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.

Date of Exam: 17th October 2025

Syllabus: Trigonometry, Quadratic Equations, Sequences & Series

Sub: Mathematics MT-02 JEE Main Star Solution Prof. Chetan Sir

1. If tan o and tan 3 are the roots of 2 —pz+4q = 0, then the value of sin(a+3) —psin(a+8) cos(a+ ) +q cos?(a+f)
is:

(A)p (B) q (C)p+q (D)1

Answer: (B)
Solution:

Let the given expression be E.

E =sin®(a + B) — psin(a + B) cos(a + ) + gcos®(a + B).

We are given that tan o and tan S are the roots of z2 — px + g = 0.
By Vieta’s formulas, we have:
tana +tan B = p

tanatan 8 = ¢

The formula for the tangent of a sum gives:

_ tana+tanf  p

t = = .
an(a + ) 1—tanatanf 1—g¢q

Now, let’s simplify the expression E by dividing by cos®(a + ) :
sin?(a + B) sin(a + ) cos(a + ) cos?(a + fB)
E = cos® -
cos™(ar+ f) cos?(a + 3) b cos?(a + ) qCOSQ(a +5)

E = cos?(a + B) [tan2(a + B8) — ptan(a+ B) + 4] .

1
Using the identity cos? ) = —————, we can write:
2 U 1+ tan?6

b= 1+ tan(a + B) [tan®(a + B) — ptan(a + B) +q] .

Substitute tan(a + g) = T P into the expression:

g (#5) (%) +e
1+(1%q)

Multiply the numerator and the denominator by (1 — q)2 to clear the fractions:

PP -g+e(1-q)?

E
(1-9)?+p°
p_ PP +r’a+q(l -2 +¢°)
p?+(1-9)?




p_Pata-2C+¢
p?+(1-q)?
g 40P +1-2+¢)
p?+(1—-¢g)?
a(p® + (1 - q)*)
p*+(1-q)°
E=q.

Therefore, the value of the expression is q.
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2. The value of cos 15 COS {5 COS {5 €OS 75 COS 75 COS 75 COS 15 18:

(A) 1/128 (B) 1/64 (C) 1/32 (D) 1/16

Answer: (A)
Solution:

Let P = cos(12°) cos(24°) cos(36°) cos(48°) cos(60°) cos(72°) cos(84°).
We know cos(60°) = 1/2.

P = — - [cos(36°) cos(72°)] - [cos(12°) cos(24°) cos(48°) cos(84°)].

541 5—-1
We use the standard values cos(36°) = \/_4+ and cos(72°) = \/_4 .

o o (\/5-1-1)(\/3_1) 5—-1 1

2 = = = —.

cos(36°) cos(72°) T T 1
Let X = cos(12°) cos(24°) cos(48°) cos(84°). Multiply by 2sin(12°) :
2sin(12°) X = sin(24°) cos(24°) cos(48°) cos(84°)

N |

= % sin(48°) cos(48°) cos(84°) = 4_1 sin(96°) cos(84°).
Since sin(96°) = sin(180° — 84°) = sin(84°) :
2sin(12°)X = isin(84°) cos(84°) = %sin(168°).
Since sin(168°) = sin(180° — 12°) = sin(12°) :
25in(12°)X = ésin(lQo) — X = iG.

1

11 1 1

ini hing: P=----— = —.
Combining everything 51 16 128

3. The number of solutions of the equation sin® z + cos* z = sinx cos x in the interval [0, 27] is:
(A) O (B) 2 (C) 4 (D) 8
P

Answer: (B)
Solution:

sin? z + cos? z = (sin”® z + cos® )% — 2sin® z cos® x

in(2z) \* 1
M) =1—§sin2(2x).

=1—2(sinzcosz)’ =1 —2< 5

1
sinz cosx = 5 sin(2z).

1 1
The equation becomes: 1 — 3 sin?(2x) = 5 sin(2x).

Let t = sin(2z).




1 1
1—§t2:§t = 2—’=t = *+t—2=0.

t+2)(t—-1)=0.
This gives t = —2 or t = 1.

sin(2z) = —2 is impossible.
sin(2z) = 1.
For z € [0, 27,2z € [0, 47].
The solutions for 2z are g and 2w + g = %T
2z = T — T = z.
2 4
2x = 5—71- — x = 5—
2 4

There are 2 solutions in the given interval.

4. If o, B, v are the roots of 2> — 3z + 1 = 0, then o® + 3° + v° equals:
(A) 12 (B) —15 () 18 (D) 21

Answer: (B)
Solution:

Let P, =a™ + 8" + 4™
From the equation z® + 0z? — 3z + 1 = 0, the recurrence relation is:
P,+0-P, 1 —3P, 2+ Pn,3 =0 = P,=3P, 5— Pnfg.

From Vieta’s formulas: Z a =0, Z af = -3,apy = —1.
P1 = ZO[ =0.
=Y o= a)?-2 ap)=0>-2(-3) =

Since a® —3a+1=0,0° = 3a — 1.

Py=) o*=> (3a—1)=3) a-) 1=3(0)-3=-3.
P, =3P, — P, =3(6)—0=18.
P;=3P;— P, =3(-3)—6=—-9—6=—15.

5. If o, B are roots of 22 — x + 2X\ = 0 and «, v are roots of 3x% — 10z + 27\ = 0, then the value of Sv/) is:
(A)9 (B) 18 (C) 27 (D) 36

Answer: (B)
Solution:

For the equation 2% — z + 2\ = 0 with roots a, 3, we have:
a+pf=1 --- (1)
aB=2x ---(2)

For the equation 322 — 10z + 27\ = 0 with roots «a,v, we have:

10
27\
a’y:%:%\ -+ (4)




First, we subtract equation (1) from equation (3):

(@7 = (a+f) =3 ~1
1-f=1 ()
Next, we divide equation (4) by equation (2):
o _ N
af 2
I=3 = 1=38 )
Now, substitute equation (6) into equation (5) to find 5 :
9 7
e
’=3 = P=3

Using equation (6), we find ~ :

From equation (1), we find « :
2

1
:]_— :1——:—.
@ B 53

From equation (2), we can now find X :

o= () (3)-

9 1
2 9\ A= o
9 — 7

Finally, we calculate the required value:

By _ (2/3)B8) _ 2

= = — =18.
A 1/9 1/9
.

6. If the equations 22 + 22 + 3\ = 0 and 222 + 3z + 5\ = 0 have a common root, then A equals:
(A)Oor —1 (B)Oor1 (C) 0 only (D) —1 only
p

Answer: (A)
Solution:
Let the common root be a.
Then « must satisfy both equations:
®+2a+32=0 ---(1)
202 +3a+5X1=0 ---(2)
We can solve this system for v and A using elimination.
First, multiply equation (1) by 2 to match the a? coefficient in equation (2):
200 +2a+3)\) =0 = 2a* +4a+61=0 ---(3)
-




Now, subtract equation (2) from the new equation (3):
(202 + 4a +6)) — (202 +3a+5)) =0

(4o — 3a)) + (6A — B5X) =0

a+A=0 = a=-\

Next, substitute this result, « = —\, back into the first equation (1):
(N2 +2(=\)+31=0

A —2X+31=0

M +A=0

Finally, factor the resulting equation to find the values of X :
AA+1)=0.

This gives two possible values for A :
A=0or A=-1.

7. The number of real solutions of the equation e*® + 4e3* — 58e2* 4 4e® + 1 = 0 is:

-
Answer: 2
Solution:

Let t = e”,t > 0. The equation is t* + 4t — 58t*> + 4t + 1 = 0.

4 1
Divide by ¢ : t2+4t—58+¥+t—2 =0.

1 1
t?+ = | +4(t+-) -58=0.
Feofleiers)

1 2, 1 2
Letm:t—i-z.Thent +t—2:m — 2.
(m? —2)+4m —58 =0 = m? +4m — 60 = 0.
(m+10)(m —6) = 0.

1

Case I: m=t+ A —10. Since t > 0, the minimum of ¢ + 1/¢ is 2. No real solutions for t.

1
Case 2: m:t—i—?:G.

6+ /36 —4
t* — 6t + 1 = 0. Roots are t = T::J>j:\/§:3i2\/§.
Both 3 + 2v/2 and 3 — 2v/2 are positive.
Since there are two distinct positive values for ¢ = e®, there are two distinct real solutions for x.
&

8. The number of integral values of m for which the equation (1 + m?)z? — 2(1 + 3m)z + (1 + 8m) = 0 has both
roots real and equal is:

p
Answer: 1
Solution:
For roots to be real and equal, the discriminant D = 0.
D = [-2(1+3m)]> — 4(1 + m?)(1 + 8m) = 0.
4(1 4 6m +9m?) — 4(1 + 8m +m* + 8m?) = 0.
§




(14 6m +9m?) — (1 +8m +m? +8m?) = 0.
—8m? + 8m? — 2m = 0.

4m?® —4m® + m = 0.

m(4m? — 4m + 1) = 0.

m(2m —1)? = 0.

The solutions are m = 0 and m = 1/2.

9. If a1,a0,... are in A.P. such that ay — a7 + a1g = m, then the sum of the first 13 terms of this A.P. is:
(A) 10m (B) 12m (C) 13m (D) 15m

Answer: (C)
Solution:

Let the first term be a; and common difference be d.

as4 =a1+3d, ay=a;+6d, ayg=a;+9d.

ag — a7 + a1o = (a1 + 3d) — (a1 + 6d) + (a1 + 9d) = a1 + 6d.
We are given this is equal to m, so a; + 6d = m.

Note that a; + 6d is the 7th term, a7. So a; = m.

13
The sum of the first 13 terms is Sy3 = 7(2{11 + 12d) = 13(a; + 6d).

Since a; + 6d = m, we have S13 = 13m.

10. In an A.P., the sum of first n terms is 2n% 4+ n. The 10" term of the A.P. is:
(A) 39 (B) 41 (C) 210 (D) 240

Answer: (A)
Solution:

The n-th term of an A.P. is given by a, =S, — Sp_1.
aio = S10 — So.

S0 = 2(10)% + 10 = 2(100) + 10 = 210.
So=2(9)2+9=2(81)+9=162+9 = 171.

a0 = 210 — 171 = 39.

11. The 17" term from the end of the arithmetic progression 5,9,13,...,201 is:
(A) 133 (B) 137 (C) 141 (D) 145

Answer: (B)
Solution:

The given arithmetic progression (AP) is 5,9,13,...,201.
Here, the first term is a = 5.

The common difference isd =9 — 5 = 4.

The last term is a,, = 201.




First, we need to find the total number of terms, m, in the AP.
Using the formula a,, =a+ (m —1)d:
201 =5+ (m — 1)4

196 = (m — 1)4
1

49=m—1
m = 50.

So, there are 50 terms in the progression.

Now, we find the position of the required term from the beginning.
The n'” term from the end is the (m —n + 1) term from the beginning.
Here, n = 17 and m = 50.

Position from beginning = (50 — 17 + 1)

= 34" term.

Finally, we calculate the 34" term of the AP, asy :
asg =a+ (34 —1)d
=5+ (33) x 4
=5+132
= 137.

Thus, the 17" term from the end is 137.

12. If the sum of the first 2n terms of the A.P. 2,5,8,... is equal to the sum of the first n terms of the A.P.
57,59,61, ..., then n is equal to:

(A) 10 (B) 11 (C) 12 (D) 13

Answer: (B)
Solution:

For the first A.P.: a1 = 2,d; = 3.

S = 5 (2(2) + (20— 1)3) = n(4 + 6n — 3) = n(6n + 1).

For the second A.P.: ay = 57,ds = 2.
S = 2(2(57) +(n—1)2) = 3(114 +2n — 2) = n(56 + n).

n

We are given that the sums are equal:

n(6n + 1) = n(56 + n).

Since n must be a positive integer, we can divide by n.
6n+1=5+n

5n =55

n = 11.




