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1 (c) 

We have, 

sin 𝑥 + sin2 𝑥 = 1 ⇒ sin 𝑥 = cos2 𝑥 

Now, 

cos12 𝑥 + 3 cos10 𝑥 + 3 cos8 𝑥 + cos6 𝑥 − 1 

= cos6 𝑥 (cos6 𝑥 + 3 cos4 𝑥 + 3 cos2 𝑥 + 1) − 1 

= cos6 𝑥 (cos2 𝑥 + 1)3 − 1 

= sin3 𝑥 (sin 𝑥 + 1)3 − 1 

= (sin2 𝑥 + sin 𝑥)3 − 1 

= (sin2 𝑥 + cos2 𝑥)3 − 1    [∵ sin 𝑥 = cos2 𝑥] 

= 1 − 1 = 0 

2 (c) 

Let 𝑎 = 3 𝑥 + 4 𝑦, 𝑏 = 4 𝑥 + 3 𝑦 and 𝑐 = 5 𝑥 + 5 𝑦. 

Clearly, 𝑐 is the largest side and thus the largest 

angle 𝐶 is given by 

cos 𝐶
𝑎2 + 𝑏2 − 𝑐2

2 𝑎𝑏
=

−2 𝑥𝑦

2(12 𝑥2 + 25 𝑥𝑦 + 12 𝑦2)

< 0 

⇒ 𝐶 is an obtuse angle 

3 (a) 

Let 𝑎 = 𝑥2 + 𝑥 + 1, 𝑏 = 𝑥2 − 1 and 𝑐 = 2𝑥 + 1. 

Then, 

𝑎 − 𝑏 = 𝑥 + 2 > 0            [∵ 𝑥 > 1] 

𝑎 − 𝑐 = 𝑥2 − 𝑥 > 0          [∵ 𝑥 > 1] 

So, 𝑎 is the largest side 

Hence, the largest angle is given by 

cos 𝜃 =
𝑏2 + 𝑐2 − 𝑎2

2𝑏𝑐
 

⇒ cos 𝜃 =
(𝑥2 − 1)2 + (2𝑥 + 1)2 − (𝑥2 + 𝑥 + 1)2

2(𝑥2 − 1)(2𝑥 + 1)

= −
1

2
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⇒ 𝜃 = 2 𝜋/3 = 120° 

4 (c) 

We have, 
1

2
 𝑎 𝑝1 = ∆,

1

2
 𝑏 𝑝2 = ∆,

1

2
 𝑐 𝑝3 = ∆ 

⇒ 𝑝1 =
2 ∆

𝑎
, 𝑝2 =

2 ∆

𝑏
, 𝑝3 =

2 ∆

𝑐
 

∴
1

𝑝1
2 +

1

𝑝2
2 +

1

𝑝3
2 =

𝑎2 + 𝑏2 + 𝑐2

4 ∆2
 

1

𝑝1
+

1

𝑝2
−

1

𝑝3
=

𝑎

2 ∆
+

𝑏

2 ∆
−

𝑐

2 ∆
=

𝑎 + 𝑏 − 𝑐

2 ∆

=
2(𝑠 − 𝑐)

2 ∆
=

𝑠 − 𝑐

∆
 

5 (c) 

We have, 

cos 𝐶 =
63

65
⇒

𝑎2 + 𝑏2 − 𝑐2

2𝑎𝑏
=

63

65

⇒
262 + 302 − 𝑐2

2 × 26 × 30
=

63

65
 

⇒ 676 + 900 − 𝑐2 = 1260 ⇒ 𝑐2 = 64 ⇒ 𝑐 = 8 

Thus, we have 

𝑎 = 26, 𝑏 = 30 and 𝑐 = 8 

∴ 2𝑠 = 𝑎 + 𝑏 + 𝑐 ⇒ 2𝑠 = 26 + 30 + 8 = 64 ⇒ 𝑠

= 32 

Also, ∆ = √𝑠(𝑠 − 𝑎)(𝑠 − 𝑏)(𝑠 − 𝑐) =

√32 × 6 × 2 × 24 = 96 

Hence, 𝑟2 =
∆

𝑠 − 𝑏
=

96

32 − 30
= 48 

6 (c) 

cos 1° cos 2° cos 3° … cos 90° … cos 100° 

= cos 1° cos 2° cos 3° … 0 … cos 100° = 0 

7 (b) 

We have, 

sin
𝜋

2
+ sin

2𝜋

7
+ sin

3𝜋

7
 

=
1

2 sin
𝜋

7

{2 sin2
𝜋

7
+ 2 sin

𝜋

7
sin

2𝜋

7
+ 2 sin

𝜋

7
sin

3𝜋

7
} 

=
1

2 sin (
𝜋

7
)

{1 − cos
2𝜋

7
+ cos

𝜋

7
− cos

3𝜋

7
+ cos

2𝜋

7

− cos
4𝜋

7
} 
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=
1

2 sin
𝜋

7

{1 + cos
𝜋

7
} =

2 cos2 𝜋

14

4 sin
𝜋

14
cos

𝜋

14

=
1

2
cot

𝜋

14
 

8 (a) 

Let 𝑓(𝑥) = √3 cos 𝑥 + sin 𝑥 

⇒ 𝑓(𝑥) = 2 (
√3

2
cos 𝑥 +

1

2
sin 𝑥) = 2 sin (𝑥 +

𝜋

3
) 

Since, −1 ≤ sin (𝑥 +
𝜋

3
) ≤ 1 

Hence, 𝑓(𝑥)is maximum, if 𝑥 +
𝜋

3
=

𝜋

2
 

⇒ 𝑥 =
𝜋

6
= 30° 

9 (b) 

sin2 17.5° + sin2 72.5 ° 

= sin2 17.5° + cos2 17.5°    [

∵  sin(9𝜃 − 𝜃) = cos 𝜃] 

= 1 = tan2 45° 

10 (a) 

We have, 

𝑎 sin 𝐴 = 𝑏 sin 𝐵 

⇒ 𝑎 ∙ 𝑎𝑘 = 𝑏 ∙ 𝑏𝑘 ⇒ 𝑎 = 𝑏 ⇒ ∆𝐴𝐵𝐶 is isosceles 

11 (b) 

We know that sin2 𝜃 ≥ 1 

⇒   
4𝑥𝑦

(𝑥 + 𝑦)2
≥ 1 

⇒   4𝑥𝑦 ≥ (𝑥 + 𝑦)2 

⇒   (𝑥 − 𝑦)2 ≤ 0 

⇒   𝑥 − 𝑦 = 0  ⇒   𝑦 = 𝑥 

And  𝑥 ≠ 0,   𝑦 ≠ 0 

12 (b) 

Given that, cos θ =
1

2
(𝑥 +

1

𝑥
) 

⇒ 𝑥 +
1

𝑥
= 2 cos θ     ….(i) 

We know that, 𝑥2 +
1

𝑥2 = (𝑥 +
1

𝑥
)

2
− 2 

= (2 cos θ)2 − 2 = 4 cos2 θ − 2 

= 2 cos 2θ   [from Eq.(i)] 
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∴  
1

2
(𝑥2 +

1

𝑥2
) =

1

2
× 2 cos 2θ = cos 2θ 

13 (d) 

sech−1(sin 𝜃) 

= cosh−1(cosec 𝜃) 

= log [cosec 𝜃 + √(cosec2 𝜃 − 1)] 

= log [
1

sin 𝜃
+

cos 𝜃

sin 𝜃
] = log cot

𝜃

2
 

14 (d) 

Consider the curves 𝑦 = 2cos 𝑥 and 𝑦 = |sin 𝑥|. 

Clearly, both the curves are symmetrical about 𝑦-

axis as cos 𝑥 and | sin 𝑥 | are even functions 

Also, 𝑦 = 2cos 𝑥 and 𝑦 = |sin 𝑥| intersect at two 

points in [0, 2 𝜋] 

Hence, there are four solutions of the given 

equation 

15 (d) 

We have, 

cos(𝜆 sin 𝜃) = sin(𝜆 cos 𝜃) 

⇒ cos(𝜆 sin 𝜃) = cos (
𝜋

2
− 𝜆 cos 𝜃) 

⇒ 𝜆 sin 𝜃 =
𝜋

2
− 𝜆 cos 𝜃 ⇒ cos 𝜃 + sin 𝜃 =

𝜋

2 𝜆
 

This equation will have a solution if 

|
𝜋

2 𝜆
≤ √2|               [∵ |𝑎 cos 𝜃 + 𝑏 sin 𝜃|

≤ √𝑎2 + 𝑏2] 

⇒
𝜋

2 𝜆
≤ √2 ⇒ 𝜆 ≥

𝜋

2√2
      [∵ 𝜆 > 0] 

16 (c) 

We have, 

𝑐1 + 𝑐2 = 2𝑏 cos 𝐴 and 𝑐1𝑐2 = 𝑏2 − 𝑎2 

∴ 𝑐1 − 𝑐2 = √(𝑐1 + 𝑐2)2 − 4𝑐1𝑐2 

⇒ 𝑐1 − 𝑐2 = √4𝑏2 cos2 𝐴 − 4(𝑏2 − 𝑎2)

= 2√𝑎2 − 𝑏2 sin2 𝐴 

17 (b) 

We have, 

tan 𝛼 = (1 + 2−𝑥)−1 =
2𝑥

2𝑥 + 1
 and tan 𝛽

=
1

2𝑥+1 + 1
 

∴ tan(𝛼 + 𝛽) =
tan 𝛼 + tan 𝛽

1 − tan 𝛼 tan 𝛽
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⇒ tan(𝛼 + 𝛽) =
2𝑥(2𝑥+1 + 1) + (2𝑥 + 1)

(2𝑥 + 1)(2𝑥+1 + 1) − 2𝑥
 

⇒ tan(𝛼 + 𝛽) =
2(2𝑥)2 + 2.2𝑥 + 1

2(2𝑥)2 + 2.2𝑥 + 1
= 1 ⇒ 𝛼 + 𝛽

= 𝜋/4 

18 (a) 

Given,  𝑓(𝑥) = sin 𝑥(1 + cos 𝑥) 

It is minimum at 𝑥 =
𝜋

3
 

∴ 𝑓 (
𝜋

3
) = sin (

𝜋

3
) (1 + cos

𝜋

3
) 

=
√3

2
(1 +

1

2
) =

3√3

4
 

19 (c) 

We have, 

cos
𝜋

11
+ cos

3𝜋

11
+ cos

5𝜋

11
+ cos

7𝜋

11
cos

9𝜋

11
 

=
cos {

𝜋

11
+ (

5−1

2
)

2𝜋

11
} sin (

5𝜋

11
)

sin (
𝜋

11
)

 

=
cos

5𝜋

11
sin

5𝜋

11

sin
𝜋

11

=
1

2

sin (
10𝜋

11
)

sin
𝜋

11

=
1

2
 

ANSWER-KEY 
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1 (c) 

(1 + cos
𝜋

8
) (1 + cos

3𝜋

8
) (1 + cos

5𝜋

8
) (1

+ cos
7𝜋

8
) 

= (1 + cos
𝜋

8
) (1 + cos

3𝜋

8
) (1 − cos

3𝜋

8
)

× (1 − cos
𝜋

8
) 

= (1 − cos2
𝜋

8
) (1 − cos2

3𝜋

8
) 

= sin2
𝜋

8
. sin2

3𝜋

8
=

1

4
[2 sin

𝜋

8
sin

3𝜋

8
]

2

 

=
1

4
[cos

𝜋

4
− cos

𝜋

2
]

2

=
1

4
[

1

√2
− 0]

2

=
1

8
 

2 (a) 

We have, 

2 sin
𝐴

2
= √1 + sin 𝐴 + √1 − sin 𝐴 

⇒ 2 sin
𝐴

2
− √(cos 𝐴/2 + sin 𝐴/2)2

+ √(cos 𝐴/2 − sin 𝐴/2)2 

⇒ 2 sin 𝐴/2 = |cos 𝐴/2 + sin 𝐴/2|

+ |sin 𝐴2/ − sin 𝐴/2| 

⇒ cos 𝐴/2 + sin 𝐴 /2 ≥ 0 and cos 𝐴/2 − sin 𝐴/2 ≤

0 

⇒ 𝜋/4 ≤ 𝐴/2 ≤ 3𝜋/4 and 𝜋/4 ≤ 𝐴 ≤ 5𝜋/4 

⇒ 𝜋/4 ≤ 𝐴/2 ≤ 3𝜋/4 

⇒ 2𝑛 𝜋 + 𝜋/4 ≤ 𝐴/2 ≤ 2𝑛 𝜋 + 3𝜋/4, 𝑛 ∈ 𝑍 

3 (a) 

We have, 

𝑎 cos2
𝐶

2
+ 𝑐 cos2

𝐴

2
=

3𝑏

2
 

⇒ 𝑎 {
𝑠(𝑠 − 𝑐)

𝑎𝑏
} + 𝑐 {

𝑠(𝑠 − 𝑎)

𝑏𝑐
} =

3𝑏

2
 

⇒
𝑠

𝑏
(2𝑠 − 𝑎 − 𝑐) =

3𝑏

2
 

⇒ 2𝑠 = 3𝑏 ⇒ 𝑎 + 𝑐 = 2𝑏 ⇒ 𝑎, 𝑏, 𝑐 are in A.P. 

4 (a) 

We have, 

tan(𝜃1 + 𝜃2 + ⋯ + 𝜃𝑛) =
𝑆1 − 𝑆3 + 𝑆5 − 𝑆7 + ⋯

1 − 𝑆2 + 𝑆4 − 𝑆6 + ⋯
 

∴ tan 5𝜃 =
 5𝐶1 tan 𝜃 −  5𝐶3 tan3 𝜃 +  5𝐶5 tan5 𝜃

1 −  5𝐶2 tan2 𝜃 +  5𝐶4 tan4 𝜃
 

5 (d) 

It is given that 𝑎, 𝑏, 𝑐 are in A.P. 

∴ 2𝑏 = 𝑎 + 𝑐 

Now, 

tan
𝐴

2
+ tan

𝐶

2

cot
𝐵

2

= (tan
𝐴

2
+ tan

𝐶

2
) tan

𝐵

2
 

⇒
tan

𝐴

2
+ tan

𝐶

2

cot
𝐵

2

= {
∆

𝑠(𝑠 − 𝑎)
+

∆

𝑠(𝑠 − 𝑐)
}

∆

𝑠(𝑠 − 𝑏)
 

⇒
tan

𝐴

𝐵
+ tan

𝐶

2

cot
𝐵

2

=
∆2

𝑠2(𝑠 − 𝑏)
{

1

𝑠 − 𝑎
+

1

𝑠 − 𝑐
} 

⇒
tan

𝐴

2
+ tan

𝐶

2

cot
𝐵

2

=
∆2𝑏

𝑠 ∆2
 

⇒
tan

𝐴

2
+ tan

𝐶

2

cot
𝐵

2

=
2𝑏

2𝑠
=

2𝑏

𝑎 + 𝑏 + 𝑐
=

2𝑏

3𝑏
=

2

3
  [

∵ 𝑎 + 𝑐 = 2𝑏] 

6 (c) 

We have, 

2
cos 𝐴

𝑎
+

cos 𝐵

𝑏
+ 2

cos 𝐶

𝑐
=

𝑎

𝑏𝑐
+

𝑏

𝑎𝑐
 

⇒ 2 (
𝑏2 + 𝑐2 − 𝑎2

2𝑎𝑏𝑐
) +

𝑐2 + 𝑎2 − 𝑏2

2𝑎𝑏𝑐

+ 2 (
𝑎2 + 𝑏2 − 𝑐2

2𝑎𝑏𝑐
) =

𝑎2 + 𝑏2

𝑎𝑏𝑐
 

⇒ 𝑏2 + 𝑐2 = 𝑎2 ⇒ 𝐴 =
𝜋

2
 

7 (d) 

2𝑛−1 tan(2𝑛−1𝛼) + 2𝑛 cot(2𝑛𝛼) 
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= 2𝑛−1 [
sin 2𝑛−1𝛼

cos 2𝑛−1𝛼
+ 2

cos 2𝑛𝛼

sin 2𝑛𝛼
] 

= 2𝑛−1 [

cos 2𝑛𝛼 cos 2𝑛−1𝛼 + sin 2𝑛𝛼
sin 2𝑛−1𝛼 + cos 2𝑛𝛼 cos 2𝑛−1𝛼

sin 2𝑛𝛼 cos 2𝑛−1𝛼
] 

= 2𝑛−1 [
cos 2𝑛−1𝛼(1 + cos 2𝑛𝛼)

sin 2𝑛𝛼 cos 2𝑛−1𝛼
] 

= 2𝑛−1 cot 2𝑛−1𝛼 

Proceeding in similar way in last, we get 

tan 𝛼 + 2 cot 2𝛼 

=
sin 𝛼

cos 𝛼
+ 2

cos 2𝛼

sin 2𝛼
 

=
cos 2𝛼 cos 𝛼 + sin 2𝛼 sin 𝛼 + cos 2𝛼 cos 𝛼

sin 2𝛼 cos 𝛼
 

=
cos 𝛼(1 + cos 2𝛼)

2 sin 𝛼 cos2 𝛼
 

=
2 cos2 𝛼

2 sin 𝛼
 

=
cos 𝛼

sin 𝛼
= cot 𝛼 

8 (c) 

cos2 (
𝜋

3
− 𝑥) − cos2 (

𝜋

3
+ 𝑥) 

= [cos (
𝜋

3
− 𝑥) + cos (

𝜋

3
+ 𝑥)] [cos (

𝜋

3
− 𝑥)

− cos (
𝜋

3
+ 𝑥)] 

= (2 cos
𝜋

3
cos 𝑥) (2 sin

𝜋

3
sin 𝑥) 

= sin
2𝜋

3
sin 2𝑥 =

√3

2
sin 2𝑥 

Hence, maximum value of given expression is 
√3

2
 

9 (d) 

We have, 

cos 𝐶 =
𝑎2 + 𝑏2 − 𝑐2

2 𝑎𝑏
⇒ cos 𝐶 = −1 ⇒ 𝐶 = 𝜋 

Which is impossible in a triangle 

10 (c) 

We have, 
𝑎

cos 𝐴
=

𝑏

cos 𝐵
 

⇒ 2𝑅 sin 𝐴 cos 𝐵 = 2𝑅 sin 𝐵 cos 𝐴 

⇒ sin(𝐴 − 𝐵) = 0 ⇒ 𝐴 = 𝐵 

∴ 2 sin 𝐴 cos 𝐵 = sin 2 𝐴 = sin(180° − 𝐶) [

∵ 2𝐴 + 𝐶 = 180°] 

⇒ 2 sin 𝐴 cos 𝐵 = sin 𝐶 

11 (d) 

Given, 1 + sin 𝜃 + sin2 𝜃 + ⋯ ∞ = 4 + 2√3 

⇒   
1

1 − sin 𝜃
= 4 + 2√3    [∵ 0 < sin 𝜃 < 1] 

⇒   1 − sin 𝜃 =
4 − 2√3

16 − 12
= 1 −

√3

2
 

⇒  sin 𝜃 =
√3

2
 

⇒   𝜃 =
𝜋

3
  or 

2𝜋

3
 

12 (c) 

We have, 

𝑎(𝑏2 + 𝑐2) cos 𝐴

+ 𝑏(𝑐2 + 𝑎2) cos 𝐵 + 𝑐(𝑎2

+ 𝑏2) cos 𝐶 

= (𝑎𝑏2 cos 𝐴 + 𝑏𝑎2 cos 𝐵)

+ (𝑎𝑐2 cos 𝐴 + 𝑐𝑎2 cos 𝐶)

+ (𝑏𝑐2 cos 𝐵 + 𝑐𝑏2 cos 𝐶) 

= 𝑎𝑏(𝑏 cos 𝐴 + 𝑎 cos 𝐵) + 𝑐𝑎(𝑐 cos 𝐴 + 𝑎 cos 𝐶)

+ 𝑏𝑐(𝑐 cos 𝐵 + 𝑏 cos 𝐶) 

= 𝑎𝑏𝑐 + 𝑎𝑏𝑐 + 𝑎𝑏𝑐 = 3𝑎𝑏𝑐 

14 (a) 

We have, tan(𝜋 cos θ) = tan (
𝜋

2
− 𝜋 sin θ) 

∴  sin θ + cos θ =
1

2
 

⇒  
1

√2
cos θ +

1

√2
sin θ =

1

2√2
 

⇒  cos ( θ −
𝜋

4
) =

1

2√2
 

15 (a) 

We have, 

𝑦 = 5𝑥2 + 2𝑥 + 3 

Clearly, it represents an upward opening parabola 

having its vertex at (−1/5,14/5) 

∴ 𝑦 ≥
14

5
> 2 

Now, 𝑦 = 2 sin 𝑥 ≤ 2 

Thus, the two curves do not intersect. Hence, 

there is no common point in the two curves 

16 (d) 

We have, 

(𝑎 + 𝑏 + 𝑐)(𝑏 + 𝑐 − 𝑎) = 𝜆 𝑏𝑐 

⇒ 2 𝑠(2𝑠 − 𝑎) = 𝜆 𝑏𝑐 

⇒
𝑠(𝑠 − 𝑎)

𝑏𝑐
=

𝜆

4
 

⇒ cos2
𝐴

2
=

𝜆

4
 

⇒ 0 <
𝜆

4
< 1 ⇒ 0 < 𝜆 < 4     [∵ cos2

𝐴

2
≤ 1] 

17 (c) 

The given expression can be written as 
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(1 + cot2 𝐴) cot2 𝐴 − (1 + tan2 𝐴) tan2 𝐴

− (cot2 𝐴

− tan2 𝐴){(1 + tan2 𝐴)(1 + cot2 𝐴)

− 1} 

= cot2 𝐴 + cot4 𝐴 − tan2 𝐴 − tan4 𝐴 

−(cot2 𝐴 − tan2 𝐴)(cot2 𝐴 + tan2 𝐴 + 1) 

= cot2 𝐴 + cot4 𝐴 − tan2 𝐴 − tan4 𝐴

− (cot2  𝐴 − tan2 𝐴)

− (cot4 𝐴 − tan4 𝐴) 

= 0 

13 (b) 

We have, 2𝑏 = 𝑎 + 𝑐 

And, 

∆=
3

5
×

√3

4
(

𝑎 + 𝑏 + 𝑐

3
)

2

 

⇒ ∆=
3√3

20
𝑏2 

⇒ 𝑠(𝑠 − 𝑎)(𝑠 − 𝑏)(𝑠 − 𝑐) =
27

400
𝑏4 

⇒ (
𝑎 + 𝑏 + 𝑐

2
) (

𝑏 + 𝑐 − 𝑎

2
) (

𝑐 + 𝑎 − 𝑏

2
) (

𝑎 + 𝑏 − 𝑐

2
) =

27

400
𝑏4 

⇒ (
3𝑏

2
) × (

𝑏 + 𝑐 − 2𝑏 + 𝑐

2
) (

𝑏

2
) (

2𝑏 − 𝑐 + 𝑏 − 𝑐

2
) =

27

400
𝑏4 

[∵ 2𝑏 = 𝑎 + 𝑐] 

⇒
3𝑏

2
× (

2𝑐 − 𝑏

2
) ×

𝑏

2
× (

3𝑏 − 2𝑐

2
) =

27

400
𝑏4 

⇒ (2𝑐 − 𝑏)(3𝑏 − 2𝑐) =
9𝑏2

25
 

⇒ (6𝑏𝑐 − 4𝑐2 − 3𝑏2 + 2𝑏𝑐) =
9𝑏2

25
 

⇒ 8𝑏𝑐 − 4𝑐2 − 3𝑏2 =
9𝑏2

25
 

⇒
84

25
𝑏2 − 8 𝑏𝑐 + 4𝑐2 = 0 

⇒ 21𝑏2 − 50𝑏𝑐 + 25𝑐2 = 0 

⇒ (7𝑏 − 5𝑐)(3𝑏 − 5𝑐) = 0 

⇒ 7𝑏 = 5𝑐 or, 3𝑏 = 5𝑐 ⇒
𝑏

𝑐
=

5

7
,
5

3
 

Now, 

2𝑏 = 𝑎 + 𝑐 ⇒
2𝑏

𝑐
=

𝑎

𝑐
+ 1 ⇒

𝑎

𝑐
=

3

7
,
7

3
 

Hence, 𝑎 ∶ 𝑏 ∶ 𝑐 = 3 ∶ 5 ∶ 7 



9 
 

18 (a) 

√
𝑎 + 𝑏

𝑎 − 𝑏
− √

𝑎 − 𝑏

𝑎 + 𝑏
 

= √
1 +

𝑏

𝑎

1 −
𝑏

𝑎

− √
1 −

𝑏

𝑎

1 +
𝑏

𝑎

 

= √
1 + tan 𝛼

1 − tan 𝛼
− √

1 − tan 𝛼

1 + tan 𝛼
 

=
(1 + tan 𝛼) − (1 − tan 𝛼)

√1 − tan2 𝛼
 

=
2 tan 𝛼

√1 − tan2 𝛼
=

2 sin 𝛼

√cos 2𝛼
 

19 (b) 

Since, sin θ + cos θ = 𝑥   …(i) 

and sin6 θ + cos6 θ =
1

4
[4 − 3(𝑥2 − 1)2] 

On equation Eq (i), we get 

sin 2θ = 𝑥2 − 1 ≤ 1    (∵ sin 2θ ≤ 1) 

⇒ 𝑥2 ≤ 2 ⇒ −√2 ≤ 𝑥 ≤ √2 

Now, sin6 θ + cos6 θ = (sin2 θ + cos2 θ)3 − 3 sin2 θ cos2 θ(sin2θ + cos2 θ) 

= 1 − 3 sin2 θ cos2 θ = 1 −
3

4
sin2 2θ 

= 1 −
3

4
(𝑥2 −)2 =

1

4
[4 − 3(𝑥2 − 1)2] 

Thus, the given result will hold true only when 𝑥2 ≤ 2 and not for all real values of 𝑥 

20 (b) 

We have, 
sin 𝐴

sin 𝐶
=

sin(𝐴 − 𝐵)

sin(𝐵 − 𝐶)
 

⇒ sin(𝐵 + 𝐶) sin(𝐵 − 𝐶) = sin(𝐴 + 𝐵) sin(𝐴 − 𝐵) 

⇒ sin2 𝐵 − sin2 𝐶 = sin2 𝐴 − sin2 𝐵 

⇒ 𝑏2 − 𝑐2 = 𝑎2 − 𝑏2 ⇒ 𝑎2, 𝑏2, 𝑐2 are in A.P. 
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1 (a) 

It is given that 𝐴, 𝐵, 𝐶 are in A.P. 

∴ 2𝐵 = 𝐴 + 𝐶 ⇒ 3𝐵 = 𝐴 + 𝐵 + 𝐶 ⇒ 3𝐵 = 180° ⇒ 𝐵 = 60° 

⇒ cos 𝐵 =
1

2
 

⇒
𝑐2 + 𝑎2 − 𝑏2

2𝑎𝑐
=

1

2
 

⇒ 𝑐2 + 𝑎2 − 𝑏2 = 𝑎𝑐 

⇒ (𝑎 − 𝑐)2 = 𝑏2 − 𝑎𝑐 

⇒ |𝑎 − 𝑐| = √𝑏2 − 𝑎𝑐 

⇒ |sin 𝐴 − sin 𝐶| = √sin2 𝐵 − sin 𝐴 sin 𝐶 

⇒ 2 |sin
𝐴 − 𝐶

2
| cos

𝐴 + 𝐶

2
= √

3

4
− sin 𝐴 sin 𝐶 

⇒ 2 |sin
𝐴 − 𝐶

2
| = √3 − 4 sin 𝐴 sin 𝐶 

⇒
√3 − 4 sin 𝐴 sin 𝐶

|𝐴 − 𝐶|
=

2 |sin
𝐴−𝐶

2
|

|𝐴 − 𝐶|
 

⇒ lim
𝐴→𝐶

√3 − 4 sin 𝐴 sin 𝐶

|𝐴 − 𝐶|
= lim

𝐴→𝐶
|

sin(
𝐴−𝐶

2
)

𝐴−𝐶

2
| = 1 

2 (c) 

3 − cos 𝜃 + cos (𝜃 +
𝜋

3
) 

= 3 − cos 𝜃 +
1

2
cos 𝜃 −

√3

2
sin 𝜃 

= 3 −
1

2
cos 𝜃 −

√3

2
sin 𝜃 = 3 − sin (𝜃 +

𝜋

6
) 

Since, −1 ≤ sin 𝜃 ≤ 1 

Topic :-TRIGONOMETRIC FUNCTIONS 
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Hence, the value of expression lies in [2, 4] 

3 (c) 

We have, cos 𝐴 = 𝑚 cos 𝐵 

⇒
cos 𝐴

cos 𝐵
=

𝑚

1
 

⇒
cos 𝐴 + cos 𝐵

cos 𝐴 − cos 𝐵
=

𝑚 + 1

𝑚 − 1
 

⇒  
2 cos

𝐴+𝐵

2
cos

𝐵−𝐴

2

2 sin
𝐴+𝐵

2
sin

𝐵−𝐴

2

=
𝑚 + 1

𝑚 − 1
 

⇒ cot
𝐴 + 𝐵

2
= (

𝑚 + 1

𝑚 − 1
) tan

𝐵 − 𝐴

2
 

But cot
𝐴+𝐵

2
= 𝜆 tan

𝐵−𝐴

2
 

∴  𝜆 =
𝑚 + 1

𝑚 − 1
 

4 (c) 

cos4
𝜋

8
+ cos4

7𝜋

8
+ cos4

3𝜋

8
+ cos4

5𝜋

8
 

= cos4
𝜋

8
+ cos4

𝜋

8
+ cos4 (

𝜋

2
−

𝜋

8
) + cos4 (

𝜋

2
+

𝜋

8
) 

= 2 [cos4
𝜋

8
+ sin4

𝜋

8
] 

= 2 [(cos2
𝜋

8
+ sin2

𝜋

8
)

2

− 2 sin2
𝜋

8
cos2

𝜋

8
] 

= 2 [1 −
1

2
(sin

𝜋

4
)

2

] 

= 2 [1 −
1

4
] =

3

2
 

5 (b) 

Given,  sin 𝜃 =
12

13
   and  cos ϕ = −

3

5
 

∴  cos 𝜃 =
5

13
 and sin ϕ = −

4

5
 

∴  sin(𝜃 + ϕ) = sin θ cos ϕ + cos θ sin ϕ 

=
12

13
× (−

3

5
) +

5

13
× (−

4

5
) 

=
−36

65
+

(−20)

65
= −

56

65
 

6 (c) 

We have, 

sec2 𝜃 cosec2𝜃 =
sin2 𝜃 + cos2 𝜃

sin2 𝜃 cos2 𝜃
−

4

sin2 2𝜃
≥ 4 
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and, sec2 𝜃 cosec2𝜃 =
4

sin2 2𝜃
≥ 4 

Thus, the required equation is 

𝑥2 − 𝜆𝑥 + 𝜆 = 0, where 𝜆 ≥ 4 

7 (a) 
1

𝑚
[(𝑚 + 𝑛) +

1

(𝑚 + 𝑛)
] 

=
1

sec 𝜃
[sec 𝜃 + tan 𝜃 +

1

sec 𝜃 + tan 𝜃
] 

=
[sec2 𝜃 + tan2 𝜃 + 2 sec 𝜃 tan 𝜃 + 1]

sec 𝜃(sec 𝜃 + tan 𝜃)
 

=
2 sec2 𝜃 + 2 sec 𝜃 tan 𝜃

sec 𝜃(sec 𝜃 + tan 𝜃)
 

= 2 

8 (a) 

∵ sin 𝐴 sin 𝐵 =
1

2
×  2 sin 𝐴 sin 𝐵 

=
1

2
[cos( 𝐴 − 𝐵) − cos(𝐴 + 𝐵)] 

=  
1

2
[cos( 𝐴 − 𝐵) − cos 90°]  (∵ 𝐴 + 𝐵 + 𝐶 = 180° and ∠𝐶 = 90°, given) 

=
1

2
cos(𝐴 − 𝐵) ≤  

1

2
 

∴ Maximum value of sin 𝐴 sin 𝐵 =
1

2
 

9 (b) 

In cyclic quadrilateral 𝐴𝐵𝐶𝐷, we have 

𝐴 + 𝐶 = 𝜋 and 𝐵 + 𝐷 = 𝜋 

∴ cos 𝐴 = − cos 𝐶 and cos 𝐵 = − cos 𝐷 

⇒ cos 𝐴 + cos 𝐵 + cos 𝐶 + cos 𝐷 = 0 

10 (d) 

Let 𝐴 = 𝜃, 𝐵 = 2 𝜃 and 𝐶 = 3 𝜃. Then, 

𝐴 + 𝐵 + 𝐶 = 180° ⇒ 6 𝜃 = 180° ⇒ 𝜃 = 30° 

∴ 𝐴 = 30°, 𝐵 = 60° and 𝐶 = 90° 

Now, 

𝑎 ∶ 𝑏 ∶ 𝑐 = sin 𝐴 ∶ sin 𝐵 ∶ sin 𝐶, 

⇒ 𝑎 ∶ 𝑏 ∶ 𝑐 =
1

2
∶

√3

2
∶ 1 ⇒ 𝑎 ∶ 𝑏 ∶ 𝑐 = 1 ∶ √3 ∶ 2 

11 (b) 

We have, 

sin(𝜋 cos 𝜃) = cos(𝜋 sin 𝜃) 
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⇒ sin(𝜋 cos 𝜃) = sin (
𝜋

2
+ 𝜋 sin 𝜃) 

⇒ 𝜋 cos 𝜃 =
𝜋

2
+ 𝜋 sin 𝜃 

⇒ 𝜋 cos 𝜃 − 𝜋 sin 𝜃 =
𝜋

2
 

⇒ cos 𝜃 − sin 𝜃 =
1

2
 

⇒
1

√2
cos 𝜃 −

1

√2
sin 𝜃 =

1

2√2
⇒ cos (𝜃 +

𝜋

4
) =

1

2√2
 

12 (a) 

The given equation is not meaningful for 

|cos 𝑥| = 1 

So, let | cos 𝑥 | ≠ 1 

Now, 

21+|cos 𝑥|+cos2 𝑥+|cos 𝑥|3+⋯+to ∞ = 4 

⇒
1

21−| cos 𝑥|
= 22 

⇒
1

1 − | cos 𝑥 |
= 2 

⇒ 2 − 2|cos 𝑥| = 1 

⇒ |cos 𝑥| =
1

2
 

⇒ cos 𝑥 = ±
1

2
 

⇒ cos 𝑥 = cos
𝜋

3
, cos 𝑥 = cos

2 𝜋

3
 

⇒ 𝑥 = 2𝑛 𝜋 ±
𝜋

3
, 𝑥 = 2𝑛 𝜋 ±

2 𝜋

3
, 𝑛 ∈ 𝑍 

⇒ 𝑥 = 2𝑛 𝜋 ±
𝜋

3
, 𝑥 = (2𝑛 ± 1) 𝜋 ±

𝜋

3
 

⇒ 𝑥 = 𝑛𝜋 ±
𝜋

3
, 𝑛 ∈ 𝑍 

13 (b) 

We have, 

(cos 𝛼 + cos 𝛽)2 − (sin 𝛼 + sin 𝛽)2 = 0 

⇒ (cos2 𝛼 + cos2 𝛽 + 2 cos 𝛼 cos 𝛽) − (sin2 𝛼 + sin2 𝛽 + 2 sin 𝛼 sin 𝛽) = 0 

⇒ cos 2𝛼 + cos 2𝛽 = −2(cos 𝛼 cos 𝛽 − sin 𝛼 sin 𝛽) 

⇒ cos 2𝛼 + cos 2𝛽 = −2 cos(𝛼 + 𝛽) 

14 (d) 

The given expression can be written as 
1+cos 𝑦−sin2 𝑦

1+cos 𝑦
+

(1−cos2 𝑦)−sin2 𝑦

sin 𝑦(1−cos 𝑦)
 

=  
cos 𝑦 (1 + cos 𝑦)

1 + cos 𝑦
+ 0 = cos 𝑦 

15 (a) 
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We have, 

𝑎 = 2𝑏 

⇒ 2𝑅 sin 𝐴 = 4𝑅 sin 𝐵 

⇒ sin 𝐴 = 2 sin 𝐵 

⇒ sin 3𝐵 = 2 sin 𝐵        [∵ 𝐴 = 3𝐵] 

⇒ 3 sin 𝐵 − 4 sin3 𝐵 = 2 sin 𝐵 

⇒ sin 𝐵 − 4 sin3 𝐵 = 0 

⇒ 1 − 4 sin2 𝐵 = 0 ⇒ sin 𝐵 =
1

2
⇒ 𝐵 =

𝜋

6
 

∴ 𝐴 = 3𝐵 =
𝜋

2
 

16 (b) 

We know that 

𝐴𝐷2 =
1

4
(𝑏2 + 𝑐2 + 2𝑏𝑐 cos 𝐴) 

∴ 4𝐴𝐷2 = 𝑏2 + 𝑐2 + 2𝑏𝑐 cos
𝜋

3
⇒ 4𝐴𝐷2 = 𝑏2 + 𝑐2 + 𝑏𝑐 

17 (a) 

We know that, 

𝛼 − β = (θ − β) − (θ − 𝛼) 

∴ cos(α − β) = cos(θ − β) cos(θ − α) + sin(θ − β) sin(θ − α) 

= 𝑎𝑏 + √1 − 𝑎2√1 − 𝑏2 

and sin(𝛼 − 𝛽) = ±(𝑎√1 − 𝑏2 − 𝑏√1 − 𝑎2) 

⇒ sin2(𝛼 − 𝛽) = 𝑎2 + 𝑏2 − 2𝑎2𝑏2 − 2𝑎𝑏√1 − 𝑎2 √1 − 𝑏2 

⇒ sin2(𝛼 − 𝛽) = 𝑎2 + 𝑏2 − 2𝑎2𝑏2 − 2𝑎𝑏[cos(𝛼 − 𝛽) − 𝑎𝑏] 

∴ sin2(𝛼 − 𝛽) − 𝑎2 + 𝑏2 − 2𝑎𝑏 cos(𝛼 − 𝛽) 

⇒ sin2(𝛼 − 𝛽) + 2𝑎𝑏 cos(𝛼 − 𝛽) = 𝑎2 + 𝑏2 

18 (b) 

1

2
tan

𝑥

2
=

1

2
cot

𝑥

2
− cot 𝑥        [∵ cot 𝑥 =

1 − tan2 𝑥

2

2 tan
𝑥

2

] 

And   
1

22 tan
𝑥

22 =
1

22 cot (
𝑥

22) −
1

2
cot (

𝑥

2
) 

Similarly,  
1

23 tan (
𝑥

23) =
1

23 cot (
𝑥

23) −
1

22 cot … (
𝑥

22) 

                              ⋮     ⋮         ⋮     ⋮         ⋮ 
1

2𝑛
tan (

𝑥

2𝑛
) =

1

2𝑛
cot (

𝑥

2𝑛
) −

1

2𝑛−1
cot (

𝑥

2𝑛−1
) 

Om adding all the above results, we get 
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1

2
tan

𝑥

2
+

1

22
tan (

𝑥

22
) +. . . +

1

2𝑛
tan (

𝑥

2𝑛
) =

1

2𝑛
cot (

𝑥

2𝑛
) − cot 𝑥 

19 (c) 

It is given that 

Area of ∆𝐴𝐵𝐶 = Area of ∆𝐷𝐸𝐹 

⇒
1

2
𝐴𝐵 ∙ 𝐴𝐶 sin 𝐴 =

1

2
 𝐶𝐸 ∙ 𝐸𝐹 sin 𝐸 

⇒ sin 𝐴 = sin 𝐸 

⇒ sin 2𝐸 = sin 𝐸 

⇒ 2𝐸 = 𝜋 − 𝐸 ⇒ 𝐸 =
𝜋

3
⇒ 𝐴 = 2𝐸 =

2 𝜋

3
 

20 (c) 

We have, 

sin
𝜋

18
sin

5𝜋

18
sin

7𝜋

18
 

= cos (
𝜋

2
−

𝜋

18
) cos (

𝜋

2
−

5𝜋

18
) cos (

𝜋

2
−

7𝜋

18
) 

= cos
8𝜋

18
cos

4𝜋

18
cos

2𝜋

8
 

= cos
𝜋

9
cos

2𝜋

9
cos

4𝜋

9
=

sin(23. 𝜋/9)

23 sin 𝜋/9
=

1

23
=

1

8
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1 (c) 

We have, 

𝑎 = sin4 𝜃 + cos4 𝜃 ≤ sin2 𝜃 + cos2 𝜃 ≤ 1 

Also, 

𝑎 = sin4 𝜃 + cos4 𝜃 = (sin2 𝜃 + cos2 𝜃)2 − 2 sin2 𝜃 + cos2 𝜃 

⇒ 𝑎 = sin4 𝜃 + cos4 𝜃 = 1 −
1

2
sin2 2𝜃 

⇒ sin2 2𝜃 = 2(1 − 𝑎) ⇒ 2(1 − 𝑎) ≤ 1 ⇒ 𝑎 ≥
1

2
 

Hence, 
1

2
≤ 𝑎 ≤ 1 

2 (a) 

Let √3 + 1 = 𝑟 cos 𝛼 and √3 − 1 = 𝑟 sin α, then 

𝑟 = √(√3 + 1)
2

+ (√3 − 1)
2

  

= √3 + 1 + 2√3 + 3 + 1 − 2√3 = 2√2 

and tan α =
√3−1

√3+1
=

1−( 
1

√3
)

1+( 
1

√3
)

= tan (
𝜋

4
−

𝜋

6
) 

⇒  α =
𝜋

12
 

The given equation reduces to 

2√2 cos(θ − α) = 2 

⇒  cos ( θ −
𝜋

12
) = cos

𝜋

4
 

⇒  θ −
𝜋

12
= 2𝑛𝜋 ±

𝜋

4
 

⇒  θ = 2𝑛𝜋 ±
𝜋

4
+

𝜋

12
 

3 (d) 

sin(𝐴 + 𝐵) = sin 𝐴 cos 𝐵 + sin 𝐵 cos 𝐴 

=
1

√10
. √1 −

1

5
+

1

√5
√1 −

1

10
 

Topic :-TRIGONOMETRIC FUNCTIONS 
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[∵ sin 𝐴 =
1

√10
, sin 𝐵 =

1

√5
] 

=
1

√10
√

4

5
+

1

√5
√

9

10
=

5

√50
=

1

√2
= sin

𝜋

4
 

⇒   𝐴 + 𝐵 =
𝜋

4
 

4 (b) 

The given equation can be rewritten as  

tan θ(sin θ + √3) = 0 

⇒ tan θ = 0, but sin θ + √3 ≠ 0 

⇒ tan θ = 0 ⇒  θ = 𝑛𝜋, 𝑛 ∈ 𝐼 

5 (a) 

We have, 𝑦 = sin 𝜃 − cos 𝜃 and sin 𝜃 − cos 𝜃 lies between −√2 and +√2 

∴ −√2 ≤ 𝑦 ≤ √2 

6 (c) 

Now, sin(𝛼 − β) = sin(θ − β − (θ − 𝛼)) 

= sin(θ − β) = cos(θ − α) − cos(θ − β) sin(θ − α) 

= 𝑏𝑎 − √1 − 𝑏2√1 − 𝑎2 

and cos (α − β) = cos(θ − β − (θ − α)) 

= cos(θ − β) cos(θ − α) + sin(θ − β) sin(θ − α) 

= 𝑎√1 − 𝑏2 + 𝑏√1 − 𝑎2 

∴ cos2(α − β) + 2𝑎𝑏 sin(α − β) 

= (𝑎√1 − 𝑏2 + 𝑏√1 − 𝑎2)
2

+ 2𝑎𝑏(𝑎𝑏 − √1 − 𝑎2√1 − 𝑏2) 

= 𝑎2 + 𝑏2 

7 (d) 

We have, 

8 sec2 𝜃 − 6 sec 𝜃 + 1 = 0 

⇒ (4 sec 𝜃 − 1)(2 sec 𝜃 − 1) = 0 

⇒ sec 𝜃 =
1

4
, sec 𝜃 =

1

2
 

But, this is not possible as | sec 𝜃 | ≥ 1 

8 (c) 

We have, 

𝑥3 − 13𝑥2 + 54𝑥 − 72 = 0 

⇒ (𝑥 − 3)(𝑥2 − 10𝑥 + 24) = 0 
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⇒ (𝑥 − 3)(𝑥 − 4)(𝑥 − 6) = 0 ⇒ 𝑥 = 3,4,6 

Let 𝑎 = 3, 𝑏 = 4 and 𝑐 = 6 

∴
cos 𝐴

𝑎
+

cos 𝐵

𝑏
+

cos 𝐶

𝑐
=

𝑎2 + 𝑏2 + 𝑐2

2𝑎𝑏𝑐
=

61

144
 

9 (b) 

cos4 𝜃 − sin4 𝜃 = (cos2 𝜃 − sin2 𝜃)(cos2 𝜃 + sin2 𝜃) 

= cos 2𝜃 = 2 cos2 𝜃 − 1 

10 (b) 

cos 15° cos 7
1

2
° sin 7

1

2
° 

=
1

2
cos 15° sin 15° =

1

4
sin 30° 

=
1

4
×

1

2
=

1

8
 

11 (b) 

√
1 − sin θ

1 + sin θ
+ √

1 + sin θ

1 − sin θ
=

1 − sin θ + 1 + sin θ

√1 − sin2 θ
 

=
2

√cos2 θ
=

2

| cos θ |
 

= −
2

cos θ
= −2 sec θ (∵

π

2
< 𝜃 < 𝜋) 

12 (c) 

cos2 𝐴(3 − 4 cos2 𝐴)2 + sin2 𝐴(3 − 4 sin2 𝐴)2 

= (3 cos 𝐴 − 4 cos3 𝐴)2 + (3 sin 𝐴 − 4 sin3 𝐴)2 

= (− cos 3𝐴)2 + (sin 3𝐴)2 = 1 

13 (a) 

It is given that 𝐴, 𝐵, 𝐶 are in A.P. 

∴ 2𝐵 = 𝐴 + 𝐶 

⇒ 3𝐵 = 𝐴 + 𝐵 + 𝐶 ⇒ 3𝐵 = 180° ⇒ 𝐵 = 60° 

Also, 

𝑏 ∶ 𝑐 = √3 ∶ √2 

⇒
sin 𝐵

sin 𝐶
=

√3

√2
 

⇒
√3

2 sin 𝐶
=

√3

√2
⇒ sin 𝐶 =

1

√2
⇒ 𝐶 = 45° 

∴ 𝐴 = 180° − (60° + 45°) = 75° 

14 (b) 

We have, tan 𝑥 =
𝑏

𝑎
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∴ √
𝑎 + 𝑏

𝑎 − 𝑏
+ √

𝑎 − 𝑏

𝑎 + 𝑏
 

= √
1 +

𝑏

𝑎

1 −
𝑏

𝑎

+ √
1 −

𝑏

𝑎

1 +
𝑏

𝑎

 

= √
1 + tan 𝑥

1 − tan 𝑥
+ √

1 − tan 𝑥

1 + tan 𝑥
 

= √
cos 𝑥 + sin 𝑥

cos 𝑥 − sin 𝑥
+ √

cos 𝑥 − sin 𝑥

cos 𝑥 + sin 𝑥
 

=
cos 𝑥 + sin 𝑥 + cos 𝑥 − sin 𝑥

√cos2 𝑥 − sin2 𝑥
=

2 cos 𝑥

√cos 2𝑥
 

15 (c) 

We have, 

sin 𝐴 + cos 𝐴 = 𝑚 and sin3 𝐴 + cos3 𝐴 = 𝑛 

Now, sin 𝐴 + cos 𝐴 = 𝑚 

⇒ (sin 𝐴 + cos 𝐴)3 = 𝑚3 

⇒ sin3 𝐴 + cos3 𝐴 + 3 sin 𝐴 cos 𝐴 (sin 𝐴 + cos 𝐴) = 𝑚3 

⇒ 𝑛 + 3 sin 𝐴 cos 𝐴  𝑚 = 𝑚3   …(i) 

Again, 

sin 𝐴 + cos 𝐴 = 𝑚 

⇒ sin2 𝐴 + cos2 𝐴 + 2 sin 𝐴 cos 𝐴 = 𝑚2 

⇒ sin 𝐴 cos 𝐴 =
𝑚2−1

2
   …(ii) 

From (i) and (ii), we have 

𝑛 + 3𝑚
(𝑚2 − 1)

2
= 𝑚3 

⇒ 2𝑛 + 3𝑚3 − 3𝑚 = 2𝑚3 ⇒ 𝑚3 − 3𝑚 + 2𝑛 = 0 

16 (b) 

∵  sec 𝑥 − 1 = (√2 − 1) tan 𝑥 

⇒  1 − cos 𝑥 = (√2 − 1) sin 𝑥 

⇒  sin
𝑥

2
{sin

𝑥

2
− (√2 − 1) cos

𝑥

2
} = 0 

⇒ sin
𝑥

2
= 0 or tan

𝑥

2
= √2 − 1 = tan

𝜋

8
 

⇒
𝑥

2
= 𝑛𝜋 or 

𝑥

2
= 𝑛𝜋 +

𝜋

8
 

∴  𝑥 = 2𝑛𝜋, 2𝑛𝜋 +
𝜋

4
 

17 (a) 

𝛼 − 𝛽 = (𝜃 − 𝛽) − (𝜃 − 𝛼) 

∴  cos(𝛼 − 𝛽) = cos(𝜃 − 𝛽) cos(𝜃 − 𝛼) + sin(𝜃 − 𝛽) sin(𝜃 − 𝛼) 

And sin(𝛼 − 𝛽) = sin (𝜃 − 𝛽) cos (𝜃 − 𝛼) − sin (𝜃 − 𝛼) cos (𝜃 − 𝛽) 
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⇒ cos (𝛼 − 𝛽) = 𝑏. 𝑎 + √1 − 𝑎2√1 − 𝑏2 

And sin(𝛼 − 𝛽) = (𝑎√1 − 𝑏2) − (𝑏√1 − 𝑏2) 

Now, sin  2(𝛼 − 𝛽) = (𝑎√1 − 𝑏2)
2

+ (𝑏√1 − 𝑏2)
2

− 2𝑎𝑏√1 − 𝑎2√1 − 𝑏2 

⇒ sin2(𝛼 − 𝛽) = 𝑎2(1 − 𝑏2) + 𝑏2(1 − 𝑎2) − 2𝑎𝑏{cos(𝛼 − 𝛽) − 𝑎𝑏} 

⇒ sin2(𝛼 − 𝛽) + 2𝑎𝑏 cos(𝛼 − 𝛽) = 𝑎2 − 𝑎2𝑏2 + 𝑏2 − 𝑏2𝑎2 + 2𝑎2𝑏2 

⇒  sin2(𝛼 − 𝛽) + 2𝑎𝑏 cos(𝛼 − 𝛽) = 𝑎2 + 𝑏2 

18 (a) 

We have, 𝑆 = sin θ + sin 2θ + sin 3θ+. . . + sin 𝑛θ 

We know that, 

sin θ + sin(θ + β) + sin(θ + 2β)+. . . 𝑛 terms 

=
sin

𝑛β

2

sin
β

2

sin [
θ + θ + (𝑛 − 1)β

2
] 

Put, β = θ 

∴ 𝑆 =
sin

𝑛θ

2
∙ sin

(𝑛+1)θ

2

sin
θ

2

 

19 (c) 

Given, 
tan 3𝜃−1

tan 3𝜃+1
= √3 

⇒  tan 3𝜃 − 1 − √3 tan 3𝜃 − √3 = 0 

⇒  tan 3𝜃 =
1 + √3

1 − √3
= tan(45° + 60°) 

⇒  tan 3𝜃 = tan
7𝜋

12
 

⇒   3𝜃 = 𝑛𝜋 +
7𝜋

12
 

⇒    𝜃 =
𝑛𝜋

3
+

7𝜋

12
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1 (a) 

We have, 

2 sin 𝜃 = 𝑟4 − 2 𝑟2 + 3 

⇒ 2 sin 𝜃 = (𝑟2 − 1)2 + 2 

Clearly, LHS ≤ 2 and RHS ≥ 2 

So, the equation is meaningful if each side is equal to 2 

Clearly, RHS = 2 for 𝑟2 = 1 

For 𝑟2 = 1, we have 

2 sin 𝜃 = 2 

⇒ sin 𝜃 = 1 ⇒ 𝜃 =
𝜋

2
,
5𝜋

2
,
9𝜋

2
   [∵ 0 ≤ 𝜃 ≤ 5𝜋] 

Also, 𝑟2 = 1 ⇒ 𝑟 = ±1 

Hence, the total number of pairs of the form (𝑟, 𝜃) is 2 × 3 = 6 

2 (a) 

We have, 

1

𝑝1
2 +

1

𝑝2
2 +

1

𝑝3
2 =

𝑎2 + 𝑏2 + 𝑐2

4∆2
 

Also, 

cot 𝐴 + cos 𝐵 + cot 𝐶 =
2𝑅

𝑎𝑏𝑐
 (𝑏2 + 𝑐2 − 𝑎2 + 𝑐2 + 𝑎2 − 𝑏2 + 𝑎2 + 𝑏2 − 𝑐2) 

⇒ cot 𝐴 + cos 𝐵 + cot 𝐶 =
𝑅(𝑎2 + 𝑏2 + 𝑐2)

𝑎𝑏𝑐
=

𝑎2 + 𝑏2 + 𝑐2

4∆
 

Hence,
1

𝑝1
2 +

1

𝑝2
2 +

1

𝑝3
2 =

cot 𝐴 + cot 𝐵 + cot 𝐶

∆
 

3 (c) 

We have, 

sin 2 𝜃 + 2 = 4 sin 𝜃 + cos 𝜃 

⇒ 2 sin 𝜃 cos 𝜃 − cos 𝜃 + 2 − 4 sin 𝜃 = 0 

⇒ cos 𝜃(2 sin 𝜃 − 1) − 2(2 sin 𝜃 − 1) = 0 

⇒ (2 sin 𝜃 − 1)(cos 𝜃 − 2) = 0 

⇒ 2 sin 𝜃 − 1 = 0          [∵ cos 𝜃 − 2 ≠ 0] 

Topic :-TRIGONOMETRIC FUNCTIONS 

Solutions 
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⇒ sin 𝜃 =
1

2
 

⇒ 𝜃 = 2 𝜋 +
𝜋

6
, 2 𝜋 +

5 𝜋

6
, 4 𝜋 +

𝜋

6
, 4 𝜋 +

5 𝜋

6
 

Hence, the equation has 4 solutions 

ALITER The curves 𝑦 = sin 𝑥 and 𝑦 =
1

2
 intersect at 4 points in [𝜋, 5 𝜋]. So, the equation has 

4 solutions 

4 (c) 

For a triangle inscribed in a circle, we have 
𝑎

2 sin 𝐴
=

𝑏

2 sin 𝐵
=

𝑐

2 sin 𝐶
= 𝑅 

∴ sin2 𝐴 + sin2 𝐵 + sin2 𝐶 

=
𝑎2

4𝑅2
+

𝑏2

4𝑅2
+

𝑐2

4𝑅2
(𝑎2 + 𝑏2 + 𝑐2) 

It is given that 

𝑎2 + 𝑏2 + 𝑐2

2
= 2(2𝑅)2 ⇒ 𝑎2 + 𝑏2 + 𝑐2 = 16𝑅2 

∴ sin2 𝐴 + sin2 𝐵 + sin2 𝐶 =
1

4𝑅2
(16𝑅2) = 4 

5 (d) 

We have, 

tan 9° − tan 27° − tan 63° + tan 81° 

= (tan 9° + tan 81°) − (tan 27° + tan 63°) 

= (tan 9° + cot 9°) − (tan 27° + cot 27°) 

=
1

sin 9° cos 9°
−

1

sin 27° cos 27°
 

=
2

sin 18°
−

2

sin 54°
 

= 2
sin 54° − sin 18°

sin 54° sin 18°
= 2

cos 36° − sin 18°

sin 18° cos 36°
= 4 

6 (c) 

Given,   sin 4𝐴 + sin 2𝐴 = cos 4𝐴 + cos 2𝐴 

⇒   2 sin 3𝐴 cos 𝐴 = 2 cos 3𝐴 cos 𝐴 

∴      tan 3𝐴 = 1   and  cos 𝐴 = 0 

⇒    𝐴 =
𝜋

12
    and 𝐴 =

𝜋

2
∉ (0,

𝜋

4
) 

∴   tan 4𝐴 = tan
𝜋

3
= √3 

7 (c) 

We have, 

sin 𝐴 + sin 𝐵 =
𝑎 + 𝑏

𝑐
 

⇒ sin 𝐴 + sin 𝐵 =
sin 𝐴 + sin 𝐵

sin 𝐶
⇒ sin 𝐶 = 1 

8 (a) 
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We have, 

sin(𝛼 + 𝛽) = 1, sin(𝛼 − 𝛽) =
1

2
 

⇒ 𝛼 + 𝛽 =
𝜋

2
 and, 𝛼 − 𝛽 =

𝜋

6
 

⇒ 𝛼 =
𝜋

3
, 𝛽 =

𝜋

6
 

∴ tan(𝛼 + 2𝛽) tan(2𝛼 + 𝛽) 

= tan (
2𝜋

3
) tan

5𝜋

6
= (− cot

𝜋

6
) (− cot

𝜋

3
) = 1 

9 (c) 

Let 𝑎0 = cos 𝜃. Then, 

𝑎1 = √
1

2
(1 + 𝑎0) = √

1

2
(1 + cos 𝜃) = cos

𝜃

2
 

𝑎2 = √
1

2
(1 + 𝑎1) = √

1

2
(1 + cos

𝜃

2
) = cos (

𝜃

22
) 

and so on 

Now, 
1−𝑎0

2

𝑎1𝑎2𝑎3…to ∞
 

=
sin 𝜃

cos
𝜃

2
cos

𝜃

22 cos
𝜃

23 … to ∞
 

= lim
𝑛→∞

sin 𝜃

cos
𝜃

2
cos

𝜃

22 cos
𝜃

23 … to ∞
 

= lim
𝑛→∞

{2𝑛 sin(𝜃/2𝑛)} sin 𝜃

sin(2𝑛 × 𝜃/2𝑛)
= lim

𝑛→∞

sin(𝜃/2𝑛). 𝜃

(𝜃/2𝑛)
= 𝜃 = 𝑎0 

10 (b) 

Le the angles of triangle 𝐴𝐵𝐶 be 𝐴 = 𝜃, 𝐵 = 2 𝜃 and 𝐶 = 7 𝜃. Then, 

𝐴 + 𝐵 + 𝐶 = 180° ⇒ 10 𝜃 = 180° ⇒ 𝜃 = 18° 

∴ 𝐴 = 18°, 𝐵 = 36° and 𝐶 = 126° 

Clearly, 𝑐 is the greatest side and 𝑎 is the smallest side. 

Now, 
𝑎

sin 𝐴
=

𝑐

sin 𝐶
 

⇒
𝑐

𝑎
=

sin 𝐶

sin 𝐴
=

sin 126°

sin 18°
=

cos 36°

sin 18°
=

√5 + 1

√5 − 1
 

11 (b) 

We have, 

𝐴 =
2 𝜋

3
 and ∆=

9√3

2
cm2 

∴ ∆=
1

2
𝑏𝑐 sin 𝐴 ⇒

9√3

2
=

1

2
 𝑏𝑐 sin

2 𝜋

3
⇒ 𝑏𝑐 = 18 

Also, 
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cos 𝐴 =
𝑏2 + 𝑐2 − 𝑎2

2𝑏𝑐
 

⇒ cos
2 𝜋

3
=

(𝑏 − 𝑐)2 + 2𝑏𝑐 − 𝑎2

2𝑏𝑐
 

⇒ −
1

2
=

27 + 36 − 𝑎2

36
⇒ 𝑎2 = 81 ⇒ 𝑎 = 9 cm 

12 (b) 

We have, 

𝑠 = 8𝑘 and, ∆= √8𝑘 × 3𝑘 × 2𝑘 × 3𝑘 = 12 𝑘2 

∴ 𝑟 =
∆

𝑠
⇒

12 𝑘2

8𝑘
= 6 ⇒ 𝑘 = 4 

13 (d) 

We have, 

2sin 𝑥 + 2cos 𝑥

2
≥ √2sin 𝑥2cos 𝑥      [∵ 𝐴𝑀 ≥ 𝐺𝑀] 

⇒ 2sin 𝑥 + 2cos 𝑥 ≥ √2sin 𝑥+cos 𝑥 

⇒ 2sin 𝑥 + 2cos 𝑥 ≥ 2√2−√2       [∵ −√2 ≤ sin 𝑥 + cos 𝑥 ≤ √2] 

⇒ 2sin 𝑥 + 2cos 𝑥 ≥ 2
1−

1

√2 

14 (a) 

Let 𝐴 =
1

3 sin 𝜃−4 cos 𝜃+7
 

Now, 𝐴 will be minimum when 3 sin 𝜃 − 4 cos 𝜃 + 7 is maximum 

∴ Maximum value of 

3 sin 𝜃 − 4 cos 𝜃 + 7 = √32 + 42 + 7 = 12 

∴ Minimum value of 
1

3 sin 𝜃−4 cos 𝜃+7
 is 

1

12
 

15 (b) 

We have, 

cosec 𝜃 =
𝑝 + 𝑞

𝑝 − 𝑞
 

Now, 

cos (
𝜋

4
+

𝜃

2
) =

1 − tan
𝜃

2

1 + tan
𝜃

2

=
cos

𝜃

2
− sin

𝜃

2

cos
𝜃

2
+ sin

𝜃

2

 

⇒ cos (
𝜋

4
+

𝜃

2
) = √(

cos
𝜃

2
− sin

𝜃

2

cos
𝜃

2
+ sin

𝜃

2

)

2

= √
1 − sin 𝜃

1 + sin 𝜃
 

⇒ cot (
𝜋

4
+

𝜃

2
) = √

cosec 𝜃 − 1

cosec 𝜃 + 1
= √

𝑝+𝑞

𝑝−𝑞
− 1

𝑝+𝑞

𝑝−𝑞
+ 1

= √
𝑞

𝑝
 

16 (a) 
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sin 𝑡 + cos 𝑡 =
1

5
 

⇒   
2 tan

𝑡

2

1 + tan2 𝑡

2

+
1 − tan2 𝑡

2

1 + tan2 𝑡

2

=
1

5
 

⇒  10 tan
𝑡

2
+ 5 − 5 tan2

𝑡

2
= 1 + tan2

𝑡

2
 

⇒  6 tan2
𝑡

2
− 10 tan

𝑡

2
− 4 = 0 

⇒   (6 tan
𝑡

2
+ 2) (tan

𝑡

2
− 2) = 0 

⇒  tan
𝑡

2
=

−1

3
, 2 for , 0 < 𝑡 < 𝜋 

tan
𝑡

2
= 2 

17 (a) 

We have, 

sin 𝛼 cos3 𝛼 > sin3 𝛼 cos 𝛼 

⇒ sin 𝛼 cos 𝛼 (cos2 𝛼 − sin2 𝛼) > 0 

⇒ cos 𝛼 (1 − tan2 𝛼) > 0  [∵ sin 𝛼 > 0 for 0 < 𝛼 < 𝜋] 

⇒ cos 𝛼 > 0 and 1 − tan2 𝛼 > 0 

⇒ cos 𝛼 < 0 and 1 − tan2 𝛼 < 0 

⇒ 𝛼 ∈ (0, 𝜋/4) or, 𝛼 ∈ (3𝜋/4, 𝜋) 

18 (a) 

We have, 𝛼 + 𝛽 + 𝛾 = 𝜋 

Now, sin2 𝛼 + sin2 β + sin2γ 

= sin2 𝛼 + sin2(β − γ) sin(β + γ) 

= sin2 𝛼 + sin (𝜋 − 𝛼) sin(𝛽 + 𝛾) (∵ 𝛼 + β − γ = 𝜋) 

= sin2 𝛼 + 𝑠𝑖𝑛 𝛼 sin(β + γ) 

= sin 𝛼[sin 𝛼 + sin(β + γ)] 

= sin 𝛼[sin( 𝜋 − (β − γ)) + sin(β + γ)] 

= sin 𝛼[sin( β − γ) + sin(β + γ)] 

= sin 𝛼 [2 sin β cos γ] 

= 2 sin 𝛼 sin β cos γ 

19 (c) 

sec 𝑥 cos 5𝑥 = −1 

⇒  cos 5𝑥 = − cos 𝑥 

⇒  5𝑥 = 2𝑛𝜋 ± (𝜋 − 𝑥) 
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⇒  𝑥 =
(2𝑛 + 1)𝜋

6
 or 

(2𝑛 − 1)𝜋

6
 

The possible values of 𝑥 which lies in the interval (0, 2𝜋) are 
𝜋

4
,

𝜋

6
,

𝜋

2
,

3𝜋

4
,

5𝜋

6
,

5𝜋

4
,

7𝜋

6
,

7𝜋

4
,

9𝜋

6
 and

11𝜋

6
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1 (a) 

cos(𝛼 + 𝛽) = −
12

13
 

Here,  0 < (𝛼 + 𝛽) < 𝜋 

∴ sin(𝛼 + 𝛽) = √1 − cos2(𝛼 + 𝛽) 

= √1 −
144

169
 

=
5

13
 

Now, sin 𝛽 = sin[(𝛼 + 𝛽) − 𝛼] 

= sin(𝛼 + 𝛽) cos 𝛼 − cos(𝛼 + 𝛽) sin 𝛼 

=
5

13
.
3

5
− (−

12

13
) .

4

5
 

=
15

65
+

48

65
 

=
63

65
 

2 (c) 

We have, 

sin
𝜋

14
sin

3𝜋

14
sin

5𝜋

14
sin

7𝜋

14
 

= sin (
𝜋

2
−

3𝜋

7
) sin (

𝜋

2
−

2𝜋

7
) sin (

𝜋

2
−

𝜋

7
) sin

𝜋

2
 

= cos
3𝜋

7
cos

2𝜋

7
cos

𝜋

7
 

= − cos
𝜋

7
cos

2𝜋

7
cos

4𝜋

7
 

= −
sin(23𝜋/7)

23 sin 𝜋/7
= −

sin(8𝜋/7)

8 sin 𝜋/7
=

1

8
 

3 (b) 

We have, 

sin 𝜃 cos 𝛼 + cos 𝜃 sin 𝛼 = 2 𝑘 sin 𝜃 cos 𝜃 

⇒ cos 𝛼
2 𝑡

1 + 𝑡2
+ sin 𝛼

1 − 𝑡2

1 + 𝑡2
= 2𝑘

2𝑡

1 + 𝑡2
×

1 − 𝑡2

1 + 𝑡2
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where 𝑡 = tan
𝜃

2
 

⇒ sin 𝛼 𝑡4 − (2 cos 𝛼 + 4𝑘)𝑡3 + 𝑡(4𝑘 − 2 cos 𝛼) − sin 𝛼 = 0 

⇒ 𝑆1 = 2 cos 𝛼 + 4𝑘, 𝑆2 = 0 

𝑆3 = 2 cos 𝛼 − 4𝑘, 𝑆4 = −1 

where 𝑆𝑟 denotes the sum of the product of roots taken 𝑟 at a time 

Now, 

tan (
𝜃1

2
+

𝜃2

2
+

𝜃3

2
+

𝜃4

2
) =

𝑆1 − 𝑆3

1 − 𝑆2 + 𝑆4
= ∞ = tan (

𝜋

2
) 

⇒
𝜃1

2
+

𝜃2

2
+

𝜃3

2
+

𝜃4

2
= 𝑛 𝜋 +

𝜋

2
, 𝑛 ∈ 𝑍 

⇒ 𝜃1 + 𝜃2 + 𝜃3 + 𝜃4 = (2𝑛 + 1) 𝜋, 𝑛 ∈ 𝑍 

4 (b) 

Let 𝑟 be the radius of the circle. Then, 
3𝜋

4
=

15𝜋

𝑟
⇒ 𝑟 = 20 cm 

5 (a) 

We know that 

cot 𝛼 − tan 𝛼 = 2 cot 2𝛼 

∴ cot 𝜃 − tan 𝜃 − 2 tan 2𝜃 − 4 tan 4𝜃 − 8 cot 8𝜃 

= 2 cot 2𝜃 − 2 tan 2𝜃 − 4 tan 4𝜃 − 8 cot 8𝜃 

= 2(2 cot 4𝜃) − 4 tan 4𝜃 − 8 cot 8𝜃 

= 4 cot 4𝜃 − 4 tan 4𝜃 − 8 cot 8𝜃 

= 4(cot 4𝜃 − tan 4𝜃) − 8 cot 8𝜃 

= 4 × 2 cot 8𝜃 − 8 cot 8𝜃 = 0 

6 (d) 

We have, 

𝑏 = √3, 𝑐 = 1 and 𝐴 = 30° 

∴ cos 𝐴 =
𝑏2 + 𝑐2 − 𝑎2

2𝑏𝑐
⇒

√3

2
=

4 − 𝑎2

2√3
⇒ 𝑎 = 1 

∴
𝑎

sin 𝐴
=

𝑏

sin 𝐵
=

𝑐

sin 𝐶
 

⇒ 2 =
√3

sin 𝐵
=

1

sin 𝐶
 

⇒ sin 𝐵 =
√3

2
 and sin 𝐶 =

1

2
 

⇒ 𝐵 = 120° and 𝐶 = 30°    [∵ 𝑏 > 𝑐 ∴ 𝐵 > 𝐶] 

7 (c) 

Here, 𝑎 = 3, 𝑏 = 4 

∴  maximum value= √32 + 42 = 5 

8 (a) 

Let 𝐴𝐵𝐶 be the triangle such that 𝑎 = 2, 𝑏 = √6 and 𝑐 = √3 − 1 

Clearly, 𝑏 > 𝑎 > 𝑐 
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So, 𝐵 is the greatest angle and 𝐶 is the smallest angle 

Now, 

cos 𝐵 =
𝑐2 + 𝑎2 − 𝑏2

2𝑎𝑐
 

⇒ cos 𝐵 =
(√3 − 1)

2
+ 4 − 6

4(√3 − 1)
2 = −

1

2
⇒ 𝐵 = 120° 

And, 

cos 𝐶 =
𝑎2 + 𝑏2 − 𝑐2

2𝑎𝑏
 

⇒ cos 𝐶 =
4 + 6 − (√3 − 1)

2

4√6
=

√3 + 1

2√2
⇒ 𝐶 = 15° 

9 (b) 

We have, 
1

𝑟
=

1

𝑟1
+

1

𝑟2
+

1

𝑟3
 

⇒
1

𝑟
=

1

16
+

1

48
+

1

24
⇒ 𝑟 = 8 

10 (c) 

Given, 3 sin2 𝑥 − 7 sin 𝑥 + 2 = 0 

(3 sin 𝑥 − 1)(sin 𝑥 − 2) = 0 

⇒  sin 𝑥 =
1

3
 or 2 

⇒  sin 𝑥 =
1

3
    [∵ sin 𝑥 ≠ 2] 

Let sin−1 1

3
= 𝛼, 0 < 𝛼 <

𝜋

2
, then 𝛼, 𝜋 − 𝛼, 2𝜋 + 𝛼, 3𝜋 − 𝛼, 4𝜋 + 𝛼, 5𝜋 − 𝛼 are the solution in 

[0, 5𝜋] 

Hence, required number of solutions are 6 

11 (a) 

We have,  cos2 θ = cos 2θ 

⇒  cos2 θ = 2cos2 θ − 1 

⇒  cos2θ = 1 ⇒  θ = 𝑛𝜋 

12 (a) 

The given equation is 

3sin 2𝑥+2 cos2 𝑥 + 31−sin 2𝑥+2 sin2 𝑥 = 28 

⇒ 3sin 2𝑥+2 cos2 𝑥 + 33−(sin 2𝑥+2 cos2 𝑥) = 28 

⇒ 𝑦 +
27

𝑦
= 28, where 𝑦 = 3sin 2𝑥+2 cos2 𝑥 

⇒ 𝑦2 − 28𝑦 + 27 = 0 ⇒ 𝑦 = 27 or, 𝑦 = 1 

If 𝑦 = 27, then 

3sin 2𝑥+2 cos2 𝑥 = 33 

⇒ sin 2𝑥 + 2 cos2 𝑥 = 3 

⇒ sin 2𝑥 + 2 cos 2𝑥 = 2 
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⇒ sin 2𝑥 = 2 cos 2𝑥 = 1 

⇒ sin 𝑥 = 0 or, tan 𝑥 =
1

2
 

If 𝑦 = 1 

⇒ 3sin 2𝑥+2 cos2 𝑥 = 1 

⇒ sin 2𝑥 + 2 cos2 𝑥 = 0 

⇒ 2 cos 𝑥(sin 𝑥 + cos 𝑥) = 0 

⇒ cos 𝑥 = 0 or, tan 𝑥 = −1 

13 (c) 

Let 𝑓(𝑥) = 27cos 2𝑥81sin 2𝑥 = 33 cos 2𝑥+4 sin 2𝑥 

= 3
5(

3

5
cos 2𝑥+

4

5
sin 2𝑥)

 

Let 
3

5
= sin ϕ 

⇒  
4

5
= cos ϕ 

Then, 𝑓(𝑥) = 35(sin ϕ cos 2𝑥+𝑐𝑜𝑠ϕ sin 2𝑥) 

= 35(sin(ϕ+2𝑥)) 

For minimum value of given function, 

sin(ϕ + 2𝑥) will be minimum 

𝑖𝑒,   sin(ϕ + 2𝑥) = −1 

∴    𝑓(𝑥) = 35(−1) =
1

243
 

14 (c) 

We have, 

sec 2𝑥 − tan 2𝑥 =
1 − sin 2𝑥

cos 2𝑥
 

⇒ sec 2𝑥 − tan 2𝑥 =
1 − cos (

𝜋

2
− 2𝑥)

sin (
𝜋

2
− 2𝑥)

 

⇒ sec 2𝑥 − tan 2𝑥 =
2 sin2(𝜋/4 − 𝑥)

2 sin(𝜋/4 − 𝑥) cos(𝜋/4 − 𝑥)
= tan (

𝜋

4
− 𝑥) 

15 (a) 

∵  sin5 𝑥 − cos5 𝑥 =
sin 𝑥 − cos 𝑥

sin 𝑥 cos 𝑥
 

⇒  sin 𝑥 cos 𝑥 [
sin5 𝑥 − cos5 𝑥

sin 𝑥 − cos 𝑥
] = 1 

⇒  
1

2
sin 2𝑥[sin4 𝑥 + sin3 𝑥 cos 𝑥 + sin2 𝑥 cos2 𝑥 + sin 𝑥 cos2 𝑥 + cos4 𝑥] = 1 

⇒  sin 2𝑥[ (sin2 𝑥 + cos2 𝑥)2 − 2 sin2  𝑥 cos2 𝑥 

+ sin 𝑥 cos 𝑥(sin2 𝑥 + cos2𝑥) + sin2 𝑥 + cos2 𝑥] = 2 

⇒ sin 2𝑥[1 − sin2 𝑥 cos2 𝑥 + sin 𝑥 cos 𝑥] = 2 

⇒ sin3 2𝑥 − 2 sin2 2𝑥 − 4 sin 2𝑥 + 8 = 0 

⇒ (sin 2𝑥 − 2) 2 (sin 2𝑥 + 2) = 0 

⇒ sin 2𝑥 = ±2, which is not possible for any 𝑥 
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16 (b) 

cos(𝛼 + 𝛽) =
4

5
⇒ 𝛼 + 𝛽 ∈ 1st quadrant and 

sin(𝛼 − 𝛽) =
5

13
 

⇒  𝛼 − 𝛽 ∈ 1st quadrant 

⇒   2𝛼 = (𝛼 + 𝛽) + (𝛼 − 𝛽) 

∴   tan 2𝛼 =
tan(𝛼 + 𝛽) + tan(𝛼 − 𝛽)

1 − tan(𝛼 + 𝛽) tan(𝛼 − 𝛽)
 

=

3

4
+

5

12

1 −
3

4
.

5

12

=
56

33
 

17 (d) 

We have, 

cos
2𝜋

7
+ cos

4𝜋

7
+ cos

6𝜋

7
 

=
1

2 sin
𝜋

7

 {2 sin
𝜋

7
cos

2𝜋

7
+ 2 sin

𝜋

7
cos

4𝜋

7
+ 2 sin

𝜋

7
cos

6𝜋

7
} 

=
1

2 sin
𝜋

7

{sin
3𝜋

7
− sin

𝜋

7
+ sin

5𝜋

7
− sin

3𝜋

7
+ sin 𝜋 − sin

5𝜋

7
} 

= −
1

2
 

18 (a) 

We have, 

2𝑎 cos2 (
𝐶

2
) + 2𝑐 cos2 (

𝐴

2
) = 3𝑏 

⇒ 𝑎(1 + cos 𝐶) + 𝑐(1 + cos 𝐴) = 3𝑏 

⇒ 𝑎 + 𝑐 + (𝑎 cos 𝐶 + 𝑐 cos 𝐴) = 3𝑏 

⇒ 𝑎 + 𝑐 + 𝑏 = 3 𝑏 ⇒ 𝑎 + 𝑐 = 2𝑏 ⇒ 𝑎, 𝑏, 𝑐 are in A.P. 

19 (d) 

Given that, 
1−cos 2θ

1+cos 2θ
= 3 

⇒  
2 sin2 θ

2 cos2 θ
= 3 

⇒  tan2 θ = ( √3)
2

 

⇒  tan2θ = tan2
𝜋

3
  

⇒  θ = 𝑛𝜋 ±
𝜋

3
 

20 (b) 

We have, 

𝑎 = 5 cm, 𝑏 = 4 cm and cos(𝐴 − 𝐵) =
31

32
 

∴ tan
𝐴 − 𝐵

2
=

𝑎 − 𝑏

𝑎 + 𝑏
cot

𝐶

2
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⇒ √
1 − cos(𝐴 − 𝐵)

1 + cos(𝐴 − 𝐵)
=

𝑎 − 𝑏

𝑎 + 𝑏
√

1 + cos 𝐶

1 − cos 𝐶
 

⇒
1 −

31

32

1 +
31

32

= (
5 − 4

5 + 4
)

2

(
1 + cos 𝐶

1 − cos 𝐶
) 

⇒
81

63
=

1 + cos 𝐶

1 − cos 𝐶
⇒ cos 𝐶 =

1

8
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1 (a) 

Given,   sin 2𝑥 + cos 4𝑥 = 2 

⇒  sin 2𝑥 + 1 − 2 sin2 2𝑥 = 2 

⇒   2 sin2 2𝑥 − sin 2𝑥 + 1 = 0 

Now,  Discriminant, 𝐷 = (−1)2 − 4.2.1 = −7 < 0 

Hence, it is an imaginary equation, so the real root does not exist. 

2 (d) 

We have, 

sin 𝜃1 + sin 𝜃2 + sin 𝜃3 = 3 

⇒ sin 𝜃1 = sin 𝜃2 = sin 𝜃3 = 1   [∵ −1 ≤ sin 𝑥 ≤ 1] 

⇒ 𝜃1 = 𝜃2 = 𝜃3 =
𝜋

2
⇒ cos 𝜃1 + cos 𝜃2 + cos 𝜃3 = 0 

3 (b) 

We have, 

𝑘 sin 𝑥 + (1 − 2 sin2 𝑥) = 2𝑘 − 7 

⇒ 2 sin2 𝑥 − 𝑘 sin 𝑥 + 2(𝑘 − 4) = 0 

⇒ sin 𝑥 =
𝑘 ± √𝑘2 − 16 𝑘 + 64

4
=

𝑘 ± (𝑘 − 8)

4
=

1

2
(𝑘 − 4), 2 

⇒ sin 𝑥 =
1

2
(𝑘 − 4)          [∵ sin 𝑥 ≠ 2] 

Now, −1 ≤ sin 𝑥 ≤ 1 ⇒ −1 ≤
𝑘−4

2
≤ 1 ⇒ 2 ≤ 𝑘 ≤ 6 

4 (b) 

Given that, cos 2𝐵 =
cos(𝐴+𝐶)

cos(𝐴−𝐶)
 

=
cos 𝐴 cos 𝐶 − sin 𝐴 sin 𝐶

cos 𝐴 cos 𝐶 + sin 𝐴 sin 𝐶
 

⇒
1 − tan2 𝐵

1 + tan2 𝐵
=

1 − tan 𝐴 tan 𝐶

1 + tan 𝐴 tan 𝐶
 

⇒ 1 + tan2 𝐵 − tan 𝐴 tan 𝐶 − tan 𝐴 tan 𝐶 tan2 𝐵 

= 1 − tan2 𝐵 + tan 𝐴 tan 𝐶 − tan 𝐴 tan 𝐶 tan2 𝐵 

Topic :-TRIGONOMETRIC FUNCTIONS 
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⇒ 2 tan2 𝐵 = 2 tan 𝐴 tan 𝐶 

⇒ tan2 𝐵 = tan 𝐴 tan 𝐶 

Hence, tan 𝐴, tan 𝐵 and tan 𝐶 will be in GP 

5 (c) 

We have, 

(
cos 𝐴 + cos 𝐵

sin 𝐴 − sin 𝐵
)

𝑛

+ (
sin 𝐴 + sin 𝐵

cos 𝐴 − cos 𝐵
)

𝑛

 

= (cot
𝐴 − 𝐵

2
)

𝑛

+ (− cot
𝐴 − 𝐵

2
)

𝑛

 

= {1 + (−1)𝑛} cot𝑛 (
𝐴 − 𝐵

2
) 

= 0 × cot𝑛 (
𝐴 − 𝐵

2
) = 0       [∵ 𝑛 is odd] 

6 (a) 

We have, 

𝑎 tan 𝜃 + 𝑏 sec 𝜃 = 𝑐 

⇒ 𝑏 sec 𝜃 = 𝑐 − 𝑎 tan 𝜃 

⇒ 𝑏2 sec2 𝜃 = 𝑐2 + 𝑎2 tan2 𝜃 − 2 𝑎𝑐 tan 𝜃 

⇒ 𝑏2(1 + tan2 𝜃) = 𝑐2 + 𝑎2 tan2 𝜃 − 2 𝑎𝑐 tan 𝜃 

⇒ tan2 𝜃(𝑏2 − 𝑎2) + 2 𝑎𝑐 tan 𝜃 + 𝑏2 − 𝑐2 = 0 

Since tan 𝛼 and tan 𝛽 are roots of this equation 

∴ tan 𝛼 + tan 𝛽 =
−2 𝑎𝑐

𝑏2 − 𝑎2
 and tan 𝛼 tan 𝛽 =

𝑏2 − 𝑐2

𝑎2 − 𝑐2
 

Now, 

tan(𝛼 + 𝛽) =
tan 𝛼 + tan 𝛽

1 − tan 𝛼 tan 𝛽
=

−
2 𝑎𝑐

𝑏2−𝑎2

1 −
𝑏2−𝑐2

𝑏2−𝑎2

=
2 𝑎𝑐

𝑎2 − 𝑐2
 

7 (b) 

tan 𝜃 +
tan 𝜃 + √3

1 − √3 tan 𝜃
+

tan 𝜃 − √3

1 + √3 tan 𝜃
= 3 

⇒  tan 𝜃 +
8 tan 𝜃

1 − 3 tan2 𝜃
= 3 

⇒   
9 tan 𝜃 − 3 tan3 𝜃

1 − 3 tan2 𝜃
= 3 

⇒       3 tan 3𝜃 = 3    ⇒    tan 3𝜃 = 1 

8 (a) 

Since, 𝑦 = 1 + 4 sin2 𝑥 cos2 𝑥 

⇒ 𝑦 = 1 + sin2 2𝑥 

We know that, 0 ≤ sin2 2𝑥 ≤ 1 
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⇒ 1 ≤ 1 + sin2 2𝑥 ≤ 2 

⇒ 1 ≤ 𝑦 ≤ 2 

9 (a) 

sin2 𝛼 +sin2 𝛽 −sin2 𝛾 

= sin2 𝛼 + sin(𝛽 − 𝛾) sin(𝛽 + 𝛾) 

= sin2 𝛼 sin(𝜋 − 𝛼) sin(𝛽 + 𝛾)     [∵  𝛼 + 𝛽 − 𝛾 = 𝜋] 

= sin 𝛼[sin 𝛼 + sin(𝛽 + 𝛾)] 

= sin 𝛼[sin{𝜋 − (𝛽 − 𝛾)} + sin(𝛽 + 𝛾)] 

= sin 𝛼[sin(𝛽 − 𝛾) + sin(𝛽 + 𝛾)] 

= sin 𝛼[2 sin 𝛽 cos 𝛾] 

= 2 sin 𝛼 sin 𝛽 cos 𝛾 

10 (a) 

We have, 

cot
𝐴

2
+ cot

𝐵

2
+ cot

𝐶

2
 

=
𝑠(𝑠 − 𝑎)

∆
+

𝑠(𝑠 − 𝑏)

∆
+

𝑠(𝑠 − 𝑐)

∆
=

𝑠

∆
(3𝑠 − 2𝑠) =

𝑠2

∆
 

And, 

cot 𝐴 + cot 𝐵 + cot 𝐶 

=
cos 𝐴

sin 𝐴
+

cos 𝐵

sin 𝐵
+

cos 𝐶

sin 𝐶
 

=
𝑏2 + 𝑐2 − 𝑎2

2 𝑏𝑐 sin 𝐴
+

𝑐2 + 𝑎2 − 𝑏2

2𝑎𝑐 sin 𝐵
+

𝑎2 + 𝑏2 − 𝑐2

2𝑎𝑏 sin 𝐶
 

=
𝑏2 + 𝑐2 − 𝑎2

4 ∆
+

𝑐2 + 𝑎2 − 𝑏2

4 ∆
+

𝑎2 + 𝑏2 − 𝑐2

4 ∆
 

=
𝑎2 + 𝑏2 + 𝑐2

4 ∆
 

∴
cot

𝐴

2
+ cot

𝐵

2
+ cot

𝐶

2

cot 𝐴 + cot 𝐵 + cot 𝐶
=

𝑠2

∆
𝑎2+𝑏2+𝑐2

4 ∆

 

=
(2𝑠)2

𝑎2 + 𝑏2 + 𝑐2
=

(𝑎 + 𝑏 + 𝑐)2

𝑎2 + 𝑏2 + 𝑐2
 

11 (a) 

∵    (tan 𝛼 − cot 𝛼)2 ≥ 0 

⇒  tan2 𝛼 + cot2 𝛼 − 2 ≥ 0 

⇒  tan2 𝛼 + cot2 𝛼 ≥ 2 

12 (a) 

We have, 

tan 𝑚 𝜃 = tan 𝑛 𝜃 

⇒ 𝑚 𝜃 = 𝑡 𝜋 + 𝑛 𝜃, where 𝑟 ∈ 𝑍 

⇒ 𝜃 =
𝑟 𝜋

𝑚 − 𝑛
, 𝑟 ∈ 𝑍 
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Clearly, these values of 𝜃 from an A.P. with common difference 
𝜋

𝑚−𝑛
 

13 (a) 

We have, 
sin 𝐴

sin 𝐶
=

sin(𝐴 − 𝐵)

sin(𝐵 − 𝐶)
 

⇒
sin(𝐵 + 𝐶)

sin(𝑎 + 𝐵)
=

sin(𝐴 − 𝐵)

sin(𝐵 − 𝐶)
 

⇒ sin2 𝐵 − sin2 𝐶 = sin2 𝐴 − sin2 𝐵 

⇒ 𝑏2 − 𝑐2 = 𝑎2 − 𝑏2 

⇒ 𝑎2, 𝑏2, 𝑐2 are in A.P. 

14 (a) 

Let sec 𝜃 − tan 𝜃 = 𝜆     …(i) 

Then, 

(sec 𝜃 + tan 𝜃) =
1

sec 𝜃 − tan 𝜃
 

⇒ sec 𝜃 + tan 𝜃 =
1

𝜆
      …(ii) 

∴ 2 tan 𝜃 =
1

𝜆
+ 𝜆    [On subtracting (i) from (ii)] 

⇒ 2𝑥 −
1

2𝑥
=

1

𝜆
− 𝜆 

⇒ 𝜆 =
1

2𝑥
, −2𝑥 ⇒ sec 𝜃 − tan 𝜃 =

1

2𝑥
, −2𝑥 

15 (d) 

We observe that the LHS of the given equation is not defined for 𝑥 = 𝑛 𝜋, 𝑛 ∈ 𝑍 

Now, 

cot 𝑥 − cosec 𝑥 = 2 sin 𝑥 

⇒ cot 𝑥 − 1 = 2 sin2 𝑥 

⇒ 2 cos2 𝑥 + cos 𝑥 − 3 = 0 

⇒ (2 cos 𝑥 + 3)(cos 𝑥 − 1) = 0 

⇒ cos 𝑥 = 1               [∵ 2 cos 𝑥 + 3 ≠ 0] 

⇒ 𝑥 = 0, 2 𝜋 

But, 𝑥 ≠ 𝑛 𝜋, 𝑛 ∈ 𝑍 

Hence, the given equation has no solution 

16 (d) 

Given, 
sin 𝑥

sin 𝑦
=

1

2
,

cos 𝑥

cos 𝑦
=

3

2
 

⇒
tan 𝑥

tan 𝑦
=

1

3
 

tan(𝑥 + 𝑦) =
tan 𝑥 + tan 𝑦

1 − tan 𝑥 tan 𝑦
=

4 tan 𝑥

1 − 3 tan2 𝑥
 

Also,  sin 𝑦 = 2 sin 𝑥, cos 𝑦 =
2

3
cos 𝑥 
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⇒ sin2 𝑦 + cos2 𝑦 = 4 sin2 𝑥 +
4 cos2 𝑥

9
= 1 

⇒ 36 tan2 𝑥 + 4 = 9 sec2 𝑥 = 9(1 + tan2 𝑥) 

⇒ 27  tan2 𝑥 = 5 

⇒ tan 𝑥 =
√5

3√3
 

⇒ tan(𝑥 + 𝑦) =

4√5

3√3

1 −
15

27

= √15 

17 (d) 
cos 9° + sin 9°

cos 9° − sin 9°
=

1 + tan 9°

1 − tan 9°
 

= tan(45° + 9°) 

= tan 54° 
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1 (a) 

Let 𝐴𝐵𝐶 be the triangle such that 𝑎 = 2√2 cm, 𝑏 =

2√3 cm and ∠𝐴 =
𝜋

4
 

∴ cos 𝐴 =
𝑏2 + 𝑐2 − 𝑎2

2𝑏𝑐
 

⇒
1

√2
=

12 + 𝑐2 − 8

4√3 𝑐
 

⇒ 4 + 𝑐2 = 2√6 𝑐 

⇒ 𝑐2 − 2√6 𝑐 + 4 = 0 

⇒ 𝑐 =
2√6 ± √24 − 16

2
 

⇒ 𝑐 = √6 ± √2 ⇒ 𝑐 = √6 + √2    [∵ 𝑐 is the 

largest side] 

2 (b) 

We have, 

𝑟 sin 𝜃 = 3 and 𝑟 = 4(1 + sin 𝜃) 

⇒ 𝑟 = 4 +
12

𝑟
 

⇒ 𝑟2 − 4𝑟 − 12 = 0 

⇒ (𝑟 − 6)(𝑟 + 2) = 0 

⇒ 𝑟 = 6          [∵ 𝑟 > 0] 

∴ 𝑟 sin 𝜃 = 3 ⇒ sin 𝜃 =
1

2
⇒ 𝜃 =

𝜋

6
,
5𝜋

6
 

Hence, the total number of ordered pairs of the 

form (𝑟, 𝜃) is 1 × 2 = 2 

3 (d) 

We have, 

sin 65° + sin 43° − sin 29° − sin 7° 

= (sin 65° + sin 43°) − (sin 29° + sin 7°) 

= 2 sin 54° cos 11° − 2 sin 18° cos 11° 

= 2 cos 11° (cos 36° − sin 18°) 

= 2 cos 11° (
√5 + 1

4
−

√5 − 1

4
) = cos 11° 

4 (c) 

We have, 

sin 𝐵 =
1

5
sin(2𝐴 + 𝐵) 

⇒
sin(2𝐴 + 𝐵)

sin 𝐵
=

5

1
 

⇒
sin(2𝐴 + 𝐵) + sin 𝐵

sin(2𝐴 + 𝐵) − sin 𝐵
=

5 + 1

5 − 1
 

⇒
2 sin(𝐴 + 𝐵) cos 𝐴

2 sin 𝐴 cos(𝐴 + 𝐵)
=

3

2
 

⇒
tan(𝐴 + 𝐵)

tan 𝐴
=

3

2
 

5 (b) 

Since, 𝐴 + 𝐵 + 𝐶 = 𝜋 

⇒ 𝑎 = 𝜋 − (𝐵 + 𝐶) 

We have, cos 𝐴 = cos 𝐵 cos 𝐶 

⇒ cos[𝜋 − (𝐵 + 𝐶)] = cos 𝐵 cos 𝐶 

⇒ − cos( 𝐵 + 𝐶) = cos 𝐵 cos 𝐶 

⇒ −[cos 𝐵 cos 𝐶 − sin 𝐵 sin 𝐶] = cos 𝐵 cos 𝐶 

⇒ sin 𝐵 sin 𝐶 = 2 cos 𝐵 cos 𝐶 

⇒ tan 𝐵 tan 𝐶 = 2 

6 (a) 

We have, 

sin 𝑥 + cosec 𝑥 = 2 ⇒ (sin 𝑥 − 1)2 = 0 ⇒ sin 𝑥

= 1 

∴ sin𝑛 𝑥 + cosec𝑛𝑥 = 1 + 1 = 2 

7 (a) 

We have, 

𝑎2 − 𝑏2

𝑎2 + 𝑏2
=

sin(𝐴 − 𝐵)

sin(𝐴 + 𝐵)
 

⇒
sin2 𝐴 − sin2 𝐵

sin2 𝐴 + sin2 𝐵
=

sin2 𝐴 − sin2 𝐵

sin2(𝐴 + 𝐵)
 

⇒ (sin2 𝐴 − sin2 𝐵)(sin2 𝐴 + sin2 𝐵 − sin2 𝐶) = 0 

⇒ sin(𝐴 + 𝐵) sin(𝐴 − 𝐵)(sin2 𝐴 + sin2 𝐵 − sin2 𝐶)

= 0 

⇒ sin(𝐴 − 𝐵) = 0 or, sin2 𝐴 + sin2 𝐵 = sin2 𝐶 

⇒ 𝐴 = 𝐵 or, 𝑎2 + 𝑏2 = 𝑐2 

⇒ ∆𝐴𝐵𝐶 is either right angled or isosceles 

8 (c) 
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We have, 

cos 𝐴 = cos 𝐵 cos 𝐶 

⇒ cos{𝜋 − (𝐵 + 𝐶)} = cos 𝐵 cos 𝐶 

⇒ − cos(𝐵 + 𝐶) = cos 𝐵 cos 𝐶 

⇒ 2 cos 𝐵 cos 𝐶 = sin 𝐵 sin 𝐶 

⇒ cot 𝐵 cot 𝐶 =
1

2
 

9 (c) 

We have, 

2𝑠 = 𝑎 + 𝑏 + 𝑐 = 13 + 14 + 15 

⇒ 𝑠 = 21 

⇒ 𝑠 − 𝑎 = 8, 𝑠 − 𝑏 = 7 and 𝑠 − 𝑐 = 6 

Now, 
1

𝑟1
∶

1

𝑟2
∶

1

𝑟3
=

𝑠 − 𝑎

∆
∶

𝑠 − 𝑏

∆
∶

𝑠 − 𝑐

∆
 

⇒
1

𝑟1
∶

1

𝑟2
∶

1

𝑟3
= 𝑠 − 𝑎 ∶ 𝑠 − 𝑏 ∶ 𝑠 − 𝑐 = 8 ∶ 7 ∶ 6 

10

 (a) 

We have, 
sin 7𝜃 + 6 sin 5𝜃 + 17 sin 3𝜃 + 12 sin 𝜃

sin 6𝜃 + 5 sin 4𝜃 + 12 sin 2𝜃
 

=
(sin 7𝜃 + sin 5𝜃) + 5(sin 5𝜃 + sin 3𝜃) + 12(sin 3𝜃 + sin 𝜃)

sin 6𝜃 + 5 sin 4𝜃 + 12 sin 2𝜃
 

=
2 sin 6𝜃 cos 𝜃 + 10 sin 4𝜃 cos 𝜃 + 24 sin 2𝜃 cos 𝜃

sin 6𝜃 + 5 sin 4𝜃 + 12 sin 2𝜃
 

=
2 cos 𝜃 (sin 6𝜃 + 5 sin 4𝜃 + 12 sin 2𝜃)

sin 6𝜃 + 5 sin 4𝜃 + 12 sin 2𝜃
 

= 2 cos 𝜃 
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11(a) 

Let the angles be 𝐴 = 𝑥 − 𝑑, 𝐵 = 𝑥, 𝐶 = 𝑥 + 𝑑. Then, 

𝑥 − 𝑑 + 𝑥 + 𝑥 + 𝑑 = 180° ⇒ 𝑥 = 60° 

Therefore, two larger angles are 𝐵 = 60° and 𝐶 

Hence, 𝑏 = 9 and 𝑐 = 10 

Now, 

cos 𝐵 =
𝑐2 + 𝑎2 − 𝑏2

2 𝑎𝑐
 

⇒
1

2
=

100 + 𝑎2 − 81

20 𝑎
⇒ 𝑎2 − 10 𝑎 + 19 = 0 ⇒ 𝑎 = 5 ± √6 

853 (b) 

Since, cos 2𝑥,
1

2
, sin 2𝑥 are in AP 

⇒  cos 2𝑥 + sin 2𝑥 = 1 

⇒  sin 2𝑥 = 1 − cos 2𝑥 = 2 sin2 𝑥 

⇒  2 sin 𝑥(cos 𝑥 − sin 𝑥) = 0 

⇒  sin 𝑥 = 0 or cos 𝑥 − sin 𝑥 = 0 

⇒  𝑥 = 𝑛𝜋 or tan 𝑥 = 1 

⇒  𝑥 = 𝑛𝜋 or 𝑥 = 𝑛𝜋 +
𝜋

4
 

Thus, required values of 𝑥 are 𝑛𝜋 and 𝑛𝜋 +
𝜋

4
 

12 (b) 

cos
𝜋

18
+ cos

2𝜋

18
+. . . + cos

16𝜋

18
+ cos

17𝜋

18
+ cos 𝜋 

= cos
𝜋

18
+ cos

2𝜋

18
+. . . − cos

2𝜋

18
− cos

𝜋

18
+ cos 𝜋 

= cos 𝜋 = −1 

13 (b) 

Given that, sin θ + cos θ = 1 

⇒  
1

√2 
sin θ +

1

√2 
cos θ =

1

√2 
 

⇒  sin ( θ +
𝜋

4
) =

1

√2 
= sin

𝜋

4
 

⇒  θ +
𝜋

4
= 𝑛𝜋 + (−1)𝑛

𝜋

4
  

⇒  θ = 𝑛𝜋 + (−1)𝑛
𝜋

4
−

𝜋

4
 

14 (d) 

We have, 

0 < 𝑥 < 𝜋 ⇒ sin 𝑥 > 0 

Now, 

1 + sin 𝑥 + sin2 𝑥 + ⋯ ∞ = 4 + 2√3 

⇒
1

1 − sin 𝑥
= 4 + 2√3 
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⇒ sin 𝑥 = 1 −
1

4 + 2 √3
 

⇒ sin 𝑥 =
3 + 2√3

4 + 2√3
=

√3

2
⇒ 𝑥 =

𝜋

3
 or,

2𝜋

3
 

15 (b) 
sin 𝑥 + sin 𝑦

cos 𝑥 + cos 𝑦
=

𝑎

𝑏
 

⇒    
2 sin (

𝑥+𝑦

2
) cos (

𝑥−𝑦

2
)

2 cos (
𝑥+𝑦

2
) cos (

𝑥−𝑦

2
)

=
𝑎

𝑏
 

⇒  tan (
𝑥 + 𝑦

2
) =

𝑎

𝑏
 

16 (b) 

The given equation can be written as 

cos(𝜋 tan 𝜃) = cos (
𝜋

2
− 𝜋 cot 𝜃) 

⇒ 𝜋 tan 𝜃 = 2𝑛 𝜋 ± (
𝜋

2
− 𝜋 cot 𝜃) , 𝑛 ∈ 𝑍 

⇒ tan 𝜃 = 2𝑛 ± (
1

2
− cot 𝜃) , 𝑛 ∈ 𝑍 

⇒ tan 𝜃 − cot 𝜃 = 2𝑛 −
1

2
, 𝑛 ∈ 𝑍  [Taking negative sign] 

⇒
tan2 𝜃 − 1

tan 𝜃
= 2𝑛 −

1

2
 

⇒
tan2 𝜃 − 1

2 tan 𝜃
= 𝑛 −

1

4
 

⇒
1 − tan2 𝜃

2 tan 𝜃
= −𝑛 +

1

4
 

⇒ cot 2 𝜃 = 𝑚 +
1

4
,  where 𝑚 = −𝑛 ∈ 𝑍 

17 (c) 

From Questions 47, we have 

∆=
1

2
𝑎𝑝1, ∆=

1

2
𝑏𝑝2, ∆=

1

2
𝑐𝑝3 

Now, 

𝑝1, 𝑝2, 𝑝3 are in A.P. 

⇒
2 ∆

𝑎
,
2 ∆

𝑏
,
2 ∆

𝑐
 are in A. P. 

⇒
1

𝑎
,
1

𝑏
,
1

𝑐
 are in A. P. ⇒ 𝑎, 𝑏, 𝑐 are in H. P. 

18 (d) 

cos
𝜋

5
cos

2𝜋

5
cos

4𝜋

5
cos

8𝜋

5
=

sin 24 𝜋

5

24 sin
𝜋

5

 (∵ cos 𝑥 cos 2𝑥 cos 4𝑥 … cos 2𝑛𝑥 =
sin 2𝑛𝑥

2𝑛 sin 𝑥
) 
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=
sin

16𝜋

5

16 sin
𝜋

5

=
sin (3𝜋 +

𝜋

5
)

16 sin
𝜋

5

 

=
− sin

𝜋

5

16 sin
𝜋

5

= −
1

16
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1 (c) 

cosec 15° + sec 15° =
2(sin 15° + cos 15°)

2 sin 15° cos 15°
 

= 2 [
√3

2√2
−

1

2√2
+

√3

2√2
+

1

2√2
] /  sin 30° 

=
4√3

√2
= 2√6 

2 (d) 

We have, sin 𝐴 =
4

5
 and cos 𝐵 = −

12

13
 

Now, cos(𝐴 + 𝐵) = cos 𝐴 cos 𝐵 − sin 𝐴 sin 𝐵 

= √1 −
16

25
 (−

12

13
) −

4

5
 √1 −

144

169
 

= −
3

5
×

12

13
−

4

5
(−

5

13
) 

= −
36

65
+

20

65
= −

16

65
 

3 (a) 

Given that,
1

tan θ
+ tan θ = 𝑚 

⇒ 1 + tan2 θ = 𝑚 tan θ 

⇒ sec2 θ = 𝑚 tan θ       …(i) 

and sec θ − cos θ = 𝑛 

⇒ sec2 θ − 1 = 𝑛 sec θ 

⇒ tan2 θ = 𝑛 sec θ 

⇒ tan4 θ = 𝑛2 sec2 θ = 𝑛2 ∙ 𝑚 tan θ  [from Eq.(i)] 

⇒ tan3 θ = 𝑛2𝑚   (∵ tan θ ≠ 0) 

⇒ tan θ = (𝑛2𝑚)1/3     …(ii) 

Topic :-TRIGONOMETRIC FUNCTIONS 
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From Eq. (i), we get 

sec2 θ = 𝑚 (𝑛2𝑚)1/3 

As we know that, sec2 θ − tan2 θ = 1 

⇒ 𝑚(𝑚𝑛2)1/3 −  (𝑛2𝑚)2/3 = 1 

⇒ 𝑚(𝑚𝑛2)1/3 −  𝑛(𝑛𝑚2)1/3 = 1 

4 (c) 

We have, 

(sin 𝐴 + sin 𝐵 + sin 𝐶)(sin 𝐴 + sin 𝐵 − sin 𝐶) = 3 sin 𝐴 sin 𝐵 

⇒ (sin 𝐴 + sin 𝐵)2 − sin2 𝐶 = 3 sin 𝐴 sin 𝐵 

⇒ sin2 𝐴 + sin2 𝐵 − sin2 𝐶 = sin 𝐴 sin 𝐵 

⇒ sin2 𝐴 + sin(𝐵 + 𝐶) sin(𝐵 − 𝐶) = sin 𝐴 sin 𝐵 

⇒ sin2 𝐴 + sin 𝐴 sin(𝐵 − 𝐶) = sin 𝐴 sin 𝐵 

⇒ sin 𝐴[sin(𝐵 + 𝐶) + sin(𝐵 − 𝐶)] = sin 𝐴 sin 𝐵 

⇒ 2 sin 𝐴 sin 𝐵 cos 𝐶 = sin 𝐴 sin 𝐵 

⇒ cos 𝐶 = 1/2                [∵ sin 𝐴 sin 𝐵 ≠ 0] 

⇒ 𝐶 = 60° 

5 (b) 

Given,  cos 2𝑥 + 7 = 𝑎 (2 − sin 𝑥) 

⇒   1 − 2 sin2 𝑥 + 7 = 2𝑎 − 𝑎 sin 𝑥 

⇒  2 sin2 𝑥 − 𝑎 sin 𝑥 + (2𝑎 − 8) = 0 

∴  sin 𝑥 =
𝑎 ± √(−𝑎)2 − 8(2𝑎 − 8)

2 × 2
 

=
𝑎 ± (𝑎 − 8)

4
 

For (+) sign, 

sin 𝑥 =
𝑎 − 4

2
 

For (−) sign, 

sin 𝑥 = 2 which is not possible 

We know −1 ≤ sin 𝑥 ≤ 1 

∴   −1 ≤
𝑎 − 4

2
≤ 1   ⇒   2 ≤ 𝑎 ≤ 6 

6 (c) 

cos2 𝐵 + cos2 𝐶 = cos2 𝐵 + cos2 (
𝜋

2
− 𝐵) 

= cos2 𝐵 + sin2 𝐵 = 1 

7 (d) 

We have, 

𝑏2 sin 2 𝐶 + 𝑐2 sin 2 𝐵 

= 𝑏2 ∙ (2 sin 𝐶 cos 𝐶) + 𝑐2 ∙ (2 sin 𝐵 cos 𝐵) 
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= 2(𝑏 sin 𝐶)(𝑏 cos 𝐶) + 2(𝑐 sin 𝐵)(𝑐 cos 𝐵) 

= 2(𝑐 sin 𝐵)(𝑏 cos 𝑐) + 2(𝑐 sin 𝐵)(𝑐 cos 𝐵) 

[∵
𝑏

sin 𝐵
=

𝑐

sin 𝐶
] 

= 2 𝑐 sin 𝐵(𝑏 cos 𝐶 + 𝑐 cos 𝐵) = 2 𝑎𝑐 sin 𝐵 = 4 ∆ 

8 (a) 

Since the angles of ∆𝐴𝐵𝐶 are in A.P. 

∴ 2𝐵 = 𝐴 + 𝐶 ⇒ 3𝐵 = 𝐴 + 𝐵 + 𝐶 ⇒ 3𝐵 = 180° ⇒ 𝐵 = 60° 

Now,
sin 𝐴

𝑎
=

sin 𝐵

𝑏
 

⇒ sin 𝐴 =
𝑎

𝑏
sin 𝐵 =

24

22
sin 60° =

6√3

11
 

⇒ cos 𝐴 =
√13

11
 

We have, 

sin 𝐶 = sin{180° − (𝐴 + 𝐵)} 

⇒ sin 𝐶 = sin(𝐴 + 𝐵) 

⇒ sin 𝐶 = sin 𝐴 cos 𝐵 + cos 𝐴 sin 𝐵 

⇒ sin 𝐶 = (
6√3

11
) (

1

2
) +

√13

11
(

√3

2
) =

6√3 + √39

22
 

∴ 𝑐 =
𝑏 sin 𝐶

sin 𝐵
⇒ 𝑐 = 12 + 2√13 

9 (a) 

We have, ∠𝐵𝐹𝐶 =
𝜋

2
= ∠𝐵𝐸𝐶 

So, the circle with 𝐵𝐶 as diameter will pass through 𝐸 and 𝐹. Clearly, the circle with 𝐵𝐶 as diameter 

is the circumcircle of ∆𝐵𝐸𝐹 such that ∠𝐹𝐵𝐸 = 90° − 𝐴 

∴ 𝐹𝐸 = 2 (
𝑎

2
) sin ∠𝐹𝐵𝐸        [Using ∶ 𝑎 = 2𝑅 sin 𝐴] 

⇒ 𝐹𝐸 = 𝑎 cos 𝐴 

Let 𝑅1 be the radius of the circumcircle of ∆𝐷𝐸𝐹. Then, 

𝑅1 =
𝐹𝐸

2 sin ∠𝐹𝐷𝐸
=

𝑎 cos 𝐴

2 sin(180° − 2𝐴)
 

⇒ 𝑅1 =
𝑎 cos 𝐴

4 sin 𝐴 cos 𝐴
=

𝑎

4 sin 𝐴
=

𝑅

2
 

 
10 (b) 
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Clearly, the equation 𝑥2 + √2𝑥 + 1 = 0 has imaginary roots. So, the two equations have both 

common roots 

∴
𝑎

1
=

𝑏

√2
=

𝑐

1
 

⇒
sin 𝐴

1
=

sin 𝐵

√2
=

sin 𝐶

1
 

⇒
sin 𝐴

1/√2
=

sin 𝐵

1
=

sin 𝐶

1/√2
 

⇒ 𝐴 =
𝜋

4
, 𝐵 =

𝜋

2
, 𝐶 =

𝜋

4
 

11 (a) 

We have, 

𝑠 =
3𝑎

2
 and ∆=

√3

4
𝑎2  ∴ 𝑟 =

∆

𝑠
=

𝑎

2√3
 

Let the length of each side of the square inscribed in the incircle be 𝑥. Then, 

𝑥2 + 𝑥2 = (Diameter)2 

⇒ 2𝑥2 =
𝑎2

3
⇒ 𝑥2 =

𝑎2

6
⇒ Area of the square =

𝑎2

6
 

12 (a) 

cos1°. cos 2° … . . cos 179° 

= cos1°. cos 2° … . cos 90° . cos 179° 

= 0     [∵ cos 90° = 0] 

13 (a) 

Given equation is 

2cos 2𝑥 + 1 = 3.2—sin 𝑥 

By taking option (a) 

Let 𝑥 = 𝑛𝜋 

When,  𝑛 = 1, 𝑥 = 𝜋 

∴    2cos 2π + 1 = 3.2− sin 𝜋 

⇒   2 + 1 = 3.2°  ⇒   3 = 3 

When  𝑛 = 2, 𝑥 = 2𝜋 

∴   2cos 4π + 1 = 3. 2−sin 2π 

⇒   21 + 1 = 3.2° 

⇒   3 = 3 

14 (b) 

On squaring given equation, we get 

sin2 𝐴 + 6 cos2 𝐴 − 2√6 sin 𝐴 cos 𝐴 = 7 cos2 𝐴 

⇒  sin2 𝐴 + 6(1 − sin2 𝐴) = cos2 𝐴 + 6 cos2 𝐴 + 2√6 sin 𝐴 cos 𝐴 

⇒ sin2 𝐴 − 6 cos2 𝐴 + 6 = cos2 𝐴 + 6 sin2 𝐴 + 2√6 sin 𝐴 cos 𝐴 

⇒  7 sin2 𝐴 = (cos 𝐴 + √6 sin 𝐴)2 

⇒   ±√7 sin 𝐴 = cos 𝐴 + √6 sin 𝐴 

Alternate 
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Given, sin 𝐴 − √6 cos 𝐴 = √7 cos 𝐴 

Replacing 𝐴 by 90° + 𝐴, we get 

sin(90° + 𝐴) − √6 cos(90° + 𝐴) 

= √7 cos(90° + 𝐴) 

⇒ cos 𝐴 + √6 sin 𝐴 = −√7 sin 𝐴 

15 (b) 

We have, 

𝑦 =
tan 𝑥

tan 3𝑥
 

⇒ 𝑦 =
1 − 3 tan2 𝑥

3 − tan2 𝑥
 

⇒ 3𝑦 − 𝑦 tan2 𝑥 = 1 − 3 tan2 𝑥 

⇒ tan2 𝑥 (𝑦 − 3) = 1 − 3𝑦 

⇒ tan2 𝑥 =
𝑦 − 3

1 − 3𝑦
 

⇒ −
𝑦 − 3

3𝑦 − 1
≥ 0  [∵ tan2 𝑥 ≥ 0] 

⇒
𝑦 − 3

3𝑦 − 1
≤ 0 ⇒

1

3
≤ 𝑦 < 3 ⇒ 𝑦 ∈ [1/3,3] 

16 (c) 

We have, √cosec2𝛼 + 2 cot 𝛼 

= √1 + cot2 𝛼 + 2 cot 𝛼 = |1 + cot 𝛼| 

But 
3𝜋

4
< 𝛼 < 𝜋 

⇒ cot 𝛼 < −1 ⇒ 1 + cot 𝛼 < 0 

Hence, |1 + cot 𝛼| =  −(1 + cot 𝛼) 

17 (c) 

Since −√𝑎2 + 𝑏2 ≤ 𝑎 sin 𝑥 + 𝑏 cos 𝑥 ≤ √𝑎2 + 𝑏2. Therefore, 𝑎 sin 𝑥 + 𝑏 cos 𝑥 = 𝑐 has no solution for 

|𝑐| > √𝑎2 + 𝑏2 

18 (c) 

We have, 

tan 𝜃 + sec 𝜃 = 2 cos 𝜃 

⇒ 1 + sin 𝜃 = 2 cos2 𝜃 

⇒ 1 + sin 𝜃 = 2 − 2 sin2 𝜃 

⇒ 2 sin2 𝜃 + sin 𝜃 − 1 = 0 

⇒ (2 sin 𝜃 − 1)(sin 𝜃 + 1) = 0 

⇒ sin 𝜃 =
1

2
, sin 𝜃 = −1 
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⇒ sin 𝜃 =
1

2
     [

∵ sin 𝜃 = −1 ⇒ 𝜃 =
3 𝜋

2
for which the equation is not defined

] 

⇒ 𝜃 =
𝜋

6
,
5 𝜋

6
            [∵ 𝜃 ∈ [0, 2 𝜋]] 

Hence, the given equation has two solutions in [0, 2 𝜋] 

19 (c) 

Given, sin 𝜋(𝑥2 + 𝑥) − sin 𝜋𝑥2 = 0 

⇒  2 cos 𝜋 (
2𝑥2 + 𝑥

2
) sin

𝜋𝑥

2
= 0 

⇒  𝜋 (
2𝑥2 + 𝑥

2
) = 𝑛𝜋 +

𝜋

2
 

⇒   2𝑥2 + 𝑥 = 2𝑛 + 1 

⇒   2𝑥2 + 𝑥 − 𝑝′ = 0, where 𝑝′ = 2𝑛 + 1, is an odd integer 

∴   𝑥 =
−1±√1+8𝑝′

4
 [put 1 + 8𝑝′ = 𝑝] 

∴   𝑥 =
−1 ± √𝑝

4
  ⇒   𝑥 =

√𝑝 − 1

4
       [neglect 𝑥 =

−1 − √𝑝

4
] 

20 (b) 

Given that, 3 sin2 𝐴 + 2 sin2 𝐵 = 1  …(i) 

and 3 sin 2𝐴 − 2 sin 2𝐵 = 0    …(ii) 

From Eq. (i) 

3 ( 
1 − cos 2𝐴

2
) + 2 ( 

1 − cos 2𝐵

2
) = 1 

⇒  3 cos 2𝐴 + 2 cos 2𝐵 = 3    …(iii) 

⇒  3 cos 2𝐴 = 3 − 2 cos 2𝐵 

⇒  9 cos2 2𝐴 = 9 + 4 cos2 2𝐵 − 12 cos 2𝐵 

⇒  9(1 − sin2 2𝐴) = 9 + 4 cos2 2𝐵 − 12 cos 2𝐵 

⇒  9 − 4 sin2 2𝐵 = 9 + 4 cos2 2𝐵 − 12 cos 2𝐵    [from Eq. (ii)] 

⇒  −4(1 − cos2 2𝐵 ) = 4 cos2 2𝐵 − 12 cos 2𝐵 

⇒  −4 = −12 cos 2𝐵 

⇒  cos 2𝐵 =
1

3
 

Now, from Eq. (iii) 

cos 2𝐴 =
7

9
 ⇒  2 cos2 𝐴 − 1 =

7

9
 

⇒  cos 𝐴 =
2√2

3
 

∴  𝐴 + 2𝐵 = cos−1
2√2

3
+ cos−1

1

3
 

= cos−1  (
2√2

3
∙

1

3
− √1 −

8

9
 √1 −

1

9
) 
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= cos−1 (
2√2

9
−

2√2

9
) 

= cos−1(0) =
𝜋

2
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1 (b) 

Let  𝑓(𝑥) = sin 𝑥 cos 𝑥 =
1

2
sin 2𝑥 

We know that, −1 ≤ sin 2𝑥 ≤ 1 

⇒  −
1

2
≤

1

2
sin 2𝑥 ≤

1

2
 

Thus, the greatest and least value of 𝑓(𝑥) are 
1

2
 and 

1

2
 respectively 

2 (b) 

We have, 

𝑥2 + 4𝑥𝑦 + 𝑦2 

= (𝑋 cos 𝜃 − 𝑌 sin 𝜃)2 + 4(𝑋 cos 𝜃 − 𝑌 sin 𝜃)(𝑋 sin 𝜃 + 𝑌 cos 𝜃) + (𝑋 sin 𝜃 + 𝑌 cos 𝜃)2 

= (1 + 4 sin 𝜃 cos 𝜃)𝑋2 + 4(cos2 𝜃 − sin2 𝜃)𝑋𝑌 + (1 − 4 sin 𝜃 cos 𝜃)𝑌2 

∴ 𝑥2 + 4𝑥𝑦 + 𝑦2 = 𝐴𝑋2 + 𝐵𝑌2 

⇒ (1 + 2 sin 2 𝜃)𝑋2 + 4 cos 2 𝜃 𝑋𝑌 + (1 − 2 sin 2 𝜃)𝑌2 

= 𝐴𝑋2 + 𝐵𝑌2 

⇒ cos 2 𝜃 = 0, 𝐴 = 1 + 2 sin 2 𝜃, 𝐵 = 1 − 2 sin 2 𝜃 

⇒ 𝜃 =
𝜋

4
 and 𝐴 = 1 + 2 = 3, 𝐵 = 1 − 2 = −1 

3 (d) 

Given, 3 cos 2𝑥 − 10 cos 𝑥 + 7 = 0 

⇒   6 cos2 𝑥 − 10 cos 𝑥 + 4 = 0 

[∵ cos 2𝑥 = 2 cos2 𝑥 − 1] 

⇒   2(3 cos 𝑥 − 2)(cos 𝑥 − 1) = 0 

⇒   cos 𝑥 = 1   or  cos 𝑥 =
2

3
 

Since, cos 𝑥 is positive in Ist and IIIrd quadrant. 

Hence, total number of solutions are 4 

4 (a) 

cos 𝛼 sin(𝛽 − 𝛾) + cos 𝛽 sin(𝛾 − 𝛼) + cos 𝛾 sin(𝛼 − 𝛽) 

=cos 𝛼 [sin 𝛽 cos 𝛾 − cos 𝛽 sin 𝛾] + cos 𝛽[sin 𝛾 cos 𝛼 − cos 𝛾 sin 𝛼] + cos 𝛾[sin 𝛼 cos 𝛽 − cos 𝛼 sin 𝛽] 

= 0 

5 (d) 

Topic :-TRIGONOMETRIC FUNCTIONS 

Solutions 
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Given,  𝐴 + 𝐵 = 45° 

⇒  cot(𝐴 + 𝐵) = 1 

⇒    
cot 𝐴 cot 𝐵 − 1

cot 𝐴 + cot 𝐵
= 1 

⇒  cot 𝐴𝑐𝑜𝑡 𝐵 − (cot 𝐴 + cot 𝐵) = 1    …(i) 

Now,  (cot 𝐴 − 1)(cot 𝐵 − 1) = cot 𝐴 cot 𝐵 − (cot 𝐴 + cot 𝐵) + 1 

= 1 + 1 = 2   [from Eq. (i)] 

6 (c) 

Let 𝐼 = [sin 𝑥 + cos 𝑥]1+sin 2𝑥 

= [√2 sin (
𝜋

4
+ 𝑥)]

1+sin 2𝑥

 

At 𝑥 =
𝜋

4
, 

𝐼 = [√2 sin (
𝜋

4
+

𝜋

4
)]

1+sin
2𝜋

4
 

= (√2)
2

= 2 

7 (d) 

The given expression can be written as 

cos6 𝑥 (cos6 𝑥 + 3 cos4 𝑥 + 3 cos2 𝑥 + 1) + 2 cos4 𝑥 + cos2 𝑥 − 2 

= sin3 𝑥 (cos2 𝑥 + 1)3 + 2 cos4 𝑥 + cos2 𝑥 − 2 

= sin3 𝑥 (sin 𝑥 + 1)3 + 2 sin2 𝑥 + cos2 𝑥 − 2 

[∵ sin 𝑥 + sin2 𝑥 = 1 ⇒ sin 𝑥 = cos2 𝑥] 

= (sin 𝑥 + sin2 𝑥)3 + sin2 𝑥 + (sin2 𝑥 + cos2 𝑥) − 2 

= 13 + sin2 𝑥 + 1 − 2 = sin2 𝑥 

8 (b) 

sin4
𝜋

8
+ sin4

3𝜋

8
+ sin4

5𝜋

8
+ sin4

7𝜋

8
 

=
1

4
[(2 sin2

𝜋

8
)

2

+ (2 sin2
3𝜋

8
)

2

] +
1

4
[(2 sin2

𝜋

8
)

2

+ (2 sin2
3𝜋

8
)

2

] 

=
1

4
[(1 − cos

𝜋

4
)

2

+ (1 − cos 
3𝜋

4
)

2

] +
1

4
[(1 − cos 

𝜋

4
)

2

+ (1 − cos 
3𝜋

4
)

2

] 

=
1

4
[(1 −

1

√2
)

2

+ (1 +
1

√2
)

2

] +
1

4
[(1 −

1

√2
)

2

+ (1 +
1

√2
)

2

] 

=
1

4
(3) +

1

4
(3) =

3

2
 

9 (c) 

Given,  
sin(𝑥+3𝛼)

sin(𝛼−𝑥)
= 3 

Applying componendo and dividendo, we get 
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sin(𝑥 + 3𝛼) + sin(𝛼 − 𝑥)

sin(𝑥 + 3𝛼) − sin(𝛼 − 𝑥)
=

3 + 1

3 − 1
 

⇒   
2 sin 2𝛼 cos(𝛼 + 𝑥)

2 cos 2𝛼 sin(𝛼 + 𝑥)
= 2 

⇒   
tan 2𝛼

tan(𝛼 + 𝑥)
= 2 

⇒   
2 tan 𝛼

1 − tan2 𝛼
×

(1 − tan 𝛼 tan 𝑥)

(tan 𝛼 + tan 𝑥)
= 2 

⇒  tan 𝛼 − tan2 𝛼 tan 𝑥 = tan 𝛼 + tan 𝑥 − tan3 𝛼 − tan2 𝛼 tan 𝑥 

⇒  tan 𝑥 = tan3 𝛼 

10 (a) 

We have, 

cos 𝛼 sin(𝛽 − 𝛾) + cos 𝛽 sin(𝛾 − 𝛽) + cos 𝛾 sin(𝛼 − 𝛽) 

=
1

2
{sin(𝛼 + 𝛽 − 𝛾) + sin(𝛽 − 𝛾 − 𝛼) + sin(𝛾 − 𝛼 + 𝛽) + sin(𝛾 − 𝛼 − 𝛽) + sin(𝛼 − 𝛽 + 𝛾)

+ sin(𝛼 − 𝛽 − 𝛾)} 

=
1

2
{sin(𝛼 + 𝛽 − 𝛾) − sin(𝛼 − 𝛽 + 𝛾) − sin(𝛼 − 𝛽 − 𝛾) − sin(𝛼 + 𝛽 − 𝛾) + sin(𝛼 − 𝛽 + 𝛾)

+ sin(𝛼 − 𝛽 − 𝛾)} 

=
1

2
× 0 = 0 

11 (c) 

sin 𝐴 + cos 𝐴 = 𝑚         [given] 

⇒  sin3 𝐴 + cos3  𝐴 + 3 cos 𝐴 sin 𝐴 

(sin 𝐴 + cos 𝐴) = 𝑚3 

⇒  𝑛 + 3𝑚 sin 𝐴 cos 𝐴 = 𝑚3    ….(i) 

[∵ sin3 𝐴 + cos3 𝐴 = 𝑛] 

Again,  sin 𝐴 + cos 𝐴 = 𝑚 

⇒   sin2 𝐴 + cos2 𝐴 + 2𝑠𝑖𝑛 𝐴 cos 𝐴 = 𝑚2 

⇒  sin 𝐴 cos 𝐴 =
𝑚2−1

2
      …(ii) 

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

𝑛 + 3𝑚
(𝑚2 − 1)

2
= 𝑚3 

⇒    2𝑛 + 3𝑚3 − 3𝑚 = 2𝑚3 

⇒   𝑚3 − 3𝑚 + 2𝑛 = 0 

12 (b) 

We have, 

(sec 𝜃 − 1) = (√2 − 1) tan 𝜃 

⇒ 1 − cos 𝜃 = (√2 − 1) sin 𝜃 

⇒ 2 sin2
𝜃

2
= 2(√2 − 1) sin

𝜃

2
cos

𝜃

2
 

⇒ sin
𝜃

2
= 0 or, tan

𝜃

2
= √2 − 1 = tan

𝜋

8
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⇒
𝜃

2
= 𝑛 𝜋 or,

𝜃

2
= 𝑛 𝜋 +

𝜋

8
, 𝑛 ∈ 𝑍 

⇒ 𝜃 = 2 𝑛 𝜋, 𝜃 = 2 𝑛 𝜋 +
𝜋

4
, 𝑛 ∈ 𝑍 

13 (d) 

Given,  cos 𝜃 + sin 2𝜃 = 0 

⇒ cos 𝜃 + 2 sin 𝜃 cos 𝜃 = 0 

⇒  cos 𝜃(1 + 2 sin 𝜃) = 0 

⇒  cos 𝜃 = 0 or sin 𝜃 = −
1

2
 

For 𝜃 ∈ [−𝜋, 𝜋] 

𝜃 =
𝜋

2
, −

𝜋

2
 

Or  𝜃 = −
𝜋

6
, −

5𝜋

6
 

14 (b) 

We have, 

tan (
𝜋

2
sin 𝜃) = cot (

𝜋

2
cos 𝜃) 

⇒ tan (
𝜋

2
sin 𝜃) = tan (

𝜋

2
−

𝜋

2
cos 𝜃) 

⇒
𝜋

2
sin 𝜃 = 𝑟 𝜋 +

𝜋

2
−

𝜋

2
cos 𝜃,  𝑟 ∈ 𝑍 

⇒ sin 𝜃 + cos 𝜃 = (2𝑟 + 1) , 𝑟 ∈ 𝑍 

⇒
1

√2
sin 𝜃 +

1

√2
cos 𝜃 =

2𝑟 + 1

√2
, 𝑟 ∈ 𝑍 

⇒ cos (𝜃 −
𝜋

4
) =

2𝑟 + 1

√2
, 𝑟 ∈ 𝑍 

⇒ cos (𝜃 −
𝜋

4
) =

1

√2
 or −

1

√2
            [For 𝑟 = 0, −1] 

⇒ 𝜃 −
𝜋

4
= 2 𝑟 𝜋 ±

𝜋

4
, 𝑟 ∈ 𝑍 

⇒ 𝜃 = 2 𝑟 𝜋 ±
𝜋

4
+

𝜋

4
, 𝑟 ∈ 𝑍 

⇒ 𝜃 = 2 𝑟 𝜋, 2 𝑟 𝜋 +
𝜋

2
, 𝑟 ∈ 𝑍 

But, 𝜃 = 2 𝑟 𝜋 +
𝜋

2
, 𝑟 ∈ 𝑍 gives extraneous roots as it does not satisfy the given equation. Therefore, 

𝜃 = 2 𝑟 𝜋, 𝑟 ∈ 𝑍 

15 (b) 

tan 𝜃 + tan (
3𝜋

4
+ 𝜃) = 2 

⇒  tan 𝜃 + tan (
𝜋

2
+ (

𝜋

4
+ 𝜃)) = 2 

⇒   tan 𝜃 − cot (
𝜋

4
+ 𝜃) = 2 

⇒   tan 𝜃 −
cot

𝜋

4
cot 𝜃 − 1

cot
𝜋

4
+ cot 𝜃

= 2 
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⇒  tan 𝜃 −
cot 𝜃 − 1

1 + cot 𝜃
= 2 

⇒  tan 𝜃 −
1 − tan 𝜃

1 + tan 𝜃
= 2 

⇒   tan 𝜃 + tan2 𝜃 − 1 + tan 𝜃 = 2 + 2 tan 𝜃 

⇒  tan2 𝜃 = 3 

⇒   tan 𝜃 = ±√3 = ± tan
𝜋

3
 

⇒   𝜃 = 𝑛𝜋 ±
𝜋

3
, 𝑛 ∈ 𝑍 

16 (b) 

We have, 

(1 + tan 𝜃)(1 + tan ϕ) = 2 

⇒ 1 + tan 𝜃 + tan ϕ + tan 𝜃 tan ϕ = 2 

⇒ tan 𝜃 + tan ϕ = 1 − tan 𝜃 tan ϕ 

⇒
tan 𝜃 + tan ϕ

1 − tan 𝜃 tan ϕ
= 1 

⇒ tan(𝜃 + ϕ) = 1 ⇒ 𝜃 + ϕ =
π

4
, 𝑛 ∈ 𝑍 

17 (c) 

Given,  2 sec 2𝛼 = tan 𝛽 + cot 𝛽 

⇒   2 sec 2𝛼 =
sin2 𝛽 + cos2 𝛽

sin 𝛽 cos 𝛽
 

⇒   
2

cos 2𝛼
=

1

sin 𝛽 cos 𝛽
 

⇒  sin 2𝛽 = cos 2𝛼 

⇒   𝛼 + 𝛽 =
𝜋

4
 

18 (a) 

We have, 

2 sin2 𝜃 − 5 sin 𝜃 + 2 > 0 

⇒ (sin 𝜃 − 2)(2 sin 𝜃 − 1) > 0 

⇒ 2 sin 𝜃 − 1 < 0    [∵ −1 ≤ sin 𝜃 ≤ 1  ∴ sin 𝜃 − 2 < 0] 

⇒ sin 𝜃 <
1

2
 

⇒ 𝜃 ∈ (0, 𝜋/6) ∪ (5𝜋/6, 𝜋) 



56 
 

 
19 (d) 

Given that, 

tan 𝐴 − tan 𝐵 = 𝑥   … (i) 

and cot 𝐵 − cot 𝐴 = 𝑦 … (ii) 

Now, cot(A − B) =
1

tan(A−B)
 

=
1 + tan 𝐴 tan 𝐵

tan 𝐴 − tan 𝐵
 

=
1

tan 𝐴 − tan 𝐵
+

tan 𝐴 tan 𝐵

tan 𝐴 − tan 𝐵
 

=
1

𝑥
+

1

𝑦
   [from Eqs.(i)and(ii)] 

20 (b) 

We have, 
𝑎 cos 𝐵 − 𝑏 cos 𝐴

𝑎 − 𝑏
 

=
𝑎 (

𝑐2+𝑎2−𝑏2

2𝑎𝑐
) − 𝑏 (

𝑏2+𝑐2−𝑎2

2𝑏𝑐
)

𝑎 − 𝑏
 

=
2(𝑎2 − 𝑏2)

2𝑐(𝑎 − 𝑏)
=

𝑎 + 𝑏

𝑐
=

2𝑐

𝑐
= 2  [

∵ 𝑎, 𝑐, 𝑏 are in A. P.
∴ 𝑎 + 𝑏 = 2𝑐

] 

 

 

 

ANSWER-KEY 

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

A. B B D A D C D B C A 
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Q. 11 12 13 14 15 16 17 18 19 20 

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

           

 

 


