HI EVERYONE,

THE REAL LEARNING IN MATHEMATICS HAPPENS WHEN YOU ACTIVELY ENGAGE WITH A PROBLEM,
EXPLORE DIFFERENT METHODS, AND WORK THROUGH CHALLENGES. THEREFORE, WE STRONGLY
ENCOURAGE YOU TO USE THIS SOLUTION KEY RESPONSIBLY.

PLEASE ATTEMPT ALL THE PROBLEMS ON YOUR OWN FIRST, GIVING THEM YOUR BEST AND MOST
HONEST EFFORT. THESE SOLUTIONS ARE TO HELP YOU GET UNSTUCK ON A PROBLEM AFTER YOU
HAVE ALREADY TRIED YOUR BEST.

YOUR EFFORT AND DEDICATION ARE THE TRUE KEYS TO SUCCESS.
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41. If tan v = % then the expression cos2a + (2 + /3) sin 2a is

(1) 2+v3 (2) -1 (3) 1 (4) —(2+3)

Solution:

V341

V3-1

Rationalizing the denominator:

V3+1l V341 (\/§+1)2:3+1+2\/§:4+2\/§:2+\/§
\/§—1 V3+1 3—1 2 2 ‘
We know that tan75° = 2+ v/3. So, a = 75°.

Given tana =

tana =

The expression to evaluate is cos2a + (2 4 v/3) sin 2av.
With o = 75°, 20 = 150°.
= c0s 150° 4 (2 + V/3) sin 150°.

cos 150° = cos(180° — 30°) = — cos 30° =

ol%

sin 150° = sin(180° — 30°) = sin 30° =

[\D\H

Substituting these values:



:—\f+(2+¢§);:_\/§+22+‘/§:§:1.

The correct option is (3).

42. If N, = {an|n € N} then N5 N N; =7

(1) N5 (2) Ny (3) Nio (4) Nss
Solution:

The set N, = {an|n € N} represents the set of all natural number multiples of ’a’
Ns={5x1,5%2,5x3,...} = {5,10,15,20,25,30,35, ... }.
Ny ={7Tx1,7x2,7x3,...}={7,14,21,28,35,42, ... }.

The intersection N5 N N7 is the set of elements that are common to both N5 and N;.
An element x € N5 N N; must be a multiple of 5 AND a multiple of 7.
This means x must be a common multiple of 5 and 7.

The common multiples of 5 and 7 are the multiples of their Least Common Multiple (LCM).
LCM(5,7) = 35 (since 5 and 7 are prime numbers).

Therefore, the set of common multiples is the set of multiples of 35.
N5 N N7 — {35, 70, 105, e } - N35.

The correct option is (4).

43. The value of tan 7%0 is equal to

V3—/2 V3—2 V3+2 V3+v2
(1) V5 (2) T (3) 2 (4) 51
Solution:

We want to find the value of tan(7.5°).
Let 6 = 7.5°, which means 20 = 15°.

1— 2
We will use the identity tan(f) = Siﬁ?;é)e)
. 1 —cos15°
tan(7.5°) = T enilse

First, we need the standard values for 15° :

3-1
sin 15° = sin(45° — 30°) = V-1
2v/2
3+1
cos 15° = cos(45° — 30°) = \/_7_'—
2v/2

Now, substitute these values into the formula:



V3 2v2—(V3+1
1_23751 25@ ):2\/5_\/§_1
N :

V3— V3-1 _
2V/2 2V/2 \/§ 1

tan(7.5°) =

To simplify, we rationalize the denominator by multiplying by the conjugate (\/§ +1):
2v2-V3-1)(vV3+1) 2v6+2V2-3-v3-3-1

(V3—-1)(V3+1) 3-1 '

26 +2v2 —2y/3 -4
_2v6 \/_2 V34 Vi vi-2

Now, we check the options by rationalizing them.
L V3-V2 (VB VR(V2-1)  VE-VB-24V2 -
Option (1): VIrl  ArD6EoD) : V64 V2 -39

This matches our result.

The correct option is (1).

44. If (x — 1)(2* = 52+ 7) < (z — 1), then some part of x belongs to
(1) (1,2) U (3, 00) (2) (—o0,1) U (2,3) (3) (2,3) (4) none of these

Solution:

We are given the inequality (z — 1)(2> — 5z +7) < (v — 1).
Move all terms to the left side:
(z—-1)(2* =5z +7) —(z—1)<0.

Factor out the common term (z — 1) :
(x —D[(z* =bz+7)—1] <0.
(x —1)(2* — 5z +6) < 0.

Factor the quadratic expression:
(x—=1)(z—2)(x—3) <0.

The critical points are x = 1,2 = 2, and = = 3.

We use the wavy curve method to analyze the sign of the expression.

For x > 3, all factors are positive, so the product is positive.

For 2 < z < 3, the factor (x — 3) is negative, so the product is negative.

For 1 < x < 2, factors (x — 2) and (z — 3) are negative, so the product is positive.

For x < 1, all three factors are negative, so the product is negative.

We need the intervals where the expression is less than 0 (negative).
The solution set is x € (—o0, 1) U (2, 3).

Comparing with the options:



(1) (1,2) U (3,00) is where the expression is positive.
(2) (—o0,1) U (2,3) is the complete solution set.
(3) (2,3) is a part of the solution set.

The correct options are (2) and (3).

45. If sint + cost = £, then tan £ can be
(1) -1 (2) —3 (3) 2 (4) —5
Solution:

Concept Used:

2tan(t/2)

SNt = )

1—tan?(t/2)

¢ cost= I+tan?(t/2)

1
Given sint + cost = =

Let u = tan(t/2). We use the half-angle substitutions:
2u 1—u? 1

T2 11 e 5

Since 14 u* # 0, we can multiply both sides by 5(1 + u?).
52u 41 —u?) = 1(1 +u?).

10u + 5 — 5u® = 1+ u”.

6u® — 10u — 4 = 0.

3u? — bu —2 = 0.

Factor the quadratic equation:
3u” —6u+u—2=0.

u(u —2) 4+ 1(u —2) = 0.
(Bu+1)(u—2) = 0.

The possible values for u = tan(t/2) are:

1
-9 S
u or u 3

Both values are present in the options. The correct options are (2) and (3).

46. The set of values of x which satisfy the inequations 5z + 2 < 3z + 8 and i—ff < 4is
(1) (=00, 1) (2) (2,3) (3) (=00,3) (4) (=00, 1)U (2,3)

Solution:

First inequality: 5z 4+ 2 < 3z + 8.



47.

or —3r <8 — 2.
2r <6 = x <3
Solution set 1: S; = (—o00, 3).

2
Second inequality: 90—1—1 < 4.

x —_
2
rTE 4o
x—1
2—4(x—1
rr2-4-1
r—1
r+2—4xr+4
< 0.
rz—1
6—3 3(2 —
< <0 = ( CL’) < 0.
r—1 rz—1
To make the x-term positive, multiply by -1 and reverse the inequality:
x—2
0.
z—1 -

Critical points are x = 1,z = 2.
Using wavy curve method, the expression is positive when z € (—o0, 1) U (2, 00).
Solution set 2: Sy = (—o00,1) U (2, 00).

The final solution is the intersection of S} and S,.
S=5N8Sy=(-00,3)N((—00,1)U(2,00)).
S = (—o00,1)U(2,3).

The correct option is (1),(2) and (4).

If the sides of a right angled triangle are {cos2a + cos 25 + 2 cos(a + )} and {sin 2« + sin 27 +
2sin(a + ()}, then the length of the hypotenuse is

(1) 2[1 + cos(a — )] (2) 2[1 — cos(a + B)] (3) 4cos?(252) (4) 4sin?(212)
Solution:

Concept Used:

e Sum-to-product formulas.
e Double angle formulas.

« Pythagorean theorem: H? = P? + B2,

Let the first side be P = cos2a + cos 23 + 2 cos(a + f3).
P =2cos(a+ ) cos(a — ) + 2 cos(a + ) = 2 cos(a + 5)[cos(a — B) + 1].

Let the second side be B = sin 2« + sin 25 + 2sin(a + ).
B = 2sin(a + ) cos(a — ) + 2sin(a + ) = 2sin(a + §)[cos(a — ) + 1].

Let H be the hypotenuse. By Pythagoras theorem, H?> = P? + B?.
H? = (2cos(a + B)[cos(a — B) + 1])* + (2sin(a + B)[cos(a — B) + 1])%

b}



H? = 4fcos(a — B) + 1]*[cos?(a + B) + sin®(a + B)].
H? = 4[cos(a — ) + 1]* - (1).

H = \/4[Cos(a — B) + 12 = 2| cos(a — ) + 1].

Since the range of cosine is [-1, 1], cos(a — ) +1 > 0. So the absolute value is not needed.

H = 2[1 + cos(ax — B)].

This is option (1). Now let’s check other options.
Using the half-angle identity 1+ cos@ = 2 cos*(6/2) :
H =22 0052(0[55)] = 4COSQ<a;ﬂ).

This is option (3).
Options (1) and (3) are equivalent and correct.
The correct options are (1) and (3).

48. If 22 4+ 62 — 27 > 0 and 22 — 32 — 4 < 0, then
1)z >3 (2) I<az<4 (3)3<z<4 (4) 2="7/2

Solution:

First inequality: 2 + 6z — 27 > 0.

Factoring: (z +9)(z — 3) > 0.

The roots are -9 and 3. The parabola opens upwards, so it’s positive outside the roots.
Solution set 1: S) = (—o0, —9) U (3, 00).

Second inequality: x? — 3z — 4 < 0.

Factoring: (z —4)(z+ 1) <O0.

The roots are -1 and 4. The parabola opens upwards, so it’s negative between the roots.
Solution set 2: Sy = (—1,4).

We need the intersection of S; and S,.
S = Sl N 52 = ((—OO, —9> U (3, OO)) N (—1,4)

The intersection is the interval (3,4).

The correct options are (2), (3), and (4).

1022 +172—34 .
x?242z—-3 <8is

(1) (—=5/2,2) (2) (=3,-5/2)U(1,2) (3) (-3,1) (4) None of these

Solution:

49. The set of real values of x for which

1022 + 17x — 34

23 o<0




1022 4+ 172 — 34 — 8(2? + 22 — 3)

22+ 22 -3 <0.
1022 + 172 — 34 — 822 — 160 + 24 <0
22+ 272 — 3 '
222 + 2 — 10
P o3

Factor the numerator and denominator.
Numerator: 222 + 2 — 10 = 22 + 5z — 47 — 10 = 2(2x + 5) — 2(2v +5) = (z — 2)(2x + 5).
Denominator: z° + 2r — 3 = (v + 3)(z — 1).

(xr —2)(2x + 5)
(x+3)(z—1)
The critical points are —3,—5/2,1,2.

Arranged in order: — 3,—2.5,1,2.

Using the wavy curve method (sign analysis for the intervals):
(=00, =3) : (+)
(=3 —2 5): (=)
(=2.5,1) = (+)
(L,2): (=)
(2,00) : (+)

< 0.

The inequality is

We need the intervals where the expression is negative.

€ (=3,-5/2) U (1,2).

The correct option is (2).

50. If S is the set of all real x such that - 2+Ox+2 > ﬁ then S is equal to
(1) (-2,-1) (2) (=2/3,0) (3) (=2/3,-1/2) (4) (=2, -Du(-
Solution:
2 1
- > 0.

202+ 50 4+2 x+1

Factor the denominator:
202 +5r+2=20" +drx+r+2=20(z+2)+1(z+2) = 2z + 1)(z +2).
2z 1
Qr+1)(z+2) z+1
2x(x+1) — 122 + 1)(x + 2)
2r+1)(z+2)(x+1)
2% + 22 — (22% + 5z + 2)
2z +1)(z+2)(z+1)
—3z — 2 0
Qr+1)(z+2)(z+1) ~

> 0.

> 0.

> 0.

wiN
N[ =



—(3z+2)
2z +1)(zx+2)(x+1)
Multiply by -1 and reverse the inequality:
3r + 2
2z +1)(z+2)(x+1)

> 0.

< 0.

The critical points are v = =2, = —1, 0 = =2/3,x = —1/2.
Arranged in order: — 2, —1,—0.66,—0.5.

Using the wavy curve method:

(—00,—-2) : (+)
(=2, —1) (=)
(=1,=2/3): (+)
(=2/3,-1/2) : (=)
(=1/2,00) : (+)

We need the intervals where the expression is negative.
The correct option is (4).
51. The value of the expression A = v/3 cot 20° — 4 cos 20° is

(1)1 (2) -1 (3) 2

Solution:

20°
A= \/gcos — 4 cos 20°

sin 20°
V3 cos 20° — 4 sin 20° cos 20°
N sin 20° '
_ V/3c0s20° — 2(2sin 20° cos 20°)
N sin 20°
 V/3c0s20° — 2sin 40°
N sin 20° '
 V/3c0s20° — 2sin(60° — 20°)
N sin 20° '
~ V/3c0s20° — 2(sin 60° cos 20° — cos 60° sin 20°)
N sin 20° '
V3 cos 20° — 2(? cos 20° — £ sin 20°)
B sin 20° '
V3 cos 20° — /3 cos 20° + sin 20°
N sin 20°
_ 8in20°
sin20°

The correct option is (1).



52. The value of the expression B = sin 12° sin 48° sin 54° is

(1) 1/4 (2) 1/8 (3) 1/16 (4) 1/32
Solution:

Use sin(60 — A)sin(60 + A) = sin? 60 — sin® A.
B = sin 12°sin(60 — 12)° sin 54°.

Multiply and divide by sin(60 + 12)° = sin 72°
_ sin 12°sin 48° sin 72°

sin 72°
1 1
sin 12° sin 48° sin 72° = sin 12° sin(60 — 12) sin(60 + 12) = 2 sin(3 x 12) = 1 sin 36°.

B sin 54°.

1in 36° Lain 36° 1
Y N YL — 36° = -
sin72e o 980 36° cos 36° 8

The correct option is (2).

53. The number of students who have taken exactly one subject is

(1) 6 (2) 9 (3) 7 (4) 22

Solution:

Let M, P, C be the sets of students studying Maths, Physics, and Chemistry.
n(M) =23,n(P) =24,n(C) = 19.
n(MNP)=12n(MNC)=9,n(PNC)=T.

n(MNPNC)=A4.

Number of students in exactly one subject is given by:
n(M only) + n(P only) + n(C only).

n(M only) =n(M) —n(MNP)—n(MNC)+n(MNPNC).
=23-12-9+4+4=6.

n(P only) =n(P)—n(MNP)—n(PNC)+n(MNPNC).
=24-12-74+4=0.

n(C only) =n(C) —n(MNC)—n(PNC)+n(MnNPNC).
=19-9-7T+4=T.

Total students in exactly one subject =6 + 9 + 7 = 22.

The correct option is (4).



54. The number of students who have taken exactly two subjects is
(1)6 (2) 9 (3) 7 (4) 16

Solution:

Number of students in exactly two subjects is given by:
n(M N P only) +n(M N C only) + n(P N C only).

n(MNPonly)=n(MNP)—n(MNPNC)=12—-4=38.
n(MNConly)=nMNC)—n(MNPNC)=9—-4=>5.
n(PNConly)=nPNC)—n(MNPNC)=T7—-4=3.

Total students in exactly two subjects =8 +5 + 3 = 16.

The correct option is (4).

55. Match the column:

Column-I
(A) 222 <2

(B) 3(x;2) > 5(2—x)
(C) &5 <6
(D) 2(x+2) > 2% +1
Column-II
(a) (-1,3)
(r) (—o0,3) U 10, 00)
(s) [2,00)
Solution:
4 4—2(x—3 4 -2 6 10 —
(A) T2 g w2 w26 T <o
r—3 r—3 x—3 x—3
— 10
’ > 0. Critical points 3, 10. Solution is (—o0, 3) U [10, 00).
x p—

This is (r). A —r.

x5— 2) > —5(1;— 2) . 3(x5—2) N 5(x3— 2) >0.

2 4
(x—2)(§+§)20 — @-2)(9?55)20 — ?5@—2)20 e 2230 — 232,

Solution is [2,00), which is (s). B —s.

®) 2

4o 4+ 3 4x + 3 — 6(2x — 5) dr + 3 — 122 + 30 33 — 8z
C _ — — —
( )21:—5 6<0 20— 95 <0 20 — 5 <0 2x—5<
8z — 33
; 5> 0. Critical points 5/2, 33/8. Solution is (—00,5/2) U (33/8, 00).
x_

10



96.

This is (p). C — p.
(D)2z24+4>2>4+1 = 22 -22-3<0 = (z—-3)(z+1)<0.
Critical points -1, 3. Solution is (—1, 3).

This is (q). D —q.

Matching: A-r, B-s, C-p, D-q.

Match the expression on column-I with the expression on column-II that is equal to it.

Column I Column II
(A) 1 +cosd (p) tan* 6 + sec' 6
1 —cosf
(B) 1+ tan® 0 (q) cosec @ + cot d
1+ cot? 6
2 tan? ¢ 1—tanf\’
C)1 -
(©) 1+ cos? 0 ) <l—cot0>
(D) (1 —sinf — cos 6)? (s) 2(1 —sinB)(1 — cosf)
Solution:

1+ cosd 2cos*(0/2)
A) | —— = = y/cot?(0/2) t(6/2)]
(A) 1-— 2sin2(0/2) cot™(0/2) = | cot(6/2)

cos 6

Let’s check the options in Column-II.

1 +COS€ _ 1+4cost 2cos?(0/2)
sinf  sinf sin 0 2sin(6/2) cos(0/2)
Assuming cot(f/2) > 0, A matches Q. A — Q.

(Q) cosect + cot 6 = = cot(6/2).

1+tan®0  sec?d  1/cos’@  sin*0

B = = = = tan®6.
(B) 1+cot?d  cosec2  1/sin?6  cos?d an
1 —tand 1 —tand 1 —tand
L heck )= 2 _ 2 _(_ 2 _ tan?f.
et’s check option (R): (1—cot9) (1—1/tan9) ((tan9—1)/tan9) (= tan )" = tan"¢

B matches R. B — R.

(C) Let’s analyze both expressions C and P to show they are equal.
First, let’s simplify expression (P) from Column-II:

P =tan® 0 + sec 6.

Using the identity sec? = 1 + tan®6 :

P =tan?0 + (1 + tan® ).

P =tan* 6 + (14 2tan® 6 + tan6).

11



P =2tan*@ + 2tan%6 + 1.

Now, let’s simplify expression (C) from Column-I:
2tan? 6
cos?f
Using 1/ cos?# = sec? 0 :
C =1+ 2tan?fsec?¥.
Substitute sec?d =1 + tan®f :
C =1+2tan?0(1 + tan®6).
C =1+2tan*0 + 2tan’ 0.

C=1+

Since both expressions simplify to 2tan* @ + 2tan®#6 + 1, they are equal.
C matches P. C — P.

(D) (1 —sinf — cosf)? = 1 +sin?@ + cos? § — 2sinf — 2 cos § + 2sin # cos 6.
=141—2(sinf + cosf) +2sinfcosf =2 — 2(sinf + cos ) + 2sin f cos 6.
=2(1 —sinf — cosf + sinf cos ) = 2(1 — sinf)(1 — cosh).

D matches S. D — S.

Final Matching: A-Q, B-R, C-P, D-S.

57. Match the following:

Column I Column II
(A) (/3 cosec20° — sec 20°) (p) 4
3T 5 A7
(B) 2 (sin4 g + sin? — g + sin? g + sin? g) (a) 3
(C) 2v/3(cot 70° + 4 cos 70°) (r) 1
(D) tan9° — tan 27° — tan 63° + tan 81° (s) 6
Solution:

1
(A) 1(\/5 cosec 20° — sec 20°)

1( V3 1 1 (v/3cos20° — sin 20°
B <sm 20°  cos 20") T4 ( sin 20° cos 20° )

1 ¥3 05 20° — 1 sin 200)

T4 ( £(28in 20° cos 20°) )

1 <2 sin 60° cos 20° cos 60° sin 20°)>

T4 5 sin 40°

1 (2sin(60° — 20°) 1 (2sin40° 1

4< Lsin40° >:4<;mwm>:4M*:L

12



A — R.

(B) 2 (sin4 g + sin* s + sin* om + sin* %T)

8 8 8
7 5 3
Using sin(m — @) = siné, we have sin g = smg and sin g = sin g
3 3
:2<25m4g—|—25m4 ;) 4<sm g—|—5m ;) .

Usi .37 . <7r 7T) T
ing sin— =sin{ - — — | = —.
sing s 3 S 573 cos 3

=4 (sin 8 + cos? g)

Using a* + b* = (a® + b%)* — 2a%V?, we get

2
:4(1—28111 7r(3082> 4 1—1(2sin7rcos7r> .
8 8 2 8 8
2

1 1/ 1 1
:4(1—sm”>:4 1— - (— :4(1_):4<3>:3.

2 4 2 \V2 4 4
B — Q.

(C) 2v/3(cot 70° + 4 cos 70°)
sin 20°

= 2v/3(tan 20° 4 4sin 20°) = 2V/3 ( oo +asin 20°>
_2\/—(SIH20 + 4 sin 20° cos 20 ) _ 93 <31n20 + 2sin 40 )

cos 20° cos 20°
sin 20° + 2sin(60° — 20°)
=2
\/_ < cos 20° )
_ 93 sin 20° + 2(sin 60° cos 20° — cos 60° sin 20°)
cos 20°
93 sin 20° + 2(¥3 cos 20° — 5 sin 20°)
cos 20°
20° 3 20° — 20° 3 20°
_ 93 sin + /3 cos sin _ 93 V3 cos :2\/§(\/§):6.
cos 20° cos 20°
— S.

(D) tan9° — tan27° — tan 63° 4 tan 81°
= (tan9° + tan 81°) — (tan 27° + tan 63°)

= (tan 9° + cot 9°) — (tan 27° 4 cot 27°)

2
Using tan 6 + cot § = — :
sin 260

2 2 2 2

sin18° sinb4°  sin18°  cos 36°
_ 9 (cos 36° — sin 18°>
N sin 18° cos 36°

13




D—P.

Matching from Key A-R, B-Q, C-S, D-P

58. The value of 2tan 18° + 3sec 18° — 4 cos 18° is
Solution:

2sin 18°

4cos 18° — 3 _ oo 8

cos 18° cos 18°
B 4cos?18° — 3 — 2sin 18°
- cos 18°
B 4 cos318° — 3 cos 18° — 2sin 18° cos 18°
- cos? 18°
~ cos(3 x 18°) — sin(2 x 18°)
- cos? 18°
_ Cos 54° — sin 36°
N cos? 18°
B sin 36° — sin 36°
N cos? 18°

=0

The value of the expression is 0.

59. The least integer satisfying 49.4 — (275%) < 47.4 — (¥22) is
Solution:

494 —2.7+0.1x <474 — 2.7+ 0.92.
46.7 + 0.1x < 44.7 + 0.9z.
46.7 —44.7 < 0.9z — 0.1z.

2 < 0.8x.

2 20

> 2 295
708 8

We need the least integer satisfying x > 2.5. That integer is 3.

The correct answer is 3

60. If K = sin®10° + sin® 50° — sin® 70°, then 8K + 6 is equal to
Solution:

K = sin® 10 + sin®(60 — 10) — sin®(60 + 10).

3sin f — sin 36

We know sin36 = 3sinf — 4sin®f — sin®f = 1

3510 — s30 n 3500 — s150 3570 — 5210
4 4 4 .
4K = 3(sin 10 + sin 50 — sin 70) — (sin 30 + sin 150 — sin 210).

K =

14



sin 10 + sin 50 = 2 sin 30 cos 20 = cos 20.
sin 70 = cos 20. So sin 10 + sin 50 — sin 70 = 0.
1 1 1
4K = —(=+=—=(—=)) =—(3/2).
30) = (5 +5 = (—3) = —(3/2)
4K = -3/2 = 8K = —3.

SK+6=-3+6=3.

The correct answer is 3.
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