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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1. The sum of all solutions for the equation cos 2z = cosz in the interval [0, 27] is:

(A) 27 (B) 37 (C) = (D) 47

2
Solution:

COS2xr = COS X
= 2x=2nmtxx, neE-4l.

Case 1 (+ sign):
20 =2nm+xr — x = 2nm.

In [0, 27|, solutions are z = 0, 27.

Case 2 (- sign):

2
2 =2nm —x = 3x =2nm — x:%.
2m 4
In [0, 27], solutions are x = 0, ?ﬂ, §,27r.

2r 4
The set of distinct solutions is {0, il I, 27‘(‘} .

373
2 4
Sum of solutions = 0 + g + g + 27
o

:?—1—277:2#—1—2#:471

The correct option is (D).



2. Let S be the set of all values of € (—m, m) for which the equation 2sin® z + 3 cosz = 3 holds. The
number of elements in S is:

(A) 1 (B) 2 (€)3 (D) 4

Solution:

2(1 — cos’z) + 3cosz = 3

2 —2cos’r +3cosr —3 =0
2cos’z —3coszr+1=0
(2cosx — 1)(cosz — 1) = 0.

This gives cosx = 1/2 or cosx = 1.

We find the number of solutions in the interval (—m, 7) using the spiral diagram.

End: 7w / N 0
Start: —7 \ N

The solutions are z = 0 from cosz = 1, and = 7/3, —7/3 from cos x = 1/2. There are 3 solutions.
The correct option is (C).

3. Let the equation be sin x — sin 2z + sin 3x = 0. Then which of the following is/are correct general
solutions for 27 (n € Z)

(A) om (B) 2n7 + T (C) nr + (=1)"

5 (D) nm

SIE]

Solution:

(sin3z +sinz) —sin2zx =0
3 3r —
2sin< x+x)cos< v I)—sian:O
2 2
2sin2xcosx —sin2z =0
sin2x(2cosxz — 1) = 0.

Case 1: sin2z =0

nmw
— 2r =nm — 1827.

1
Case 2: 2coszr—1=0 = cosxzi.



— sznwig.

Both sets of solutions are correct. The correct options are (A) and (B).

4. If the equation kcosx — 3sinx = k + 1 has a solution, then k can be:
(A)5 (B) 2 (C) -1 (D) 4
Solution:

For an equation of the form acosz + bsinz = ¢ to have a solution, the condition |c¢| < v/a? + b?
must be satisfied.

Here, a = k,b=—-3,c=k+ 1.

|k +1] < \/k? + (=3)?
(k+1)*<k*+9

K 4+2k+1<k+9

2k <8 = k<4

We check which options satisfy k < 4 :
(A) 5: No

(B) 2: Yes

(C) -1: Yes

(D) 4: Yes

The correct options are (B), (C), and (D).

5. Match the equations in Column-I with the number of their solutions in the interval [0,27] in
Column-II.

Column-I Column-II
(A) cos260 =sind (P) 8
(B) tan + secd = 2 cos b (Q) 2
(C) 165° @ 4+ 16e5%2 = 10 R) 3
(D) sin 2z = cos 3z (S) 6

Answer: A-R, B-Q, C-P, D-S
Solution:
(A) cos20 =sinf = 1—2sin’0 =sinf = 2sin?f+sinf—1=0. (2sin6—1)(sinf+1) = 0.

sinf = 1/2 gives 2 solutions (7/6,57/6). sinf = —1 gives 1 solution (37/2). Total = 3
solutions. (A — R)



(B) tanf + secf = 2cos) — 81“09;1 =2cosf) = sinf + 1 = 2cos® . This leads to the same
equation as (A), but with the constraint cos # 0. Thus, the solution § = 37/2 is rejected.
Total = 2 solutions. (B — Q)

(C) 16 4 16°°5°* = 10. This simplifies to sin>z = 1/4 or sin?z = 3/4. sinz = +1/2 (4
solutions). sinx = 4+/3/2 (4 solutions). Total = 8 solutions. (C — P)

(D) sin2x = cos3x = cos(n/2 — 2x) = cos3x. 3z = 2nm £ (7/2 — 2z). Case (+): bz =
2nm + /2 = x = 2T 4+ & Solutions in [0, 27] are 7/10, 57/10, 97 /10,137 /10, 177 /10.
(5 solutions). Case (-): # = 2nm — w/2. Solution in [0, 27| is 37/2. (1 solution). Total = 6
solutions. (D — S)

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

. Match the following.

Column-I Column-I1

(A) The number of solutions of sin3z 4+ cos2x =0 (p) 1
in [0, 3] is

(B) The number of solutions of the equation (1 — (q) 4
tanz)(1 4 sin2z) = 1 4 tanz in [—g, g} is

(C) The number of solutions of the equation (r) 2
sin(mzx) = e* 4+ e 7 is

(D) The number of solutions of the equation (s) 0
sin®x — 3sinz cos? x + 2cos® z = 0 in {—%, ﬂ is

Answer: A(q), B(r), C(s), D(p)

Solution:

(A) For the equation sin 3z + cos2x = 0 in [0, 37/2]:
We have sin 3x = — cos 2z = sin(2x—7/2). The general solution is 3z = nw+(—1)"(2x—7/2).
— Ifniseven, 3x =nr+2x —7/2 = o =nm —7/2. For n =2, x = 31/2.

—Ifnisodd, 3z = nt — 2 — 7/2) = bz = nr+ w/2. For n = 1,3,5, we get
x = 37/10,7r/10, 117/10.

The solution set is {37/10, 77 /10,117 /10,37 /2}. The number of solutions is 4. (A — q)
(B) For (1 —tanx)(l+sin2z) =1+ tanz in [—7/2,7/2]:
The equation simplifies to (cosx + sin z)(cos2x — 1) = 0.

— cosx +sine =0 = tanzr = -1 = v = —7/4.
—cos2x =1 = 2x=2kn = x=knm. For k=0, 2 =0.

The solution set is {—n/4,0}. The number of solutions is 2. (B — r)



(C) For sin(nrx) = e + e~ *:
The range of the LHS, sin(wz), is [—1,1]. The range of the RHS, e¢* + ¢™* = 2cosh(z), is
[2,00). Since the ranges do not overlap, there is no solution. The number of solutions is 0.
(C — )
(D) For tan®z — 3tanz +2 =0 in [—7/4,7/4):
Let t = tanx. The equation becomes 3 — 3t + 2 = 0, which factors to (t — 1)?(¢t + 2) = 0.
This gives tanx = 1 or tanx = —2.
— In [—7/4,7/4], the only solution is from tanz =1 = x = 7/4.
— tanx = —2 has no solution in this interval, as the range of tanz for x € [—7n/4,7/4] is
[_17 1]'

The number of solutions is 1. (D — p)

Correct Match: A - q,B— 1, C —s, D — p.

Paragraph for Questions 7 and 8

A particle’s motion is analyzed using two independent trigonometric models. The first model de-
scribes the particle’s stability, which is maintained only when the denominator of the expression
f(x) = 3032 _ js non-zero. The second model describes the particle’s angular position o, which is

2cos2x+1
constrained by a specific geometric condition.

. The number of solutions to the equation f(z) = 3 in the interval [—m, 7] is:

(A) 1 (B) 2 (C) 4 (D) 6

Solution:

sin 3x _1
2c082cx+1 2
2sin3z = 2cos2x + 1

2(3sinx — 4sin® r) = 2(1 — 2sin®z) + 1
6sinz — 8sin®x = 3 — 4sin’x

8sin®z — 4sin®z — 6sinz +3 =0
4sin®z(2sinx — 1) — 3(2sinz — 1) =0
(4sin®x — 3)(2sinz — 1) = 0.

FEEeel

This gives sinz = 1/2 or sin?z = 3/4 = sinx = ++/3/2. The stability condition requires
the denominator to be non-zero: 2cos2x + 1 # 0 = cos2x # —1/2. We use the identity
cos2x = 1 — 2sin® x to check our solutions:

o Ifsinz =1/2, then cos2z =1 —2(1/2)?> = 1/2 # —1/2. These solutions are valid.

o If sin?x = 3/4, then cos2z =1 —2(3/4) =1 — 3/2 = —1/2. These solutions are invalid.

We only need to count the solutions for sinz = 1/2 in [—7,7|. The solutions are x = 7/6 and
x = 57/6. There are 2 solutions. The correct option is (B).

. If the angular position a € [—2m, 27] is determined by the relation cos(%) + sin(%) = v/2(cos 36° —
sin 18°), then one possible value of « is:



(A) F (B)

SIE]

Solution:

First, simplify the RHS:

1 —1
cos 36° = \/S4+ and sin18° = \/54 )
Vi+1l V5-—1 2 N
H - 2 - = 2 —_ = — = —.
RHS f( 4 4 \/_<4> 2 V2

Now, simplify the LHS:

COS(%) + sin(%) =2 <\}§ COS(%) + \/15 sin(Z)) = v2cos (Z — W) :

The equation becomes:

ﬂcos(a—ﬂ>:1 = cos(a—ﬂ>:1.

2 4) 2 2 4) 2
a 7w
e Vi
24 T3
7 7
Case(+):%:2n7r+g+%:2mr+£:>oz:4mr+g.
For n=0, a = %, which is in [—27, 27].
a T 7r T
DS o~ Do - & = dnm — _.
Case (-) nm 3+4 nr— 5 = a=dnm— ¢

7
For n=0, o = ——.
or n=0, 5

One possible value is 7F. The correct option is (C).

9. If the sum of all solutions of the equation 2cos20 + 1 = 0 in the interval [0, 37] is k7, then find
the value of k.

Solution:

2c0820+1=0 = cos20 = —1/2.

Let ¢ = 26. Since 6 € [0,3n], the interval for ¢ is [0, 67].

We find solutions for cos¢ = —1/2. They are in Q2 and Q3 with ref. angle 7/3.
In[0,27] :¢p =7 —7/3=2n/3, ¢=n+7n/3=4nw/3.

In 27,47 : ¢ =27 +27/3 =87/3, ¢ =2n+4w/3 =107/3.

In [47m, 67 : ¢ = 4w +27/3 = 147/3, ¢ =4n+ 4n/3 = 167/3.

90 {27r47r87r107r 14m 1677}
337373737 3 )

pe {72 dn m 7 5y
3’373737373)°



27
Sum:§(1+2+4+5+7+8):%:97.

Given Sum = knm = k=0.

The integer value of k is 9.

10. The number of solutions of 3-°_, cos(rz) = 6 in (0, 27] is:

Solution:

The given equation is cos(z) + cos(2x) + cos(3x) + cos(4x) + cos(bz) + cos(6z) = 6.
The maximum value of any cosine term, cos(rzx), is 1.

For the sum of six cosine terms to be 6, each term must be equal to its maximum value.
This requires cos(z) = 1,cos(2z) = 1,...,cos(6x) = 1 simultaneously.

From cos(z) = 1, the general solution is x = 2nmr.

In the interval (0, 2], the only solution is x = 27 (for n = 1).

We check if this value satisfies the other conditions:

cos(2 - 2m) = cos(4m) = 1.

cos(3 - 2m) = cos(6m) = 1.

And so on. All conditions are satisfied for z = 2.

Thus, there is only one solution in the given interval.

The number of solutions is 1.



