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.

Exercise: MHT CET PYQ

( Topic: Trigonometric Equation]
Sub: Mathematics MHT CET PYQ: Solution Prof. Chetan Sir

1. The common principal solution of the equations sin = —% and tanf = % is:
(A) § (B) ¥ ©) & (D) &*
Solution: We need to find the common solution for sin = —1/2 and tan # = 1/4/3 in the interval
[0, 27).
o For sinf) = —1/2, sine is negative, so solutions are in Q3 and Q4.

o For tanf = 1/4/3, tangent is positive, so solutions are in Q1 and Q3.

The common quadrant for the solution is Quadrant ITI. In Q3, the angle is m 4+ «, where « is the

reference angle. For sinf = 1/2 and tan = 1/4/3, the reference angle is a = 7/6. So, the common

solution is € = 7 + % = %’r.

/2

— Common Solution

— T _ Im
0=m+¢ =7

0,2m

The correct option is (C).



2. The principal solution of (54 3sin#)(2cosf + 1) = 0 are:
OEx ® %5 © %% o) %7
Solution: The equation (5+3sin#)(2cosf+1) = 0 implies either 54+3sinf = 0 or 2cosf+1 = 0.
o Case 1: 5+ 3sinf) =0 = sinf = —5/3. This is not possible as —1 <sinf < 1.
o Case 2: 2cosf+1=0 = cosf = —1/2. Cosine is negative in Q2 and Q3. The reference
angle is 7/3.
The principal solutions in [0, 27) are:

. . o _2
« Q2 solution: § =7 — % = <.

e Q3 solution: 6 =7+ 3 = 4{.

The correct option is (C).



3. The number of values of x in the interval [0, 3] satisfying the equation 2sin?z +5sinz — 3 = 0 is:
(A) 6 (B) 1 (€) 2 (D) 4

Solution: First, we solve the quadratic equation for sinx. Let y = sin .

20 +5y —3=0
= 2y +6y—y—3=0
= 2y(y+3)—1(y+3)=0
= 2y—1)(y+3)=0
This gives sinx = 1/2 or sinz = —3. Since —1 < sinx < 1, the only valid solution is sinx = 1/2.
We need to find the number of solutions for sinz = 1/2 in the interval [0, 37].

Solutions in [0, 37| are x = F, %,27‘(‘ + 5,3 — 5.
So there are 4 solutions.

/2

2ndrot,

1% rot.

ol

The correct option is (D).



4. The number of solutions of 165™*% 4 16%°5*% = 1() in () < x <27 are:
(A) 8 (B) 10 (C) 6 (D) 4

Solution:

16sin2x 4 161—sin2m =10
Let y = 16, The equation becomes:
16
y+—=10
Y
— 4% + 16 = 10y
— 1y —10y+16=0
— (y—2)(y—8) =0
—y=2o0ry=_8.

2

Case 1: 1657 =2
(24>sin2x — 21

1 1
4sinr =1 = sin2xzi — sinx::ti.

This gives 4 solutions in [0, 27]: %, %’r, %“, HT”.

Case 2: 1657°7¢ =8

(24)sin2 T _ 23
V3

4sin’y =3 = sin2x:i — sinx::l:T.

This gives 4 solutions in [0, 27]: %, %’r, 4{, % In total, there are 4 + 4 = 8 distinct solutions.

The correct option is (A).



5. If sin(7 cot 0) = cos(} tan ), then the general solution of @ is:

(A)nr+5,neZ (B) nt+ (=1)"%,n € Z
C)2nr+£ i, nelZ (D) 2nm £3%,n € Z
Solution:
sin (Z cot 6) = COS (Z tan 9)
We can write cos(A) = sin(g —A).
—> sin (Z cot 0) = sin (;T — %tan@

- %cotﬁ—l—%tam@zg—i-%m

Dividing by 7/4 and considering the simplest case (n=0):
cotf +tanf =2

0 in 6
cos sinf _

sinf = cosfh
cos? @ + sin? 0 _
sinfcosf

——— =2 = 1 =2sinfcosf = sin(20) = 1.
sin 0 cos 0

=2

Alternatively, from tan6 + =
tan 6

tan’f —2tanf +1 =0
= (tanf — 1) =0 = tanf = 1.

The general solution for tanf =1 = tan(%) is:

0:n7r+g,n€Z.

The correct option is (A).



6. The possible values of 6 € (0, 7) such that sin 6 + sin(46) + sin(76) = 0 are:

(A)Ef’iﬁ?i?ﬁ&r (B)Lﬂﬁzﬁr?ﬂ@
4712727 37 479 974727 37 4 36
(0)2111213181 (D)2114l£3181

97472737 4710 97479727479
Solution:

(sin(76) + sin ) + sin(460) = 0

C+D C—-D
Using sin C' + sin D = 2sin _|2— coS :

2
25111(826) cos(626.) +sin(40) = 0
25sin(460) cos(36) + sin(40) = 0
sin(460)(2cos(30) +1) =0
This gives two cases:
Case 1: sin(46) = 0.

Since 6 € (0, 7), we have 40 € (0, 47).
Solutions for sin(460) = 0 are 46 = m, 27, 37.

. G—W 2 37
4404
= 0 € {7T z ?m}
4’27 4 )
1
Case 2: 2cos(30) +1=0 = cos(39):—§.
Since 6 € (0, ), we have 30 € (0, 37).
2 4 2
Solutions for cos(36) = —1/2 are 30 = g, g, 2 + g
2r Am 8w
— 30 =—,—, —.
37373
. 06{2# 4Am 87T}
97979

Combining the solutions from both cases, the set of all values is:

2r m 4w 7w 3m 8w
9747 9727 479

The correct option is (D).



7. If tan 30 = cot @, then 6 =

(A) Gt e 7 (B) T p ez
(R =N/ (D) nm,n € Z
Solution:

tan(360) = cot 0

Using cot = tan (;T — 6) :

tan(36) = tan <72r — 0)

The general solution for tan A = tan B is A = nw + B.
:>30:n7r—|—(72r—9>, neus

:>49:n7r—|—g

2 2 1
- n7r+7rz(n+ )

5 5
o+ 1
:ﬁez("g>7 nez.

The correct option is (A).



8. The general solutions of the equation tan? 6 + sec 20 = 1 are:
A)nmnr£3necZ (B)nmnrtinecZ
C) ", F£3,neZ (D) nm,n € Z
Solution:

tan® 6 + sec20 = 1

1+ tan0

1 —tan?6 :

1+ tan?6

1—tan?f

Multiply by (1 — tan®#), assuming tan?6 # 1 :
tan® 0(1 — tan®6) + (1 + tan®6) = (1 — tan”0)
tan’ 6 —tan? @ + 1 + tan?0 = 1 — tan®4
—tan®@ 4+ 3tan?6 =0

tan” (3 — tan®6) = 0

Using sec 20 =

tan® 6 +

This gives two cases:

Case 1: tan?6 = 0

= tanfd =0
= O=nnm, néeclzl.

Case 2: 3—tan’0 =0
— tan’f =3
— tanfd = /3.

The general solution is ¢ = n7w + E, n e Z.

The complete set of solutions is n7 and n7 + .
The correct option is (A).



9. If 0 <z <7 and g1sin*e 4 81cos”z — 3() Then x takes the value:

(A) 5.3 (B) £, 7% (C) 2,z (D) %, %
Solution:

8lsin2w 4 811—Sin2m — 30
Let y = 815"°* The equation becomes:
81
y+— =230
Y
— 4 —30y+81=0
— (y—=3)(y—27) =0
—y=3ory=2"7.

2

Case 1: 815"z =3

(34)sin2 T _ 31

9 1

4sinz =1 = sin z=, = sinz = (since z € [0, 7],sinz > 0).

N | —

Solutions in [0, 7] are x = £, 3.

Case 2: 818"’ — 97

(34)51112 T _ 33

2,3 V3

4sin*z =3 = sin r= = sinz = (since z € [0, 7]).

Solutions in [0, 7] are x = I, 2.

. . 2 5
The set of all possible values for x is {%, %, 5, ¢}

Option (A) lists two of these valid solutions.
The correct option is (A).



Solution:

10. If tan(m cos 0) = cot(msin @), then sin(7 + 0) =

=

tan (7 cos @) = cot(m sin )

Using the identity cot(A) = tan (;T - A) :

= tan(mcosf) = tan <72T — msin 6’)

For tan(A) = tan(B), the simplest solution is A = B.

Considering this principal case: when n=0

= (mcosf) + (wsinb) = g
Dividing by 7 :

1
= cosf +sinf = 3

1
Multiply by —= to convert to Rsin(f + «) form:

V2

1 5+ 1 0 1
—> ——SIn — COSU = ——=
V2 V2 22

T . . T 1
— coszsmﬁ%—smzcose: -

22
S111 — = —.
4 2v/2

From the options, ﬁ is a possible value. The correct option is (D).

10
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11.

If 1 —cosf =sinf - sin g, then the value of @ is:

(A) 2nm,dnmt,n € Z (B) wEn e
C)@2n+1)E,neZ (D) 2n—-1)},ne€Z
Solution:

0

1 —cost :sine-sin§

0 06 0
Using half-angle identities: 1 — cos @ = 2sin? 3 and sin @ = 2sin — cos —.

2
0 0 0 0
— 251n2§ = <2Sin2008 2) sin§
0 0 0
— 2sin2§ :2sin2§cos§
0 0 0
:>2sin2§—2sin2§cos§ =0
0 0
= 2sin2§(1—cos§) =0

This gives two cases:

Case 1: sin2§ =0

0
Sln2

:}9
- =N’
2

= 0 =2nm, né€EZ.

0
Case 2: 1—COS§:0

— 0 1
coS = =
2

0
— 522?7/77'

= 0 =4dnm, n €.

The correct option is (A).

11



12. The number of values of x in interval [0, 57] satisfying the equation 3sin?x — 7sinz + 2 = 0 is:
(A)0 (B) 5 (C) 4 (D) 6
Solution:
3sin*z — Tsinz +2 =0
= 3sin’z — 6sinz —sinz +2 =0
— 3sinz(sine — 2) — 1(sinz —2) =0
= (3sinz — 1)(sinz —2) =0

This gives sinz = 2 (which is impossible) or sinz = 1/3.
We need to count the number of solutions for sinz = 1/3 in the interval [0, 57].

 In [0,27], there are 2 solutions.
o In [27,47], there are 2 solutions.

o In [47, 57], which covers Q1 and Q2 of the next cycle, there are 2 solutions.

Total number of solutions is 2 + 2 + 2 = 6.

i
6 Ts

The correct option is (D).
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13. The general solution of sinx + cosx = 1 is:

(A) x =2nm,n €Z B)r=2nt+ 5, necZ
(C) z =nm+(-1)"% — (D) not existing
TneEZ

Solution:

sinx +cosx =1

Divide by V12 + 12 = /2

1 . 1 1
—=SINT + —=COST =

V2 V2 V2
Using cos(A — B) = cos Acos B 4 sin Asin B :

T . LT 1
cosxcosz 4+ smzxsin — =

12

= cos(o= ) =eon]
cos |z — — | = cos —
4 4

L ™ 7

The general solution is x — i 2nm + 1

Case 1 (+ sign): = — % =2nm + %

T
— :c:2n7r+§.

Case 2 (- sign): = — Z =2nm —

— x = 2nm.

N

Now we check if option (C), & =nm + (—=1)"F — 7, represents these solutions.

If n iseven (let n=2k ):

= ok + (—1)*T T
x T+ (—1) 11
T T
ot T
7T+4 1

= 2km. (Matches Case 2)

If n isodd (let n=2k+1 ):

= (2k 1 _12k+1§_z
r= 2k + Dt (<)HT T

m m
=@k+)r—--2
(2k +D)m — 7

I

= 2k 7 — =
2

= 2km + g (Matches Case 1)

Therefore, option (C) correctly represents both sets of solutions.
The correct option is (C).

13



14. If for certain x, 3 cosx # 2sin z, then the general solution of, sin? x — cos 2z = 2 — sin 2z is:
(A) 2n+1)7,neZ B) 2n+ 1), neZ
C)nr+(-1)"f,neZ (D) F+1neZ

Solution:

Given the equation:

sin?x — cos2x = 2 — sin 2x

Convert all terms to forms of sinz and cosz :

(1 —cos®z) — (2cos’x — 1) =2 — 2sinzcos

Simplify the expression:

1 —cos’x —2cos’x+1=2—2sinzcosx
2 —3cos’r =2 —2sinzcosz

—3cos’zr = —2sinzcosx

2sinzcosz — 3cos’xr =0

Factor out cosz :

cosz(2sinz —3cosz) =0

This gives two possible cases for the solution:

Case 1: cosz =0
= x:(2n+1)g, n € 7.

Case 2: 2sinxz —3cosz =0

— 2sinxz = 3cosx.

The problem includes the constraint that 3 cosx # 2sin x.

This means we must exclude the solutions from Case 2.

Therefore, the only valid general solution is from Case 1.
)7r

r=2n+1 5 n € Z.

The correct option is (A).
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15. Let 2sin?z+3sinz—2 > 0 and 22 —2—2 < 0 (x is measured in radians). Then x lies in the interval:

(A) (5.%) (B) (-1,%) (€) (-1,2) D) (5:2)
Solution:

We solve the two inequalities separately.

Inequality 1: 2sin?z + 3sinz — 2 > 0

(2sinz — 1)(sinz 4 2) > 0.

Since — 1 <sinz < 1, the term (sinz + 2) is always positive.
Therefore, for the product to be positive, we must have:

2sinx —1>0

. 1
=54 Sln$>§

5
= x € (7(;’ (;T) (in the principal cycle).
Inequality 2: 2> —2 —2 < 0
(x—2)(z+1) <0.
The expression is negative between its roots, r = —1 and x = 2.

= z € (—1,2).

Intersection:

)
We need the intersection of the two solution intervals: (g, g) and (—1,2).

5
Using the approximations % ~ 0.524 and g ~ 2.618,
we find the intersection of (~ 0.524,~ 2.618) and (—1,2).

The common interval is (g, 2) .

The correct option is (D).

15



16. The general solution of the equation V3cosh +sinf = /2 is:

(A) (<15 45 (B) o+ (1)

()t (AP E 8 (D)t (-1
Solution:

RN

V3cosh+sinf =2

Divide by \/(V3)2+ 12 =3 +1=2:

3 1 2 1
£(3080+—Sir10:£:

2 2 2 V2
Using sin(A+ B) =sin Acos B + cos Asin B :
1
sin%cos@+cosgsin0: 7
= si <0+ W) in —
S —) =sin—.
in 3 sin -

The general solution for sin A =sin B is A = nw + (—1)"B.

:¢9+g:nw+bﬂwﬁ

Wl

— 0 =nm+ (—1)"2

The correct option is (C).

16



17. Let P = {f]sin® — cosf = v/2cosf} and Q = {f]sind + cos = /2sinf} be two sets, then:

(A)PCQandQ-P# (B)QgP () P¢Q (D) P=Q
¢

Solution:

We simplify the defining condition for each set.

For set P:

sinf — cos = \/§COSQ
— sinf = V2cosf + cos b

—> sinf = (V2 +1)cosé
Assuming cosf # 0 :

— tanf = V2 + 1.
For set Q:

sin f 4 cos§ = v/2sin 6
— cosf = v/2sinf —sin 6
—> cosf = (V2 —1)siné

Assuming sinf # 0 :

— cotl =v2 -1
1

V2 -1
Rationalizing the denominator:
1
y V2 +1 _ V2+1 _ 5
V2—-1 V241 2-1

Since both sets are defined by the same condition, tan € = /2 + 1, the sets are equal. The correct
option is (D).

= tanf =

= tanf = + 1.

17



18. The number of values of x in the interval (0,57) satisfying the equation 3sin?x — 7sinz + 2 = 0:
(A)O (B) 5 (C) 6 (D) 10

Solution: This is the same equation as in Question 12, which simplifies to sinz = 1/3.
The interval is now (0, 57), which excludes the endpoints 0 and 5.

Excluding the endpoints 0 and 57 does not remove any solutions. As determined in Q12, there are
6 solutions in the interval.

The correct option is (C).

18



19. The solution set of the equation tanx + secx = 2 cos z in the interval [0, 27] is:

(A) (5.5

6’ 6 2

©){5.% %

Solution:

Y ™ s
D) {% %%
sin x 1 .
=2cosx (assuming cosx # 0)
CoST  COST

— sinz + 1 =2cos’z

— sinz + 1 = 2(1 — sin®2)
— sinz + 1 =2 — 2sin’x
— 2sin®z +sine —1=0

= (2sinz — 1)(sinx + 1) = 0.

Case 1: sinz =1/2.
om

Solutions in [0, 27| are x = % and © = 6

For both, cosx # 0, so they are valid.

Case 2: sinz = —1.

3
The solution in [0, 27] is z = °r

For this value, cosx = 0, which makes the original equation undefined.

The, correct answer should be {g, 5(?} .

The correct option is (C).

19



20. The number of integral values of k for which the equation 7 cos x+5sinx = 2k+1 has a solution, is:
(A) 4 (B) 8 (C) 10 (D) 12
Solution: For an equation of the form acosx + bsinx = ¢ to have a solution, we must have
lc| < Va2 + b2 Here,a=7,b=>5, and c = 2k + 1.
VP2 <2%+1< VTP +52
= —V49+25<2k+1<+v49+25
— —VT4<2k+1< V74

Since 8% = 64 and 9% = 81,74 ~ 8.6.
— —86<2k+1<86
= —86—-1<2k<86-1
— —96<2k<76
— —48< k<38

The possible integer values for k are {—4,—3,—2,—1,0,1,2,3}. There are 8 such integer values.
The correct option is (B).

20



21. Let a, b, ¢ be three non-zero real numbers such that the equation v3acosz + 2bsinz = ¢,

x € [~7, 3] has two distinct real roots @ and 8 with a + 3 = %. Then the value of g is:

(A) 0.1 (B) 0.5 (C) -0.5 (D) 1

Solution: Since a and S are roots of the equation, they satisfy it.

V3acosa+ 2bsina=c¢ -+ (1)
V3acos B+ 2bsinf=c ---(2)

Subtracting equation (2) from (1):

(vV/3a cos o + 2bsin o) — (V/3acos 4 2bsin ) = 0
—> V/3a(cos a — cos B) 4 2b(sin a — sin §) = 0
Using sum-to-product formulas:

\/§a<—2sina;5sina;6>+2b<2cosa—;ﬁsinagﬁ> =0

o
Factor out 2sin

QSinagﬁ (—\/gasina;ﬂ +Zbcosa—;_5> =0

Since o # 3, sin a ; 8 # 0. So we can divide by it.
- —\/gasina+ﬁ+2bcoswzo
. 7T a+p 7
G = — .
iven a + (8 3 SO 5 6

— —\/gasin%—i-%cosgzo
:>—\/§a(1)+2b @ =
2 2
— —\éga+\/§b:0
V3 1

:>\/§b=7a —— bzia

b 1
— — = —-=0.5.
a 2

The correct option is (B).

21



22. The general solution of sin z — 3sin 2x + sin 3x = cosx — 3 cos 2x + cos 3x is:

(A)z=nr+7 (B) x =2nm + 7
(C)z=nr+ (—=1)"] (D) x ="+ %
Solution:

Rearrange the terms:
(sin3x + sinz) — 3sin 2z = (cos 3x + cosx) — 3 cos 2z
Using sum-to-product formulas:

3 3T — 3 3T —
I+x)cos( ’ I)—3sin2x:2cos( x;w)cos( x2 x)—3cos2x

2 sin(

= 2sin 2z cosx — 3sin2x = 2cos 2x cosx — 3 cos 2x

= sin2x(2cosz — 3) = cos2z(2cosx — 3)

= sin2z(2cosz — 3) — cos2x(2cosz —3) =0

— (sin 2z — cos 2z)(2cosx — 3) =0
Since cosx # 3/2, the factor (2cosz — 3) is never zero.
Therefore, we must have sin 2x — cos 2z = 0.

— sin2x = cos2x — tan2x = 1.

tan 2z = tan(%)

T
— 2r=nm+ —.

4
:>93:n—7r+Z
2 8’

The correct option is (D).
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23. The Solution set of the equation sin?0 — cos 6 = % in the interval [0,27] is:

(A) {5 % (B) {5. % ©) {55 (D) 5.5}
Solution:

(1 —cos? ) — cos =

S,

1
:>1—COSQ¢9—COSH—1:0

— —COS2(9—COSQ+§;_O
Multiply by -4:
= 4cos?’f+4cosh—3=0
— 4cos” 0 +6cosf —2cosf —3 =0
— 2cosf(2cosf+3) —1(2cosf+3) =0
= (2cosf — 1)(2cosf +3) =0

This gives cos = 1/2 or cosf = —3/2 (impossible).

The solutions for cosf = 1/2 in [0, 27] are in Q1 and Q4.

« QI solution: 6 = %.

« Q4 solution: 0 =27 — 3 = °F.

The solution set is {%, 2 }. The correct option is (B).

23



24. The number of all values of 6 in the interval (—
tan 6) sec § 4 202770 = ( is:

(A)1 (B) 0 (C) 2 (D) infinitely many

Solution:

, 5) satisfying the equation (1 — tan@)(1 +

B

(1 —tan?6)sec’ § + 2tan? 6 = 0
Using sec’ =1 + tan? 6 :
(1 —tan?6)(1 4 tan?6) + 2tan?60 = 0
1 —tan* 6+ 2tan’f =0
— tan’f — 2tan’6 — 1 =10
Let t = tan? 4. The equation is t* — 2t — 1 = 0.

—(=2) £ /(=2 —4(1)(-1)
2(1)
2+ V4+4 2+/8 2+2y2
t = te_ V8 = V2 = 1++2.
2 2 2
Since t = tan®#, t must be non-negative. So we must take the positive root.

t=tan’0 =1+ V2.

— tanf = +\/1 + V2.

Using the quadratic formula: ¢ =

tan0:\/1+\/§

solution

Bl

_g solution

tanf = —\/1++/2
The interval (-7, 5) covers Q4 and Q1.
There are two distinct solutions in this interval.

™ T

In the interval (—5, z

There is one solution for tan § = 4+1/1 + v/2 (in Q1) and one solution for tan § = —/1 + /2 (in Q4).

), the tangent function takes all real values.

Thus, there are 2 solutions.
The correct option is (C).
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25. If 0 and « are not odd multiples of 7 then tan 6 = tan o implies general solution is:
A)d=a+%neZ B)f=a+3"neclk
C)o0=nr+anecZ D)d="T+anckZ
Solution: This question asks for the standard formula for the general solution of a tangent equa-
tion. The period of the tangent function is 7. If tanf = tan «, it means that § and a have the
same terminal side, or their terminal sides are separated by an integer multiple of w. Therefore,

the general solution is:
=nr+a, nez

The correct option is (C).
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26. The general solution of 21/3 cos? § = sin 4 is:

(A)nr+(-1)"s,neZ B)nr+(-1)"E,necZ
(C)nr£(-1)"Z,neZ (D)nr+(-1)"3F neZ

Solution:
2v/3(1 — sin? §) = sinf
— 2v/3 — 2v/3sin%0 = sin 0
— 2v/3sin?60 +sinf — 2v3 =0

This is a quadratic in sinf. Using the formula sin 6

—14 /12 — 4(2v/3)(-2V/3)

b= Vb2 — 4dac '
- 2a '

sinf =
2(2v/3)

g M 1+16(3) —1+£+49 —1+£7
sinf) = = = )
44/3 44/3

Two possible values:
. 6 3 V3
sinf = ——==—— = —.
44/3 23 2
-8 —2
sinf = ——= = — (impossible, as it’s < —1).
WAV (imp )
. 3 LT
So, we must have sinf = — =sin (3) .
The general solution is 6 = nm + (—1)"%, n € 2.

The correct option is (A).
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27. The number of solutions of tanz + secx = 2cosz in [0, 27| are:

(A) 6 (B) 4

(€)3

Solution: The equation is valid for cosx # 0, which means = # 7/2, 37 /2.

sinx 1
+ =2cosx

COSX  COSZX
— sinz+1=2cos’z

= sinz + 1 = 2(1 —sin’7)
= 2sin’z +sinx — 1 =0
= (2sinz — 1)(sinz + 1) = 0.

This gives two cases:

Case 1: sinz =1/2.

The solutions in [0, 27| are x = 7/6 and = = 57/6.

For these values, cosx # 0, so they are valid solutions.

Case 2:

sing = —1.

The solution in [0, 27] is = 37/2.

However, this value was excluded because it makes the

original equation’s denominator zero.

Thus, there are only 2 valid solutions.

The correct option is (D).

27

(D) 2



28. If the general solution of the equation :d‘fl;;} =3isz = % + %, n,p,q € Z, then g is:
(A) 12 (B) 1—12 (C) 3 (D) 36

Solution:

tan3z — 1
2 2 /3
1+ tan 3z \/_

Recognize that 1 = tan(mw/4).

t —

an 3z — tan(m/4) _ 3

1 + tan 3z tan(w/4)

Using the identity for tan(A — B) :

tan (31:— ﬂ) =3

4

ta <3 W) ta (W)
ni(3r——|= -
A "3

The general solution is:

T T
3 — —=nw+

4 3
:>3:L':n7r—|—z—|—z
3 4
.3 +47r+37r +77r
r=n =n —
T T2
. n7r+77r
r=—4 —.
3 36
7
Comparing withx:nljtl, we have p = 3 and ¢q = 36.
p q
p_3_1
g 36 12

The correct option is (B).
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29. The solution set of 8 cos? @ + 14 cos@ + 5 = 0, in the interval [0, 27], is:
™) 5% ®) (5.4 © %% ) £3.5)
Solution:
We solve the quadratic equation for cos@.

8cos?f + 14cosf+5=0

8cos® + 10cosf 4+ 4cosh +5 =0
2cosf(4cosf +5)+ 1(4cosf+5) =0
(2cosf + 1)(4cosf+5) =0

This gives two possibilities:

e 2cos0+1=0 = cosf =—1/2.
e 4cosf+5=0 = cosf = —5/4 (impossible, as it’'s < —1).

We need to find solutions for cos® = —1/2 in [0,27]. Cosine is negative in Q2 and Q3. The
reference angle is 7/3.

: . _ T _ 27
« Q2 solution: § =7 — 5 = =F

: . _ s 4
« Q3 solution: 0 =7+ 5 = 3.

The solution set is {27, 2% }. The correct option is (C).
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30. The principal solutions of the equation sec z + tanx = 2 cos x are:

(*) 3.% ®) 53 ©) 5% D) 5.5
Solution: This is the same equation as Q27. We must have cosx # 0.
1 sin
+ = 2cosx
cosT  CoST
= 1 +sinz = 2cos’x
— 1+ sinz = 2(1 — sin®z)
— 2sin®z +sinz — 1 =0
= (2sinz — 1)(sinxz + 1) = 0.
This gives sinz = 1/2 or sinz = —1.
The principal solutions (in [0, 27)) for sinx = 1/2 are x = 7/6 and = = 57/6.
Both are valid.
The principal solution for sinx = —1 is x = 37 /2, which is rejected as cos(37/2) = 0.

The correct option is (A).
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31. The solutions of sinz + sin 5z = sin 3z in (0, ) are:

(A) T 1 (B) &3 (€)1 s (D) §

4710
Solution:

s

(sin5x 4 sinz) —sin3x =0

C+D C—-D
Using sin C' + sin D = 2sin —; coS :

6 4
QSin(?x) Cos(?x) —sin3z =0

2sin 3z cos 2z — sin3x = 0
sin3z(2cos2x — 1) =0

Case 1: sin3z = 0.
nmw
— 3r =nrm — x:?.

For n = 1,2 = w/3. This is in the interval (0, 7/2).

(For n =0,z = 0, which is not in the interval).

Case 2: 2cos22 —1=0 = cos2z =1/2.
= 2x:2n7ri-g ==+ x:nﬂi%.

For n = 0, taking the + sign gives = = 7/6.
This is in the interval (0, 7/2).

The solutions are % and g

The correct option is (B).
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32. The general solution of the equation 3sec?# = 2 cosec 0 is:

(A)nr+74,neZ (B) 2nm + (=1)"{5,n €
Z
(C)nr+(-1)"g,ne€Z (D)nr+(-1)"§,ne’
Solution:
3 2

— 3sinf = 2cos’#

= 3sinf = 2(1 — sin? )

— 3sinf = 2 — 2sin? 6

= 2sin?60 + 3sinf —2 =0
= (2sinf — 1)(sinf + 2) = 0.

This gives sin@ = 1/2 or sinf# = —2 (impossible).

The general solution for sinf = 1/2 = sin(r/6) is § = nw + (—1)"

>IN

The correct option is (C).
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33. If general solution of cos? § — 2sin 6 + % =0is 0 = °f +(—1)"5, n € Z then A + B has the value:
(A) 7 (B) 6 (€)1 (D) -7

Solution:
1
(1 —sin®@) — 2sin 6 + 1= 0

— —sin29—2sin0+i:0

Multiply by -4:
— 4sin”f + 8sinf — 5 =0
= 4sin”6 + 10sin6 — 2sinfd — 5 = 0
—> 2sinf(2sinf 4+ 5) — 1(2sinf +5) =0
= (28inf — 1)(2sinf + 5) = 0.

This gives sin = 1/2 or sin# = —5/2 (impossible).
The general solution for sinf = 1/2 = sin(7/6) is § = nm + (—1)"%.

13

Comparing this with the given form 6 = “f + (—1)"%, we can see that A = 1 and B = 6.

Therefore, A+ B=14+6=1.

The correct option is (A).
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34. The number of possible solutions of sin @ + sin46 4 sin 76 = 0 for 6 € (0, 7):
(A)3 (B) 4 (C) 6 (D) 8

Solution:

The equation is sin @ + sin 46 + sin 76 = 0.
Rearranging and using the sum-to-product formula:
(sin70 + sinf) 4 sin46 = 0

0+ 0) coS (792_9> +sin40 =0

- 28111(

= 2sin46cos 30 +sin4f =0
= sin460(2cos30 +1) =0

This gives two cases for solutions in (0, 7) :

Case 1: sin46 =0

= 40 =nnw
— g=""
=

T w3

Fi =1,2 t 0 — =, —
or n , 2,3, we ge 6{4,2,4

} . (3 solutions)

Case 2: 2cos30+1=0 = cos30 = —1/2.

2m 4 8
The solutions for 36 in the interval (0, 37) are ?ﬂ, —W, and &

3 3
2 4w 8w

gt o0
— e{9’9’9

} . (3 solutions)

The total number of distinct solutions is 3 + 3 = 6.

The correct option is (C).
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35. The principal solutions of tan 360 = —1 are:

W) (535 5 (B) 535 5 i 8
© (5% (0) {555 . e 2

Solution:

The question asks for solutions ¢ in the interval [0, 27).
Let ¢ = 36. If 6 € [0,27), then ¢ € [0, 67).

We solve tan¢ = —1.

The general solution is gb:mr—i-gz.

We find values of ¢ in [0, 67) :

n=20: gb—:ZT

n=1 p=m+—
n=2 ¢ =21+ —
n=3 ¢ =31+ —
n=4 ¢:477+£:
n=>=5 =0T+ — =

Now, we find 6 = ¢/3 :
{37? 7m 1lm 157 197 23%}
127127 127 127 127 12

7w T7m 117w 5w 197 237

_{4’12’ 127 4° 12’12}'

All these values are in [0, 27).

The correct option is (A).
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36. The value of 0, satisfying both the equation cosf = % and tanf = —1 in [0, 27|, is:

(A) () (B) (%F) (©) () (D) ()

Solution:

We need the quadrant where cosine is positive and tangent is negative.
e cosf > 0 in Quadrants I and IV.
e tanf < 0 in Quadrants II and IV.

The common quadrant is Quadrant IV.

The reference angle for both conditions is %

The angle in Quadrant IV with this reference angle is:

T 7T
0=2mr— — = —.
TTYT
Verification:
() =eo(oe ) on(5) = et o
cos| — ) =cos|(2r — =) =cos|[— | = orrect, positive
1 1 4 2 P

7
tan (Z) — tan (27r — Z) = —tan (Z) = —1 (Correct, negative)

/2

tanf < 0 cosf >0

Comm?@%\ﬂ
0,27

IT1 N

Solution 6 = %r

3m/2

The correct option is (C).
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37. If 3sinf = 2sin30 and 0 < § < 7 then sinf =

(A) 2 (B) 22 (C) 2 (D) 4
Solution:

3sin 6 = 2(3sind — 4sin® 9)
— 3sinf = 6sinf — 8sin® 4
— 8sin®f — 3sinf =0
= sinf(8sin?6 — 3) = 0.

Since 0 < 0 < 7, we know that sinf # 0.

Therefore, we must have 8sin?6 — 3 = 0.
3
.2
—> 6 = —
sin 3

3
— sinf = + g

Since 0 < 0 < 7, sin # must be positive.

3_V3_ V3

= sinf=/-=—4==—=

8 V8 2v2

The correct option is (B).
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38. If 2sin(0 + §) = cos(f — %) then tan 6 =
(A) 75 (B) —v3 (C) V3

Solution: We use the sum and difference formulas for sine and cosine.

2 (sin@cos§+cos€sing> :COSQCOS%+SinQSinZ

:>2<sin9~;+cose~\é§> :cose~\é§+sin9-;

3 1
— sinf + V3 cosl = \2_0089+2sin9

Group sin and cos terms:

1 3
= sinf — §sin9: \2_0080— V3 cost

1 3
= isin9 = —\g_COSQ
Assuming cosf # 0 :

in 0
_, sin _ 3

cosf
— tanf = —V/3.

The correct option is (B).
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39. The principal solutions of v/3secz + 2 = 0 are:
(A) 5% (B) 4. % (C)

6 6 2 (D) o

3

coln

Solution:

V3seczr +2=0
— secx = —2/V3
— cosz = —/3/2.

Cosine is negative in Q2 and Q3. The reference angle is o such that cosa = v/3/2, so a = 7/6.

o Q2 solution: x =7 — /6 = 57 /6.
« Q3 solution: z =7+ 7/6 = 77 /6.

The principal solutions (in [0, 27)) are 57/6 and 77 /6.

The correct option is (B).
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40. If z € (0, %) and satisfies the equation cos(4z) = 1, then the values of x are:

(A) 5.5 (B) &, % ©) 5% (D)
Solution:
Let ¢ = 4x.

Since x € (0,7/2), the interval for ¢ is (0, 27).

We solve cos ¢ = 1/2 for ¢ € (0,27).

The diagram shows the two solutions for ¢ in the interval (0, 27).

Now we find the corresponding values of z = ¢/4 :

4 —W:> T

x—3 T TR

4x:5—7r x:5—7r.
3 12

5
Both values, % and 1—;, are in the interval (0, 7/2).

The correct option is (A).
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41. If 3cosx # 2sinx, then the general solution of sin? x — cos 2x = 2 — sin 2z is:
(A)z=nm+ 7% B)z=(n+3)m (C) z =nm (D) z=(2n+ )7
Solution:
This is a repeat of Question 14.
The solution was found by testing z = (2n +1)7.

The option (B) is 2 = (n+ 3)7 = w This is the same set of solutions.

The correct option is (B).
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42. If 3sin®x — 8sinz +4 =0,z € 15 %}, then tanx =

(A) =% (B) % (C) -

Solution: We solve the quadratic equation for sin x.

Sl

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

This gives sinz = 2/3 or sinx = 2 (impossible).

We have sinz = 2/3. The interval for z is [7/2, 37/2|, which covers Q2 and Q3.
Since sinx = 2/3 is positive, x must be in Q2. In Q2, cosine is negative.

cosr =1—sin?z=1-(2/3)?=1-4/9=5/9.

V5
cosT = —ﬁ =—3

sin x 2/3 2
tanx = = = ——.

cosxr —/5/3 V5

The correct option is (C).
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43. The general solution of =822 — 3 jg;
1+4cos 2x

(A)z=2nm£7% B) x=nm £ (C)x=2nm£7 D)z =nr+3%

Solution:
Using the half-angle identities, 1 — cos 2z = 2sin? z and 1 + cos 2z = 2 cos? z.
2sin®z
2cos?x
— tan’z =3

— tanz = :I:\/g.

This is equivalent to the condition tan® x = (tan(m/3))>.
The general solution for tan? z = tan? o is * = n7 + .
Here, a = 7/3. So, v = nm + .

The correct option is (D).
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44. Tf 2 cos? f + 3 cos @ = 2 then permissible value of cos @ is:
(A) 0 (B) 1 (©) 3 (D) 7

2
Solution:

2cos’f +3cosf —2 =0
= 2cos*0 +4cosf —cosf) —2 =0
= 2cosf(cosf +2) — 1(cosf@+2) =0
= (2cosf — 1)(cosf + 2) = 0.

This gives cos = 1/2 or cosf = —2.
Since the range of cosine is [—1, 1], cosf = —2 is not possible.
The only permissible value is cos = 1/2.

The correct option is (C).
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(A) 2 (B) 3 (C) 4 (D) 5

Solution:

45. The number of solutions of sin z + sin 3z + sin 5z = 0 in the interval [7, 7] is:

(sinbx +sinz) +sin3zx =0
5 Sr —
:>251n< x;I)cos< $2 x)—l—sian—O
— 2sin3xcos2z +sin3xz =0
= sin3xz(2cos2z + 1) = 0.

This gives two cases to solve for z € [3, 27].

Case 1: sin3z = 0. Let ¢ = 3z. Since z € [7/2,37/2], the interval for ¢ is [37/2,97/2]. We find
the solutions for sin ¢ = 0 in this interval.

End: 97/2

The diagram shows 3 solutions for ¢ in [37/2,97/2].
3z € {2m, 3w, 47}

2 4
= z € {%,ﬂ',g}.

Case 2: 2cos2x+1=0 = cos2z = —1/2. Let ¢ = 2. Since x € /2, 37/2|, the interval for
Y is [m,3m]. We find solutions for cost) = —1/2 in this interval.
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77/)2 = 87T/3

End: 37 Start:

/L)l = 47T/

The diagram shows 2 solutions for ¢ in [, 37].

A7 8w
20 e{—,—
27 4w
— ve{—,—}
x {3 3}

These solutions were already found in Case 1. The set of distinct solutions is {3, 7, % }. There
are a total of 3 solutions.

The distinct solutions are {27/3, 7, 47/3}. There are 3 solutions. The correct option is (B).
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46. The general solution of the equation tan®z = 1 is:
(A) nm+ % (B) nm — % (C)nm£7% (D) 2nm £ %

Solution:

tan?z =1

— tanz = £1.

This is equivalent to tanz = tan(+m/4).
The general solution for tan® x = tan? o is * = nm £+ «. Here, a = /4.
So, the general solution is x = nm & 7.

The correct option is (C).
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47. The solution of the equation sin 2x + cos2x = 0, where 7 < x < 27 are:

(A) .1 (B) %, (©) Uz, 1z (D) i, 2=
Solution:

sin 2z + cos2x = 0
— tan2z = —1.

To find the solutions, we let ¢ = 2x. Since x € (m,27), the interval for ¢ becomes (27,4m). The
problem is now to find the solutions for tan ¢ = —1 within this new interval.

b /2

11 15
From the diagram, the solutions for ¢ are 2T and Tﬂ

Now, we solve for = = ¢/2 :

5 117 117

= — = r=—.
4 8
157 157

W=— — z=—.

4

Both values lie within the required interval (7, 27).

The correct option is (C).
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