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. Let F(k) = (1 + sin g )(1 4 sin(k — 1)5-)(1 + sin(2k + 1)5-)(1 + sin(3k — 1)5;). The value of
F(1)+ F(2) + F(3) is equal to

(1) 3/16 (2) 1/4 (3) 5/16 (4) 7/16

Solution:

Let’s simplify the terms in F(k) using trigonometric identities:

(- 0) (3 ) - ()
i (20 D) =sin (a4 1) = —n (1),
(- 5) <o (5 ) = ().

Substitute these back into the expression for F(k):

F(k) = (1 + sin %> ( +C082k> ( i %) (1 00827;)

7r 7r 7r
F(k) = (1 — sin %) (1 — cos 2k:> = cos? o sin o

1 T T\ 2 1 . T™\\> 1 /7
F(k)—<2 2sm2kC082k’> —(281n<2-2k>> = 4 sin <k>

Now, we calculate F(1), F(2), and F(3):



42.

43.

4
F@):ism%mm):i¢02:i.
ﬂ@:imﬂﬂ@:i(ﬁ):j.i:i

The required sum is:

1 3 4 3 7
F) 4+ F2)+FB) =044 — = —+— = —
W HF@+FE) =047+ 76= 36+ 16~ 16

The correct option is (4).

Solution of the equation |z? 4 6x + 8| = —x? — 6z — 8 is

Solution:

The given equation is of the form |A] = —A.
This identity holds true if and only if the expression inside the absolute value, A, is less than or equal tc
A<O.

In this problem, A = 2* + 6z + 8.
So, we need to solve the inequality:
z® + 62+ 8 < 0.

Factor the quadratic expression:
(x+4)(x+2)<0.

The roots of the equation are x = —4 and z = —2.
Since the parabola y = 2 + 62 + 8 opens upwards, the expression is less than or equal to zero between i
Therefore, the solution is —4 <z < —2.

In interval notation, this is [—4, —2].

The correct option is (3).

Range of the values of the expression y = sinx - tanx - cot x is

(1) (=1,1) - {0} (2) (-1,1) (3) [-1,1] (4) [=1,1] - {0}

Solution:

First, we determine the domain of the function y = sinx - tan z - cot x.

sinx s

For tanx = to be defined, cosx # 0, so z # (2n+ 1)5 for any integer n.
cos
COS

For cotx = to be defined, sinx # 0, so x # nr for any integer n.

sinx
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nm
Combining these, the domain is all real numbers except © # —

Within this domain, tanz - cotx = 1.

So, the function simplifies to y = sin z.

Now, we find the range of y = sinx for the restricted domain.
The usual range of sinx is [—1,1].
However, we must exclude the values of sinz at the points where the original function is undefined.
At z = nm,sinz = 0.
T
At x = (2n + 1)§,sinx ==+l
Since these values of x are excluded from the domain, the corresponding values of

sinx (which are 0, 1, and -1) are not attainable by the function y.

Therefore, the range of y is all values in [—1, 1] except -1, 0, and 1.
This corresponds to the interval (—1,1) excluding 0, which is (—1,1) — {0}.

The correct option is (1).

Some part of the solution of the inequality [22=F| > 2 lies in

1) (1) (2) (1,00) (3) (3,00) — {1} (4) (=00, -2)

Solution:

The inequality is of the form |A| > B. This is equivalent to A > B or A < —B.
We must also have x — 1 #0 = z # 1.

2x — 1
Case 1: * > 2.
’I_
2x — 1 20 —1—-2(x—1
70 950 = & =1
z—1 r—1
20 —1—2 2
v T >0 = >0 = rz—-1>0 = x> 1.
r—1 r—1
—1
Case 2: < —=2.
x_
2z — 1 20 —1+2(x—1
tol g0 B2
rz—1 r—1
4dr — 3
< 0.
r—1

The critical points are x = 3/4 and = = 1. The expression is negative between the roots.

3
So, - <z < 1.
074 x

The total solution set is the union of the solutions from both cases:



e (i 1) U (1, 00).

3
This can also be written as (Z’ oo) — {1}.

Checking the options:

(1)(27 1) is part of the solution.
(2)(
(3)(

1, 00) is part of the solution.
3
7 o0) — {1} is the complete solution set.

The correct options are (1), (2), and (3).

sin® & + cos® &
14cosx l—sinz

(1) V2cos(T — ) (2) V2cos(% + ) (3) V2sin(T — ) (4) V2sin(Z + )

Solution:

45. If x # ™ (n is integer), then the expression

5 is equivalent to

Let the expression be E. We rationalize the denominators.

o sin® z(1 — cos ) cos® z(1 + sin z)
(1+cosz)(1—cosz) (1—sinz)(l+sinx)
B sin® (1 — cosz)  cos®x(1 + sinz)
1 —cos?x 1 —sin®z
o sin®z(1 — cosz)  cos® z(1 + sinx)

sin? z cos?x
Since = # nw/2,sinx # 0 and cosx # 0, so we can cancel.
E =sinz(l —cosx) + cosz(1 +sinx).
E =sinx —sinx cosx + cosx + cos z sin x.

E =sinz + coszx.

Now we convert this to the form given in the options.

1 1
E = ﬁ(\/isinx—i— \/ﬁcosa:> .

=2 (cosZsin:c + sianosa:) = ﬁsin(gH_ %)

Alternatively,

1 1
E = ﬂ(\/icosx—kﬁsinx) .

=2 (CosZcosx + sinZsinx) = \/§cos(:c — %) = \/5005(2 — ).

The correct options are (1) and (4).

22 —3z—1

46. Some part of the solution of the inequality % ol

| < 3 lies in

4
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(1) (o0, =2) (2) (-2,-1) (3) (-1,00) 4) (3, 7%)
Solution:

The denominator 2 + x + 1 has discriminant D = 1% — 4(1)(1) = —=3 < 0.
Since the leading coefficient is positive, the denominator is always positive.
We can multiply by it: |#? — 3z — 1| < 3(2* + 2 + 1).

This is equivalent to —3(2* + 2 +1) < 2® — 3z — 1 < 3(2* + z + 1).

Part 1: —322—3x—3<2®>—3z—1.
0 <42?+2 = 222+ 1 > 0. This is true for all real x.

Part 2: 2° —3r — 1 < 32° + 32 + 3.
0<2’+6r+4 = 0<2”°+32+2 = (z+1)(z+2) > 0.
This is true for z € (—oo0, —2) U (—1, 00).

The overall solution is the intersection of both parts, which is (—oo, —2) U (—1, 00).
Checking the options:

(1)(—o0, —2) is part of the solution.

(3)(—1, 00) is part of the solution.

The correct options are (1) and (3).

Which of the following is/are true?
(1) sinl > sin1° (2) ... (3) ... 4) ...

Solution:

(1) sinl >sinl°:
1 radian ~ 57.3°. Both 1° and 57.3° are in the first quadrant, where sine is an increasing function.
Since 57.3° > 1°, it follows that sin(57.3°) > sin(1°), so sin1 > sin 1°. (True)

(2) sinl+cos1° > cosl+sinl°:

sinl —sin1° > cos1 — cos 1°.

1+1°  1-1° C1l+1° 0 1-1°
2 cos sin > —2sin sin .
2 2 2 2
1-—1° —1°
Since 1 &~ 57.3°, ~ 28.15° > 0, so sin > 0.
1-1° 1+1° 1+1°
We can divide by 2sin 5 coS —; > —sin —; .

1+1°
Let a = +

~ 29.15°. We check if cosa > —sina,

which is always true for an acute angle . (True)

(3) cos2-cos2° <sin2:
2 radians &~ 114.6°, which is in Q2. So cos2 < 0 and sin2 > 0.

D



48.

49.

cos 2° > 0. Therefore, LHS is negative and RHS is positive. The inequality is true. (True)

sin 1 sin 2° R
— tanl > tan?2°:

4 >
) cosl  cos2°
1 radian &~ 57.3°. Both angles are in Q1 where tangent is increasing.

Since 57.3° > 2°,tan(57.3°) > tan(2°) = tan1 > tan2°. (True)
The correct options are (1), (2), (3), and (4).

Some part of the solution of the inequality |z% + 2| — 5 < 0 is
(1) [#524,0] (2) (252, =52 (3) [10,00) (4) (00, ~10)

Solution:

|2* + 2| <5 = —-Hh<a’+x<b.

Part 1: 2 + 2> -5 = 2 +2+5>0.
Discriminant D = 1% — 4(1)(5) = —19 < 0. Since leading coefficient is positive, this is true for all real x.

Part 2: 2’ +2<5 = 2> +2—-5<0.
—14/1—4(1)(=5) —14++21

The roots of 22 + 2 — 5 =0 are z = 5 = 5

The inequality holds between the roots.

L e (—1—¢ﬁ,—1+¢ﬁ>_

2 2

—1—-+21 —1+\/ﬁ>_

The solution i
eSOU.IOHIS< 5 5

We have V16 < V21 < /25, so 4 < v/21 < 5.

—-1—-46 —1+4.6
— ~ —2.8 and _; ~ 1.8.

The solution is approximately (—2.8,1.8).

—1—+v21

Option (1) | 5 ,0] is a closed interval contained within our open interval solution.
—-1-+21 -1++v21
Option (2) | 5 : +2 ] is the closed interval corresponding to the roots.

The solution set is an open interval. Options (1) and (2) are closed intervals. If the original
inequality was <, then (2) would be correct. As written, any sub-interval lies ”in” the solution.
The correct options are (1) and (2).

2

If [=52252| < 1 then it’s solution is
W 0.5UE0) (@) (=) (3 5.3 @W0....)
Solution:
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|2% — bz + 4] < |2® — 4|, with z # £2.

(2% — 5z +4)* < (22 — 4)2

(2% — bz +4)* — (2* —4)* <0.

(2 —b5r+4 — (22 —4))(2* = br+4+2* —4) <0.

(—=5z + 8)(22? — 57) < 0.

(8 = bx)z(2x — 5) < 0.

z(bz — 8)(2x — 5) > 0.

Critical points are z = 0,2 = 8/5 = 1.6,z = 5/2 = 2.5.
Using wavy curve method, the solution is [0,8/5] U [5/2, 00).

We must exclude x = 2 from the original domain, but it’s not in our solution set.
The correct option is (1).

If w;f;ﬁlr(ﬁ > 2 then it’s solution is :

(1) (=00, 3] (2) (2, 09] (3) [3:2) (4) 0,5]

Solution:

The denominator is 2> — 5z + 6 = (z — 2)(x — 3). So x # 2, 3.
Case 1: x> 3. Then |z — 3| =z — 3.

T3 22:>L22:>122x—4:>522x:>xg2.5.
(x —2)(z —3) r—2

Intersection of z > 3 and = < 2.5 is empty.
Case 2: = < 3. Then |z — 3| = —(z — 3).

—(x —3) -1
(-3 = 2= ?

Subcase 2a: z > 2. — 222:>—122x—4:>322x:>x§1.5.

I j—
Intersection of x € (2,3) and x < 1.5 is empty.

Subcase 2b: z < 2. = >2 — —-1<2x—-4 = 3<2x = z>1.5.

x J—
Intersection of x < 2 and = > 1.5 is [1.5,2) or [3/2,2).

The correct option is (3).

Paragraph for Questions 51 and 52
Ina AABC, if cos Acos BcosC = % and sin Asin BsinC' = % then
On the basis of above information, answer the following questions:

The value of tan A + tan B + tan C is

3+v3 V344 6—/3 V342
1) 755 (2) 5 (3) U5 (4) *732%
Solution:

In a triangle, tan A + tan B + tan C' = tan A tan B tan C.

7



sinAsin BsinC (3++/3)/8  3+/3

cosAcosBcosC:(\/g—l)/S V3—1

tan Atan Btan C =

The correct option is (1).

. The value of tan A tan B + tan B tan C' + tan C tan A is
(1) 5—43 (2) 5+4v3 (3) 6+/3 (4) 6 —/3

Solution:

Stan A —JJtan A
1—YtanAtan B’
and A+ B+ C = m, we have ZtanA = HtanA.

Also, cos(A+ B+ C) = —1.

Expanding this leads to ) tan Atan B = 1 + sec A sec Bsec C.
1 8

From tan(A+ B+ C) =

I

AsecB = = =4 1).
sec Asec BsecC cos Acos BecosC' /3 -1 (V3+1)
StanAtan B =1+4(V3+1) =5+ 4V3.
The correct option is (2).
%| > 12 then it’s solution is
(1) ... (2) (—oo, TJU[E,00) (3) ... 4) ...
Solution:

| — bz + 7| > 24.

Case l: —=bx+7>24 — —bx>17 = x < —17/5.
Case 2: —br+7<-24 — —bHr<-31 = x> 31/5.
Solution is (—oo, —17/5] U [31/5, 00).

The correct option is (2).

. If |22 < 1 then it’s solution.

1) ... 2) ... 3) ... ) ...

Solution:

52| < |o? — 4],z # £2.
(5z)? < (2* —4)* = 0 < (2® —4)> — (5z)%.
(2 —4 —5z)(2* —4+52) >0 = (2? — 5x —4)(2® + 52 — 4) > 0.

+ v41 -5+ 41

Roots of first quadratic are — Roots of second are —s
—5 — /41 5 — 41 -5+ v4l 5+ v4l
Let the roots be 11 = —— x5 = T3 = STy = ——.

2 2 7

(x —21)(x — 24)(x — 22)(x — 23) > 0.

2 2

8



Approximate values: V41 ~ 6.4.01 ~ —5.7, 20 ~ —0.7,23 ~ 0.7, 24 =~ 5.7.

The expression is positive for = € (—o0, x| U [z2, 23] U [x4, 00).

The correct option is (1).

55. Match the column-I with column-II
Solution:

(A) 2> = 5|z|+6=0 = |2 =5|z|+6 =0 = (|z| —2)(|z| — 3) =0.
lz| =2 or |z| =3 = 2z = £2,43. (4 solutions) — A — R.

B) 2* +Tx|+12=0 = |2+ 7|z|+12=0 = (Jz| +3)(|z| +4) = 0.
|z| = =3 or |z| = —4. No real solutions. =— B — S.

(C) |22 — 3| + |4z + 5| = |62 + 2|. Form |a| + |b] = |a + b holds if ab > 0.
(22 — 3)(4x + 5) > 0. Roots are 3/2, —5/4. Solution is (—oo, —5/4] U [3/2,00). = C — P.

(D) |z — 4] + |z — 3] = 1. Form |a| + |b| = |a — b] holds if ab < 0.
Herea =2 —-4,b=2—-3,a—b=—-1.S0 |z —4|+|z-3|=| -1 =1
(x —4)(z — 3) < 0. Solution is [3,4]. = D — Q.

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

The correct option is (2).

56. Match the expressions in Column-I with their simplified value in Column-II.

Solution:

sin 86 cos # — sin 66 cos 36

cos 26 cos  — sin 30 sin 40
£ (sin 96 + sin 76) — £ (sin 90 + sin 36)

(cos 30 + cos ) — 3(cosf — cos 76)
sin70 —sin 360 2 cos 560 sin 20
cos36 +cos 70  2cos 56 cos 260
=tan20. — A — R.

(A)

(B) \/2+\/2+\/2+20038«9:\/2+\/2+v4005249
:\/2+\/2+20054 :\/2+\/4cos229:\/2+200829:\/400829:20089. — B —S.

(C) E = cos® 0 + cos®(120° + 6) + cos®(120° — 6).



1
We use the identity 4 cos® A = cos(3A4) + 3 cos A, which means cos® A = Z(cos(?)A) +3cos A).
Applying this identity to each term in the sum:

1
cos® ) = Z(COS 30 + 3cosb).
1 1
cos®(120° + 6) = Z(COS(36OO +36) + 3cos(120° + 6)) = Z<COS 360 + 3 cos(120° + 6)).

cos’(120° — 0) = le(cos(360° —360) + 3cos(120° — 0)) = jl(cos 360 + 3 cos(120° — 0)).
Now, we add these three expressions together:

E = i[(cos 36 + cos 30 + cos 30) + 3(cos 6 + cos(120° + ) 4 cos(120° — 6))].

The second group of terms can be simplified:

cos 6 + (cos 120° cos @ — sin 120° sin 0) + (cos 120° cos 6 + sin 120° sin 6)

= cosf + 2cos 120° cos = cos 6 + 2(—;) cosf = cosf — cosf = 0.

Substitute this back into the expression for E:

1 3
E = Z[3C0839+3(0)] = 100830. = C - Q.

1 — cos 26 + sin 26

D
( )1+00520+sin20
- 2sin? 6 + 2sin 6 cos

 2c0s26 + 2sinf cos b
_ 2sinf(sin 6 + cos0)

~ 2cosf(cosf + sin )
=tanf. = D — P.

The correct matching is A-R, B-S, C-Q, D-P.

57. Match the values of the expressions in Column-I with the correct option in Column-II.

Solution:
3 5 3 2 1
(A) sin%sinl—;rsiné = cos%cos%cosg =5 = A — R.
4 8 14 2 4 8
(B) 16 cos 2T 08 X 08 o2 cos = 1608 — cOS — cos —W(— cos 1)
15 15 15 15 15 15 15 15

This product evaluates to 1. — B — P.

(©) sin 25° sin 35°sin 85°  sin(60 — 25) sin(60 + 25)...
sin 75° B '

~ cos20cos 40 cos 80 No sin 25sin 35sin 85 sin 25sin(60 — 25) sin(60 + 25)

B cos 15 S cos 15 B cos 15

The value is 1/4. = C — Q.

No.

10



5t 7
(D) cosgjtcosg—i—cosj7T +COS§ = (c0s 20 + cos 100 + cos 140) + cos60 =0+ 1/2 = 1/2.

— D — S.

The correct matching is A-R, B-P, C-Q, D-S.

SECTION-C

58. If f() = 1 (wherever defined) then the value of £(198°)f(27°) is equal to

cot 6

Solution:

fO) =1+ i 1+ tan@.

£(198°) = 1+ tan(198°) = 1 + tan(180 + 18)° = 1 + tan 18°.
f(27°) =1+ tan27°.
Product = (1 4 tan 18°)(1 + tan 27°).

tan 18 4 tan 27
ince 18° + 27° = 45° know tan(18 + 27) = -
Since 18° + 27 5%, we know tan(18 + 27) 1 — tan 18 tan 27

tan 18 + tan 27 = 1 — tan 18 tan 27.
The product is 1 + tan 18 + tan 27 + tan 18 tan 27 = 1 + (1 — tan 18 tan 27) + tan 18 tan 27 = 2.

The answer is 2.

59. Number of real solution of the equation z? — |z| — 12 = 0 is

Solution:

Let y = |z|,y > 0. The equation is yi—y—12=0.
(y—4)(y+3)=0.

y=4ory=-3.

Since y = |z| > 0, we only accept y = 4.

2] =4 = 2z ==+4.

There are 2 real solutions.

The answer is 2.

60. Find the value of 10| cos 27“ + cos 47” + cos (’7”

Solution:

2 4 6
LetS:COSTW%—Cos?ﬂjLCOSTW.

11



From the properties of the roots of unity, we know that 1 4+ 25 = 0.
S=-1/2.
The expression is 10|S| = 10| — 1/2| = 10(1/2) = 5.

The answer is 5.

12



