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1 (a)

CASE I 𝑊ℎ𝑒𝑛 𝑥2 +4𝑥 + 3 ≥ 0 𝑖.𝑒. 𝑥 ≤ ―3 or 𝑥 ≥ ―1

In this case, we have

|𝑥2 + 4𝑥 + 3| = 𝑥2 + 4 𝑥 + 3∴ |𝑥2 + 4𝑥 + 3| + (2𝑥 + 5) = 0⇒𝑥2 + 4𝑥 + 3 + 2𝑥 + 5 = 0⇒𝑥 = ―2, ― 4⇒𝑥 = ―4               [ ∵ 𝑥 ≤ ―3 or, 𝑥 ≥ ―1]

CASE II 𝑊ℎ𝑒𝑛 𝑥2 +4𝑥 + 3 < 0 i.e. ― 3 < 𝑥 < ―1

In this case, we have

|𝑥2 + 4𝑥 + 3| = ―(𝑥2 + 4𝑥 + 3)∴ |𝑥2 + 4𝑥 + 3| + (2𝑥 + 5) = 0⇒― 𝑥2 ― 4𝑥 ― 3 + 2𝑥 + 5 = 0⇒― 𝑥2 ― 2𝑥 + 2 = 0⇒𝑥2 + 2𝑥 ― 2 = 0⇒𝑥 =
―2 ± 2 3

2
= ―1 ±  3⇒𝑥 = ―1 ― 3        [ ∵ ―3 < 𝑥 < ―1]

2 (d)

Given, 𝑥 =
2 + 3

2 ― 3
=

(2 + 3)(2 + 3)

(2 ― 3)(2 + 3)

= 2 + 3∴    𝑥2(𝑥 ― 4)4 = (2 + 3)2(2 + 3 ― 4)2

= ( 3 + 2)2( 3 ― 2)2

= [( 3)2 ― (2)2]
2

= ( ―1)2 = 1

3 (d)

We have, |𝜆1𝑎1 + 𝜆2𝑎2 + ... + 𝜆𝑛𝑎𝑛|≤ |𝜆1𝑎1| + |𝜆2𝑎2| + ... + |𝜆𝑛𝑎𝑛|

= |𝜆1||𝑎1| + ... + |𝜆𝑛||𝑎𝑛|

=  𝜆1|𝑎1| + ... + 𝜆𝑛|𝑎𝑛|   ( ∵ each 𝜆𝑘≥ 0)

< 𝜆1 + ... + 𝜆𝑛
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( ∵ |𝑎𝑘| < 1 and so 𝜆𝑘|𝑎𝑘| < 𝜆𝑘 for all 𝑘 = 1, 2,…𝑛)
Hence, |𝜆1𝑎1 + 𝜆2𝑎2 +... + 𝜆𝑛𝑎𝑛| < 1

4 (a)

It is given that tan𝛼 and tan𝛽 are the roots of the equation 𝑥2 +𝑝𝑥 + 𝑞 = 0∴ tan𝛼 + tan𝛽 = ―𝑝 and tan𝛼 tan𝛽 = 𝑞⇒ tan(𝛼 + 𝛽) =
tan𝛼 + tan𝛽

1 ― tan𝛼 tan𝛽 =
―𝑝

1 ― 𝑞 =
𝑝𝑞 ― 1

The LHS of choice (a) can be written as

= cos2(𝛼 + 𝛽){tan2(𝛼 + 𝛽) + 𝑝 tan(𝛼 + 𝛽) + 𝑞}

=
1

1 + tan2(𝛼 + 𝛽) { tan2(𝛼 + 𝛽) + 𝑝 tan(𝛼 + 𝛽) + 𝑞}
=

1

1 +
𝑝2

(𝑞 ― 1)2

{ 𝑝2

(𝑞 ― 1)2
+

𝑝2𝑞 ― 1
+ 𝑞} = 𝑞

So, option (a) is correct

5 (c)

sin
𝜋
5

+ 𝑖(1 ― cos
𝜋
5

)

= 2 sin
𝜋

10
. cos

𝜋
10

+ 𝑖 2 sin2
𝜋

10
 

=2 sin 
𝜋

10(cos
𝜋

10
+ 𝑖 sin

𝜋
10

) 

∴    tan𝜃 =
sin

𝜋
10

cos
𝜋

10

= tan
𝜋

10
    ⇒     𝜃 =

𝜋
10

6 (b)

We know that, sum of any four consecutive powers of 𝑖 is zero∴     

13

𝑛=1

(𝑖𝑛 + 𝑖𝑛+1) = (𝑖 + 𝑖2 + .... + 𝑖13) + (𝑖2 + 𝑖3 + ... + 𝑖14)

= 𝑖13 + 𝑖14

= 𝑖 ― 1

7 (a)

log3𝑥 + log3 𝑥 + log3
4 𝑥 + log3

8 𝑥 + ... = 4⇒ log3𝑥 +
1

2
+ log3𝑥 +

1

4
log3𝑥 +

1

8
log3𝑥 + ... = 4⇒ log3𝑥[1 +

1

2
+

1

4
+

1

8
+ ...] = 4

⇒ log3𝑥[ 1

1 ― 1

2

] = 4⇒ log3𝑥 = 2⇒𝑥 = 32 = 9
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8 (d)

We have,2𝑥
2𝑥2 + 5𝑥 + 2

>
1𝑥 + 1⇒ 2𝑥

2𝑥2 + 5𝑥 + 2
― 1𝑥 + 1

> 0

⇒ 2𝑥2 + 2𝑥 ― 2𝑥2 ― 5𝑥 ― 2(𝑥 + 1)(2𝑥 + 1)(𝑥 + 2)
> 0

⇒ 3𝑥 + 2(𝑥 + 1)(2𝑥 + 1)(𝑥 + 2)
< 0⇒𝑥 ∈ ( ― 2, ― 1) ∪ ( ― 2/3, ― 1/2)

9 (c)

Let 𝛼,𝛽 be the roots of the equation 𝑥2 +𝑝𝑥 + 8 = 0

Then, 𝛼 + 𝛽 = ―𝑝 and 𝛼𝛽 = 8

Now,𝛼 ― 𝛽 = 2⇒(𝛼 + 𝛽)2 ― 4 𝛼𝛽 = (2)2⇒𝑝2 ― 32 = 4⇒𝑝 =±  6

10 (d)

Let 𝛼 be a common root of the equations 𝑥2 +𝑎𝑥 + 10 = 0 and 𝑥2 +𝑏𝑥 ― 10 = 0. Then,𝛼2 + 𝑎 𝛼 + 10 = 10

and, 𝛼2 +𝑏 𝛼 ― 10 = 0

Adding and subtracting these two equations, we get

2 𝛼2 +𝛼(𝑎 + 𝑏) = 0 and (𝑎 ― 𝑏)𝛼 + 20 = 0⇒𝛼 = ― 𝑎 + 𝑏
2

 and 𝛼 = ― 20𝑎 ― 𝑏⇒― 𝑎 + 𝑏
2

= ― 20𝑎 ― 𝑏⇒𝑎2 ― 𝑏2 = 40

11 (a)

We have,
|𝑧1| = |𝑧2| = |𝑧3|⇒𝑂𝐴 = 𝑂𝐵 = 𝑂𝐶, where 𝑂 is the origin

⇒ Circumcentre of ∆ 𝐴𝐵𝐶 is at the origin

+ - + - +

-2
3

-1-2

-1
2

O

A(z1)

B(z2) C(z3)

2

3

2

3

2

3
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But, the triangle is equilateral. Therefore , its centroid coincides with the circumcentre

Thus,𝑧1 + 𝑧2 + 𝑧3

3
= 0⇒𝑧1 + 𝑧2 + 𝑧3 = 0

Clearly, 𝑧2 = 𝑧1𝑒𝑖 2 𝜋/3 = 𝑧1 𝜔 and 𝑧3 = 𝑧1 𝑒𝑖 4 𝜋/3 = 𝑧1 𝜔2

Let 𝑂𝐴 be along 𝑥-axis such that 𝑂𝐴 = 1 unit. Then, 𝑧1 = 1∴ 𝑧2 = 𝜔 and 𝑧3 = 𝜔2

Hence, 𝑧1𝑧2𝑧3 = 𝜔2 = 1

Thus, we have𝑧1 + 𝑧2 + 𝑧3 = 0 and 𝑧1𝑧2𝑧3 = 1

12 (c)

We have,𝑥 + 𝑖𝑦 =±  (𝑎 + 𝑖 𝑏)⇒𝑥 + 𝑖𝑦 = 𝑎2 ― 𝑏2 + 2𝑖 𝑎𝑏⇒𝑥 = 𝑎2 ― 𝑏2, 𝑦 = 2 𝑎𝑏∴ ―𝑥 ― 𝑖𝑦 = ― (𝑎2 ― 𝑏2) ― 2𝑖 𝑎𝑏⇒ ―𝑥 ― 𝑖𝑦 = 𝑏2 ― 𝑎2 ― 2𝑖 𝑎𝑏 = (𝑏 ― 𝑖𝑎)2 =± (𝑏 ― 𝑖𝑎)
13 (c)

Since, 𝛼 , 𝛽 are the roots of the equation 𝑥2 +𝑝𝑥 + 𝑞 = 0, then𝛼 + 𝛽 = 𝑝,  𝛼𝛽 = 𝑞  ...(i)

and 𝛼4, 𝛽4 are the roots of 𝑥2 ―𝑥𝑟 + 𝑠 = 0.

Then, 𝛼4 + 𝛽4 = 𝑟   …(ii)

and 𝛼4𝛽4 = 𝑠
If 𝐷 is discriminant of the equation 𝑥2 ―4𝑞𝑥 + 2𝑞2 ―𝑟 = 0,

Then 𝐷 = 16𝑞2 ―4(2𝑞2 ― 𝑟) = 8𝑞2 +4𝑟
= 8𝛼2𝛽2 +4(𝛼4 + 𝛽4)  [from Eqs. (i)  and (ii)]

= 4(𝛼2𝛽2)2 ≥ 0

Hence, the equation 𝑥2 ―4𝑞𝑥 + 2𝑞2 ―𝑟 = 0 has always two real roots.

14 (a)

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

|𝑎 ― 𝑏| < |𝑐|⇒𝑎2 + 𝑏2 ― 2𝑎𝑏 < 𝑐2

Similarly, 𝑏2 + 𝑐2 ―2𝑏𝑐 < 𝑎2,   𝑐2 + 𝑎2 ―2𝑐𝑎 < 𝑏2

On adding, we get

(𝑎2 + 𝑏2 + 𝑐2) < 2(𝑎𝑏 + 𝑏𝑐 + 𝑐𝑎)⇒ 
𝑎2 + 𝑏2 + 𝑐2𝑎𝑏 + 𝑏𝑐 + 𝑐𝑎 < 2      …..(𝑖)

Also, 𝐷 ≥ 0, (𝑎 + 𝑏 + 𝑐)2 ―3𝜆(𝑎𝑏 + 𝑏𝑐 + 𝑐𝑎) ≥ 0⇒ 
𝑎2 + 𝑏2 + 𝑐2𝑎𝑏 + 𝑏𝑐 + 𝑐𝑎 > 3𝜆 ― 2    ………(𝑖𝑖)

From Eqs. (i) and (ii),3𝜆 ― 2 < 2  ⇒𝜆 <
4

3
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15 (a)

Let 𝐴 be the vertex with affix 𝓏1. There are two possibilities of 𝓏2 𝑖𝑒, 𝓏2 can be obtained by rotating 𝓏1 through 
2π𝑛  either in clockwise or in anti-clockwise direction.

∴  
𝓏2𝓏1

= |𝓏2𝓏1
|𝑒±

𝑖2𝜋𝑛
⇒ 𝓏2 = 𝓏1(cos

2π𝑛 ± 𝑖 sin
2π𝑛 )    ( ∵ |𝓏2| = |𝓏1|)

16 (d)

Given,   𝑧 = cos𝜃 + 𝑖 sin𝜃 = 𝑒𝑖𝜃∴    

15

𝑚=1

Im (𝑧2𝑚―1) =

15

𝑚=1

Im (𝑒𝑖𝜃)2𝑚―1

=

15

𝑚=1

Im 𝑒𝑖(2𝑚―1)𝜃
= sin𝜃 + sin3𝜃 + sin5𝜃 + ... + sin 29 𝜃
=

sin (𝜃 + 29𝜃
2 )sin (15 × 2𝜃

2 )

sin (2𝜃2 )

=
sin(15 𝜃) sin(15 𝜃)

sin𝜃 =
1

4 sin 2°

17 (d)

We have,

2𝑧2 + 2𝑧 + 𝑎 = 0⇒𝑧 =
―2 ± 4 ― 8𝑎

4
=

―1 ± 1 ― 2𝑎
2

For 𝑧 to be non-real, we must have

4 ― 8𝑎 < 0⇒𝑎 >
1

2

Let 𝑧1 =
―1 + 1 ― 2𝑎

2
 and 𝑧2 =

―1 ― 1 ― 2𝑎
2

Now, origin and points representing 𝑧1 and 𝑧2 will form an equilateral triangle in the argand plane, 

if𝑧2
1 + 𝑧2

2 = 𝑧1𝑧2   [ ∵ 𝑧2
1 + 𝑧2

2 + 𝑧2
3 = 𝑧1𝑧2 + 𝑧2𝑧3 + 𝑧3𝑧1]⇒(𝑧1 + 𝑧2)2 = 3 𝑧1 𝑧2⇒1 =

3𝑎
2
⇒𝑎 =

2

3

O

A (z1)

B (z2)

B (z2)

2
n 2

n
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Clearly, 𝑎 = 2/3 satisfies the condition 𝑎 > 1/2

Hence, 𝑎 = 2/3

18 (c)

Let   𝑃, 𝐴, 𝐵 represent complex numbers 𝑧, 1 + 0𝑖, ― 1 + 0𝑖 respectively, then

|𝑧 ― 1| + |𝑧 + 1| ≤ 4  ⇒     𝑃𝐴 + 𝑃𝐵 ≤ 4⇒   𝑃 moves in such a way that the sum of its distance from two fixed points is always less than or 

equal to 4⇒  Locus of 𝑃 is the interior and boundary of ellipse having foci at (1, 0) and (-1, 0)

19 (b)

On comparing the given circle with |𝑧 ― 𝛼𝑧 ― 𝛽| = 𝑘, we get𝛼 = 𝑖,   𝛽 = ―𝑖,         𝑘 = 5∴   Radius = |𝑘(𝛼 ― 𝛽)
1 ― 𝑘2

| = |5(𝑖 + 𝑖)
1 ― 25

| =
5

12

20 (d)

We have,

(𝑧 + 𝛼𝛽)3 = 𝛼3⇒𝑧 = 𝛼 ― 𝛼𝛽,𝑧 = 𝛼𝜔 ― 𝛼𝛽,𝑧 = 𝛼𝜔2 ― 𝛼𝛽
Thus, the vertices 𝐴,𝐵 and 𝐶 of ∆ 𝐴𝐵𝐶 are respectively, 𝛼 ― 𝛼 𝛽,𝛼𝜔 ― 𝛼 𝛽 and 𝛼 𝜔2 ―𝛼 𝛽
Clearly, 𝐴𝐵 = 𝐵𝐶 = 𝐴𝐶 = |𝛼| |1 ―𝜔| = 3 |𝛼|
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ANSWER-KEY

Q. 1 2 3 4 5 6 7 8 9 10

A. A D D A C B A D C D

Q. 11 12 13 14 15 16 17 18 19 20

A. A C C A A D D C B D
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