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.

JEE Repeater CT-06: 3 August 2025

( Topic: Trigonometric Ratios & Trigonometric Equation ]

Sub: Mathematics JEE Main CT-06 Prof. Chetan Sir

Index of Questions

Que. 51 Que. 56 Que. 61 Que. 66 Que. 71
Que. 52 Que. 57 Que. 62 Que. 67 Que. 72
Que. 53 Que. 58 Que. 63 Que. 68 Que. 73
Que. 54 Que. 59 Que. 64 Que. 69 Que. 74
Que. 55 Que. 60 Que. 65 Que. 70 Que. 75

51. The number of solutions of the equation |cosz| = cos x — 2 sin z in [0, 67| is
(1)1 (2) 5 (3) 7 (4) 9

Solution:

Case 1: cosx > 0. The equation becomes cosx = cosx — 2sin x.
= 2sinx =0 = sinz = 0.
This gives © = nw. We need solutions in [0, 67] for which cosx > 0.
Possible values: © = 0, 7, 2m, 3w, 47, 57, 67.
cos(0) = 1, cos(m) = —1,cos(2m) = 1,cos(3m) = —1, cos(4m) = 1, cos(bm) = —1, cos(6m) = 1.

The valid solutions are x = 0, 27, 4w, 67 (4 solutions).

Case 2: cosz < 0. The equation becomes — cosz = cosx — 2sin .
—> 2sinx = 2cosx = tanz = 1.

This gives © = nm + g We need solutions in [0, 67] for which cosz < 0 (i.e., in Q2 or Q3).

11
r = ?ZT (Q2, valid), == ZT (Q4, invalid), =z = (Q3, valid),
1 1 2
r = iﬂ (Q1, invalid), == iﬁ (Q2, valid), == 37T (Q4, invalid).
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The valid solutions are x = Zﬁ, Tﬂ, Tﬂ (3 solutions).

Total number of solutions =4 + 3 = 7.

The correct option is (3).

52. Number of solution of >-°_, cos ra = 5 in the interval [0, 47] is :
(1) 0 (2) 2 (3)3 (4) 7

Solution:

The given equation is cosx + cos 2x + cos 3z + cos 4x + cos bx = 5.
The maximum value of the cosine function, cosf, is 1.

The sum of five cosine terms can be equal to 5

only if each individual term is equal to its maximum value, 1.
Therefore, we must have simultaneously:

cosx = 1,cos2x = 1,cos3x = 1,cos4x = 1, and cosbx = 1.

The condition cosx = 1 implies that = must be an even multiple of .

x = 2km, where k is an integer.

We need to find the number of solutions in the interval [0, 47].
For k =0,z = 0.

For k =1,2 = 2m.

For k = 2,2 = 4.

There are 3 solutions in the given interval.

The correct option is (3).

53. The set of solution satisfying inequality sinf +v3cosf > 1, —r <0 <7
(1) 0el3, 7] (2) 0 €[5, 5] (3) 0 €[§, 5] (4) None of these

Solution:

Given the inequality sin@ + v/3cosf > 1.
We convert the expression on the LHS to the form Rsin(6 + «).

R=y12+ (V3)?2=vV1+3=2

1 1
Divide by 2: > sin 0 + \gﬁ cosf >

5.

1

cosgsine—i—singcos@ > 2
1

T
) Ty 1
sin(6 + 3) =



Let a =0+ % The given interval for 6 is (—x, 7.

The interval for « is (=7 + /3,7 + 7/3], which is (—27/3,47/3].
The inequality sina > 1/2 holds for a € [7/6, 57/6] in one cycle.

We check which part of this solution lies in the interval (—2x/3, 47 /3].
The entire interval |7 /6, 57/6] is within (—27/3,47/3].
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The correct option is (2).

54. The maximum value of 4sin? x + 3 cos? z is:

(1) 3

Solution:

(2) 4

Let the expression be E.

E = 4sin® x + 3 cos’ x.

Using the identity cos®’z =1 —sin®x :

E = 4sin® x + 3(1 —sin’ v) = 4sin’ v + 3 — 3sin x.
E =sin®z + 3.

To find the maximum value of E, we need the maximum value of sin® z.
The range of sinx is [~1,1], so the range of sin®z is [0, 1].

The maximum value of sin’z is 1.

Bz = (502 2)1pap +3=1+3 = 4.

The correct option is (2).

55. 3tan®10° —

(1)1

Solution:

27 tan? 10° + 33 tan? 10° is equal to

(2) 2 (3)3 (4) 4

3tanf — tan3 @

We know the triple angle identity for tangent: tan(36) = 1 — 3tanZf
— 3tan

Let § = 10° and t = tan 10°.



1 3t —t3
tan(30°) = —=

v/3 132
Square both sides:
1 (3t —1t%)?
3 (1-3t2)2

(1 —3t%)% = 3(3t — t*)*.
1 — 662 + 9t* = 3(9t* — 6t* + 9).
1 — 6t% + 9t* = 27¢% — 18t + 3t5.

Rearrange the terms to match the expression in the question:
1 =3t° — 18t — 9t + 27¢* + 6t°.

1 =3t5 — 27" 4 332

Therefore, 3tan®10° — 27 tan? 10° + 33 tan? 10° = 1.

The correct option is (1).

. The value of 16sin(7%) sin(3%) sin(7%) =
Solution:
., T b
Let £ =16 sm(ﬁ) 51n(T8) Sm(Tg)'

Convert angles to degrees: m/18 = 10°,57/18 = 50°, 77 /18 = 70°.
E = 165in(10°) sin(50°) sin(70°).

1
We use the identity sin#sin(60° — 6)sin(60° + 0) = 1 sin(36).
Let # = 10°. Then 50° = 60° — 10° and 70° = 60° + 10°.

1 1 11 1
sin(10°) sin(50°) sin(70°) = 2 sin(3 x 10°) = 1 sin(30°) = 13°%
1
E =16 x - =2.
8
The correct option is (2).
. The value of 5cos @ + 3 cos(f + 5) + 3 lies between
(1) -2 and 5 (2) -1 and 8 (3) -3 and 6 (4) -4 and 10

Solution:

Let E = 5cosf + 3cos(d + g) + 3.
o 1 V3
Expand cos(f + 7/3) = cosf cos(n/3) — sinfsin(n/3) = 5 cos f — — sin 6.

1 3
E =5cos0+3 (20080— \g_sinﬁ) + 3.

4
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13

E = (5—1—2)0089—3\2/§Sin€+3:20089—3\2/§Sin9+3.

The range of acosf + bsinf is [—va2 + b2, Va2 + b2].
Here, a = 13/2,b = —3v/3/2.

1 1 2 1

2 2
13 3V3

The range of 5 cosf — \2/_ sind is [-7,7].

The range of E is [-7 + 3,7 + 3] = [—4, 10].

The correct option is (4).

. €08 75 + €08 5% + cos 2T + ... + cos LT =
(1)1 (2) —1/2 (3) 1/2
Solution:

2
The angles are in AP with a = " T

19’ 19
Sum

— M cos (ﬁrst + 1ast> _ sin(97/19)
~ sin(d/2) 2 ~ sin(m/19)
_ +sin(187/19)  lsin(m —7/19) 1

2

sin(r/19)  sin(x/19) 2

The correct option is (3).

cos 12° - cos 24° - cos 36° - cos4K° - cos 72° - cos 84° is
(1) 1/32 (2) 1/16 (3) 1/64

Solution:

P = (cos 12° cos 48° cos 72°) - (cos 24° cos 36° cos 84°)

1
Using cos 6 cos(60° — ) cos(60° + 0) = 1 cos(30) :

First triplet (with 6 = 12°) : cos 12° cos 48° cos 72° =

d=—,n=09.

o

—

W

Im
19

V49 = 7.

).

(4) 1/128

cos(36°).

Second triplet (with 6 = 24°) : cos 24° cos 36° cos 84° = 1 cos(72°).

1 1 1
P: _ (o] . - 20 _ o 20'
(400536) (4COS7 ) 16(:0536 cos 7
p_ L (Vo+1) (V51 1(5—1)_1
16 4 4 16\ 16 / 16

The correct option is (3).




60. The value of sin 36° sin 72° sin 108° sin 144° is

61.

62.

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

Solution:

Let P be the expression. Use sin(180° — 6) = sin6.
sin 144° = sin(180° — 36°) = sin 36°.

sin 108° = sin(180° — 72°) = sin 72°.

P = sin 36° sin 72° sin 72° sin 36° = (sin 36° sin 72°)?.
Using sin 72° = cos 187 :

P = (sin 36° cos 18°)%.

P = (25sin 18° cos 18° cos 18°)* = (2sin 18° cos® 18°)%.
Alternatively, sin 36°sin 72° = \{f

(-

The correct option is (4).

The maximum and minimum values of cos®@ + sin®# are m and n respectively then the value of
m + 4n is

(1) 2 (2) 1 (3) 4 (4) 3

Solution:

3
E =cos® 0 +sin®0 =1—3sin*0cos’ =1 — 1 sin?(26).
The range of sin®(26) is [0, 1].

Max value (m) occurs when sin?(20) =0:m=1-0= 1.
Min value (n) occurs when sin?(20) =1:n =1—3/4 = 1/4.
m+4dn=14+4(1/4)=14+1=2.

The correct option is (1).

‘ 08 T ons 2T cos 4T o 8T io
The value of cos {5 COS % COS ¢ COS 7% 18

R (2 & (3)1 (4) 0
Solution:

Let 0 = 115 The product is P = cos 0 cos(26) cos(46) cos(80).

_ sin(2%0)  sin(167/15)  sin(r +7/15)  —sin(7/15) 1

P = = = = =——.
24sinf  16sin(mw/15) 16sin(7/15) 16sin(7/15) 16

The correct option is (2).
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63. The value of 8sin(¥) sin(B—”) sin(2%) =

14 1 1
(1) 4 (2) 2 (3) 8 (4) 1
Solution:
.om. . 3w, . . bw
E = 8Sln<ﬁ) sm(ﬁ) sm(ﬁ).
Using sinf = cos(w/2 — 0) :
B = 8cos(Z — ) cos(T — 21y cos(T — 2Ty — 8 cos(22) cos( 22 ) cos(T)
=8cos(y — pp)cos(y — )eos(y — ) = cos.7 cos7 cos7.

We know the product cos(w/7) cos(2m/7) cos(4n/7) = —1/8.
Using cos(37w/7) = — cos(m — 3w /7) = — cos(4n /7).

4 2 2 4
E =38[— cos(%)] cos(%) cos(g) = —8 |cos g cos 77T cos 77r :
1
E=-8(-5) =1
8
The correct option is (4).
64. The sum ;oo + Ggramas + - T swiggrsmraes 1 equal to:
(1) sec(1)° (2) cosec(1)° (3) cot(1)° (4) None
Solution:
1

Let the general term be T}, =

- - . The sum is not consecutive.
sin k°sin(k + 1)°

134
1
Let’s assume a typo and the sum is consecutive: S = k§5 sin ke sin(k £ 1)°°
7o 1 sin((k+1)—k)° cotk®—cot(k+1)°
"7 sinlesinkosin(k 4+ 1)° sin 1° '
= t45° — cot 135°] = 1—(-1)] = =2 1°.
S e [cot 45° — cot 135°] - 10[ (—1)] T cosec

Assuming the question intended a consecutive sum, the answer would be 2cosec 1°. As written,
the problem is non-standard.

65. The maximum value of logy,(3sinz — 4 cosx + 15) is equal to:
(1) 16 (2) 2 (3) 1 (4) 4

Solution:

To maximize the logarithm, we must maximize its argument, as the base 20 is greater than 1.
Let E = 3sinx —4cosx + 15.

The range of 3sinz — 4cosx is [—\/32 + (—4)2, \/32 +(—4)?] = [-5,5].

The maximum value of 3sinz — 4 cosx is 5.

Erer =5+ 15 = 20.




The maximum value of the function is logyy(Emaez) = 10g9(20) = 1.

The correct option is (1).

66. If k = cos Zcosg (’0527”('092%(’09— and 32k + 4 is equal to
(1)1 (2) 2 (3) 3 (4) 4
Solution:

= ( T cos 2F 47T> < z 27T>
= | cos - cos —-cos — cos p cos = ).
T  2r 4w sin(8w/7) 1
Part 1: cos = cos -~ cos — = oot/ ) 2
ar COS 7 €08 —~ €08 — = o+ 7 /7) 3

1 —1
Part 2: cos36° cos 72° = <ﬁ4+ ) <\/5 ) =

1
4 4

1.1 1
k=) =5
32k +4=232(—1/32) +4=—1+4=3,

The correct option is (3).

50

67. The number of solutions of the equation cos 26 cos 3 9 + cos® = 2cos® % in [=5, 7] is
Solution:
50 43 00
The given equation is cos 26 cos 2 + cos — 5 = = 2cos® 5

Using the product-to-sum identity 2 cos A cos B = cos(A + B) + cos(A — B) :

6 1 6 6 1 560 36
cos 20 cos 55 (cos(?@ + 5) + cos(20 — 2)) =5 (cos ) + cos 2) :

Substitute this into the equation:

1 ( 50 30) 50 3 00
— [ cos = + cos — | + cos — = 2cos® —.

2 2 2 2 2
3 50 1 30 43 00
560854—5%8? = 2cos DR
30085—0+Cos 30 = 4 cos® %

2 2 2

Rearrange the terms:

cos — = 4 cos® % —30055—9
2 2 2

50
Using the triple angle identity cos(3A4) = 4cos® A —3cos A, with A = 5



= CcOos —.
2

30 ( 59) 1560
cos— =cos |3 —
2 2

Now, solve the general equation cosz =cosy = =z =2nw +y:

1560
— =2nm* %
2 2

156 30 1260

Case 1: 7:2mr+? — 5 =2nmt —> 60 = 2nw — 0:%.
1 1 2

Case 2: i0:27”—3—9 — i‘9:27m — 90 = 2nw — QZE.
2 2 2 9

) ) . T T
We need solutions in the interval [—57 5]

From@z%:nzo — 0=0;, n=1= 0=7/3; n=-1 = 0=—7/3.

2
FromG:%:n:O — =0, n=1= 0=21/9; n=-1 = 0=—21/9;

n=2 = 0=47/9; n=-2 = 0= —47/9.
A7 7w 27 2 7w 4w

The distinct solutions in the interval are: {——,

53 9 95

There are 7 solutions.

68. The sum of all values of 6 € [0, 27| satisfying 2sin? 6 = cos 20 and 2 cos?* § = 3sin 6 is
(1) 4m (2) % (3) m (4) 3

Solution:

Eq 1: 2sin?0 = 1 — 2sin’0 = 4sin®0 =1 = sinf = £1/2.
Eq 2: 2(1 —sin®0) = 3sinf = 2sin*0 + 3sinf — 2 = 0.
(2sinf — 1)(sinf +2) =0 = sinf = 1/2 (as sinf # —2).
The only common condition is sinf = 1/2.

In [0, 27|, solutions are § = /6 and 0 = 57 /6.

Sum of solutions = 7/6 + 57/6 = 7.

The correct option is (3).

69. The number of elements in the set S = {0 € [0,27] : 3cos* @ — 5cos? — 2sin®H + 2 = 0} is

Solution:

Let ¢ = cosf, s = sinf.
3¢t — 5 —25° +2=0.



3¢ =52 —2(1 — )P +2=0.

3¢t =52 —2(1 =32 +3c* =) +2=0.

3¢" —5c* — 2+ 66 — 6c' +2¢° +2 = 0.

2¢° =3t + 2 =0 = *(2c¢* - 32 +1)=0.

(2 —1)( = 1) =0.

c0s’0 =0 = cosf =0 = 0 =m/2, 31/2.

cos’f =1/2 = cosf = j:l/\/§ — 0 =mn/4,3r/4,57 /4, Tr /4.
cos’ =1 = cosf =+1 — 0=0,n,2m.

The distinct solutions are {0, 7/4,7/2,3w/4, 7,57 /4,37/2, 7w /4, 27}
There are 9 solutions.

The correct option is (4).

70. Let S ={x e (-5,%): gl-tan’s 4 gtan*z — 10} and B =3,cq tan?(£), then (8 — 14)% is

Let the given equation be gl-tan*z | gtan®z _ 10
9

9tan2 x

+ 9tan2:c — 10

Let y = gtan’ e The equation becomes:
9

—+y = 10.

Yy

949* =10y = y*> — 10y +9 = 0.
(y—Dy—9) =0
This gives two possibilities: y =1 or y = 9.

Case 1: y = 1.

gian’e — 1 — 90 — tan®z =0 — 2 =0.

Case 2: y=0.
gar’r — 9 = 9! — tan’z =1 = tanaz = +1.
In the interval (—m/2,7/2), this gives x = Z and r = —%.

The set of solutions is S = {—%, 0, %}

Now, we calculate § = Z tan? (g) )

zeSs

a2 (T 2 2 (T
[ = tan ( 12>+tan (0) 4 tan (12>.

Since tan(—A) = — tan A, tan®(—A) = tan® A.
B = 2tan? (17;) + 0.

tan (17;) = tan(15°) = 2 — /3.

10



71.

72.

tan’ (17;) =(2-V3)?2=4+3-4/3=7-4V3

B=2(7T—4V3) =14 — 83,

Finally, we evaluate the required expression:

1(5 —14)* = é((14 —8V3) — 14)%.

6
1 , 1 192
< 8v/3) S(64x3) === =3

SECTION-B

The number of solutions of the equations 32%°¢°% + 1 = 10.3**"*# in the interval 0, 27] is :

Solution:

32(1+tan2 x) +1=10- 3tan2x'

32 . g2tan’z +1=10- gtan?z

Let y = 32", 9y? — 10y + 1 = 0.
9y—1)(y—1)=0 = y=1/9ory=1.

3n*s — 1/9 =372 — tan’z = —2 (Impossible).
gttt — 1 =30 — tan’z =0 => tanz = 0.

In [0, 27|, solutions are z = 0, 7, 2. Total 3 solutions.

The answer key says 4. There may be a misinterpretation.

If 6|sinz| = & when z € [0, 27| then the number of solutions are:

Solution:

We find the number of intersections of the graphs y = 6|sinz| and y = z in [0, 27].

The graph of y = x is a straight line passing through the origin.

The graph of y = 6] sin z| is a series of arches with a maximum height of 6.

At £ =0,y =0, so x=0 is a solution.

The line y = z has a slope of 1. The initial slope of y = 6sinz is 3'(0) = 6 cos(0) = 6.

Since the slope of 6sin x is greater than the slope of x at the origin, the curves will intersect again.
We need to see where y = x crosses the x-axis relative to the arches.

At © = 7 =~ 3.14, the line is y = 3.14. The arch is at y=0.

The line y = = will be above the first arch [0, 7].

The line y = = will intersect the first arch twice (once at x=0, and once more).

11



At v =27 ~ 6.28, the line is at y = 6.28. The maximum height of the sine curve is 6.
The line will pass above the second arch completely.

By drawing the graphs, we see 4 points of intersection.

The answer is 4.

73. The number of solutions of the equation sin 2x — 2 cosx + 4sinx = 4 in the interval [0, 57 is :

Solution:

2sinwcosx —2cosx +4siny —4 = 0.
2cosz(sinz — 1) +4(sinz — 1) = 0.
(2cosx +4)(sinz — 1) = 0.

This gives cosz = —2 (impossible) or sinz = 1.
We need to solve sinz =1 for « € [0, 5n].

_m 5T 97
HREUERES

There are 3 solutions.

The answer is 3.

74, If 2sine _ 1 anq FC;SQ‘B = ——,a,3 € (0,%) then tan(a + 20) is equal to

V14cos2a 7 - V10’
Solution:
2sin « sin « 1
First eqn: V2 = =tana = —.

vV2cos2a  cosa 7
1
Second eqn: y/sin? 3 =sin 8 = ——.
qn: y/sin” 3 B T,
From sin 8 = 1/v/10, we get tan§ = 1/3.

B 2tan B 2/3 _2/73_§
tan(28) = T T T 19 89 4
tan(a + 23) tana +tan(28) _ 1/7+3/4 _ (4+21)/28 25

" 1—tanatan(28) 1—(1/7)(3/4) (28—3)/28 25
The answer is 1.
75. Let S = {0 € [0,27) : tan(m cos 0) + tan(wsin f) = 0}, then 3 pcgsin®(0 + 5) =

Solution:

Let S be the set of solutions for the equation tan(wcos#) + tan(wsin @) = 0.

tan(m cos ) = — tan(wsinf) = tan(—msin ).

12



The general solution for tan A = tan B is A = nm + B, where n is an integer.
mcost = nm + (—msinb).
cosf =n —sinf.

sin@ + cos @ = n.

We know the range of sin + cosf is [—v/2,V2].

Since n must be an integer, the possible values for n are -1, 0, and 1.

For each case, we find sin®(f + %) :

(sin @ 4 cos 0)* = n?.
sin? 6 + cos? 6 + 2sin H cos = n’.
1 + sin(20) = n*.

Also, sin®(0 + u

- (sin9—|—00s9>2 _ (sinf +cosf)*  n?

4 /2 2 9
Case 1: n=0.
. . 3m Tm .
sinf + cosf =0 = tanf = —1. In [0, 27), solutions are 6 = VRVE (2 solutions)
. g, T, 07
For these solutions, sin®(6 + Z) =5 = 0.
Case 2: n=1.
sinf + cos@ = 1. In [0, 27), solutions are 6 = 0, g (2 solutions)
12 1
For these solutions, sin?(6 + E) =—=_.
4 2 2
Case 3: n=—1.
3
sinf + cos@ = —1. In [0, 27), solutions are 6§ = T, g (2 solutions)
-1 1
For these solutions, sin?(6 + Z) = ( 2) =5

The required sum is the sum of sin?(6 + %) over all 6 solutions in S.

5 1 1 1 1
eessm( +4) (040) + 5t5) T 55
=0+1+1=2.

The answer is 2.
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