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.

Solutions to JEE CT-01

Date of Exam: 15 June
Syllabus: Foundation + Trigonometric Ratios & Identities (till basic identities)

( Topic: Algebra & Trigonometry )

Sub: Mathematics CT-01 Prof. Chetan Sir

SECTION-A

51. If 6sin®0 — 11sinf + 4 = 0, a possible value for sinf is:
(A) 3 (B) 3 (€) =3 (D)

3

win

Solution:

6sin®6 — 11sinf +4 =0

6sin*f — 8sinfh — 3sinf +4 =0 [Splitting the middle term: —11 = —8 — 3]
2sinf(3sinf —4) — 1(3sinf —4) =0

(2sinf — 1)(3sinf —4) =0

This gives two possibilities:

2sinf —1 =0 = sinf =

3sinf —4 =0 = sinf =

[GCE IS ORI

4
Since the range of sinf is [—1,1],sinf = 3 is not possible.

Therefore, the only possible value is sinf = —.

2
The correct option is (B).
52. The value of sin(—1710°) is:
(A)0 (B) —3 (€)1 (D) -1



Solution:

sin(—1710°) = —sin(1710°) [Using the identity sin(—x) = — sin(x)]
We can write 1710° as a multiple of 360° plus a remainder.

1710° = 4 x 360° + 270° [4 x 360 = 1440, so 1710 — 1440 = 270]
Alternatively, 1710° = 5 x 360° — 90° [5 x 360 = 1800, so 1710 — 1800 = —90]
—sin(1710°) = —sin(4 x 360° + 270°)

= —sin(270°) [Since sin(n - 360° + ) = sin(x)]
=—(-1) [The value of sin(270°) is -1]

=1

The correct option is (C).

sin(r—0) tan(5+0) .
53. The value of "o —F"2 5 is:

(A) tané (B) -1 (C) 1 (D) —tan#

Solution:

We simplify each term using trigonometric identities for allied angles:
sin(m — ) = sin 6
tan(g +6) =—cotf
cot(2m — ) = — cot 6
cos(m + 0) = —cos b
Substituting these back into the expression:
(sin0)(— cot 0)
(—cot 0)(— cosb)

sin 6

—cosf
= —tand

The correct option is (D).

54. Simplify (51)7%/4.
(A) § (B) 5 (©)
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Solution:
81 —3/4
()
16 3/4
=(51)
(")
161/4\ 3
)

41 3
)
2)3
Q3
8

T 27

“ Wl

OJ

[Using the property (a/b)

—-n __

(b/a)"]

[Using the property (x ”)? _ J.ab}

[Since 16 = 2* and 81 = 3]

The correct option is (B).

55. If z = 3+ /8, find the value of 22 + 7%

(A) 34
Solution:
Given z = 3 + V8.
First, find 1 :
x

11

T 3+8

1 ><3—\/§

S 34+vB T 3-8

3-8 3-E

B
1

Now, find z + — :
x

=(3+V8)+(3-
1

We need to find z2 + —-
x

1 2
We know that (x + > =27+ 2() (
x

1
(6)2:x2+§+2

1
36 =2+ — +2
x

1
4+ =36-2=34
T

(B) 30

V8) =6

The correct option is (A).

(D) 64 /8

[Rationalizing the denominator]



56. The LCM of a number n and 18 is 72. Which of the following can be n?
(A) 24 (B) 48 (C) 16 (D) All of these

Solution:

We are given LCM(n, 18) = 72.

Let’s write the prime factorization of the numbers:

18=2x9=2"x3

72=8x9=2"x3

For LCM, we take the highest power of each prime factor present in the numbers.
Let the prime factorization of n be n = 2% x 3% x ...

LCM(n, 18) = LCM(2% x 3%, 2! x 3?) = gmax(al) ¢ gmax(b,2)

Comparing with the given LCM (72):

gmax(@l) — 93— max(a,1) =3 = @ must be 3.

gmax(b2) — 32— max(h,2) =2 = bcan be 0,1, or 2.

So, n must have 2% as a factor. Let’s check the options:
(A)n=24=8x3=2%x3" Here a = 3,b=1. This is a valid possibility.

Check: LCM(24, 18) = LCM(2* x 3", 2! x 3%) = 2% x 32 = 8 x 9 = 72. Correct.
(B) n =48 = 16 x 3 = 2* x 3'. Here a = 4. This is not possible as max(4,1) would be 4, not 3.
(C) n =16 = 2*. Here a = 4. This is also not possible.

Therefore, the only possible value for n among the options is 24.

The correct option is (A).

57. If tand = 2/3 then the value of S2;0—cs 0 jg:

sin® 6+cos® 0
(A) -3 (B) 3 (€) —5 (D)0
Solution:
sin® @ — cos® 0
sin® 0 + cos3 0
To use the value of tan6, we divide the numerator and the denominator by cos®#é.

Given the expression

sin?§ _ cos? 6
__ cos3 6 cos3 6
o+ e
B tan®d — 1
~ tan®f 4+ 1
We are given tanf = 2/3.
8
tan® 0 = (2/3)* = —
an® 0 = (2/3)" =
8
_p 1
-
»t1
8-27
_ o7
8+27
27
B —19/27
- 35/27
19
- 35



The correct option is (A).

58. If sinf < 0 and cotf < 0, then 6 lies in which quadrant?

(A) First quadrant (B) Second quadrant (C) Third quadrant (D) Fourth quadrant
Solution:

We analyze the sign of trigonometric functions in each quadrant (using ASTC rule).
First condition: sin@ < 0 (sine is negative).

This occurs in the Third (T) and Fourth (C) quadrants.

Second condition: cotf < 0 (cotangent is negative).

This occurs in the Second (S) and Fourth (C) quadrants.

For both conditions to be true, we need to find the common quadrant.

The only quadrant that satisfies both sinf < 0 and cotf < 0 is the Fourth quadrant.

The correct option is (D).

59. The value of cos(—930°) is:

(A) % (B) =4 (€)1 (D) —1
Solution:

cos(—930°) = cos(930°)

[Using the identity cos(—z) = cos(z)]
We find the coterminal angle by subtracting multiples of 360°.

930° = 2 x 360° + 210° [2 x 360 = 720, so 930 — 720 = 210]
c0s(930°) = cos(2 x 360° + 210°)
= cos(210°) [Since cos(n - 360° + ) = cos(z)]
= cos(180° + 30°) [210° is in the third quadrant]
= —cos(30°) [In Q3, cosine is negative]
V3
T2

The correct option is (B).



60. The expression (sinx + cosecx)? + (cosz + sec z)? — (tan® z + cot? z) simplifies to :
(A)5 (B) 7 (C)9 (D) 1

Solution:

(sinz + cosec x)® + (cosx + secz)? — (tan® z + cot® x)

= (sin® z + 2sin  cosec x + cosec ) + (cos? x + 2 cos xsec x + sec? ) — (tan® z + cot® x)
= (sin®z + 2(1) + cosec® ) + (cos® ¥ + 2(1) + sec® r) — tan® z — cot® =

[Since sin z cosecz = 1 and cos z secx = 1]

= sin® x 4+ 2 + cosec® r + cos® z + 2 + sec’ z — tan® x — cot?

= (sin® x + cos® ) + (cosec’ z — cot® x) + (sec’ x — tan®x) + 2 + 2

=1)+1)+(1)+4

=7

The correct option is (B).

61. Solve for x: 9% = 3*+3,

(A)1 (B) 2 (€)3 (D) -3

Solution:

93: — 3m+3

(3%)* = 37+3 [Expressing the base 9 as a power of 3]
32 = 3ot3 [Using the property (™)™ = a™"]

Since the bases are equal, we can equate the exponents.

20 =x+3
20 —x =3
r=3

The correct option is (C).

62. The value of lf(;zfA + 15120?,4 is equal to:
(A) sin A + cos A (B) sin A — cos A (C)0 (D) 1
Solution:
A in A
L.H.S. = T si(;loil/ p— + T C(i:iﬁl/ o~ [Expressing in terms of sin and cos|
B cos A n sin A
"~ (cos A —sinA)/cosA  (sin A —cos A)/sin A
_ cos’A sin? A
- cosA—sinA  sinA—cosA
cos? A sin? A

= - — : [Making denominators same by taking
cosA—sinA cosA—sinA , . : .
-1 common from second term’s denominator
cos® A —sin? A

cos A —sin A
A—sinA A+sinA .
= (cos CSOISA )—<Csoij1A+ sin ) [Using a? — b* = (a — b)(a + b)]
=cosA +sinA [Cancelling common factor]



The correct option is (A).

63. If xcosf +ysind = a and zsinf — ycost = b, then:
A) 22— P =a®+1? B) 22 +y? =a? 4+ ? C)a?—y*=a>-1? D) 2?4+ y* = a® — b?
( y Y Y y

Solution:

Let xcosf +ysind =a ---(1)

And zsinf —ycosf =b ---(2)

We square both equations and add them.

(zcosf +ysinf)? + (xsinf — ycosb)? = a* + b

(2% cos® 0 + y*sin? 0 + 2xy sin @ cos ) + (22 sin® @ + y* cos® @ — 22y sin O cos §) = a* + b

22 cos® 0 + y?sin? 6 + 2% sin? 0 + y? cos? 0 = a® + b?

2% (cos® § + sin® §) + y*(sin® 6 + cos? 0) = a* + b [Grouping terms]
2*(1) +y*(1) = a* + b

X2 +y? —a?+b?

The correct option is (B).

64. Find the sum of all real solutions for x in the equation 9°*! — 28 -3% + 3 = 0.
(A)1 (B) 2 (C) -1 (D) -2

Solution:

9*t — 283" +3=0

9-9"—-28-3"+3=0

9-(3%)" —28-3"+3=0

9-(3")2—28-3"+3=0

Let y = 3". The equation becomes a quadratic in y:

9y? — 28y +3=0

9y? — 2Ty —y+3=0

9y(y —3) =1y —3)=0

9y —1(y—3)=0

Casel: y —3=0 = y=3.Sincey =3%,3"=3" = 2, =1.
Case2: 9y —1=0 = y=1/9.Sincey =3%,3"=1/9 =372 = 25 = 2.
The real solutions are 1 = 1 and z, = —2.

Sum of solutions =1+ (—2) = —1.

The correct option is (C).

65. If 10sin o + 15cos* a = 6, for some o € R then the value of 16sec® a + 81 cosec® av is equal
to:

(A) 500 (B) 625 (C) 450 (D) 750



Solution:

10sin*a + 15cos* o« = 6

We can write 6 as 6 x 1 = 6(sin” a + cos® a).

10sin® o 4+ 15 cos® a = 6sin? a + 6 cos® av

10sin® o — 6sin® a + 15cos’ a — 6 cos® a = 0

2sin® a(5sin® a — 3) + 3cos® a(5cos’ a — 2) = 0

A different approach: divide by cos® .

10tan? a + 15 = 6sec’ a = 6(1 + tan® @)® = 6(1 + 2tan® o + tan® @)
10tan* o+ 15 =6 + 12tan’ a + 6tan’ «

4tan* o — 12tan’a+9=0

(2tan’a — 3)> =0 = 2tan’a =3 = tan’a = 3/2.

From this, we find sec? a and cosec? a.

sec?a =1+tan’a=1+3/2=5/2.

cot?’a =1/tan’*a =2/3. = cosec’a =1+ cot’a =1+2/3 =5/3.
Now find the value of the expression 16 sec® a + 81 cosec® a.

= 16(sec” a)® + 81(cosec? a)?

=16(5/2)" + 81(5/3)"

=250+ 375

= 625.

The correct option is (B).

66. The value of cos(3F + 6) - cos(2m + 0) - [cot(2F — 0) + cot(2m + 0)] is:
(A) 0 (B) 1 (C) -1 (D) 2

Solution:

Simplify each term:

3 :
COS(?TF +0) =sind [Angle in Q4, cos is positive, function changes|
cos(2m + 0) = cos b [Periodicity]

3 . .
Cot(77T —0) =tand [Angle in Q3, cot is positive, function changes]
cot(2m + 6) = cot 0 [Periodicity]

Substitute back into the expression:
(sinf) - (cosf) - [tan @ + cot 0]
[sin@  cos@
| cos 0 * sin 01
[sin? @ + cos? @
sin 6 cos 0 ]

= sin 6 cos O

= sin 0 cos O

S|
=sinfcosf | —
SHLY o | sin 8 cos 9}

=1

The correct option is (B).



67. If 3tanf — secH = 1, the possible values of tanf are:
(A) 0)% (B) 0, -3 (C) 1,3 (D) L, -

4 )4
Solution:
3tanf — 1 = secf
Square both sides:
(3tand — 1)* = sec? §
9tan?d — 6tanf + 1 =1+tan?#  [Using sec’ 0 = 1 + tan’ 0]
8tan’fH — 6tanfh =0
2tanf(4tanf —3) =0

This gives two potential solutions:

tan@ =0 or tanf = Z

The correct option is (A).

. cosec(90°—A) sin(180° —A) cot(360°—A) .« .
68. The value of the expression Sec(180° 1 A) tan(90° T A)sin(—A) 18

(A) 1 (B) 2 (C) 0 (D) -1

Solution:

Numerator: cosec(90 — A) =sec A, sin(180 — A) =sin 4, cot(360 — A) = — cot A.

Denominator: sec(180 + A) = —sec A, tan(90 + A) = —cot A, sin(—A) = —sin A.
(sec A)(sin A)(— cot A)

(—sec A)(—cot A)(—sin A)

—sec Asin Acot A

—sec Asin Acot A
=1

Expression =

The correct option is (A).

69. If sinzteost — o eotd x4+ beot? x + ccot x + d, then the value of a + b+ ¢+ d is:

(A) 1 o (B) 2 (C)0 (D) 4
Solution:

sinx + cosx sinx COS T
sin® x sindxz  sin®z
1 COS T 1

sinfz | sinz sinx

= cosec’ x + cot x - cosec?

= (1 + cot? z) + cot (1 + cot? z) [Using identity cosec? z = 1 + cot? z]
=1+ cot’z + cot x + cot® x

= cot®z + cot’z +cotx + 1

Comparing with a cot® z + bcot® x + ccot x 4 d, we get:

a=1, b=1 ¢=1 d=1.

The valueof a+b+c+d=1+1+1+1=4.

The correct option is (D).



70. Let S, (z) = sin” z+cos™ x for n € N. Then for all x € R, the value of 2S5¢(x) — 3S,(z) + Sa(x)
is equal to:
(A) 1 (B) 0 (C) -1 (D) 1/2

Solution:

Se(z) = sin® x + cos® v = (sin® z + cos® z)(sin x — sin® z cos® z + cos* )
=1-[(sin®x + cos®z)? — 3sin® v cos® 2] = 1 — 3sin® v cos® =

2 2r=1-2sin’zcos’x

Sy(z) = sin* x + cos* x = (sin® z + cos® z)? — 2sin® x cos
Sy(z) = sin®x + cos® v = 1

Now substitute into the expression 2Sg(z) — 3S4(x) + Sa(z) :
=2(1 — 3sin® v cos’ ) — 3(1 — 2sin* xcos® ) + 1

= (2—6sin*zcos’z) — (3 — 6sin’ rcos®x) + 1

=2 — 6sin®zcos’ v — 3+ 6sin* xcos® z + 1

= (2—-3+1) + (—6sin*z cos® z + 6sin” z cos® 1)

=0+0=0

The correct option is (B).
SECTION-B

71. If 223 + ka? + 42 — 12 and 23 + 2° — 22 + k leave the same remainder when divided by
(x — 3), find the value of —2k.

Solution:

Let P(z) = 22° + ka® + 4z — 12.

Let Q(z) = 2® + 2% — 2z + k.

By the Remainder Theorem, the remainder when P(z) is divided by (x — 3) is P(3).
Ry = P(3) = 2(3)® + k(3)? +4(3) — 12 = 2(27) + 9%k + 12 — 12 = 54 + 9k.
The remainder when Q(z) is divided by (z — 3) is Q(3).

Ry=0Q03) =03+ 32 -23)+k=27T+9—-6+k =30+ k.

Given that the remainders are the same, Ry = R».

54 + 9k =30 + k

8k=30—-54=-24

k=-3

We need to find the value of — 2k.

2k =-2(-3)=6

The answer is 6.

72. If (¢)"~' = (2)*73, find the value of x.

10



Solution:
b
a
a r—1 a —1 )
<—> = ((E) ) [Using the property that (b/a) = (a/b)™}]
(5)
b
a z—1 a —x+43
) =)

Since the bases are the same, we can equate the exponents.

r—1=—-2+3
20 =4
r=2

The answer is 2.

73. Find the value of %.

Solution:
7z+3 _ 7w+1

48 - 7%
_790‘73_7:1:'71
B 48 - 7%
_790(73_71)
4870

-7

= [Cancelling the common factor 77

48
3437

48
_ 336
48

=17

m-+n

[Using the property a =a™ - a"|

[Factoring out 7% from the numerator]

The answer is 7.

74. If sinf + cos§ = a and tanf + cot § = b, find the value of b(a? — 1).

11



Solution

The answer is 2.

Consider the first equation: siné + cosf = a
Squaring both sides:(sin § + cos §)? = a?

sin? @ + cos? @ + 2sin 6 cos § = a*
1+2sinfcosf =a®> = 2sinfcosh =a* — 1.
Consider the second equation: tanf + cotf =b
sinf cosf

=0
cosf  siné
sin? @ + cos? 0 B
sinfcosf
1 1
- ; -~ ...(9
g y— b = sinfcosf 2 (2)

Substitute the expression for sin @ cosé from (2) into (1).

() -

2
E:CLQ—]_
2 =b(a*—1)

75. If cosx + cos’z = 1, find the value of sin®z + 2sin® x + sin* z.

Solution:

From the given equation: cosz =1 — cos®

cosz = sin’z

[Using the Pythagorean Identity
sin?z + cos?x = 1]

Now, consider the expression to be evaluated:

sin® 2 + 2sin® z + sin

Now, substitute sin

x
= sin® z(sin® x + 2sin®z + 1)

= sin* z(sin® z + 1)?

4

[Factoring out sin® z]

[Recognizing a perfect square trinomial]

I = COoST.

= (sin® z)*(sin® x + 1)?

= (cosz)?*(cosz + 1)?

= cos® x(cos x + 1)?

From the given equation, we have cosx + 1 = secx? No.

From cosx + cos’z = 1, we have cosz + 1 =

2

= cos? z(sec r)?

= 0082 X -

=1

1

cos? x

= secx.
COS T

12



Alternative method:

sin® z + 2sin® 2 + sin* z

= (sin® z)* 4 2(sin® x)® + (sin® z)?
Substitute sin®z = cosx :

= (cosx)* + 2(cosz)? + (cos x)?
= cos*x +2cos® x + cos’

= cos® x(cos’ ¥ + 2cosw + 1)

= cos® z(cosx + 1)?

= (cos x(cosx + 1))?

= (cos®z + cos )

Since we are given cosz + cos’z = 1,
=(1)*=1

The answer is 1.
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