>0
—x2 4+ 10x — 16 = 0 »
= x2—10x + 16 < 0 =>|;—7|24‘/§
=>2<x<8 (1) 119 (a)

Also, —x%2 +10x — 16 < x*> —4x + 4

= 2x2—14x+20>0 Z

z
arg(—z) —arg(z) = arg( ) =arg(-1)=m

120 (c)
=>x2—-7x+10>0
X * Since a, ,y, o are the roots of the given equation,
=>x>50rx<2 (2) therefore

From (1) and (2)
5<x<8=>x=6,7,8
114 (d)
Since, the equation x? — px + r = 0 has roots
(a, B) and the equation x? — gx + r = 0 has roots

x*+4x3 —6x2+7x—-9
=(x-—a)x=B)(x—-y)(x—o0)
Putting x = i and then x = —i, we get
1-4i+6+7i-9=(>(-a)(i-B)({—-y)(i—-0)
and1+4i+6-7i—-9=(—i—a)(—i—p)(—-i—

a
(5.26) Y(—~i-0)
. a+pf =pandr =af and % +2B=¢q Multiplying these two equations, we get
2q-p 2(2p-q) (=2 +3i)(=2 - 3i)
= = — d - —_—
fomeenda=T = (1 +a)(1+ D +rD)
“ap=r=50q-p)2p -9 +0%)

=>13=1+c>)A+p5A+y)A +0?)
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122

123

124

125

(b)

Let z; = |z;|(cos 6, + isin 6;). Now,
Zq
7
Also,

arg(z,z,) =0 = arg(z;) +arg(z;) =0
= arg(z,) = —0,

= 7z, = |z,|(cos(—6,) + isin(6,))
=|z;|(cos B, —isinf;) =z,

=1 = [z]| = |z]

=>7Z,=(21) =27
= |Zz|2 =217
(d)
Letz; = sinx + i cos 2x;z, = cos x — i sin 2x.
Then
Z1 =2,
= sinx —icos2x = cosx — i sin2x
= sinx = cos x and cos 2x = sin 2x
=>tanx =1 and tan2x =1
>x=2 and x =2
4 8
Which is not possible. Hence, there is no value of x

()

P(z)

B A
Loy O @0

When |z — 1| < |z + 1] (or x > 0)
|z| = |z — 1]
2>x2+y2=(x—-1)72%+y?
>x=1/2

=>z+z=1

When [z —1]| > |z + 1]|(orx < 0)
|z| = |z + 1

> x2+y2=(x+1)?%+y?
=>x=-1/2

=>z+z=-1

(b)

Letz = x + iy. Then,

x=2A+3 andy = —V5— 12

>x-32=2
and
y2=5-2 (2

From (1) and (2),

(x—3)2=5-y2 5 (x—-3)2+y%?=5
Obviously it is a semicircle as y < 0. Hence part of
the circle lies below the x-axis

(b)

|z1| = 12. Therefore, z, lies on a circle with centre
(0, 0) and radius 12 units. As |z, — 3 — 4i| = 5, so
Z, lies on a circle with centre (3, 4) and radius 5
units

126

127

128

129

130

//?‘j’(rzz

- C
From the above figure it is clear that |z, — z,|, i.e,,
distance between z; and z, will be minimum
when they lie at A and B, respectively. i.e., on
diagram as shown. Then |z, — z,| = AB = 0A —

OB = 12 — 2(5) = 2. As it is the minimum value,
we must have |z; — z,| = 2

(@)
Given, a, B are roots of the equation (x — a)(x —
b+c=0
Then, by factor theorem,
(x—a)x—b)+c=x—-a)x—p)
Replacing x by x — ¢,
(x—c—a)(x—c—b)+c
=x—c—a)x—c—p)
>kx-c—a)x—c—-pB)—c
=[x — (¢ + a)][x — (c + b)]
Then, again by factor theorem roots of the
equation(x —c—a)(x—c—fB)—c=0area+c
and b + ¢
(b)
tanf; +tanf, + tanf; = (a + 1)

Ztan 6, tanb6, = (b —a)

tanf; tanf,tanf; = b
Y.tan6; — [[tan 0,
1— ) tan6, tan b,

tan(91 + 92 + 93) =

_ a+1-b _
" 1—-(b—a)

T
$91+92+93:Z
(@)
|z| =1,leta = -1+ 3z
> a+1=3z

> |la+1]=3|z| =3
Hence, ‘a’ lies on a circle centred at —1 and radius
equal to 3

(b)

We have,
a—1<-landa?+2>3
a<0anda?>1
Hence,a < —1

(b)
x*+x?2+1=x%?+1)%—x?
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131

132

133

134

135

136

=(x?+x+1D)%*—x+1)
2

1 3
x2+x+1=(x+§) +Z¢0Vx

Therefore, we can cancel this factor and we get
(a—D?—x+1D)=@+DE*—x+1)
orx?—ax+1=0
It has real and distinct roots if D = a? — 4 > 0
(@)
Given equation is

2 2

X —

x—1 x—1

Clearly, x # 1 for the given equation to be defined
if x — 1 # 0. We can cancel the common term
—2/(x — 1) on both sides to get x = 1, butitis not
possible. So, given equation has no roots

(9

a, B are roots of the equation (x —a)(x — b) =
c,c#0

s (x—a)x-b)-—c=x-a)(x—p)
>kxk—-—a)x—B)+c=x—-a)(x—b)

Hence, the roots of (x —a)(x —B) + c =0area
and b

()
Letz = cosx + isinx,x € [0, 2r). Then,
z Z
=|=+-
Z z
|z2 +7
|z|
= |cos 2x + i sin 2x + cos 2x — i sin 2x|
= 2 |cos 2x]|
Now,
cos2x =1/2
T 5 7T 11m
DM TGN S X = N =
oy = 1
cos 2x = >
T 21 4n 5t
= X5 = §;x6 = ?,x7 = ?.xs =73
()
Clearly, x = —1 satisfies the equation
(b)

If [m;,, (1/m,.)] satisfy the given equation
x2+vy2+2gx +2fy +c =0, then

2 1 2 f =0
my +W+ gmr+m—r+c—

T

=>mi+2gm3+cm?+2fm, +1=0
Now, roots of given equation are my, m,, ms, my.

The product of roots
contant term 1 1
mym,msm, = =—=
12T ™ coefficient of m: 1
(9

137

138

139

140

|k + 22| = |z%| — k = | 23| + |k
= k,z? and 0 + i0 are collinear
= arg(z?) = arg(k)

=>2arg(z) =n

= arg(z) = >
(d)

We are given that p(—a) = a and p(a) = —a
[since when a polynomial f(x) is divided by x —
a, remainder is f(a)]. Let the remainder, when
p(x) is divided by x? — a?, be Ax + B. Then

p(x) = Q(x)(x? —a?®)+Ax+ B (1)

Where Q(x) is the quotient. Putting x = aand -a
in (1), we get
p(a)=0+A4Aa+B=—-a=A4a+B (2)

and p(—a) =0—aAd+B=>a=—-aA+B (3)
Solving (2) and (3), we get

B=0andA4 =-1

Hence, the required remainder is - x

()

(0,-2)

kz/(k + 1) represents any point lying on the line
joining origin and z
Given,
kz ]
|k_+1 + 21| >2
Hence, kz/(k + 1) should lie outside the circle
|z + 2i| > V2. So, z should lie in the shaded region

T
Sy <arg(z) <0
(d)

Given expression is
x2—x+xt—x+1=f(x)

For x < 0, put x = —y, where y > 0. Thus, we get
f)=y2+y°+y*+y+1>0fory>0
ForO0<x <1,

x'<xt=>-x"+x*>0

Also,1—x >0and x? >0
>x2—-x%+xt*+1-x>0=>f(x)>0
Forx > 1,
f)=x(x3-1DE+1D+1>0

So f(x) > 0for—oo < x <o

(b)

2z — 1| = |z — 2]

= |2z - 1|? = |z - 2|?

> 2z-1)2z-1)==-2)(z-2)

Page |58



141

142

143

=>4z7—-2z—2z24+1=2z—-2z2—-2z2+4
= 3|z]? =3

>zl =1

Again,

|lzy + 23l =z —a+z,— B+ a+ B
S|z —al+1z; — Bl + |a + B
<a+p+|a+p|

=2|a+pB| [vap >0]

ZI+_ZZ<2

a+p
Z1+ 2,

a+p

< 2|z|

(b)
The discriminant of the given equations are
D, =a?+12b,D, = c?*—4band D; = d* —8b
~D;+D,+D3=a’+c*>+d*>0
Hence, at least one of D, D, D5 is non-negative.
Therefore, the equation has at least two real roots
()
The equation on simplifying gives
x(x—b)(x—c)+x(x+c)(x—a)
+x(x —a)(x—b)
—x—a)x-b)x—-c)=0 (1)
Let,
f)=x(x—b)(x—c)+x(x—c)(x—a)
+x(x—a)(x—b)
—x-a)x-b)x—oc)
We can assume without loss of generality that
a < b < c.Now,
f(@a)=ala—b)(a—c)>0
f(b)y=bb—-c)(b—a)<0
fe)=clc—a)(c—=b)>0
So, one root of (1) lies in (a, b) and one root in
(b, c). Obviously the third root must also be real
(b)
Note that coefficient of x? is (4p — p? — 5) < 0.
Therefore the graph is concave downward.
According to the question, 1 must lie between the
roots. Hence,
f() >0
S>4p—-p?—5-2p+1+3p>0
= —p?+4+5p—4>0
>p?-5p+4<0

y

0] t X
>@P-4HP-1<0
=>1<p<4
=p€|[273]

144 (a)

zZ—Ww Z—Ww
k% +zw k% +zw
But zZ = ww = k2. Hence
k? k2 _
i w—2z
:a: 4 w = — =
k2+k_2k_2 Zw + k2
zZw
> at+a=0
= Re(a) =0
145 (d)

—a

Minimum value of f(x) = (1 + b?)x? + 2bx + 11is

(2b)? —4(1 + b?) 1
m(b) = — =
4(1+ b?) 1+ b?
Clearly, m(b) has range (0, 1]
146 (b)

Correct equation is
x>+ 13x+q=0 (1)
Incorrect equation is

x2+17x+q=0 (2)

Given that roots of Eq. (1) are —2 and —15.
Therefore, product of the roots of incorrect
equation is ¢ = (—2)(—15) = 30. From (1), the

correct equation is
x2+13x+30=0
~x=-3,-10

(a)

8iz3 +12z%2 —182z+27i =0

147

= 4iz?(2z—3i) —9(2z—-3i) =0

= (22 — 3i)(4iz2 = 9) = 0

8,9
= = — e p—
z=—andz® =

9
=>|z|=zand|22|=—
2l =2
= |zl ==
2=3
148 (b)

N - .
(-2)B \\ o A(z) Re

—

CA=CB=2V2,0C =2
=>0A=0B=2
=2A=2+0i,B=-2+0i
Clearly,

£LBCA =m/2

= £BPA =mn/4
z—2 T
Z+2)__

= arg(
149 (d)

4
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151

152

153

We have,

2mri
P =e 4

e
r=01..,p—1
m=20,1,..,g—-1
This is possible iffr =m = Obutforr =m =0

2mm

we get [ which is not an imaginary number

(a)
Given,
1—a*
zZx=1+a+a’+-+at=
1—a
1 ak
= 7z, — =—
Zk 1—a 1—a
| 1 | lalk 1 al < 1
= — — o
T 1-q [1—al |1—a [la ]
Hence, z;, lies within the circle
) 1 |_ 1
T T—al T i —q
(b)

x?%-3 x?-3
(31+8vV15) ~+1=(32+8V15)

x?%-3 2 x%-3
= (31+8V15) ~ +1*¥ 3 =(32+8V15)
=>x2—-3=1lorx=42[va"+b" = (a+b)"]
(d)

We know that if f(«) and f () are of opposite
signs then there must be a value y between a and
B such that f(y) = 0. Hence, a, b, c are real
numbers and a # 0. As a is aroot of a?x? + bx +
c=0,so0

a’a’+ba+c=0 (1)

Also, 8 is aroot of a’x? — bx —c = 0, so
a’?B?—bB—c=0 (2)

Now, let f(x) = a?x? + 2bx + 2c. Then,

fla) =a%a?+2ba+ 2c

=a%a®+ 2(ba + ¢)
= a’a? +2(—a%a?)
=—-a?a?<0

and f(B) = a?B?+2b B + 2c

=a?B?+2(bp +0)

= a’p? + 2(a’p?) [Using (2)]

=3a?p?>0

Since f(a) and f(B) are of opposite signs and y is
aroot of equation f(x) = 0, therefore, y must lie
between ¢ and 8. Thus,a <y < f

[Using (1)]

a

Ex,?@ are roots of ax? + bx + ¢ = 0. Hence,
atp=-2 (1

=7 @

a?, B? are roots of a®x? + b%x + c? = 0. Hence,
@+ =-2 (3

154

155

156

157

158

p =5 @)

Now, from (3),
2

(@ +p)* —2ap = —Z—Z

—b\? c —b?
- () i

a a a?

b* 2c
= 2—3':'——

a a
= b? =ac = a,b,c are in G.P.
(o)

The given equation is

2%+ (a—1)2*"1+a=0

or

t?+2(a— 1t +a=0,where2* =t

Now, t = 1 should lie between the roots of this
equation

1
1+2(a—1)+a<0=>a<§

(a)
Since, zz(z?+ z?%) = 350

= 2(x?+y?)(x*—-vy?%) =350

= (x?+y)(x?-y?) =175

Since, x,y € I, the only possible case which gives
integral solution, is
x2+y2=25
x2—y2=7

(1)

(i)

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

x2=16, y2=9

= x =24, y=43

~ Area of rectangle= 8 X 6 = 48

(d)

Here, f(x) = (2x —a)(2x — ¢) + (2x — b). So,

F()=a-br(g)=cb

Now,

f(%)f(%)=(a—b)(c—b)<0(a>b>c)

Hence, exactly one of the roots lies between c/2

and a/2
()

n n n n n
er SZIZrI SZ|Zr—r|+ZrSZZr
r=1 r=1 r=1 r=1 r=1
(b)

(ax?+c)y+(a'x?*+c)=0
orx?(ay+a)+(cy+c)=0

It x is rational, then the discriminant of the above
equation must be a perfect square. Hence,

0 — 4(ay + a')(cy + ¢") must be a perfect square
= —acy? — (ac’ + a’c)y — a'c’ must be a perfect
square
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159

160

161

162

= (ac' +ad'c)> —4aca'c'=0 [+ D=
= (ac’'—a'c)*=0
> ac’'=d'c

0]

a ¢
a
(d)
We have,

|z| = |w| andargz =7 —argw
Let w = re'®. Then

z = rel(™@o)

=>z= rei”e‘ie(re‘ig)(cosn + isinm)
=w(-1)=-w

(b)

Let f(x) = ax? + bx + ¢ be a quadratic
expression such that f(x) > 0 for all x € R. Then,
a > 0and b? — 4ac < 0.Now, g(x) = f(x) +
freo+ ")

= gx) =ax?+x(b +2a) + (b + 2a+c¢)
Discriminant of g(x) is
D=(b+2a)?>—4a(b+2a+c)

= b? — 4a? — 4ac

= (b% - 4ac) — 4a?

<0 (v b?—4ac<0)

Therefore, g(x) > 0 forall x € R

(@)

apz"+az" '+ az" %+ +a,_1z+a, =3
= 3] = lagz™ + a;z" 1+ -+ ay_1Z + ay|

= 3 < |apllz|™ + layl|z|*™t + - + |ap_4]|2]

+ layl
=>3<2(z"+ 1z + -+ |zl + 1)

3
:1+|Z|+|Z|2+---+|Z|”>§

If |z| = 1, the inequality is clearly satisfied. For
|z| < 1, we must have,
1— |Z|n+1 3

1-lzl 2
= 2 =2|z|*?! > 3 - 3|z|
= 2|z|" < 3|z| -1

=3lz|-1>0
1
= |z| >§
(©
21—23_1—i\/§
Z, — 23 2
Z1 — Z3 1-iV3
:arg(zz_z3>—arg< > )

Hence, the angle between z; — z; and z, — z3 is
60°. Also,
Z1 — Z3

e
] 2

Zy —Z3
Zy — Z3 —1

Zy — 23

163

164

165

166

= |z, — 75| = |z; — z3]

Hence, the triangle with vertices z;, z, and z3 is
isosceles with vertices angle 60°. Hence rest of the
two angles should also be 60°each. Therefore, the
required triangle is an equilateral triangle

(d)

Letz=x+iy,sothatz=x —iy
2z24+72=0

> @2 —y2+x)+i2xy—y)=0
Equating real and imaginary parts, we get
x2—y2+x=0

N |-

and 2xy —y=0=>y=0o0r x=
Ify =0, then (1) givesx? +x =0 = x =0or
x=-1

If x =1/2, then from (1),

21 + L +\/§
Y E3T 2Ty TV
Hence, there are four solutions in all
(b)
Let,

S=1+2a+3a%+ -+ na™?!

> aS=a+2a’+3a®+--+(n—1Da™?
+ na™

On subtracting, we get

SA—a)=1+[a+a?+a™ ] —na™

a(l—an?

Al B
1—«a

g 1 +a—an na™ n_ 1
= = — . —

1—-a (1—-a)? 1-a [va ]
_ 1 4 a—1 no n
1-a (1-a)? 1-—a 1—«a
(o)

Since «a, 8 are the roots of the equation
2x?% — 35x + 2 = 0, therefore,

20(2—350(=—20r2a—35=_;2
and2,82—35,8=—20r2ﬁ—35:_?2

Now,
3 3
(2a — 35)3(28 — 35)° = (_72) (_?2)
_BX8 0 v ap=1)
a3pd 1
(a)
Az)

Y

|z — Z| is the length AB while |z|(argz — argz) is
arc length AB
s |z =72z| < |z|(argz — argz)
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168

169

170

171

()
D>0=(a—-3)%+4(a+2)>0
=2a*’-6a+9+4a+8>0
=2a2-2a+17>0

=>a€RrR

.a2+1_ 1 1
" a2+2_1_a2+22§
(<)

An+1 :a,n+1 +ﬁn+1

— an+1 + anﬁ +Bn+1 + aﬁn _ anﬁ _algn
a(a+p)+ BB +a)—af(@" "t + ")
a*(a+p)+ BB +a)—af(@" ™ + ")
= (a+p)@" + ™) —af(a™ ' + )

al, —bA,_1
(d)
Let f(x) = x° + 4x> + 3x* + 2x3 + x + 1. Hence,
f(w) = w® +40° + 30* + 203 +w + 1
=1+40w?+3w+2+w+1
=4(w?*+w+1)
=0
Hence, f(x) is divisible by x — w. Then f(x) is
also divisible by x — w? (as complex roots occur
in conjugate pairs)
f(—w) = (—~w)° + 4(~w)® + 3(—w)* + 2(-w)3

+(—w)+1

w® —4w® +3w* —2w3 —w+1
1-4w’+3w—-2-w+1
#0
(<)
Since, (a + ), (@? + £?) and (a3 + B3) are in GP.
(a?+B?)? = (a +p)(a® + B°)
= a*+ p* 4+ 2a%B% = a* + B* + ap? + pa’®

= af(a?+p%—-2aB)=0
= af(a—p)2=0
= af=0ora=p
ie,~=00rA=0
a
=>cA=0
(@)
Assumingargz, = 6 andargz, =0 + «a,
az, bz, alz,|e® b|z,|et @+
bz, az; b|z,|ei®+®) alz,|et®

=e ® + el =2cosa
Hence, the point lies on the line segment [—2, 2] of
the real axis

172

173

174

175

176

177

(@)
Letz = x + iy. Then,
lz—3—-i|l=1z—9—i]

= VJx-3)2+ (@ -D2=y(x-9*+ (- D?

>x=6

|z—3+3i| =3

= J(x—-3)2+(@y+3)2=3

Forx =6,y =-3

v z=6-3i

(b)
1

2|Z—§|=|Z—1|

|z —1]

1|_2
Z 2—

So, locus of z is a circle

(a)
xy=2(x+y)=>y(x—-2)=2x
2x
-2

2+—4
— =
x—2 x

=3,4(x#6asx<y)
By trial, x = 3,4,6. Theny = 6,4,3. Butx < y.
Therefore, x = 3,4 and y = 6, 4 are two solutions
(a)
If both the roots of a quadratic equation
ax? + bx + ¢ = 0 are less than k, then
af(k) >0,—b/2a < kand D > 0. Now,

/)
a\_/8 3

f(x)=x?>—-2ax+a*+a-3
=f(3)>0,a<3,-4a+12>0
=>a’-5a+6>0a<3,-4a+12>0
>a<2ora>3a<3a<3

>a<?2

(a)

Suppose a # 0. We rewrite f(x) as follows:

flx) = a{x2 +gx+3

{ b \? 4ac—b2}
—a <x+—> M
2a

y:x

4q2

( b+_)_ ( b_‘___|_b>2_|_4ac—b2
f 2a =@ 2a : 2a 4q2

2

=a {—1 + fac zb }, which is real number. This is
4a

against the hypothesis. Therefore, a = 0

(a)

1+iz_1+i(b+ic)/(1+a)
1—iz 1—i(b+ic)/(1+a)
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179

180

181

182

_l+a—-c+ib
" 1+4+a+c—ib
_(A+4+a—-c+ib)(1+a+c+ib)
B (1+a+c)?+ b2
1+ 2a+a?—b?—c?+2ib + 2iab
- 1+a?+c?+b%?+2ac+2(a+c)
2a + 2a? + 2ib + 2iab
- 2+ 2ac+2(a+c)
_a+a®+ib+iab
" 14ac+(a+c)
_a(a+1)+ib(a+1)
T (a+D(c+ 1)
a+ib
- c+1
(@)

Since R.H.S. is an even integer. So L.H.S. is also an

(v a*+b%*+c?=1)

even integer. So, either both x and y are even
integers, or both of them are odd integers. Now,
xt =yt ==+ +y?)

= x —y,x + y,x% + y? must be an even integer
Therefore, (x — y)(x + y)(x? + y?) must be
divisible by 8. But R.H.S. is not divisible by 8.
Hence, the given equation has no solution

(9

Clearly, x = 2 is a root of the equation and
imaginary roots always occur in pairs. Therefore,
the other root is also real

(b)

(1+w)’ =A+Bow

= (—w?)’"=4A+Bw (*1+w+w?=0)

= —w*=A+Bw

> —-w?=A4+Bo (~w3=1)
=>14+w=A4A+Bw

=>A=1B=1
(d)
1022 -3iz—k=0
N 3i +vV—9 + 40k
Z:
20

Now, D = =9 + 40k.If k = 1,then D = 31.So (a)
is false

If k is a negative real number, then D is a negative
real number. So (d) is true

Ifk =i,thenD = -9+ 40i = 16 + 40i — 25 =
(4 + 5i)?, and the roots are (1/5) + (2/5)i. So (c)
is false

If k = 0 (which is a complex number), then the
roots are 0 and (3/10)i. So (b) is false

(b)
Let,

- n + . 7T —
sin 3 i cos 5= z

183

184

185

186

8

=

1 +sin£+icos£]
8 8

. T . Vs
1+ sin——icos—
8 8

=z

= (sm%+ icos%)8

= (cos G- T) +isin(3-1))°
3 3m 8

= (cos?+ lsmg)

=cos3m = -1

()

x?—(@-3)x+a=0
=D =(a—3)*>—-4a

=qa%?—-10a+9
=(a-1@-9)
Casel:

Both the roots are greater than 2

B
D > 2 ——>2
>0,f(2) >0, 51>
>@-1D@—-9)=204—-(a—3)2+a

> 0; — > 2
=>a € (—,1]U[9,0);a < 10;a > 7
=a€[910) (1
Casell:

One root is greater than 2 and the other root is
less than or equal to 2. Hence,

f(2)<o
>4—(a—3)24+a<0
>a>10 (2)

From (1) and (2),

a €1[9,10) U [10,00) = a € [9, )

()

Here a, b, ¢ are positive. So,

x| = —b +/b? + ac

Hence, x has two real values, neglecting
|x] = —b —Vb? + ac,as |x| = 0

(9

E =4+ 5(w)3* + 3(w)3°®

=4+ 5w+ 3w?
=142w+3(1+ w+ w?)

=1+ (-1+iV3)
=iV3

(d)

1+i  (1+0)?
1—-i (A-D@A+iD) 2
Now i™ = 1. Hence, the smallest positive integral
value of n should be 4

1—-1+2i
_ _i
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188

189

190

(@)
u=2x2+4y%+9z% — 6yz — 2zx — 2xy

[2x% + 8y? + 1822 — 12yz — 6zx — 4xy]

N R N]| -

[(x? — 4xy + 4y?) + (4y? + 922 — 12yz)
+ (x? + 922 — 62x)]
1
=3 [((x —2y)2+ 2y —32)*+ (3z—x)?] =0

Hence, u is always non-negative

(©

Let roots of the equation ax? + 2bx + ¢ = 0 be a

and B and roots of the equation px? + 2qx +r =

0 be y and 4. Given,

a_y_a B
=

B 6 y 6

a+p af
= = [—

y+4 yé

_2b <
= _&: %

D p

bZ qZ

ac _ pr
(@)
Let ¢ and a? be the roots of x? — x — k = 0. Then,
a+a’?=1landa®=—k

= ()3 + (k)3 =1
= —kY3 4+ k%3 =1
> (k23— k1/3)° =1
= k? —k—3k(k?*? -kY3) =1
>k?—k-3k(1)=1
=>k2—4k—1=0
>k=2+5
(d)
The equation z" = (z + 1)™ will have exactly
n — 1 roots. We have,
z+ 1\"

(=) -

z

z+1
a
= |z+ 1] = |z|
Therefore, ‘z’ lies on the right bisector of the
segment connecting the points (0, 0) and (-1, 0).
Thus Re(z) = —1/2. Hence, roots are collinear

: |

and will have their real parts equal to —1/2.
Hence, roots are collinear and will have their real
parts equal to —1/2

Hence sum of the real parts of roots is

(=1/2)(n=1)

191

192

193

(@)

We have,

lz—24+2i] =1

=>z-2-2)|=1

Hence, z lies on a circle having centre at (2, —2)
and radius 1. It is evident from the figure that the
required complex number z is given by the point
P.We find that OP makes an angle /4 with OX
and

y
X
o P
C
(2,-2)
OP=0C—CP=+22+22—-1=2V2-1

So, coordinates of P are [2\/§ - 1) cos(m/4)]
—(2v2 = 1) sin(n/4) i.e., (V2 — 1/V2),—(2 -
1//2)). Hence,

== 5) - = -

(b)

Given x — 2 = 22/3 4 21/3

Cubing both sides, we get

(x—2)3=22+2+3x2%23x2Y3(x-2)
=6+6(x—2)

orx3—6x%+12x —8=—-6+ 6x

Wx3—6x%+6x=2

()

1+ D5(1 +V3i)°
—2i(—V3 +1)
501, i\5 (1, 3.\
_) (G+5) 2G5
o (V3 i
202 (3 —3)
:Argument=%+2—n—§ %=lf—2”

Therefore, the principle argument is —5m /12
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195

196

197

(@)
Clearly, f(—1) > 0, f(2) < 0. Now,

b2 )
N

f(0O)=—4<0
=>f(-1)=1—a—-4>0andf(2) =4+ 2a —
4<0

>a<-3anda <0

= a € (—o0,—-3)

()

a, B are roots of x2 + px + q = 0. Hence,

a+f =—-pandaf =q

a*, p* are roots of x> — rx + s = 0. Hence,
a'4+,84=r,0(4ﬁ4=q

Now for equation x? — 4gx + 2q% —r = 0, the
product of roots is

2q* —r =2(ap)® — (a* + p*)

= —(a? — §?)?

<0

Therefore, the product of roots is negative. So, the
roots must be real and of opposite signs

()

The given equation is sin(e*) = 5* + 57*. We
know that 5* and 57* both are +ve real numbers

Now, 5% + 5% = (V5% —=V5%) +2 > 2
But L.H.S. = sin(e*) < 1
Hence, no solution
(a)
Sincep(q—71)+q(r—q) +r(p —q) = 0,s0 one
root is 1 and the other rootisr(p — q)/[p(q — 1)]-
Since both the roots are equal, we have
w—rq
=1
bq —pr
=Trp—rq=pq—pr
=>2rp=q(p+71)
2 p+r 1 1

q pr p r

198

199

200

201

202

()

Sl = Zzl = _3a,52 = 221Z2 =3b

Since the triangle is equilateral, we have

2212 - Zzzlzz
= (Z Zl)z -2 z Z1Zy = Z Z1Zy
- (Z zl) = 322122

= (—3a)? = 3(3b)
= 9a%2 =9b
=a’=b
(9
Discriminant D = 2m — 1)? — 4(m — 2)m =
4m + 1 must be perfect square. Hence,
4m + 1 = k?, say for some k € I
k—1D(k+1)
m= 4
Clearly, k must be odd. Letk =2n+ 1
m=w=n(n+l),nel
(a)
x+iy=1—t+ift2+t+2
Sx=1-ty=+t?+t+2
Eliminating t,
y2=t?+t+2=(1—-x)>+1—x+2

3\ 7
= (x - z) "7
= y2— (x - %)2 = %, which is a hyperbola
(d)
@"-1)=0z-DE-2)z—2)...(Z2— 2n-1)
€3]

Differentiating w.r.t. x, and then dividing by (1),
we have
nz" 1 1 1 1 1

= + +
zZ"—-1 z—-1 z—2zy z-—2z,

Z = Zp

Putting z = 3, we get
n3"t 1 N 1 N et
3n—1 2 3-z 33—z 3— 2,1
1 N 1 bt 1 B n3"1t 1

3—2z, 3-—12z, 3—2z,4 3"—1 2

(9
100 T 7T 100

— ; — 100 o icine

z=(1+iV3) =2 (c053+lsm3)
1007 1007

= 2100 (cos + isin 3 )

Vs T
= 2100 (— cos = — lsm—)

3
_2100 _1_@
N 2 2
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203

204

205

206

207

Re (2) -1/2 1

Tim@ 32 VB

()

x% + ax + b + 1 = 0 has positive integral roots a

and . Hence,

(e +pB)=—-aandaf=b+1

= (a+ )+ (af —1)? = a? + b?

sa’?+b2=(a®?+1)(B*+1)

= a? + b? can be equal to 50 (since other options

have prime numbers)

()

X (x = x)% +2x,(x —x1)* = 0

= x2(x; +x3) —4x x120,(x1 +23)% >0 (~ xqx,
<0)

The product of roots is x;x, < 0. Thus, the roots

are real and of opposite signs

(b)

The given equation is

x—-b)x—c)+x—a)x—c)+(x—a)(x—b)
=0

=3x%2—-2(a+b+c)x+ (ab+ bc+ca) =0

D =4(a+b+c)?—12(ab + bc + ca)

=4[a? + b?> + c? —ab — bc — ca]

=2[(a=b)?+(b-c)?*+(c—a)?]=0,Vab,c

Therefore, the roots of the given equation are

always real

(©

Given that

a?+bh?+c?2=1 (1

We know that

(a+b+c)*=>0

= a® + b%+ c? + 2ab + 2bc + 2ca = 0

= 2(ab + bc + ca) = —1 [Using (1)]

>ab+bc+ca=-1/2 (2)

Also, we know that

Zl@= b+ G- + (e~ a2 0

>a’+b%+c?—abbc—ca=0
=>ab+bc+ca<1 [Using(1)] (3)
Combining (2) and (3), we get
—1/2<ab+bc+ca<l

= ab+ bc+ca €[-1/2,1]

()

We have,

A
arg Z =7

= arg(zy) —arg(z;) =m

= arg(z,) = arg(zy) + 1

Letarg(z,) = 6. Thenarg(z,) =m+ 6
~ 7z, = |zq| cos(m + @) + i sin(m + )
= |z1|(—cos 6 —isin )

208

209

210

211

212

and z, = |z,|(cos 6 + isin 0)
= |z1](cos 0 + isin0) (~ |z1| = |zz])
= -z
=22z,+2z,=0
(b)
Let D; and D, be discriminants of x? + b;x + ¢; =
0 and x2 + b,x + ¢, = 0, respectively. Then,
Dy + D, = b —4cy + b3 — 4c,
= (blz + bzz) —4(c1—¢2)
= b2 + b% — 2b.b, [~ byby = 2(c; + ¢3)]
=(by —by)*20
= D; = 0or D, = 0 and D, and D, both are
positive
Hence, at least one of the equations has real roots
(o)
Let
a=cosasina
b=cosf +isinp
c=cosy +isiny
Then,
a+2b+3c = (cosa+2cosf +3cosy)
+i(sina +2sinfB + 3siny) =0
= a3 +8b3+ 27c3 =18 abc
= cos 3a + 8cos 38 + 27 cos 3y
=18sin(a + 8 +y)
and sin 3a + 8sin 35 + 27 sin 3y = 18 sin(a +
L+r)
(b)

lwl =1
1—iz

z—il
= |1—iz|=|z—-i

= |—illz+il = |z —i|

> |z+il=|z—i]

Hence, z is equidistant from (0, —1) and (0, 1). So,
z lies on perpendicular bisector of (0,—1) and (0,
1) i.e, x-axis, and y = 0. Therefore, z lies on real
axis

(b)

By the given conditions, the area of the triangle
ABC is given by (1/2)|z1 — z3|r

(b)

If vertices of a parallelogram are z4, z,, z3, Z4, then

as diagonals bisect each other as given,
Z1+ 23 Zy+ 2z,

2 2

Page |66



213

214

215

216

217

=2zt 23 =2+ 24
()

The given equation is
Vi+1l-Vx—-1=+V4x—-1
Squaring both sides, we get
x+14+x—-1-2yx2—-1=4x—-1
= -2yx?—-1=2x—-1

Again squaring both sides, we get
54(x%?2—-1)=4x*>—-4x+1

= —4x =-5
=>x=5/4
Substituting this value of x in given equation, we
get
5 5 5
Z+1— Z—l— 4XZ_1

= %— % = 2 (not satisfied)

Therefore, 5/4 is not a solution of given equation.

Hence, the given equation has no solution

(b)

(b2—4ac)2 4
16a2 1+4a? )
Now,
2 o) = b? — 4ac
max(ax x+c)= ia
-2 b2-4ac 2
Also, T <" T 7o [From (1)]
So, maximum value is always less than 2 (when
a—-0)
()

As (1 — 1)x? + 2 = Ax + 3 has only one solution,
soD =0
> 2-4Q+1D(-1) =0
> A2 +41+4=0
>(1+2)?=0
o A=-=2
()
Given that a? + b? = 1. Therefore,
1+b+ia (1+b+ia)(1+b+ia)
1+b—ia (A+b—ia)(1+b+ia)
_ (1 +b)*—a®+2ia(1+b)
- 1+ b2+ 2b+ a?
_(1—a?®)+2b+b*+2ia(1+b)
- 2(1+b)
2b? + 2b + 2ia(1 + b)
- 2(1+b)
=b+ia
()
Given that
|zy —i] = |z, —i] = |z3 — i

Hence, 7, z,, z3 lie on the circle whose centre is i.

218

219

220

221

222

223

Also given that the triangle is equilateral. Hence
centroid and circumcentre coincides
ZitzZ;tzz
—3 - i
=>|zy+2z,+ 23] =3

(@)
|z —3]>+2

l0g1/3 (11|z—3| —2) > 1

lz—=31?+2 1
STz-3-2"3
= Bt—-8)(t—1) <0 (wherel|z—3]|=1t)
=>1<|z-3|<8/3
Hence z lies between the two concentric circles
()
Put ab 4+ bc + ca = t. Now,
(a+b+c)>=a?+b>+c?>+2t
>(a+b+c)>=1+2t
=>1+4+2t=0

1<t
ﬁ__
5=

Again,(a—b)?+ (b—c)?*+(c—a)? =2-2t
=2-2t=0
>t<1

1
:—EStStﬁl

(a)

Herex = 4cosf,y = 4sin6
~lxl =1yl

= |4|c059|—4|sin9||

= 4||cos B| —sin @ ||

= 4,/1—2|cos @]|sin 6 |
=4,/1—|sin20 |

Hence, the range is [0, 4]
(d)

lwz—1—-w? =a

slz+1l=a=z—-1+2|=a

s|z-1l+2=>a=>0<a<4

(b)

We have,
—14./1-4a%(1—a?)

- 2a?

-1+ (2a2-1)

B 2a?

1
=1-——or-a?
a

X

|z| — —

|z]

Hence the least value occurs when |z| = 3

1
|z+—| =
z
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1 1 8 -1 <
|Z+_ —3_-=o > (1ly +)(y-1) <0
Zlleast 3 3 = 1 <y<
-—<y<1
224 (b) 11
Note that z; = 3 + +/3i lies on the line 228 (d)
y = (1/\/§)x and z, = 2v/3 + 6i lies on the line
y =+3x )
Hence z = 5 + 5i will only lie on the bisector of z;
and z,,ie.y = x D@
y ;
y =\3x (@)C
T B Clearly,
SREN £DOB = £COD = A
60° = z=we" andw = ze'4 (Applying rotation
Sl x about 0)
2 = w =
225 (b) >z =ww=1 o
22— 3] > |22 — = z=-1 (AsAand D are non opposite sides of
o B()
= 3|z| = |z|* -3
) 229 (b)
=z =3zl -3<0 .
Given that
3++v21 z
20<|z| <—— zZ,—— -
2 arg zl | _ T
226 (a) Z 2
. ]
and
45° 1o
——z1|=3
B 15 /500 | |
From which we can establish the following
A} "((1_5, -5) geometry
¥
TN
|2z + 10 + 10i| < 5/3 -5 Yy
\/‘ ( N
= |z+5+5i| < ( ) \\ OJ X
Point B has least pr1nc1p1e argument. Now, ]
5(+v3-1) :
AB = > From the diagram,
04 =5V2 ﬁ_zl =3,|z;| =V9+1 =10
T
2AOB = W 230 (b)
51 f@)=g@z)(z-i)(z+i)+az+b;abeC
- arg(z) = —? Given,
227 (b) f)=i=ai+b=i (1)
Let, and f(=i) =1+
;=y >a(-i)+b=1+i (2)
x?—=5x+9 From (1) and (2), we have
= yx? —5yx+9y =x i 1
=>yx2—Gy+1Dx+9y =0 azf'bzf-l_l
Now, x is real, so Hence, the required remainderis az + b =
D=0 (1/2)iz+ (1/2) +i
2
=>(-Gy+1D) —4-y-(9y) =0
= —-11y2+10y+1=0
=11y —-10y—1<0
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231

232

233

234

235

(b)

Let,

fX)=ax*+x+c—a

f)=c+1>0 (vc>-1)

Therefore, given expression is positive V x € R.
So,

/)0

a+1+ >0
ﬁ_ — J—
273 c—a

=>4c—3a+2>0
=>4c+2>3a
(a)

Clearly,
q@.q€l)
Since a, ,y,d are in G.P. (with common ratio r),
S0

at+ar=1a@?*+r3)=4
sa(l+r)=1ar’(1+r)=4
51r2X1=4=31r2=4>r=2,-2

a+pf=1LaBf=py+6=4y6=

Ifr =2,

1
at+2a=1=>a= 3
Ifr =-2,
a—2a=1=>a=-1
Butp =af €1
~r=-2anda = -1
=>p=-2
qg=a’*r®>=1(=2)°>=-32
)

c
aa’?+c=—ba,aa +b = -
Hence, the given expression is
b b(b? — 2ac)
(a?+p2)=—
~(@®+ %) oy
(d)

Given,
)2
, 3@ _
|z
Let,
z=re'd

= r3ei30 4+ 3re20 = 0

Since ‘r’ cannot be zero, so

reis? = -3

Which will hold for » = 3 and five distinct value of
‘@’. Thus there are five solutions

(@)
1+ia\*

(1—ia>
1+ ia
1—ia

4

= |z|

=

236

237

238

239

4

a—i

:>| - =1
a+i

= la—i|l =|a+i

Therefore, a lies on the perpendicular bisector of i
and - i, which is real axis. Hence all the roots are
real

(b)

Let xi be the root where x # 0 and x € R

x* —ax3i—a,x®> +azxi+a, =0
>x*—ax?+a,=0 (1)

and
a;x3 —azx =0 (2)
From Eq. (2),

a;x2—a3;=0

= x? =as/a, (asx # 0)

Putting the value of x2 in Eq. (1), we get
a: a,as

2
ay

+a4:0
ai

2 2 _
= a3z +a,ai = a,aaz
a aa
4z 4 Jads

N =1 (dividing by a;a,as)

a az

(b)

If z4,z,, z3 are three complex numbers, then
argz, argz, argzs
argz, argzs argz
argzz argz, argz,
= A = (argz, +argz;

azas

A=

1 argz,
1 argzs
1 argz;
(Using C; = C; + C, + C3)

1 argz,
1 argzs
1 argz,

arg zs
arg z,
argz,

+ arg 23)

argzs
arg z,
argz,
Hence, A is divisible by arg(z;z,23)
(d)

Let,

z = (1)/™ = (cos 2km + i sin 2km)1/™

2km 2km
+ isin ,k=0,1,2,..,.n—1

= A = arg(z,2,23)

= COoS

Let

2km . (2kyTm
zl=cos( >+lsm( )
n n

and

2k, . (2kym
zzzcos< )+lsm( )
n n
Be the two values of z such that they subtend

angle of 90° at origin. Then,
2k, 2k,m 4
- =5 =24k — k) =4n
n n 2
As k4 and k, are integers and k; # k,, therefore

n=4mme’Z
(a,d)
LetA=a+2b—3c,B= b+2c—3a,C=c+

=

Page |69



240

241

242

243

2a —3b
~A+B+C=0
Hence, roots are 1 and %.

Thus, roots are real and rational.

(a,b,c)

Since the roots of ax? + bx + ¢ = 0 are non-real,

so, f(x) = ax?® + bx + ¢ will have same sign for

every value of x. Hence,

flO=c,f(1)=a+b+cf(-1)=a—-b+c

f(=2)=4a—-2b+c

=>cla+b+c¢c)>0,cla—b+c)
>0,c(4a—2b+c¢c)>0

(ac)

If p = g, then equation become zP = z? and it has

infinite number of solutions because any z € R

will satisfy it. If p # g, let p > g, then zP = z7

~|z|P = |z|

= |z|P(z[P79-1) =0

=>|zl=0o0r|z|=1

|zl =0 22z=0+i0

|zl =1 =2 z=¢'

= P+ — 1

= 7z = 11/ (@+d)

Therefore, the number of solutionsisp +q + 1

(a,b,c)

f(x) =Ax?>+Bx+C

A=a+b—-2c=(a—c)+(b—-¢c)>0

>A>0

Hence, the graph is concave upwards. Also, x = 1

is obvious solution; therefore, both roots are

rational

b+c—2a=Mb—-a)+(c—a)<0

—-ve

—-ve

=>B<0

tex=——>0
vertex 22

Hence, abscissa of the vertex is positive. Option
(d) need not be correctas witha = 5,b = 4,c =
2,P <0andwitha=6,b=3,c=2,P >0
(c,d)

Wehave, x2 +x+ 1= (x — w)(x — w?)

Since, f(x) is divisible by x? + x + 1, f(w) =
0,f(w?)=0

~ P(w?) + wQ(w?) =0

= P()+wQ()=0 ..(»0)

and P(w®) + w?Q(w®) =0

= P(1)+w?Q(1) =0 ..(iD)

On solving Egs. (i) and (ii), we get
P(1)=0andQ(1) =0

. Both P(x) and Q(x?) are divisible by (x — 1)

244

245

246

= P(x3)and Q(x3) are divisible by x®> — 1 and

hence by (x — 1)

Since, f(x) = P(x3) + xQ(x3), we get f(x) is

divisible by x — 1

(b,c)

74 and z, are the roots of the equation

z>?—az+b=0.Hence,z; + 2z, = a,z12, = b

Now,

|z1 + 25| < |z1] + |2,

Sz + 2z =lal<1+1=2 (~|z] =l2;]
=1)

0,-01

22

Z1+ 2y

92—

X /< x'
o ]

y 6, 01+6,
2

> arg(a) =  [arg(zs) + arg(z,)
Also, arg(b) = arg(z,z,) = arg(z,) + arg(z,)
= 2arg(a) = arg(bh)
(a,d)
Let zz =a+ib,a>0and bER;z, =c+id,d <
0,ceR
Given,
|z1] = |z,|
= a® + b? = c? + d?
s>a?—-c?=d*-b? (1
Now,
z1+2z; (a+c)+i(b+d)
z1—2, (a—c)+i(b—d)
[(a®> = c?) + (b2 —d?)] +i[(a—c)(b+d)—
(a+c)(b—ad)]
(a—c)2+ (b—d)?
Which is a purely imaginary number or zero in
casea+c=b+d=0
(a,b,c)
Let z = x + iy where x, y satisfy the given
equation. Hence,
(x* +y*)(x* —y*) =175
= x2 +y2 = 25and x2 — y? = 7 (as all other
possibilities will give non-integral solutions)
Hence, possible values of z will be 4 + 3i,4 —
3i,—4 + 3i and —4 — 3i. Clearly, it will form a
rectangle having length of the diagonal 10
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248

249

250

-4 +3i 4+ 3j

From the diagram, options (a), (b), (c) are correct
(a,b,d)

zy =5+ 12i,|z|, = 4

|z1 + izo| < |zq| + |22l =13 +4 =17

vz + A+ Dzp] 2 |lze] = 11+ il|2,]]

=13 -4/2

~min(|zy + (1 +)z,]) = 13 — 4V/2

4 4
zz+z|s|z2|+—=4+1=5

|Zz|
+ |>| - 413
z > |z,| — =4-1=
2 2 2 |Zz|
Z1 13 Zl 13
max i|=3 and min 7 =?
Zy +Z Zy +Z_
(b,c,d)

Given equation is

x*+2(a+1)x+9a—-5=0
D=4(a+1)>—-409a—-75)=4(a—1)(a—6)
~D>=0=>a<1lora=>=6=rootsarereal

If a < 0,then 9a — 5 < 0. Hence, the products of
roots is less than 0. So, the roots are of opposite
sign. If a > 7, then sum of roots is —2(a + 1) < 0.
Product of roots is greater than 0

(a,c,d)

Choice (a) on simplification gives
1+x 1+x

z

T 1+x2 T 1+ x2
For x = 0.5, £(0.5) > 1 which is out of range.
Hence, (@) is not correct. From choice (b),
1-x 1-x
BRI R
f(x)and g(x) € (0,1) ifx € (0,1). Hence, (b) is
correct. From choice (c),
1+x 1-—x
= +
14+x2 1+x?
Hence, (c) is not correct. From choice (d),
1-x 1+x .
TR
Hence, (d) is not correct
(a,d)
We have,
2x—1 2x—1

fe = 23 +3x% +x x2x+1D(x+1)
Critical pointsarex =1/2,0,—1/2,-1
On number line by sign scheme method, we have

zZ

i

V4

Z

251

252

253

+ .+ L+

-12 0 12

For f(x) > 0,x € (—,—1) U (—1/2,0) U
(1/2, ). Clearly, S contains (—oco, —3/2) and
(1/2,3)

(a,b,d)

y

| X
From the graph,
f@©=c>0 (D)
Also, the graph is concave downward. Hence,
a<0 (2
Further, abscissa of the vertex,
=~ (3)
From (1), (2), (3),
ac < 0,ab<0andbc >0
(c,d)
Since, the equation has two distinct roots a and §3,
the discriminant, b?> — 4ac > 0,

we must have
fX)=ax?*+bx+c<Ofora<x<p

\-2-1012/
I R
I B B

@ &
&

Since, @ < 0 < 8, we must have f(0) =c <0
Also,asa < —1,1 < 8, we get
f(-1)=a—-b+c<0

and f(1)=a+b+c<0

> a+|bl+c<0

Since, @ < —2,2 < .
f(=2)=4a—-2b+c<0

and f(2) =4a+2b+c <0
=>4a+2|b|+c<0

(a,b,d)

7 P()

o} i 4"
\

Since arg((z — 1 — i)/z) is the angle subtended by
the chord joining the points O and 1 + i at the
circumference of the circle |z — 1| = 1, so itis
equal to —m /4. The line joining the points z = 0
and z = 2 + 0i is the diameter
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z—2

arg =t
z—2 . . .
= is purely imaginary
We have,
20PA = T
2
(2 - Z) T z—2
= ===
ars 0—2z 2 z

Now in AOAP,

AP
~opr'

tanf = —

oP
Thus,
z—2

=itané

z
254 (a,c)

255

257

258

Triangle ABC is equilateral. Hence,

22+ (-2)2+ (1 -2)*
=z(-z2)+z(1-2)+(—2)(1—2)

=3z2-2z+1=—-z22

=>4z2-2z4+1=0

Sum of roots = 2

and product of roots is = i

(a)

Since each pair has common root, let the roots be
a, f for Eq. (1); B,y for Eq. (2) and y, a for Eq. (3).
Therefore,

a+f =-aaf =bc

B+y=-bpy=ca

y+a=—cya=ab

Adding, we get

20@+B+y)=—(a+b+0)

1
= a+ﬁ+y=—§(a+b+c)

Also by multiplying product of roots, we have
a?B?y? = a’b%c? = afy = abc

(c,d)

We have,

D=MB-c)?—-4a(a—b—c)>0

= b? + ¢? — 2bc — 4a® + 4ab + 4ac > 0

= ¢? + (4a — 2b)c — 4a? + 4ab + b? > 0 forall
CER

Discriminant of the above expression in ¢ must be
negative. Hence,

(4a — 2b)? — 4(—4a? + 4ab + b?) < 0

= 4a? — 4ab + b% + 4a? — 4ab — b2 < 0
=>ala—b) <0
=2>a<0anda—b>0o0ora>0anda—-b>0
=>b<a<0orb>a>0

(c,d)

cosx—y2—\y—x2—-1=>0 (1)

Now, /y — x%2 — 1 is defined wheny — x? — 1 >

259

260

261

262

263

0ory = x2 + 1. So minimum value of y is 1. From
(D),

cosx —y?=y—x%2—-1

Where cos x — y? < 0 [as when cos x is maximum
(= 1) and y? is minimum (= 1), so cosx — y? is
maximum]. Also,

Jy—x2-120

Hence,cosx —y%2 =,y —x2—-1=0
=>y=1andcosx =1,y =x2+1

>x=0,y=1
(ab)
|z|=r
Az) PC2)
OAP = T
)
Z—2Zg . . .
=—1Is purely imaginary
0
zZ—2Z Z—7Z
= 9 + _—0 =0
Zo Zo
z + z 2 1
= — —_—=
7 % 1)
z
= Re (—) =1
Zo
From (1),
72Zo + 2oz = 2|zg|* = 212
(cd)
Product of roots is
a
he <0 [+ abc <0]

Hence, roots are real and of opposite sign
(a,b,c,d)

V5 —12i = /(3 — 2i)2 = +(3 — 2i)

V=5 —12i = /(2 - 3i)2 = +(2 — 3i)
=z=vV5-12i+V-5-12i
=-1,—-i,-5+5i,5-5i,1+1i
Therefore, principle values of arg z are
—3m/4,3n/4,—nt/4, /4

(a,b,d)

Symmetric functions are those which do not
change by interchanging @ and 8

(a,b,d)

Given,

a b ¢

b ¢ a|l=0

c a b

= a®+b3+c—3abc=0

=>(a+b+c)a®+b*+c>—ab—bc—ca)=0
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1
:>§(a+b+c)[(a—b)2+(b—c)2+(c—a)2]
=0
>@—b)2+b-0c)i+(c—-a)=0
>a=b=c [va+b+c#0,v2zy#0,|z]
= a # 0 etc]

A(zy)
o ©

B(z)

20

C(z3)
Hence, 0A = OB = OC, where O is the origin and
A, B, C are the points representing z,, z, and z3,
respectively. Therefore, O is circumcentre of
/ABC. Now,

arg C—z) =£BOC (i)

= 24BAC = 2arg(2=2) (ii)

Z2—2Z1

Z3— 7

2
= arg( ) [+ £BOC = 2£BAC]

Z — 2
Hence,
Z3 73 — 71\?
e (o) = are (=)
Also, centroid is (z; + z, + z3)/3. Since
HG:GO = 2:1 (where H is orthocenter and G is

centroid), then orthocenter is z; + z, + z3 (by
section formula). When triangle is equilateral

centroid coincides with circumcentre; hence
Z1+2z,+2z3=0

Also, the area for equilateral triangle is (v3/4)L?,
where L is length of side. Since radius is |z],

L =/3|zy], hence area is (3v3/4)|z,|?

264 (a,b,c)

sec? 0 + cosec?d = sec? 6 cosec? 0
Sum of the roots is equal to their product and the
roots are real. Hence,

b_c
a a
>b+c=0

Also b? —4ac >0
=>c?—4ac=>0
=c(c—4a)=0
=>c—4a=>20 (vc>0)
Further b? + 4ab > 0
Sb+4a<0(b<0)

265 (a,d)

266

267

lz-3-4i=5

B

/ —lz|=15
OJ

C

We have,

|Z1| = 15, |Z2 -3 - 4‘l| =5

Minimum value of |z — z;| isAB = OB — OA =

15 — 10 = 5. Maximum value of |z; — z,] is

CA=0A+0C=10+15=25
(a,b,c,d)

A(zy)
P(z'y)

B(z3) R(z'5)
1=z, + Az,

1-2+2
Hence, z; divides the line joining A(z;) and B(z,)
in the ratio 4: (1 — A). That means the given
points are collinear. Also, the ratio /(1 — 1) > 0
(or 0 < 1 < 1) if z; divides the line joining z; and
Z, internally and p/(1 — p) < 0 (oru < 0 or
u > 1) if zg divides the line joining z7, z5
externally
When 4, i are complex numbers, where A = u, we
have z; = (1 —A)z; + Az and z5 = (1 — A)z; +
Azj. Comparing the value of 4, we have

Clz) 0O(E")

23:(1—/’1)21"‘22:

Z3—2, 73— 2,
Zy—2Z1 Zy—Z
! ! ! !
Z3—Z Z3—Z Z3—Z Z3—Z
> |22 = 2= andarg(—3 1):arg(f })
Zyp—Zq Zy—2Zq Zyp—2Zq Zy—2Zq
AC _ PR
AC _ PR and 2BAC = £QPR
AB "~ PQ

Hence, triangles ABC and PQR are similar
(a,b,c,d)

Since 0Q = 1 and OP = 2,so0sin(20PQ) =1/2
and hence 2QPR = /3. Then £ PQR is
equilateral. Also, OM L QR. Then from 20MQ,
OM = 1/2.Hence MN = 1/2. Then centroid of
2PQRlieson |z| =1

As PQR is an equilateral triangle, so orthocenter,
circumcentre and centroid will coincide. Now,
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269

270

271

zZ1+ 2z, + z3
3

= |zy+2z,+ 2312 =9

=>(z1+2,+23)(Z1+2,+23) =9

4 1 1ys4 1 1
:>(_—+_—+_—)(—+—+—)=9

=1

Z1 Z, Z3/\zqy 2z, Z3
and

2QOR = 120°

(a,d)

Let the roots of three given equations be
(a, B); (B,y) and (y, @), then on substituting g in
first two equations.
We get, B2+ pB +qr=0and % + qB +rp = 0.
On subtracting, we get (p —q)B +r(q —p) =0
= B=r.lfp#*q

a+f+y ptq+r Xp
© aPy pqr  pqr
andp+q+r=20
(a,b,c)
Wehave, 3, =a+ibandz, =c+id
v |zl =a?+b?>=1and |z,]> =c*+d? =1
(1)
Also,Re(z13,) =0 = ac+bd=0
$%=—§=A"@D
From Egs. (i) and (ii),
b%2% + b? = ¢? + 1%¢?
= b?=c? and a?=d?
Now, |w;| =Va2 +c2=+vVa?2+b%2=1
and |w,| =Vb2+d2=+a%2+b2=1
Re |w; W, = (ab + cd)
= (bA)b + c(—Ac)
= A(b*-c?) =0
Hence, (a), (b) and (c) are correct answers
(a,d)
Refer the figure, z lies on the point of intersection
of the rays from A and B. ZACB is a right angle
and OBC is an equilateral triangle. Hence,

T T
ocC =az>z=a(cos§+isin§)

(-a, 0)

(b,c)

B(a, 0)

272

273

274

275

276

3+4i

4+4i z

Clearly, the inscribed rectangle is square. Let the

adjacent vertex be z. Then,

3+'4i—(z) _ — pin/2
(3+4i)—(4+4i0)

=34+4i—z=4=i(—-1)
>z=34+4it+ti=3+5i0or3+ 3i

(by rotation about centre)

(b,c)

amp (z,z,) =0=>ampz; +ampz, =0

s amp z; = —amp z, = amp z,

Since |z1| = |z,|, we get |z;| = |Z;]. So, z; = Z,.

Also, 2,2, = Zyz, = |z, |?

=1 because |z,| = 1

(a,d)

Roots of 4x? — x — 1 = 0 are irrational. So, one
root common implies both roots are common.

Therefore,

4 -1 -1

3 A+u A—u

(a,d)

On putting x = 0,1 and 1/2, we get
-1<c<1()

—-1<a+b+c<1 (2)
—4<a+2b+4c<4 (3)
From (1), (2), (3), we get
|b] <8and|a| <8

= |lal + |b] + |c| <17
(ac)

2x2+6xy +5y2 =1 (1)
Equation (1) can be rewriter as
2x2+ (6y)x +5y2—-1=0
Since x is real,
36y2—8(5y2—-1)=0

= y?<2
>-V2<y<+V2
Equation (1) can also be rewriter as
592+ (6x)y +2x2—-1=0
Since y is real,

36x2 —20(2x2—-1)=0

= 36x2 —40x2+20=0
= —4x? > -20

=>x2<5

= —V5<x <5

(a,c,d)
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278

279

_ (1—t)21+t22

Given, z =
(1-t)+t
A P B
Z VA Z;
t: (1-t)

Clearly, z divides z; and z, in the ratio of
t:(1—t),0<t<1

= AP+ BP =AB

le, |z—zi|+1z—2z] = |21 — z,]

= Option (ac) is true

And arg(z — z;) = arg(z, — z) = arg(z, — z;)
= (b) is false and (d) is true

Also, arg(z —z;) = arg(z; — z41)

Z—27
= arg( ) =0
Z2 — 21
ZZZ_Z;l is purely real
- Za_Zh 2=z Z-Z;|
Zp—Z1  Z2—Z1 Zy —Z1 Zp—1Zq
Options (c) is correct
(ac)
(=D)3 = ()3 = iiw, iw?
Where
—1+ w3
YTT2
Hence roots are, i, (—V3 —1)/2, (V3 — i)/2
(a,b,c)
z"cos 0y + z" 1 cosO; + -+ + zcos O,_; + cos O,
=2
= 2= |zl cosOy + z8 L cosO; + -+ zy cos O,_1
+ cos 6, |

= 2 < |z™|cos Byl + |z|™1 |cos O, + -

+ |zpl|cos 0,,_1| + | cos 6, |
=2 < |zoI™ + 1zo|™t + |z 2+ -+ |zl + 1
Which is clearly satisfied for |z,| = 1.1f |zy| < 1,
then
2 <1+ |zol + 20|12+ -+ |2|™ + -

=22<

1 -z
1
—1 |Zol > =

2
(a,b,c,d)
Let f(x) =ax?+bx + ¢

LY

\ /y=ax2+bx+c
: x

280

281

282

From the diagram, we can see thata > 0,c < 0
and - [b(2a)] < 0.Hence, b > 0
~a+b—c>0

(a,c,d)

Let z = ¢ be areal root. Then,
act+c+a=0 (1)

Putting @ = p + iq, we have
(p+igQ)c?+c+p—ig=0
>pc’+c+p=0andqc?—q=0 >c=
+1 (v q=#0)

~(D)=2ax1+a=0

Also,

el =1

(a))

p+q+7r=a+bw+cw?

+b + cw + aw?

+c + aw + bw?

sp+q+r=(@+b+o)(l+w+w?)=0 (1)
p, q, 7 lie on the circle |z| = 2, whose circumcentre
is origin. Also, (p + g + r)/3 = 0. Hence the
centroid coincides with circumcentre. So, the
triangle is equilateral. Now,

p+qg+1r)?=0

) ) ) 1 1 1
=>p°+q-+r =—2pqr[5+5+;]
_ [ 1 N 1
- Tepar la + bw + cw? b+ cw+ aw?

1
]
¢+ aw + bw?

[ 1 1
=-2
par lw?(aw + bw? +¢) * w(bw? + ¢ + aw)

1
+ c+aw+ bwz]
—2pqr 1 1 1

el —_ - = 0

aw + bw? + ¢ w2+a)+1]
Hence,
p?+q%+1%2=2(pq+qr+rp)
(a,b,c,d)

P(zy) 0(z2)

S(za) R(z3)

1. PS||QR = arg (—Z:Z) =0 =>4 %

Zy—2Z3
purely real
2. Since diagonal bisect the angle
Zy T Zy Zp ™ Zy
Zy — 24) - amp (23 - 24)
3. Diagonals of rhombus are perpendicular.

:amp(
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283

284

285

Hence, (z; — z3)/(z, — z4) is purely

imaginary
4, Diagonals of rhombus are not equal.
Hence, |Z1 - Z3| * IZZ - Z4|
(a,d)
| 2 2|_ —2+—2_2__
zy — 73| = |z1 + z3 Z12Z,|
= |zy — z3llz1 + 25| = |71 — Z,)?
= |z, + 25| = |z, — 74|
|z1 + 23| = |2y — 2z,
z Z
> 2+1=2-1
Z Z7

Z . .
= 2—1 lies on 1 bisector of 1 and —1
2
zZ . . . .
= 2—1 lies on imaginary axis
2

Zq1 . . .
= Z—l is purely imaginary
2

<Zl> + A
= — =T
arg Z, T3

T
larg(z,) — arg(z;)| = E

(a,b)
1
z——=1
z
1
1> IZl—H
1
= _1S|Z|_ES1

= —lz| <|z]? -1 < |7|
From |z|2 — 1 > |z|, we get
lzI? +1z| —1=0
-1+5

2 (D

From |z|? — 1 < |z|, we get
|z|2 —|z| -1<0

= —1'f <|z| < —“f

= |z| =

(2)

From (1) and (2), we get

Lol V5 1++5
2

<|z| <
— <zl

V5 -1 1++5

T:lzlmaxz 2

= |Z|min =

(b,d)
Let @ and f be the roots.
~|la—=pBl=3anda?+ B? =29

= la—p1?=9

= a’+p%2—2aB =9

= af =10

Now, (a + B)? = a? + B2 + 2ap
=29+ 20=149

~a+f =17

Hence, required equation is
x2+7x+10=0
Hence, options (b) and (d) are correct.

286

287

288

289

(a,b)

+B=—2andap =S
a+p = aan a,B—a

a+h+ ,B+h=_?q

and(oc+h)(ﬁ+h)=£

q b
v —=—=a+pf+2h=—=+2h
p a

Now, (a — B)? = (a + B)? — 4ap
_( b)z 4c _ b*—4ac

a a a?
Also, (@ =) =[(a+h) — (B +W)]?
_q*—dpr

p2
b%? —4ac q%—4pr

az 2

(a,d)
Let a and S8 be the roots of the equation
4x2+2x—1=0

=

2 1
- a+ﬁ=—Z:—§and4a2+2a—1=0

1
= ﬂ:—z—aand4a2=1—2a
= 43 —a(l-2a) = a — 2a?

=a—c-t+a=2a—z

2 2
= 4a3—3a=—a—§=,8
(a,c,d)
C(2)
D
%' B(-3 +2i)
A(S - 4i)
ZO—(—3+2i)_@:em/2:i

zo— (5—4i) AD
=>z9+3—-2i=izp—5i—4
=zy=—2-—05i

= Radius AD = |5 — 4i — (=2 — 5i)|
= |17 +i|

=+/50 = 5V2

Length of arc = z (perimeter of circle)

3
= Z (27’[ X 5\/5)
_ 157

V2
(a,c,d)
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291

292

Let the roots be a/r, a, ar, where a > 0,7 > 1.
Now,
a/r+a+ar=—-p (1)
a(a/r) +a(ar) + (ar)(a/r) =q (2)
(a/r)(@)(ar) =1 (3)
sa3=1
>a=1
Hence, (c) is correct. From (1), puttinga = 1, we
get

1
-p—3>0 ('-'r+;>2)
=>p<-3
Hence, (b) is not correct. Also,
1/r+1+r=-p (4
From (2), puttinga = 1, we get
1/r+r+1=q (5
From (4) and (5), we have
P=q=>p+tq=0
Hence, (a) is correct. Now,asr > 1
a/r=1/r<1
andar=r>1

Hence, (d) is correct
(b,c)

P(z2)

AG) Py Bz) P

Let internal and external bisectors of ZAPB meet

the line joining A and B at P; and P,, respectively.

Hence,
AP;: PiB = PA: PB = 3:1 (internal division)
AP,: P,B = PA: PB = 3:1 (external division)
Thus, P; and P, are fixed points. Also,
T
4P, PP, = —
172 =5

Thus ‘P’ lies on a circle having P; P, as its
diameter. Clearly, B(z,) lies inside this circle

(a,d)
2 =t
—8t+12=0
t—-6)(t—2)=0
2"—6=>x—10g26—1+10ig
log 2
=2=>x=1
(a,b,c)
Since, the roots of equation are real.
—4AC >0
= a* > 4b?

Hence, option (a) is correct.
If f(x) = x? + a’?x + b? (= clies outside the
roots)

293

294

295

296

~ f(c) > 0,thenc? + a?c + b% >0
Hence, option (b) is correct.
Also, (x-coordinate of vertex)> c
2
a

= ——=>c
2

Hence, option ( ¢) is correct.

(ac)

If « be the common root, then
a’?+ba—a=0anda’?—aa+b=0
Subtracting,

alb+a)—(a+b)=0
>(@a-ba—-1)=0
>a+b=0ora=1

When a = 1, then from any equation we have
a—b=1

(a,b)

Here,

cos? @ — sin? 6 = cos 26

= cos* 6 —sin* 8 = cos 20

= (=2b)? —4b = (—4)? -4 x2

(since L.H.S. is difference of roots of first equation
and R.H.S. is difference of roots of second
equation)

= 4b?>—4b=16—-8=38

= 4b?2—-4b—-8=0

=>b>—b—-2=0

=>MB+1DbB-2)=0

=>b=2-1

(ac)

Given, b? = ac

@) -
> =-
a a

b\* ¢
(- -
= (a+p)* =ap
Sa’+p2+af =0

:(“)2+(“)+1 0

B B

R a -1+ \/_l
B

(b,c)

f(x) = x3 +3x%2 — 9x + c is of the form

(x — @)?(x — B), showing that « is a double root

so that f'(x) = 0 has also one root «, i.e.,

3x2% + 6x — 9 = 0 has one root a. Hence,

x2+2x—3=0o0r(x+3)(x—1) = 0has the

root a which can be either —3 or 1. If @« = 1, then

f(x) =0givesc —5=0orc =5.Ifa = —3, then

f(x) = 0 gives

—274+274+274+c=0

(where i = V—1)
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298

299

300

301

nc=-=27

(a,b)

The equation px? + gx + r = 0 has no real root,
therefore D < 0.

~pf(x) > 0,Vx € R,where f(x) =px?>+qx + 1
In general, pf(1) >0 =2p(p+q+71) >0 ..(0)
andpf(0) >0 =pr>0 ..(ii)

From relations (i) and (ii), we get
rp+q+1r)>0

(a,b)

Equations x? + px+ g =0andx?+p'x+q' =0
have a common root. Therefore,
(a-q7=@d —p'O0® —p) (1)
Subtracting two equations, we have

q-q
X=——"
p—p
Also using (1),
L2179 _pa-r4q
r'-r q9-¢
(a,c,d)
z' =ze'* (1)
z" =ze @ (2)
v z2'7" =22

= z',z,z'" are in G.P.
Also,

A 2 n 2

z z
(—) + (—) = 2cos2a

z z
= 724+ 7"% =2z%cos 2a
=7z'?2+2"2=2z?Qcos’a—1)
=724+ 7"2 4222 =47°cos? a
=22 4+2"2427'7" =4z%cos? a
= (z' +2")?% =4z%cos? a
=z +z" =2zcosa
(a,d)
/ \2—2\/3i| =7

arg(z) = /6

P(z)

o

CP =1,0C = 2v/3,2C0P = /3

V3

T 3
:cp:mxm§=w§7=3

Thus, when r = 3, the circle touches the line.
Hence, for two distinct points of intersection
3<r<2V3

(a,b)

The given equation can be written as

p (a+b)x+c(b—a)

2x

x2 — c2

302

303

304

or p(x2—c?)=2(a+b)x?—2c(a—b)x

or (2a+2b—p)x?>—2c(a—b)x +pc? =0
Now, c?(a — b)? —pc?(2a+2b—p) =0 (=
equal roots)

= (a—b)*—2p(a+b)+p?=0 (~c?+0)
= [p—(a+b)]* =(a+hb)*—(a—b)

> p=a+b+2Vab= (Vatvh)

(a,b)

We can write the given equation as

p (a+b)x+c(b—a)

2x x?% — c?

= p(x? —c?) =2(a+ b)x? — 2c(a — b)x

= (2a+2b—p)x? —2c(a—b)x +pc?> =0
For this equation to have equal roots,
c?(a—b)>—pc?(Qa+2b—p) =10

= (a—b)?-2p(a+b)+p?=0 [+c?+#0]
= [p—(a+b)]?=(a+b)?—-(a—b)?=4ab
=>p—(a+b)=+2Vab

2
=>p=a+b+2Vab = (VatDb)
(a,b,c)
x%(logz x)?+log, x—% =2

3 5
= (Z (logy x)? + log, x — Z) log, x = log, V2
(taking logarithm both sides on base 2)

3 5 1 .
= (th +t— Z) t = (puttinglog, x =t)
=>3t3+4t2-5t—-2=0
=3t3-3t2+7t2-7t+2t—2=0
=>@Bt?2+7t+2)(t-1)=0
>@Bt+D(E+2)(t-1)=0

=>t=log2x=1,—2,—%

>x=2,272 2_%

(b,c)

We have,

1 1 1

PR Il Py >z + 23| =21 - 2,

Squaring both sides, we have
12112 + |251% + 2(212, + Z125)

= |z11% + |231% — 2(21Z; + Z123)
=1 4’(Z172 + Elzz) == 0

o (zl—O)
—2T e, o
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307

P(zy)

C(z)

O(zy)

0
That is angle between z,, O and z; is a right angle,
taken in order, as shown in the above diagram.
Now, the circumcentre of the above diagram will
lie on the line PQ as diameter and is represented
by C which is the centre of PQ, such that

z = (z1 + z,) /2, where z is the affix of
circumcentre

(a,d)

Let,

x?+ax+3

Zrx+ta 2
=>x2(1—-y)—x(y—a)+3—ay=0

“XER

y-a)?-41-y)B-ay) =0

> (1 —-4a)y*+ (2a+12)y+a?—-12>0 (1)
Now, (1) is true forally € R,if 1 — 4a > 0 and

D < 0. Hence,

a <iand4(a+6)2 —4(@*-12)(1-4a) <0
=>a<§and4a3—36a+483 0

=>a<%and4a3 < 36a — 48
1
:4a3 < 36(1)—4'8
1
=4a34+39<0 ['-'a<Z]

(a,d)

Since a, 8,v, § are in H.P.,, hence 1/a,1/8,1/y,1/6
are in A.P. and they may be taken as a — 3d, a —
d,a + d,a + 3d. Replacing x by 1/x, we get the
equation whose roots are 1/a,1/8,1/y,1/6.
Therefore, equation x? — 4x + A = 0 has roots
a — 3d,a + d and equation x? — 6x + B = 0 has
roots a — d, a + 3d. Sum of the roots is
2(a—d)=4,2(a+d)=6

~a=5/2,d=1/2

Product of the roots is

(a—3d)(a+d)=A4=3
(a—d)(a+3d)=B=8

(a)

Since P(x) divides both of them, hence P(x) also
divides

(3x* + 4x? + 28x + 5) — 3(x* + 6x2 + 25)

= —14x? + 28x — 70

=—14(x?-2x+5)

Which is a quadratic. Hence,

308

309

310

311

P(x) =x?-2x+5=>P(1) =4
(a)

Given,

zZ"=(z+1D)"=> 2" =|(z+ D"
szt =lz4+ 1 |zl = |z + 1]

= |z|? = |z + 1/?
= x% +y*=(x+1)*+y?% wherez = x + iy
1
Sx=—-—
=73
Hence, z lies on the line x = —1/2. Hence sum of

real parts of the roots is —(n — 1)/2 (since
equation has n — 1 roots)

(a,b,d)

Let z = a be areal root. Then,
a®+B+2Da+(-1+ia) =0

> (@+3a—-1)+i(a+2a)=0

= a’+3a—-1=0 and a = —a/2

=>a3+12a+8=0

Let f(a) =a® +12a + 8
~f(=1)<0,f(0)>0,f(-2)<0,f(1) >0 and
f(B)>0

Hence, a € (—1,0)ora € (—2,1)ora € (—2,3)
(a)

The given equation can be rewritten as
1 2 3

-
1+loggx  loggx = 2+loggx ( )
Letlog, x =t

1 2 3
Then, —+-+-—=0
1+t t 2+t

= 6t2+11t+4=0
=> 2t+1)Bt+4)=0

> t=——andt=—=
2 3

1 4
= log, x = —3 andlog, x = —3

1/2 4/3

> x=a" andx =a”
(a,b,c)

|zl =zl =1 2a?+b%2=c?+d*>=1 (1)
and

Re(z,z,) =0 > Re{(a+ib)(c—id)} =0 =
ac+bd =0 (2)

Now from (1) and (2),

21 p2 — 2, % _ 2 _ g2
a“+b —1:>a+d2—1:»a =d* (3)
Also,

2 2 _ 2 4 afc? _ 2 _ 2
c*+d 1=>c+b2 1=b cc 4
lw;| = VaZ + ¢z =+va? + b% =1 [From (1) and
(4]

and

lw,| = Vb% +d? =Va? +b%? =1 [From (1) and
(4]

Further,
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Re(w;w,) = Re{(a + ic)(b — id)} 316 (b,d)

=ab+cd i Let f(x) = x? + ax + b. Then,

=ab+(—%) [From (2)] x2+ Qc+a)x+c?+ac+b=f(x+c)

_ ab’-ac® _ 0 [From (4)] Thus, the roots of f(x + ¢) = 0willbe 0,d — ¢
b 317 (c,d)

Also,

We have,

acy (a?+b?c
)_— x2+x+1=(—w)(x—w?)

Im(w;w,)bc —ad = bc —a (—— =

=4 £ 0 b b Since f(x) is divisible by x2 + x + 1, f (w) =
b — _ 0, f(w*) =0,s0

i1 E;[;"ld')z Llwy| =1 andRe(w; @) = 0 P(0®) + wQ(w®) =0 = P(1) + wQ(1) =0 (1)
2y — i m P(w®) + w?Q(w®) =0 > P(1) +w?Q(1) =0
21 =m=>z—§ :?|Z+1| (2)
This shows that the given equation will represent Solving (1) and (2), we obtain
acircle, if m/2 # 1,ie, m # 2 P(1) = 0and Q(1) =0

313 (ab,d) Therefore, both P(x) and Q(x) are divisible by
X = 1= (x = D)(x — 2)(x — 23) = (% — Zy_1) x — 1. Hence, P(x3) and Q(x?) are divisible by

Xt —1 x3 —1and soby x — 1. Since f(x) = P(x3) +

2 _1 (x —21)(x = 2z3) (X = Zn—1) xQ(x3), we get f(x) is divisible by x — 1
Putting x = w, we have 318 (a,b,c)

n—-1 a)n—]_ \ : : /
H(w_zr):w_l ) b

r=1

1, ifn=3k+1,keZ fO) =ax®+bx+c
14wifn=3k+2keZ f(0)=c<0,D>0=b*—4ac>0
314 (a,c) f(1) <O0and f(-1) <0

Clearly, we have to find it for real z. Let z = x. =a—|b[+c<0
Then, f(2) <0and f(—2) <0

{ 0, ifn=3k,keZ

lz—=w| = |x —w?| = |w—w?| =4a —2|b|+c <0
2 B i Nothing can be said about f(3) or f(—3), whether
= (X + 1) +E = ‘ L+ V3 _ Vi =3 it is positive or negative
? * 12 3 2 319 (c,d)
>x+-=+1- Let,
2 2 (x —a)(x—b)

Sx=1-2 S )

315 (a,b) x—c

> (x—-cy=x>—(a+b)x+ab
>x2—(a+b+y)x+ab+cy=0
Since x is real, so

Given, (sina)x? —2x + b > 2. Let f(x) =
(sina)x? — 2x + b — 2. Abscissa of the vertex is

given tl)y D>0

xzsina>1 = (a+b+y)>—4(ab+cy) =>0,Vx ER
=>y2+2y(a+b—2c)+(a—b)?>0,vx ER
=>4(a+b—2c)?2—4(a—-hb)*><0

vertex =2>(a+b—-2c+a—b)a+b—2c—a+b)<0

>4(a—c)(b—c) <0

0' 1 x=coseca >a—c<0andb—c>0o0ra—c>0and

The graph of f(x) = (sina)x? —2x + b — b—c<0

2,V x < 1,is shown in the figure. Therefore, >a<c<bora>c>b

minimum of f(x) = (sina)x? — 2x + b — 2 must {320 (a,b,c)

be greater than zero but minimum is at x = 1. We have, L1ic0s® _ (+icosB)(1+2icos6)

That is, 1-2icos© (1—-2icos0)(1+2icos0)

_ (1—2cos?6) +i3cosH
- 1+ 4cos? 9

sina—2+b—22>20,b=4—sina,a € (0,7)
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323

Thus, Lme) is areal numberif cos® = 0
(1-2icos )

1
= 9=2nni§

Where n is an integer
(b,c,d)
Given equation is x3 — ax? + bx — 1 = 0. If roots
of the equation be «, §,y, then
a?+ B2 +y? = (a+p+y)* —2(af +py +ya)
=a?—-2b
a?f? + B2y? + y2a?
= (ap + By +ya)? — 2afy(a +

+v)
=b?-2a
a2B?y? = 1
So, the equation whose roots are a?, $2,y? is
given by

x3—(a?-2b)x* + (b? —2a)x—1=0
It is identical to
x3—ax?+bx—1=0
=>a’?—2b=aandb?>—-2a=>b
Eliminating b, we get
(a? — a)? a’—a
——2a=
4 2
s>a{a(a—-1)?-8-2(a—1)}=0
sa(a®—-2a’-a—-6)=0
sala—3)(a*+a+2)=0
>a=0ora=3o0ra’+a+2=0
Which givesb =0orb =3 orb?+ b+ 2 = 0. So,
a=b=0ora=>b=3ora,b areroots of
x> +x+2=0
(a,b,c)
Yy

\ 4

0

-5
From figure,
a>0

b b
—g—‘l‘ﬁ —£> 0
~b<0

f(0)=c<0
Also,—%=4 =28a+b=0

324

325

326

327

(a)

Let 3, = 1,(cos B, + isinB,)

> |zl =m,

Also, arg(z,) + arg(z,) =0

= arg(z1) = —arg(z;) = — 6;
w31 =1y[cos(— B,) +isin(—0,)]
=1y[cos 0, —isinB,]

= 22 =3

1
= 321 = Z—Z
= 2133 = 1
(a,d)

If o is a real root, then
al+B+Da?-3a—-(m+i)=0
~a’+3a’?—3a—m=0anda’—-1=0
>a=1or—1

a=1>m=1

a=-1>m=5

(d)

Forreal roots,D > 0
= (-4)?2-421-1)21-1)=0
= 22-1)?<4

> —2<21-1<52

> —=—<A<

N| =
N| W

- Integral values of 4 are 0 and 1.

Hence, greatest integral value of 1=1

(b)

According to statement 1, given equation is
x2—bx+c=0

Let a, 8 be two roots such that

la =Bl =1

S (@+p)?—4af =1

=>b%—4c=1

According to statement 2, given equation is
4abc x? + (b? — 4ac)x — b = 0. Hence,

D = (b? — 4ac)? + 16ab?c
= (b%?+4ac)? >0

Hence, roots are real and unequal
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331

332

(c)
f(x) =ax®*+bx+c

Given, f(0) + f(1) =2
=>f(x)>0VxER

Hence, statement 1 is true. Let,
fx)=x*>—-x+1

a+b=0

Hence, statement 2 is false

()

: e% = cosO +isinb

= e % =cos0—isind

eiG + eie

0 =
Ccos 2

pi(1=D 4 p—i(1-D)  (i+1) o —(1+D)

2 - 2

Now, cos(1 —i) =

3 e(el) +e7t(e™)
- 2

_e(cos1+isinl+e '(cos1—isin1)
B 2

=5 (e 45 eost (e —)sim
=3 e+e cos +2 e—e sin

1 1 1 1
. a=—(e+—>cosl,b=—(e——)sin1
2 e 2 e

(b)

Fourth roots of unity are —1,1, —i and i
wzP4+z24+z24+z2=0andz; + 2z, + 23+ 2, =
0

(d)

Statement 2 is obviously true. Let,
fO=G-pEx-r+Ax-qx—-5)=0
Then, f(p) = A(p —)(p - s)

f) =2 —q)(r—s)

= fP)f(r) <0

Hence, there is a root between p and r. Thus,
statement 1 is false

(@)

Here, coefficient of x2 = 2 > 0 then conditions

333

334

areD = 0,f(1) >0and f(2) >0

21—-8a=20,2—14+a>0and8—-2+a>0

1
=>aS§,a>—1anda>—6

1< <1
= — —
a_8

Hence, option (a) is correct.

(d)
a*—-3a+2=0=>a=1,2

a?-5a+6=0=>a=2,3
a?—4=0>=>a=42
Therefore, a = 2 is the only solution

Hence, statement 1 is false. Statement 2 is true by
definition

(b)
D=(3)2—-4-2:4=-23<0

= Roots of 2x? + 3x + 4 = 0 are imaginary
Now, + 2,3,4 €R
~ Roots are conjugate to each other.

» One root is common in ax? + bx + ¢ = 0 and
2x2% + 3x + 4 = 0 (given) then other roots is also
common.

* Roots are conjugate (a,b,c € R)
Hence, both equation are identical

~abic=2:3:4
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335 (a) coefficients real, then there will be two common
We have, arg(z) = 0 = z is purely real. roots. But if there is only one root common, then

at least one of a, b, c must be non-real
-~ Statement (II) is true.

Thus, both the statements are true and statement

Also, | 71| = |22 + |71 — 22| 2 is correct explanation of statement 1

= 1z — z21% = (Iz1] — 122)? 338 (d)
Statement 2 is true as it is the definition of an

= 12112 + |21* — 2|z11122| cos(8; — 8,)
ellipse. Statement 1 is false as distance between 1

= | z11% + 1221? = 2|z11|22] and 8is 7 but |z — 1| + |z — 8] = 5 < 7. Hence not
such z exists
= cos(6; —0,) =1 339 (a)
T 3 cos? T 1
= 0,—6,=0 cos = 2cos” g
= arg(z) —arg(z;) =0 LT ( L, 1) 1
= —=|— —
] . cos” 2 7 >
= arg (—1) =0 = = is purely real
Z2 Z2
= cost= = 1(1+1+ 2)—(3+\/§)1
Z = —\|—- —_ = |- —_
= Im (—1) =0 8 4\2 V2 2 4
<2
(4 vz)+E(=+1)+b=0
Statement (I) and Statement (II) are true and = 4 (E + ) + 2 (ﬁ + ) +th=
Statement (II) is a correct explanation of
Statement (1) (~+ cos? /8 aroot of equation )
3 a 1 a
336 (a) =>(— 2 b) 2(— —)=0
S+o+b)+ V2 7+7

Let f(x) = ax? + bx + c. Since coefficient are
integers and one root is irrational, so both the
roots are irrational. Hence, for any 1 € Q,

Since a and b are rational, so

1 a a
fO#0=[f(D]>0 277055 +b=0
ap” 4 bp _? 1
= q2+q+c > 0 where 4 q,p,qEZ ='a=—1,b=§
= % lap? + bpq + cq?| >0 Thus, both the statements are correct and

statement 2 is correct explanation of statement 1
Now, a,b,c,p,q € I. Hence, 340 (b)

lap? + bpq + cq?| = 1 We must have

1 ax3+ @+ b)x?+b+c)x+c>0
= f(Dlz2—
q Sax?(x+ 1) +bx(x+ 1) +c(x+1)>0
337 (a)
ax? + bx + ¢ = 0 has two complex conjugate
roots only if all the coefficients are real. If all the
coefficients are not real then it is not necessary
that both the roots are imaginary. Hence,
statement 2 is true =x>-landx # —2%

= (x+1(ax®>+bx+c)>0

b 2
:a(x+1)(x+ﬁ) > 0as b? = 4ac

Now, equation x? — 3x + 4 = 0 has two complex |341 (©)
conjugate roots. If ax? + bx + ¢ = 0 has all

Page |83



342

343

z1+ 2z,
|zy + 25| =
Z1Z3
> |Z1+Z2|(1——) =0
|z 2, |

= |z12,] =1

Hence, statement 1 is true. However, it is not
necessary that |z;| = |z,| = 1. Hence, statement 2
is false

(a)

First, let the two complex numbers be conjugate
of each other. Let complex numbers be

zy =x+iyandz, = x —iy.Then, z; + z, =

(x +iy) + (x — ix) = 2, which is real and

71z, = (x + iy) (x — iy) = x? — i?y? = x2 + y?,
which is real

Conversely, let z; and z, be two complex numbers
such that their sum z; + z, and product z,z, both
arereal. Let zy = x; + iy; and z, = x, + iy,. Then
71+ 2= (g + %) +i(y1 +y2) and 212, =
(x1x52 — y1¥2) + i(x1y2 + x2¥1)

Now, z; + z, and z,z, are real. Hence,

b, + b, =0 anda;b, + a,b; =0 [+ zisreal =
Im(z) = 0]

= b, = —byand a;b, + a,b; =0

= —b; and —a.b; + a,b; =0

—byand (a, —a,)b; =0

=—b;anda, —a; =0

= —bjanda, = a4

=z,=a,+ib, =a; —ib;

= El

Hence, z; and z, are conjugate of each other.
Hence, statement 2 is true

Also in statement 1,a = @ and b = b, then a and b
are real. Thus, z; + z, and z,z, are real. So,

Zy =27,

= arg(z,2,) = arg(z,7;) = arg(|z,/*) = 0

Hence, statement 1 is correct and statement 2 is
correct explanation of statement 1

(b)

The equation can be writer as

292 -(a—-3)2*+(a—-4)=0
=>2*=1and2*=a—-4

We have,

x < 0and 2* = a — 4 [+ x is non-positive]
~0<a—-4<1=4<a<5

“a € (4,5)

344

345

346

(@)

Given equation is
px?4+qx+r=0

Let, f(x) =px? +qx + 7
fO)=r>0
fD)=p+qg+r<o0
f(-1)=p—q+7r<0

Hence, one root lies in (—1, 0) and the other in (0,

1)
- [a]
= [a] + [B]

—land[B] =0

-1

Therefore, statement 2 is true and is correct
explanation of statement 1

(b)

Ifa > 0, then graph of y = ax? + 2bx + c is
concave upward. Also if b2 — ac < 0, then the
graph always lies above x-axis; hence

ax? + 2bx + ¢ > 0 for all real values of x. Thus,

domain of function f(x) = Vax? + 2bx + cis R

If b2 — ac < 0, then ax? + 2bx + ¢ = 0 has
imaginary roots. Then the graph of y = ax? +
2bx + c never cuts x-axis, or y is either always
positive or always negative. Hence, both the
statements are correct but statement 2 is not
correct explanation of statement 1

(b)

|z,23 + 82331 + 273,25|

(1+8+27)|
= 1212223 | —+—+—
123Z1 % | 23
2l 2l | +—+ 2
= 12111221123 |—T— T —
1 32 33

allzgllzs ] [ + % 4+ 2122
= 1211152112

Hieenes |211% * |221%  |z3l?
= lzllzl| |Z_1 83, 2735
= 151113521133 1 4 9

= |z1llz2l123|21 + 22, + 325]
= |z11z2l123|21 + 225 + 325|

=1:2-3-6=36
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()
fG) = (x—1D(ax+Db)

f(2)=2a+b
f(4) = 3(4a + b) = 12a + 3b
F(2) +f(4) =14a+4b =0

—-b
>—=35
a

Now, sum of roots is (a — b)/a =1 — (b/a) =
1 + 3.5 = 4.5. Hence, the other root is 3.5

(a)
Let f(x) =4x%2 —2x+a

Also, both roots of f(x) = 0 lie in the interval (—1,
1).

~D>0,f(-1)>0and f(1) >0
Now,D >0
=>(-2?—-4-4-a>0

=>a<

()

=

and f(=1) >0
=>4(-1D2-2(-D)+a>0

..(iD)

Also, f(1) >0 = 4(1)2—-2(1)+a>0

>a>—-6

>a>-2

...(iii)

From Egs. (i), (ii) and (iii), we get
2<ac< !
=3

()

Ifa? + b? + ¢ < 0, then all @, b, ¢ are not real or
at least one of g, b, c is imaginary number. Hence
roots of equation ax? + bx + ¢ = 0 has no
complex conjugate roots, even through the roots
are complex. Hence statement 1 is true. Statement
2 is obviously true. Also, statement 2 is correct
explanation of statement 1

(@)
D=02m+1)2-42n+1)
odd

even

odd

351

352

353

For rational root, D must be a perfect square. As D
is odd, let D be perfect square of 21 + 1, where
lez

Cm+1)?2—-4C2n+1)=(2l+1)?
>(C2m+1D2-Q2l+1)?=402n+1)

= [Cm+ 1D+ QL+ D]2m-D] =42n+1)
Sm+l+Dm-D=2n+1) (1)

R.H.S. of (1) is always odd but L.H.S. is always
even. Hence, D cannot be a perfect square. So, the
roots cannot be rational

Hence, statement 1 is true, statement 2 is true and
statement 2 is correct explanation for statement 1

()

Brxl+x=x(x?+x+1) =x(x - w)(x— w?)

Now f(x) = (x + 1)™ — x™ — 1 s divisible by

x3 + x? + x. Then £(0) = 0, f(w) = 0, f(w?) = 0.

Now,

fO=0O+1D)"-0"—-1=0

f@W=((+D"-—w"-1=(-0?)"-" -1
=—(0+ "+ 1)

=0 (asnisnotamultiple of 3)

Similarly, we have f(w?) =0

Hence statement 1 is correct but statement 2 is

false
(d)

1
x+-=1

x
>x?—-x+1=0
VX =—w,—w?
Now for x = —w,

1 1
— 4000 _ _

p=w +w4000—w+5——1

Similarly for x = —w?,P = —1.Forn > 1,

2" =4k

~ 22" = 2% = (16)* = a number with last digit 6
=2q=6+1=7

Hence,p+gq=-1+7=6

(d)

Let f(x) = (x —sina)(x — cos @) — 2. Then,

f(sina) = -2<0,f(cosa) =—-2<0

Also,as 0 < a < /4, hence, sina < cos a.
Therefore, equation f(x) = 0 has one root in
(—o0,sin @) and other in (cos a, ©)
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356

357

358

\ sin @ cos cz/
B \/ )

(d)

zZ1tzy

| 2122 |
B(zy)

A(zy)

o

y
From the diagram when |z; — z,| = |z, + z,|, 0AB
is right-angled triangle. Hence orthocentre is 0

(d)

Z1% — 2y
213 + 2,

Clearly, if k # 0, 1, then z would lie on a circle

If k = 1,z would lie on a perpendicular bisector of
. s s a Z2 Z2
line segment joining o~ and — o~ and represents a
1 1

pointsifk = 0
=~ Statement (I) is false and Statement (II) is true

(@)
We have,
azl+bz+c=0 (1)
and z4, z, [roots of (1)] are such that Im(z,z,) #
0. So, z; and z, are not conjugate of each other.
That is complex roots of (1) are not conjugate of
each other, which implies that coefficients a, b, ¢
cannot all be real. Hence, at least one of a, b, ¢ is
imaginary
(a)
Ifroots of ax? + bx +c =0,0<a < b < c,are
non-real, then they will be the conjugate of each
other. Hence,
7, =71 = |zq| = |z
Now,

c
2122=E>1 =742 >1
= |z > 1
= |zy] > 1

(b)

359

360

1
ix2+(i—1)x—§—i:0

—(i—1) iJ(i —1)2 — 4(i) (—%’— z)
X = -
20
(-1 +V—4
- 2i

=

Thus, roots are imaginary. Also, we have

b? — 4ac = —4 < 0, but this is not the correct
reason for which roots are imaginary as
coefficients of the equation are imaginary

Hence, both the statements are correct but
statement 2 is not correct explanation of
statement 1

(d)
Let f(x) = —x?+x—1

Here,a < 0 and D = (1)? — 4(1) < 0,then f(x) <
0

¥

X': » X
@%—x-l:O

’

y

Butsin*x >0
f —x%24+x—1+#sin*x
Hence, number of solutions is 0.

Hence, option (d) is correct.

(@

Given equations are

ax?+2bx+c=0 (D

a;x*> +2bjx+c; =0 (2)

Since Egs. (1) and (2) have only one common root
and a, b, ¢, a4, b1, c; are rational, therefore,
common root cannot be imaginary or irrational
(as irrational roots occur in conjugate pair when
coefficients are rational, and complex roots
always occur in conjugate pair)

Hence, the common root must be rational.
Therefore, both the roots of Egs. (1) and (2) will
be rational. Therefore, 4(h? — ac) and
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4(b? — a,c;) must be perfect squares (squares of
rational numbers). Hence, b2 — ac and b? — a, ¢,
must be perfect squares

(a)
LetA=b+c—aB=c+a—-b,C=a+b—c

~A+B+C=0

And given equation becomes
Ax*+Bx+C=0

~ D =B? - 4AC
=(A+C)>—4AC=(A-0)?

= 4[c — a]? = perfect square

Hence, roots of (b + c — a)x? + (c +a — b)x +
(a + b — ¢) = 0 are rationals.

Hence option (a) is correct.

(b)

Givenx? + 2px +q =0
~a+f=-2p ..(>
aff =q ..(ii)

And ax?+2bx+c=0

1 2b
Lats=—=
B a

....(ii)
..(iv)

a c
and E—;

Now, (p? — q)(b? — ac)

e o
(a —ﬁ)z 1
16 ( _E) at=z0
-~ Statement I is true.
Again, now pa = — (#) = ——(0( +B)

and b = —%(a+%)

B

Since,pa #b = a + E¢a+,8

363

= B2 # 1,8 # {—1,0,1}, which is correct.

Similarly, if c # qa = a% * aaf
(s-5)20
a — —
B
= aiOandﬁ—%iO

=> p+#{-1,0,1}
Statement Il is true.

Both Statement I and Statement II are true. But
statement Il does not explain Statement I.

()
Clearly, Statement 1 is true but Statement 2 is
false, since, ax® + bx + ¢ = 0 is an identity when

a=b=c=0

364 (c)

365

We have, | 31 + 3,1% = |311? + |22

= | 21]% + |z,]?
+ 21z1|13,| cos(8; — 0,)
= |z1]? + |z, |?

where, 6, = arg(z,), 0, = arg(z;)

TT
= COS(91—92)=0 = 91—6225
N (Zl) TT
ar ==
& Z9 2
z V4 Tt
= Re( 1) | 1|cos—=0
22 |75

?is purely imaginary
2
~ Statement I is true

If z is purely imaginary thenz — 3 =0

()

Here, f(x) is a downward parabola

D=(a+1)%?+20>0
From the graph, clearly, statement 1 is true but
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statement 2 is false

(d)
|z, +z, + 23| =|z1—a+2z,—b+23—c+ (a

+ b+ )|
<l|z;—al+|z;—b|l+|z3—c|+|a+b+|
<2la+b+c|
Hence, |z4 + 2z, + z3| isless than 2|a + b + ¢|
(b)
Since |z1| = |z,| = |z3|, circumcentre of A is origin
Also 222125 _ g

Centroid concide with circumcentre
= Ais equilateral

A(zy)
B(z,) D C(z3)
Zy; + 23
2

Zy+23

(22 +2z3— 221> ( 2 Z1>
arg( ———— ) =arg| 2| ——
Z3 — Z3 Z3 — 2y

(ZZ +Z3 _ Z1>

2

=arg| —

Z3 — 23

(z, + z3)/2 is the mid-point of side BC. Clearly,

line joining A and mid-point of BC will be
perpendicular to side BC. Thus,

Z2+Z3

S T4 T
arg| — | ==
& Z3 — Zy 2

Hence, statement 2 is also true. However, it does
not explain statement 1

(a)

x>+x+1=0

D=-3<0

Therefore, x> + x + 1 =0andax?>+bx+c =0
have both the roots common. Hence,a = b = ¢

(d)

Roots of the equation x° — 40x* + Px3 + Qx? +
Rx + S = 0 are in G.P. Let the roots be
a,ar,ar?, ar3, ar*. Therefore,

a+ar+ar?+ard+ar*=40 (1)
and

+

Qlr

370

371

372

373

From (1) and (2),
ar? =42 (3)

Now, the product of roots is a®r1? = (ar?)> =
+32

oo |S| = 32

(b)

We have,

Let x = (cos @ + i sin 8)3/5

= x> = (cos @ + isin §)3

= x> — (cos 360 +isin30) =0

= Product of roots = cos 36 + i sin 30

Also product of roots of the equation x°> —1 =0 is
1. Hence statement 2 is true. But it is not correct
explanation of statement 1

(a)

arg(z,z,) = 2n = arg(z;) + arg(z;) = 2n =
arg(z,) = arg(z,) = m, as principal arguments are
from-mtom

Hence both the complex numbers are purely real.
Hence both the statements are true and statement
2 is correct explanation of statement 1

(a)

Since, x = —2 is aroot of f(x).
s f(x) = (x +2)(ax + b)
But f(0)+f(1) =0

~2b+3a+3b=0

Hence, option (a) is correct.

(a)

Suppose there exists a complex number z which
satisfies the given equation and is such that

|z| < 1. Then,

z8+z+2=0=>-2=z+z = |-2| =|z* + 2|
=2 < |z*| +|z| = 2 < 2, because |z]| < 1

But 2 < 2 is not possible. Hence given equation
cannot have aroot z such that |z| < 1

374 (d)

375

fl,y)=QCx—y)*+ (x+y—3)?

Therefore, statement 1 is false as it represents a
point (1, 2)

()
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ad+a—-b=0andd+b—-—c=0
d=b—aandd=c—»b

~b—a=c—b =>2b=a+b=a,b,carein AP.
Also x = 1 satisfies the second equation.
Therefore, the other root is also 1. Product of

rootsis 1

) Y — _ _ 2ac .
~ cla—b)=alb c):b—a+6=>a,b,care1n

H.P.
Therefore, a, b, c are in A.P.and a, b, c in H.P
Hence, a, b, c are in G.P.
b. (a? + b?)x%? — 2b(a+c)(b?> +c?) =0
The roots are real and equal. Hence,
4b%(a+c)? —4(@®+b?>)(b?+c?) =0
= b%(a? + c? + 2ac)
—(a®b? + a?c? + b* + b%c?) =0
= b?%a? + b%c? + 2ab?c — a?b? — a%c? — b*
—b%c?=0
= 2ab’c —a*c? —b*=0 = (b?—ac)* =0
Hence, b?> = ac. Thus a, b, ¢ are in G.P.
c.(x —1)3 = 0 = x = 1is the common root.
Hence,a+b+c=0
d.(a+c)>+4b?>—4b(a+c) <0,VXxER

=>((a+c)—2b)2£0

>a+c=2b

= a,b,cin AP.
(c)
alz—1|=|z—i|

Hence it lies on the perpendicular bisector of the
line joining (1, 0) and (0, 1) which is a straight
line passing through the origin

b.lz+z|+|z—-2z| =2

= x| +1yl=1

Hence, z lies on a square,

c.Letz = x + iy. Then,

|z +7Zz| = |z —7Z|

= |2x| = |2iy]|
= |x| = |y
=>x =ty

Hence, the locus of z is a pair of straight lines

d.LetZ = 2/z. Then,
2 2 2

V4

Tzl 1
This shows that Z lies on a circle with centre at
the origin and radius 2 units

1Z| =

(b)
. 1-iv3 1 V3
Given, a = =-——
2 2
a=1408 anq L= 1205
2 2 a 2

s =96 )
2
(@) e (5) -3+
o (g = (Tx9) =
7 ama= () -Gry) =

8.  Im(=)=Im (ﬁ)

1( 8(1 + iV3) )
" 3(1-iV3)(1 +iV3)

<2+2i\/§> 2
Im|— | =—

3 V3

378 (a)

a.x% + ax + b = 0 has root a. Hence,
a’?+aa+b=0 (1)

x? + px + q = 0 has roots - «, y. Hence,
a’—pa+q=0 (2)

Eliminating « from (1) and (2), we get

(g = b)* = (aq + bp)(—p — a)

= (q — b)* = —(aq + bp)(p + a)

b.x? + ax + b = 0 has root is @, 8. Hence,
at+aa+b=0 (1)

x% + px + g = 0 has root 1/a. Hence,
qa’+pa+1=0 (2)

Eliminating a from (1) and (2), we get
(1-bq)?* = (a—pb)(p — aq)

c.x? + ax + b = 0 has roots a, 8. Hence,
a’+aa+b=0 (1)

x% + px + g = 0 has roots —2/a, y. Hence,
qa’ —2pa+4=0 (2)

Eliminating « from (1) and (2), we get

(4 — bq)* = (4a + 2pb)(—2p — aq)

d.x? + ax + b = 0 has roots a, . Hence,
a’+aa+b=0 (1)

x% + px + g = 0 has roots —1/2a, y. Hence,
4qa® —2pa+1=0 (2)

Eliminating « from (1) and (2), we get
(1—4bq)? = (a + 2bp)(—2p — 4aq)

379 (a)
1. |z — 2i| + |z — 7i| = k is ellipse if
k>|7i —2ilork >5
3
2. 2Z‘f“|= ek L3k =
3z-2 272
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k>2/3
3. |z — 3| — |z — 4i| = k is hyperbola, if
k>|3—-4il=20<k<5
4, |z—(3+4i)|=%|a§+ﬁz+b|
] _k|a2+az+b|
= |z — (3 +4i)| =5 2314

This is hyperbolaifk/5>1 =k > 5

(@)

X% -2x+4
a"‘y=x2+2x+4
> x2y+2xy +4y =x2 —2x+ 4
>@-Dx24+2(y+Dx+4(y—-1) =0
D=0
=4(y+1)2-16(y—1)2=0
=>@H+1)2-Q2y—-2)2=0
=>@By-1)B-y)=0

1
>By-1Dy—-3)<0=yc€ [5,3]

=>{1}=>P
2 _ 34
b :x 3x—2
2x—3

=>x2—-3x—2=2xy—3y
>x2-B+2y)x+By—-2)=0
D=0
= (B3+2y)2-4By—-2)=0
=>9+4y2+12y—12y+8=>0
=>4y2+17 =0
Which is always true. Hence,
YyER={1,4-3,-10}=p,q,1,s
C.y:2x2—2x+4

x2—4x+3
= x?y —4xy +3y = 2x%2 — 2x + 4
(y—2)x2+2(1-2y)x+3y—4=0
D=0
41-2y)>—4(y—-2)By—-4)=0
=>1+4y2—4y—3y?—-10y+8) =0
=>y2+6y—72=0
>@+Ny-1D=0
>y>lory< -7
= {1,4,-10} = p,q,s
df(x)=x2—(a-3)x+2<0,Vx € [-2,—1]
= f(-2)<0and f(-1) <0
24+2(a—-3)+2<0andl1+(a@a—-2)+2<0
=>a<0anda < -1

>a< -1
= a € {-10,-3}
(d)

a.(m—2)x?>—-(8-2m)x—(8—3m) =0has
root of opposite signs. The product of roots is
8 —3m
m-—2

382

3m—8

m-—2
=2<m<8/3
b. Exactly one root of equation x? — m(2x — 8) —
15 = 0O lies in interval (0, 1)
fOf(M) <0
= (0—-m(-8)—15)(1 —m(-6) —15) <0
= (8Bm — 15)(6m — 15) < 0
=15/8<m<15/6
c.x?2+2(m+ 1)x + 9m — 5 = 0 has both roots
negative. Hence, sum of roots is
—2(m+1)<0orm> -1
Product of roots is
I9m—-5>00orm>5/9
Discriminant,
D>0>4(m+1)2—-4(9m—-5)=0
>m?—-7m+6=>0
>m<lorm=6
Hence, for (1), (2) and (3), we get

= <0

me (2,1] U [6,)

d.f(x) =x2+2(m—1x+m+5=0hasone
root less than 1 and the other root greater than 1.
Hence,

f)<o

=21+2(m-1)+m+5<0

>m< —4/3

(b)

ax?—-x+1=0

_1ii\/§

14\? 14\?
n _ — (_1)2n n _

:>(x +x") =(-1) (w +wn>

= (0" + w®™? (1)

1 w

. — — 2

o o s

Now,

1+w”+w2”=1_w
1—-w®

» "+ w?™ =—1 forn # 3p
=2forn=3p
5 1\2
NGRS
n=1
b. In the expression,
1+ cosf +isinf
[sin 6+ i(1+ cosh)
Numerator is

=0for n# 3p

0 0 0
14+ cosf +isinf = ZCOSE[COSE+ isinE]
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0 .
= 9 cos L eif/2 er have
2 x*=2lx|+1=0
and denominator is orlx| —-1=0=2x=+1
—i%sin 6 + i(1 + cos ) = i[conjugate of Hence, the equation has two roots
numerator] Also when a < —2, for given equation
=i2cos€e‘9/2 —atva®—4
2 |x| = — >0
_ig/at
CE = <N_T> _ FLG/Z] _ L e Hence, the equation has four roots as
.. - - . —i@ - .
br e/ i |—a| > Va2 — 4. Obviously, the equation has no
= cos 46 +isin46 three real roots for any value of a
cn=4 . . 385 (a)
c. We know that if z = re'?, thenZ = re~%® 1. z4—1=0=2z*=1=cos0+isin0 =
B() z = (cos 0 + isin0)/4
=cos0+isin0
2. zY+1=0 >z*=—-1=cosmw+
isinmt = z = (cosm + isinm)/*
2n/n /s .. T
=cos—+isin—
- 4 4
B(Z) . 4 _ 4 _ o+ _ Vs , .. T
Im(z) rsin@ T 3. iz?+1=0 >z =i=coso+isin_ =
= =tanf =tan— =2 -1 1/4
Re(z) 1rcosé n z= (cosE +1i sinz)
I I 2 2
= tan—=tan— =>n =238 T T
n 8 = cos 3 +1i smg
r—w)(r—ow?)= rP+r+1
(- @) ( )= Zrsi( ) 4, iz*—1=0 =z*=—i=cos-—isin7
Z re + Z r+ 10 1/4
A T, T
_10X11X21+10X11+10 ﬁZ:(COSE—lSlnE) :COS§—lSln§
- 6 2 386 (c)
= 450 (A) Here,a+ f +y =10 (1)
1 2 NE af + Py +ya=7 (i)
=0 Z(T —or—w?)=9 And aBy = -8 .(Giid)
383 (0) =t (B) On squaring Eq. (i) both sides, we get
2402 2 -
5. z is equidistant from the points i |z| and a+B%+y" + 2(af + fy +ya) =100
, . _ . = a?+p%+y?=100-2(7) [from Eq.
-1 |z|, whose perpendicular bisector is Im (iD)]
(z)=0 2 2 2 ;
= +p“+y“ =286
6. Sum of distance of z from (4, 0) and (-4, 0) ¢ 1 A 1 ); By+af+ya (17V)
is a constant 10, hence locus of z is ellipse (C) Now, =+ 2ty T Ty s
with semi-major axis 5 and focus at [from Egs. (ii) and (iii)]
(£4,0),ae =4 i a By
(D) Again now, By + o + e
2 2 4 .2
7. ld<lwli+|r=%<3 _a Ay’
wl ™ 2
apy
86 43 :
8. Iz| < |w| + |%| =2 ==~ [from Egs. (iii) and (iv)]
387 (d)
Re(z) < |z| £ 2 Dozq) C(z3)
A(zy) B(zp)
384 (b) In parallelogram, the mid-points of diagonals
Obviously when a > 0, we have no roots as all the coincide
terms are followed by +ve sign. Also for a = -2,
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Z1+ 23 Zy+ 2z,
2 2
=>Z1_Z4=ZZ_Z3

Also in parallelogram, AB||CD. Hence,

Z — Zz)
=0
ars (23 —Zy

= 272 is purely real
Z3—Z4
In rectangle, adjacent sides are perpendicular.
Hence,
(21 - Zz) s
ar =—
& Z3 — Zy 2

Z1—Zy . . .
= is purely imaginary
Z3—Zy

Also in rectangle,

AC =BD = |Zl _Z3| = |Z2 _Z4|

In rhombus,

AC 1L BD :> . 2 is purely imaginary
(d)

Using the condition that the roots of ax? + bx +
¢ = 0 may be in the ratio m: n is mnb? =
ac(m + n)?

(i) If the roots are a = 3, then

a.ab? = ac(a + a)?

= b? = 4ac

(ii) If the roots are ¢ = 23, then

B.2B8b% = ac(B + 2B)?

= 2b% = 9ac

(iii) if the roots are a = 34, then
B.3B8b% = ac(B + 3p)?

= 3b? = 16ac
(iv) If the roots are @ = 82, then
1 1
(a?c)z+1 + (ac?)z+1= —b
1 1
= (a?c)s + (ac?)s = —b
(@)
21| = 22| = |z3]

~ They lie on a circle having centre at origin
shown as in the figure

2]

Zz Z3

Since, triangle is equilateral

. Z1+3,+23=0

(b)

Given, arg(z) > 0 andarg(—z) — arg(z) =

then—argz—arg(—3z)]|=

S —M=A 2 A =—-T
Again, given arg(z) < 0,arg(z) —arg(—z) = A,
= A =-—T

AL

391

392

393

(b)
Since, z"

1=z —a)

n—-1

= log(z"—-1) = Z log(z — a”)

=

=ynzd (z ar) (diferentiating)

Z@
_1+Z(2—1ar)

z n(2)"1—2n+1

(Z—O(r) @r-1)
(n—2)—2" 141

- 2n — 1

n(z)n 1

(putz =2)

(c)
If a, B are the roots and D be the discriminant of
the given quadratic equation, then

2(1+3m) 1+8m .
a+B==Tr 1+m af =Tor 1+m (1)

and D = 4(1 + 3m)2 4(1+m)(1 + 8m)
=4m(m — 3)

If roots are real, then D > 0.

~m € (—o0,0] U[3,00) ..(i0)

D <0

=>4m(m—-3) <0

>0<m<3

>m=1,2

(9

Since, the other roots of f(f(x)) = x are 1and §,
we have

fFra) =2

Let f(A) =

= f(y) = A = otherroots y and 6 lie on the line
y=—x+c¢

= There must be two points C and D on the
parabola

y = ax? + bx + ¢ which are images of each other
in the liney = x

= If a,  arereal so are 1 and &.

YA
B

(b, b)
(a, )

o

Ifa+ B = A+ 6 = middle points of AB and CD
become same.
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This is not possible = «, 8 and y, § can’t be real.
Also a and 8 are equal, then 4, § can’t be real.
(b)

If x = 2 + i+/3 is one root, then the other root is
2 —ivV3.

Sum of roots =4 = p = —4

Product of roots = 7 = q = 7 is given below.
Graphofy = x2 —4x + 7

YA

B

(b, b)

(a,a)

. -
()
Now, (B —a) = [(B + 6) — (a + 8)]
B+ a)? — 4ap

=[(B+6) + (a +8)]?
— 4B+ 8)(a+6)
= (_b1)2 —4cy = (—bz)z —4c,

= Dl = DZ ...(i)
Since, least value of f(x) is
Dy -1
4 4
= Dl = DZ =1
Hence, least value of g(x) is — D, = —%
(b)
Given that

|2y + 7512 = |z1]% + |2,]?
= |z11% + 12,1% + 212, + 212, = |24] + |2,/
= Zliz + 2122 == O (1)

Z1 Zq e g =
= —+—=0 (dividing by z,7,)
Zy Zy

:>Z—1+(§—;)=0 2

V4

From (1), z, z, is purely imaginary. From (2),
741/7 is purely imaginary. Hence,

Zy I I
arg (Z) = ii = arg(z;) — arg(z,) = iz
Also, i(z,/z,) is purely real. Hence its possible
arguments are 0 and
()

_1—isinf (1—isinf)(1—icosb)
277 +icos® (1+icos@)(1—icosh)
(1 —sinf cos ) — i(cos O + sin 6)
(1 + cos?6)
If z is purely real, then
cosf +sinf =0
ortanf = -1

0= €l
= = - —,
nm 47’1

398

If z is purely imaginary, 1 — sin8 cos 8 = 0 or
sin 8 cos 8 = 1, which is not possible

12| |1—isin6 V1 +sin28

z| = =

1+icosf _\/1+C0529
If |z| = 1, then

20 — «in2 29 _ _ T
cos“ 0 =sin“ 6 = tan 9—1=>9—nniz,n

€l
We have,
—(cos @ +sinB)
=t -1
arg(2) an ( 1 —sinf cos @
Now,
arg(z) =n/4

—(cos 6 + sin 8)
(1—sinfcos@)
= c0s? 6 +sin? @ + 2sinf cos O
=1+ sin? 6 cos? 6 — 2sin 6 cos O
= 1+ 4sinfcosf =1+ sin?  cos? 0
= sin? 0 cos? 0 — 4sinHcos§ = 0
= sinfcosf (sinfcosf —4) =0
= sinfcosfd =0 (~sinfcosf =4isnot

possible)
> 60=0Q2n+Dmorf =UAn—1Dn/2,nEl
(* —cos@ —sinf > 0)

(a)

Let z; (purely imaginary) be a root of the given
equation. Then,
Z1=—27;

and

azi+bz; +c=0

€y

=>az?+bz;+c=0

=>qZ. +bz;+Cc=0

>azl—bz;+¢c=0 (asz;=-z;) (2)

Now Egs. (1) and (2) must have one common root
« (ca — ac)? = (bc — + + cb)(—ab — ab)

Let z; and z, be two purely imaginary roots. Then,
7y = —21,Z; = —I

Now,

az?+bz+c=0 (1)

=az’?+bz+c=0

>azZ +bZ+C=0

>az2—bz+c=0 (2)

Equations (1) and (2) must be identical as their
roots are same,

oa b_c
a p ¢
:aE=Ec,aE+6b=0 and b+ bc =0
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Hence, ac is purely real and ab and bc are purely
imaginary. Let z; (purely real) be a root of the
given equation. Then,

7y =73

and

azt +bz;+c=0

=az?+bz;+c=0

a7 +bz;+¢c=0

sazi+bz; +c=0 (2)

Now (1) and (2) must have one common root.
Hence,

(ca — ac)? = (bc — cb)(ab — @b)

(©

az+bz+c=0 D

saz+bz+c=0 (2)

Eliminating z from (1) and (2), we get
_ca—bc

b2 —1al?

If |a| # |b|, then z represents one point on the
Argand plane. If |a| = |b| and ac # bc, then no
such z exists. Adding (1) and (2)
(@+b)z+(a+b)z+(c+c)=0

This is of the form AZ + Az + B = 0, where

B = c + cis real. Hence locus of z is a straight line
(@)
z=—-1=
Casel:
When —1 < 1 < 1, we have
P<1=212-1<0

z=—-2AxiVl—-2A% or x = -4y =1Vl —-22
>yl=1-x%0orx2+y?=1

CaseII:

A1>1=2-1>0

z=—-1+vV22 —1 or x=—/’lim,y=0
Roots are (—/1, +\/ﬂ, 0), (—/1, —\/m, 0).
One root lies inside the unit circle and the other
root lies outside the unit circle

Case III:

When A is very larger, then

z=—-A—JA2 -1~ =22

z=-1+22-1
(VP2 1) (212 - 1)
- (A —VAZ 1)

V4

22 -1

1 1
T a-VaE-1 2k

(d)
We have,

402

azl+z+1=0 (1)

= az?+z+1=0 (taking conjugate of both

sides)
saz’l—z+1=0 (2)
[since z is purely imaginary z = —z]

Eliminating z from (1) and (2) by cross-

multiplication rule,
— 2 —
a—a +a+a
2 > 2

a—-a\’ ata
= — — ) + =0 = —sin?6 +cosb
2i 2

(@-a)*+2(a+a)=0 :(

=0
= cosf =sin’0 (3)
Now, f(x) = x3 —3x2 4+ 3(1 + cos8)x + 5
f'(x) =3x%—6x+3(1+cosh)
Its discriminant is
36 —36(1 + cosf) = —36cosf = —36sin?0 < 0
= f'(x) >0Vx ER
Hence, f(x) is increasing V x € R. Also, f(0) =5,
then f(x) = 0 has one negative root. Now,
cos 26 =cosf = 1—2sin?6 = cos 6
= 1—2cosf =cosH
=cosf =1/3
Which has four roots for 8 € [0, 4]
(a)

P(z)

0@

We have,
4
21 - |
z
4
> -2<|z|l -——<2
||
= |z|?+2]z| —4>0 and |z|? = 2|z| -4 <0
= (lz] +1)?=5>0 and (|z| —1)?2 <5
= (lzl+1+V5)(lzl + 1 =+5) =0
and(|Z|—1+\/§)X(|Z|—1—\/§) <0
> lzl<—/5—1or|z]>V5-1andV5-1<
lz] <V5+1
> V5-1<|z|] <V5+1
Hence, the least modulus is V5 — 1 and the
greatest modulus is V5 + 1. Also,

S|Z——|=2
z
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4
|Z|=\/§+1=>m=\/§—1

Now,
4 47
z  |z|?

Hence, 4/z lies in the direction of z

|Z - §| = PR =2 (given)

We have,

OP=+5+1and OR=+v5-1
OP? + OR? — PR?

20P - OR

(V5+1) +(V5-1)" -4
2(5—1) =1

=20 =021

= 0=0,n

= z is purely real

=z=%(V5+1)

Similarly for |z| = v/5 — 1, we have z = +(/5 — 1)

(a)

BM=y—-0=-1(x—1)

x+y=1

cVu—1=t+i(1-10)

u=2t+2it(1—1t)

x =2t and y = 2t(1 —1t)

= cos 20 =

y=x(1-x/2)
2y = 2x — x?

1
:>(x—1)2=—2<y—5)

Which is a parabola. Its axisisx = 1,i.e,z+zZ = 2
and directrixisy = 1,i.e,z —z = 2i

(@

C(z3)

1(z4)

(zp)A4 B(zy)

p(252)
AB X AC AB AC
—_— X —
(14)? 1A 1A
LIAB = 4 ZIAC = o
2’ 2

Zy— 27 lzz—zq| _i6
= 2

Zy— 217 lz4 — 74|

and

Z3—2y7 |z3—2z4| 6
= 2

Z4— 21 |z4 — 24|
Multiplying,
Zy—21 23— 21 _|Zp — 71| |23 — 74|

Zy— 71 Zya— 71 |24 — 21| |24 — 24]
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(ZZ - Zl)(Z3 - Zl) _ AB X AC
(z4 — 21)? I

ey

(d)
£BOD = 24/BAD = A
£C0D =22CAD = A

D(z4)
i—“ = el4, j—"’ = ¢4 (From rotation about the point
2 4
lO’)
= Z42 = ZyZ3
(d)

Let unknown polynomial be P(x). Let Q(x) and
R(x) be the quotient and remainder, respectively,
when it is divided by (x — 3)(x — 4). Then,
P(x) = (x —=3)(x =49 Q(x) + R(x)

Then, we have

R(x)=ax+b
>P)=x-3)x—-4)Qx)+ax+b

Given that P(3) = 2 and P(4) = 1. Hence,
3a+b=2and4a+b=1

=2>a=—-landb =5

=>R(x)=5-—x
S5—x=x>4+ax+1=>x*+(@+1x—-4=0

Given that roots are real and distinct
~D>0>((@+1)?%+16>0

Which is true or all real x

(d)

ax?—bx+c=0

Let f(x) = ax? — bx + ¢ be the corresponding
quadratic expression and «, 8 be the roots of

f(x) = 0. Then,
f(x) =alx—a)(x—p)
Now,

b
af(1) > 0,af(2) > 0,1 <%< 2,b%> —4ac >0

>a(l-a)(1-8)>0a2—-a)(2—-p)>0,2a
<b<4a,b?>—4ac>0

>a?(1-a)1-pH2-a)2-B)>0

sa?(a-1)Q2-a)(-1)2-p)>0
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As f(1) and f(2) both are integers and f(1) > 0,

and f(2) > 0,so f(1)f(2) >0

=>f(Df(2)=1

>1<a’(a-DR-a)(B-D2-p)

Now,

a-1D+QR2—-a
2

=>(a—1)(2—0()$%
Similarly, (8 — 1)(2 = f) <+

1
=>(a—1)(2—a)(ﬁ—1)(2—ﬁ)<E
Asa # f5,s0
a?>16=>a>5
= b%?>20candb >10 = b > 11
Also, b2 >100=c>5=¢c>6
(c)

Given equation is

x*+2ax3 +x%+2ax=0 (1)
2, 1 1 _

or(x +;)+2a(x+;)+1—0

) > ((a- D2 - )

1\° 1
=>(x+—) +2a<x+—)—1=0
X X

=>t2+2at—1=0 (2)
Where t = x + (1/x). Now,

1
<x+—>22
X

or (x + %) < -2

~t=>2o0rt< -2

Now, eq. (1) will have at least two positive roots,
when at least one root of Eq. (2) will be greater
than 2. From eq. (2),
D=4a?>-4(-1)=4(1+a?)>0,Va €R (3)
Let the roots of eq. (2) be a, 8. If a, B < 2, then
=f(2) = Oand;—j <2

=>4+4a—120and—27a<2

3
=>a2—zanda>—2

- 3
= _—
a=

Therefore, at least one root will be greater than 2.

Then,
3
a< _— (4)

Combining (3) and (4), we get

__3
as73

Hence, at least one root will be positive if
a € [~o,—(3/4)]

()

(B-a)=((B+h) - (a+h)

410

411

412

B+ a)? —4ap
=[(B+1) + (a+ N
—4(B+h)(a+h)
(=b1)* = 4c; = (=by)? — 4c,
D, =D, Q)
The least value of f(x) is

_ﬂz—l:D1=landD2=1
4 4

Therefore, the least value of

. Dy 1

g0 is -2 =1

The least value of g(x) occurs at
bz T by =7

2 27 %7

$b22_4‘C2=D2
48
249_4C2=1:T=C23C2=12

=>x2—-7x+12=0=>x=3,4

(d)

2+ AC = 42

AR — B = M2 _ -
..AB—BC—\/E—4un1tS

OB = /42 —(2v2)’ =2v2

«~ A(-2v2,0),B(2v2,0),¢(0,—2v2)

Since y = ax? + bx + ¢ passes through 4, B and
xZ

C,wegety =ﬁ—2\/§

(d)

Giventhat9* —a3* —a+3<0

Lett = 3*. Then,

t?—at—a+3<0

ort?4+3<a(t+1) (1)

Wheret € RT,Vx €R

f@o | Fiio=1+3
(1,4)
(0,32)
1 o] .

Let fi(t) =t?+3and f,(t) = a(t+1)

Forx < 0,t € (0,1). That means (1) should have
at least one solution in t € (0,1). From (1), itis
obvious that a € R*. Now f,(t) = a(t + 1)
represents a straight line. It should meet the
curve f; (t) = t? + 3, atleastonceint € (0,1)
f1(0) =3,/1(1) =4,£2(0) = a,/2(1) = 2a

If f1(0) = £,(0), Then a = 3;if f;(1) = £,(1), then
a = 2. Hence, the required range is a € (2, 3)

(d)
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Letf(x)=x*+x+a—9

x? + x + a — 9 < 0 has at least one positive
solution, then either both the roots of equation
x% + x + a — 9 = 0 are non-negative or 0 lies

between the roots

0 A\
® (i)

1 .
Now sum of roots = — p hence case | is not

possible. For case 1],
f(0O)<0=>a—-9<0=a<9

(b)

b? > (a +¢)?

=2>(a+c—b)la+c+b)<O0

= f=Df(1) <0

So, there is exactly one root in (—1, 1)

(@)

From the question, the real roots of x3 — x? +
Bx +y = 0 are x4, x5, x3 and they are in A.P. As
X1,Xp,Xz3 arein AP,letx; =a—d,x; = a,x3 =
a + d. Now,

-1
x1+x2 +x3=_T=1

2>a—-d+at+a+d=1

Sa=3 (1)

X1Xg + XoX3 + X3X%1 = ? =

> @a—-da+ala+d)+(a+d)a—d)=p (2)
|4

X1X2X3 = 17 Y

> (@a—-dala+d)=—-y (3)
From (1) and (2), we get
3a2—-d* =g

1_ 52 _ _1_ 2 _1
:39 d —3,503—3 d <3
From (1) and (3), we get

)=y

3 \9

o (d2 1) 1(1)_ 1

r=3 9)” 3\ 9 27
1

VE(‘E*“’)

415

416

417

418

419

(8)
Given af; af(a + B); a® + B3 are in G.P.
a+B=4 af =k; af?+a?f =af(a+p)
=4k
a®+ %= (a+ )’ —3af(a+p)
= 64 — 3k(4) = 4(16 — 3k)
~ k;4k; 4(16 — 3k) are in G.P.
16k2 = 4k(16 — 3k)
4k(4k — 16 + 3k) = 0
o 16
k=0k= -
(3)
Clearly, P(x) — x3 = O has roots 1, 2, 3, 4
2 P(x) —x3=(x—1)(x—-2)(x—=3)(x — 4)
SPX)=(Cx-1DKx-2)(x-3)(x—4)+x3
Hence, P(5) = 1 X 2 X 3 X 4 + 125 = 129

(1)
Letz=a+ib
Given|z| =2 > a?+b* =4 = a,b €[-2,2]
(a+1)+ib
Noww = —;
(a-1)+ib
] (a + 1)% + b?
= = S —
M= [@a—D2 + 2

a2+b2+2a+1_
a?+b2—-2a+1

54 2a
5—-2a

W] max =3 (whena =2)

5

|W|min

5+4
1
-4 1 (wh N
g —3 (whenas=

Hence, required product is 1

(3)

2x%2 +4x(y —3)+7y2—2y+t=0
D = 0 (for one solution)

= 16(y —3)2 —8(7y2 -2y +t) =0
=2(y—3)2—-(7y?-2y+t)=0
=2(y2—6y+9)—(7y? =2y +t)=0
= —5y2—-10y+ 18—t =0

= 5y24+ 10y +t—18 =0

Again D = 0 (for one solution)

= 100 —-20(t—18) =0
=>5—-t+18=0

=>t=23

Fort =23;5y2+ 10y +5=0
+1D)2=0>y=-1
Fory=-1;2x?>—-16x+32=0
x2—-8x+16=0
x=4=>x+y=3

(4)

f(x)=ax?—-(3+2a)x+6

Page |97



420

421

422

=(ax—3)(x—2)

Here, roots of the equation f(x) = 0 are 2 and
3/a,and f(0) = 6. f(x) should be positive for
exactly three negative integral values of x
Therefore, graph of f(x) must be a downward
parabola passing through x = 2 and x = 3/a and

4<3<c-3
a

D U R

a

3

c=—1,d=—Z
=>c?+4ldl=1+3=4
(3)
We have P(x) =§— 6x —9x% = —(3x + 1)? +§
= P =§

max 3

Similarly, Q(y) = —4y? + 4y + % = -Qy-
12+152

15
= Qmax = 7

8 15
Now, Fpax X Qmax = 3 X

— =20
2

11

S (6.3) = (=5:3)
Hence, 6x + 10y = 6 (=) + 10 (3) =
8
1
Let (a + Z) =t
5 1
=>a’ + — = 18
a
t3—-3t—18=0 (1)
t = 3 satisfies (1)
Hence factorizing (1)
(t=3)(t*+3t+6)=0
t = 3 only is the solution

—245=3

1 1 1
cat+==32ad*+—==7 2a*+— =47
a a a

(6)

We have law + b| =1

= law+b|? =1

S @o+b) =1
s>a’+ab(w+w)+b%2=1
>a’—ab+b%?=1
S(@—b2+ab=1 (1)

When (a — b)? = 0 and ab = 1 then

423

424

425

426

427

(1L,1);(-1-1)
When (a — b)? = 1 and ab = 0 then (0, 1); (1, 0);
(0,-1); (-=1,0)
Hence there are 6 ordered pairs
(4)
1+ cos@ +isin6 1*
B [sin@ +i (1 + cos 9)]
o 1+cosf+isind
[i sinf + i%(1 + cos 6)

r 6 ... 6 0
2 cos? =+ i2 sin=cos —
2 2003

9 .. .. 0 ]
2 cos?—=— 2 sin—cos—
| 2 2 2
- 4
06 . . 8
cos—+ iSsin—
2 2

2 2

_ 0 9 24
_ Z +isin—
_(COSZ L sin 2) ]

0 . .. 0
COS——1iSsIn—

0 7]
=c0585+isin85=cos49+isin49 > n=4

(3)

1+7i)3=s1+1Q)
=>1+3ri+3r%i2 + 133 =s(1 +1)
=>1-3r2+iBr—-r3) =s+si
51-3r2=5s=3r—-1r3

Hence,1 —3r2 =3r —r3
=57r3-3r2-3r+1=0

= sum of three roots is 3

(3)

The given equation x + % =3

1
R —
. X +x2—

1 1
7 =>x4+—4=47 =>x8+—8
X X
= (47)> -2
L x8+x78=2207 (1)

NowE =x°+x7 +x 2+ x77

1
=x8<x+;)+x‘9+x_7

1 1
=x8(x+—)+x‘8<x+—)
x x
— 1 8 -8
E=(x+2) (®+x®)
Substitute the value of x® + x™8 = 2207 from (1)
andx+%= 3
E = (3)(2207) = 6621
(6)
Letz=x+1iy
“E=2zZ+z—-3)Z—- 3)+ (z—6i)(z + 60)
=32zz2—-3(z+2)+9+6(z—2)i+ 36
=3(x%+y?) —6x—12y +45
=3[x% +y% —2x — 4y + 15]
= 3[(x = 12 + (y — 2)? + 10]
& Epin =30whenx =1andy =2
(7)
LetE = — +
b+c

b c

c+a a+b
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432

Now3+E=-%+1+-"2+1+-+1
b+c ct+a a+b

1 1 1
>3+E=(a+b+ + +
(a C)b+c c+a a+b
10
=>3+E=3><?=10 >E=7

(6)

a? > 8b and 4b? > 4a

Nowb? >a=b*>a?>8b(a>0,b>0)
= b3>28=b2>2 (1)
Againa? > 8band b > 2

= a?>16

sa=4 (2)

From (1) and (2), (a@ + b)jeast = 6

(7)

Givena+b+c=1 (1)
ab+bc+ca=0 (2)

abc=2 (3)

Now(a+b+c)?> =1
a2+b2+cz+22ab=1
~at+b?+c?=

Now, a® + b3 +c3 —3abc=(a+ b +c)[Xa? —
ab

=11-0)=1
a®+b3+c3=1+3abc=1+3%x2=7
(2)

Wehavex, +x, +x3 =8

X1X3X3 =d

X1Xy + XpX3 + X3%X1 = ¢C

Possibleroots 1,2,5o0r 1, 3, 4
~d=10ord =12
=2>¢c=2+10+5=170r3+12+4=19
Hence,d =10andc =17ord =12andc = 19
(4)

We have |Z|2+%=zz—42=22—42
=2z-2)(z+z2—-4)=0
2>z=z=x(x#*2)

So, x2 = 4x + x% + =

4 x|3
=X = W =X = —\/i
nz= -2
oo |Z|4 = 4
(3)

x2+x(y—a)+y* —ay+1=>0x €R

>(@-—a)?—-4@?—ay+1)<0

= -3y +2ay+a*—4<0

~3y?—2ay+4—-a®>=0y€R

D<O0

=402 -43(4—-a?)<0=>a?-3(4—-a?>) <0
=4a’>—-12<0

433

434

435

436

~ range ofa € (—\/§, \/§) = number of integer
{-1,0,1}

()

AsP(1)=0

and p(x) = 0 hence let p(x) = k(x — 1)%,k >0

N

p(2)=k=2 k=2

L px) =2(x—-1)>=p(3) =8

(6)

x’+ax+b=@x+1Dx+b)=>b+1=a (1)

Alsox?+bx+c=(x+1(x+c)=>c+1=b

orb+1=c+2 (2)

henceb+1=a=c+2

also(x+D(x+bh)(x+c)=x3—4x2+x+6

>x3+@+b+c)x2+(b+bc+c)x+bc
=x3—4x2+x+6

=>14+b+c=-4

=22c+2=—4=>c=-3;b=—-2anda=-1

>a+b+c=-6

(3)

Leta? + b%? = x

1—2ab = (a + b)? — 2ab = a? + b?
=x(a+b=1);

Also ab = 1_Tx

and a® + b3 = (a + b)(a? + b? — ab)

a®+b3=x—ab (D
Butab = 1%
Hencea® + b3 = x — 1;—x = 3x2_1

Hence the equation
(1 —2ab)(a® + b3) = 12, becomes

3x—1
x( > )—12
=>3x2—x—-24=0
= (x—-3)3x+8) =0

=>x=3o0rx = —g(notpossible) asx =a’+
b%2 <0

~x=3=2a*+b*=3

(2)

(x +y + 2z)? = 144 (given)
=>Zx2+22xy=144
:96+22xy=144:>2xy=24
Againl+l+l=36=>xyz=&=E
x y 'z 36 3

Nowx3 +y3+23—3xyz=(x+y+
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4472

2)Xx* - Y xy)
= Z x3 —2 = (12)(96 — 24) = (12)(72) = 864

=>§:x3 = 866

(3)
lz—2-2i]<1
y

o 1 2 3

Denotes the region inside a circle with centre (2,
2) and radius is 1

|2iz + 4| = |2i (2 — 2i)]

= |2il|z — 2i]

= 2|z - 2i|

|z — 2i| = distance of z from P(0, 2)
Hence, maximum value is 3

(5)

|3z +9 —7i| = |(3z + 6 — 3i) + (3 — 4i)|
< |3z + 6 — 3i| + |3 — 4i]
=3|z+2—-i|+5

=20
(3)
We have abc + 1 =%=_1—£;C=a3—b
=>%=—3and§=—5
c-b %‘1 -5-1
NOW; = % = (-3 =
(7)
We have
x3 —y3=98i

= (x—y)3+ 3xy(x —y) = 98i
= —343i + 3(a + ib)(7i) = 98i
= —343 +3(a + bi)7 = 98

>a+ib=21
=>a=21andb=0
sa+b=21
()
2 &
x2+mx+n=0< andx2+px+m=0<
28 g
2+ pB)=-m (1)
4aff =n (2)
anda+pg=-p (3)
af=m (4)

~(LDand(3)=>2p=m
and (2)and (4)=4m =n

n im
> - = — =
p m/2

(9)
Letz = a + bi

443

444

445

446

= |z|? = a? + b?

Nowz + |z| =2 + 8i
>a+bi++a*?+b?>=2+8i
=>a++a?+b?2=2,b=8
>a++a?+64=2
>a’?+64=2—-a)=a?—-4a+4,

= 4q = —60,a = —15

Thus, a? + b? = 225 + 64 = 289

o |zl = Va2 + b2 =289 = 17

9)

Leta; = A,5; = AR, a, = AR?, 3, = AR3
Wehavea; + ;1 =6=>A(1+R)=6 (1)
apy=p=>A*R=p (2)

Also a, + B, = 54 = AR?(1+ R) = 54 (3)
af, =q=>A’R>=q (4)

Now, on dividing Eq. (3) by Eq. (1), we get
AR*(1+R) 54 5
m =z = 9 =2R*=9
~ R = 3 (Asitis an increasing G.P.)
~ On putting R = 3 in eq. (1), we get

,_6_3
42
~p=A2R=2x3=""andq = A’R® ==X
2187
243 =22
Hence,q —p = —218:_27 = % = 540
3)

f(x) =(x—1)(x?> - 7x + 13)

For f(x) to be prime at least one of the factors
must be prime

Hence,x —1=1=>x=2or
x2—7x+13=1=2x*-7x+12=0 2 x =3
or 4

=>x=234

(4)

xV/8 = (Bx*+4)1/4 = x8 =3x* +4=x* =4
(7)

For two distinct roots, D > 0 i.e., k? +
8(k? + 5) > 0 which is always true
Alsolet f(x) = —2x2 + kx + k> +5=0
But f(0) >0and f(2) <0

y

/0‘\2x

—8+4+2k+k*+5<0=>k*+2k—-3<0

=>k+3)k-1)<0

ke(-3,1)>a=-3;b=1=>a+10b
=-3+10=7
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447

448

449

450

451

452

(1)

zY 4+ 23 +22+2°+2z+1=0

= (22 (z°+z+1)+(Z2+z+1) =0

=>(Z2+z+1)(Z%*+1)=0

~z=1,—1,w,w? Foreach, |z| = 1

(5)

Z; = (8sinf + 7cosB) +i(sinf + 4 cos 0)

Z, = (sinf + 4cos ) + i(8sin B + 4 cos B)

Hence,Z; = x +iy and Z, =y + ix

Where x = (8sinf + 7 cos8) andy = (sinf +

4 cos 0)

ZyZy = (xy —xy) +i(x* +y?) = i(x* + y?)

=a+ib

>a=0;b=x%+y?

Now, x2 + y? = (8sin 8 + 7 cos 6)? +

(sin@ + 4 cos 8)?

= 65sin? 0 + 65 cos? 0 + 120 sin§.cos b

= 65+ 605sin 26

= 71 Zalmax = 125

(3)

nn+l,n+2

sum=3(n+1) = —a

~a?=9(n+1)?

Sum of the roots taken 2 at a time = +b

~nn+D+M+1DMm+2)+(m+2)n+1

=b+1

n+n+n?+3n+2+n*+2n+1=>h+1

~b+1=3n2+6n+3
2

b+1—3(n+1)2——' g
= =3P
(6)

a+f=1154andaf =1

(Va+B) =a+p+2Jaf = 1154 + 2
= 1156 = (34)?

= Va + /B = 34

Again (a¥/* + 31/4)2 =Va+.B =+2(ap)* =
34+2=36

al/t 4+ pl4 =6

(5)

Roots are 2w, (2 + 3w), (2 + 3w?), (2 — w — w?)
2 + 3w and 2 + 3w? are conjugate to each other
2w is complex root, then other root must be 2w?
(as complex roots occur in conjugate pair)
2—w—w?=2-(—1) = 3 whichis real

Hence least degree of the polynomial is 5

(1)

Wehavex =w —w? -2 orx +2 = w — w?
Squaring, x? + 4x + 4 = w? + w* — 203 = W? +
w—2=-3

>x24+4x+7=0

Dividing, x* + 3x3 + 2x? — 11x — 6 by

x% + 4x + 7, we get

x*+3x3 +2x2 - 11x— 6
=(x?+4x+7NDNx*—x—-1) +1
(02 —x—1)+1=0+1=1

453 (3)
x3 2+11i 3—4i 50+ 25i )
Y= ET R a 3w 2t
454 (4)
_3x*+mx+n
Y= Tz
x2(y—-3)-mx+y—-n=0
X €R
D=0
>m?—-4(y-3)(y—n)=0
>m?—4(y?—ny—3y+3n) =0
4y2 —4y(n+3)+12n—-m? < 0 (1)
Alsogiven (y +4)(y —3) <0
y2+y—-12<0 (2)
Compare (1) and (2), we get% = —@ =
12n—-m?
-12
=>m=0andn =—4
455 (5)

Let ax® + bx? + cx + d = O has roots p,q, 7
pq+qr+rp == (1)

Butpq + qr + rp < p? + ¢ + 12
=(@+q+r)? —ZZM
23(pg+tqr+mp)<(p+q+1r)? =16

32 <16 = 2 < % = largest possible integral
value ofgis 5

(6)

Let therootsbea —3d,a—d,a+ d,a + 3d
Sum ofroots=4a=0 =2a=0

Hence, roots are —3d, —d, d, 3d

Product of roots = 9d* = m? = d? = % (D
Again ¥ x;x, = 3d? — 3d? — 9d? — d? — 3d? +
3d? = —10d?

=—-(Bm+2)

10m
=>T=3m+2:10m=9m+6

>m==6

(5)

We have 2x3 —9x2 + 12x + k = 0
Let the roots are a, a,

456

457

20+ =2 (1)
a?+2af=2=6 (2)
areazﬁ:—g (3)

putting § = (g — Za) from (1) in (2)
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458

459

460

461

9
a2+2a(z—2a)=6:>a2+9a—4a2=6

=>3a?-9a+6=0
S>a?—3a+2=0
2@—2)(a—-1)=0=>a=2orl1

I ul

Ifa =2thenf =l;ifa = 1thenp = .
fk==2(4)5=—4 or k=—-2(1%) (g) -5
(2)

z+z=0

=z=—z (1)

Now |z|? — 4zi = z?

= —z2 —4zi = z? (from (1))

= 2z = —4i

=>z=-2

=|z| =2

(3)

Wehave(a+[3)2—( )(06 +B?)

1
> @+ = (5 +5) @+ B - 2af]
Substituting a + f = — - 2 and aff = ; we have
b> b (b® 2
a2 c \a? a

= cb? + b(b? —2ac) =0
b # 0, 'bc+b2—2ac=0

a,b,carein AP, - b =

T
(2) —2ac=0

= q? —4ac+3c =0=>(@a—-c)a—-3c)=0

(a+c)c

~ we have

a
a¥c~a=3c ~—=3
c
9)
A= 1 +2)x3 =23+ Dx%?+ (5 —4)x + 2a?
=0

Let the real root of equation be a

Then (1 + 2i)a® — 2B + )a? + (5 —4)a +
2a2 =0

Equating imaginary part zero, we get

203 —2a% —4a =0
sora(a?—a—-2)=0
> a=0ora=-1,2

Now equating real part zero
a® —6a’+5a+2a?=0
a=0>=>a=0

a=-1 2a=+/6
a=2=>a=1V3

> ) @ =7+ (+V8) +(-V8) +(+V3)’

+(=V3) =
(4)
Givena? —4a+1=4=>a’+1=4(1+a)
_(a-D(A+a*) a®+1 4(@+1)
B a?—-1 S a+1  a+1

462

463

464

465

466

(4)

As P(x) is an odd function

Hence, P(—x) = —P(x) > P(-3) = —-P(3) = —
LetP(x) =Q(x*—9)+ax+b

(where Q is quotient and (ax + b) = g(x) =
remainder)

NowP(3)=3a+b=6 (1)
P(-3)=-3a+b=-6 (2)

Hence,b = 0anda = 2

Hence, g(x) = 2x = g(2) = 4

(3)

=k> =k,
a b

Where x take 3 values a, b and ¢
= x3 4+ kx —1=0hasroots a,b, c

Nowa+b+c=0 (D
abc=1 (2)
Hence a® + b3 + ¢ = 3abc = 3
(6)
y y
Y(x) / S )
a’\/{f, 0 ¥ OR a=p 0] o

Letf(x) =x2+2A+Dx+A2+21+7

If both roots of f(x) = 0 are negative, then

D=b2—4ac=4A+1)2—4(A2+1+7)=0
>1-620

= A€E[6,0) (1)

Sum of roots = —2(1+1) <0

> 1€ (—1,0) (2)

And product ofroots =12 + 1+ 7 > 0VA € R

3)

~ From (1), (2), (3), we get 1 € [6, )

(As (1), (2), (3) must be satisfied simultaneously)

Hence, the least value of 1 = 6

(2)

We have (a4+3a2+1) (b4+5b2+1) (c4+7c2+1)

a? b2 c2

2 1 2 1 2 1
=(a +;+3><b +b—2+5)(6 +C_2+7)
1\2 1\? 1\2
(e ) (-3 ) (-2 )
a b c
(5)
z%2 =81 — b? + 18bi
73 =729 4+ 243bi — 27b% — b3i

7% =73 = 243b — b3 = 18b and 243 — b? =
18=> b =15
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