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.

( Exam Date: 16th November 2025 )

Syllabus: Functions & ITF

Sub: Mathematics CT-15 JEE Main Regular - Solution Prof. Chetan Sir
1. If the domain of the function f(z) = sin™* (;;‘_&),) is R — («, ) then 12a0 is equal to:
(A) 32 (B) 40 (C) 24 (D) 36
s N
Answer: (A)
Solution: For sin™'(A), we must have —1 < A < 1.
<o (1)
2z +3
Case 1: % <1
z—1
—-1<0
2z +3 -
r—1—-2x—-3 <0
2z +3
—(x+4) 0
20 +3
x+4
>0 2
2c+3 @)
Solution: (—oo, —4] U (—3/2, c0).
Case 2: 2”;;13 > -1
@=1
1>0
22+ 3 e
r—1+2x+3 >0
22+ 3 -
3z +2
>0 3
2r+3 — ()
Solution: (—o0,—3/2) U[-2/3,00).
Intersection of Case 1 and Case 2: (—o0, —4] U [-2/3,00). The domain is R — (—4,—2/3). Comparing with
R — (o, B), we get « = —4 and 8 = —2/3.
1208 = 12(—4)(—2/3) = 12(8/3) = 32 (4)
\ J
2. Let f: R — R be defined by f(z) = -5z, € R. Then the range of f is:
(&) [-3.3] (B) R —[~1,1]
(C) R— [—5, 5] (D) (_L 1) - {0}

[ Answer: (A) J




Solution: Let y =

lfw2'
y1+2%) =2
yr? —x+y=0 (5)

For x to be real, the discriminant D > 0.

(—1)* —4(y)(y) = 0
1-4352>0

Range is [—3, 1]

3. If f(z) = 3243 v # 2 and (fof)(z) = g(x), where g: R — {2} — R — {2}, then (gogog) (4) is equal to:

(A) =55 (B) 5 (C) -4 (D) 4

Answer: (D)
Solution: First, compute (fof)(z):

a(#22) +3

6 (4£3) -4

_ 4(4x +3) + 3(62 — 4)
~ 6(4r +3) — 4(6z — 4)
16z + 12+ 18z — 12
24z + 18 — 24z + 16

34z
“ 31" @

f(f(@) =

So, g(z) = x is the identity function. Therefore, (gogog)(4) = g(g(g(4))) = 4.

4. If f(z) = log, (};—;) lz| < 1, then f (liﬂ;g) is equal to:
(A) (f(x))? (B) 2f(«?) (C) —2f(x) (D) 2f(z)

Answer: (D)
Solution: Substitute argument into function:

2z 1_12172
7 ) =1 — L
f(l—l—.Z‘Q) 0g,. 1+ 13_3;2

o 1422 -2z
= 0 1+22+22

1—x)?
=log, El—i—x;?)
1

2
=@
1+x>

= log,




~ 2105, (152) = 24(@) ®)

5. The function f: N — {1} — N; defined by f(n) = the highest prime factor of n, is:

(A) both one-one and onto (B) one-one only
(C) onto only (D) neither one-one nor onto
Answer: (D)

Solution: One-one check: f(6) = 3 (factors of 6 are 2, 3) and f(9) = 3 (factors of 9 are 3). Since 6 # 9 but
f(6) = £(9), it is not one-one.

Onto check: The codomain is N. Can we find n such that f(n) =47 No, because 4 is not a prime number.
The range consists only of prime numbers. Thus, range # codomain. Not onto.

6. The function f: R — R, f(x) = 42015 0 R s

@Z—4a+49
(A) one-one but not onto (B) both one-one and onto
(C) onto but not one-one (D) neither one-one nor onto
s N
Answer: (D)
Solution: Onto check: Let y = “ﬁﬁ%. For y to be in the range,  must be real (D > 0 for the resulting

quadratic in x). Solving for range gives y € [—2, 1.6] approximately. Since the codomain is R and range is a
subset, it is not onto.

One-one check: Since the function is continuous and goes up and down within a closed interval range, it
takes the same y-value for multiple z-values. It is not one-one.

1 >
7. Tet f: R— R: and g: R — R be defined as f(z) =4 5% T2 0 dg@) =% 29 Then, gof: B — R:
e ", z<0 e’, x<0
(A) one-one but not onto (B) neither one-one nor onto
(C) onto but not one-one (D) both one-one and onto
- ™

Answer: (B)

Solution: Calculate g(f(z)): If x < 0, f(z) = e > 1. Since result > 0, gle™™) = e . If 0 < z < 1,
f(z) = Inx(< 0). Input to g is negative. g(f(z)) = e"® =x. If x > 1, f(z) = Inx(> 0). Input to g is positive.
9(f(2)) = In.

One-one: g(f(r)) takes values in [0,00). g(f(—1)) =e! =e. g(f(e)) =Ine = 1. g(f(x)) = 2 has solutions in
both < 0 branch and z > 1 branch. Not one-one.

Onto: Range is [0, 00). Codomain is R. Not onto.

8. The number of distinct real roots of the equation |z||x + 2| — 5lz + 1| — 1 =0 is:
(A)3 (B) 2 (C) 4 (D)1

Answer: (A)
Solution: We analyze cases based on critical points z = 0, —2, —1.
Case 1 (z > 0):

2(x+2)—-5(x+1)—1=0




22 —3x-6=0 (9)
Positive root x = 3*@. (1 sol)
Case 2 (-1 <z <0):
—z(zx+2)—5(x+1)—1=0
2 +7x+6=0 (10)
Root z = —1 is valid. (1 sol)
Case 3 (—2<z< —1):
—z(x+2)-5(-z—-1)—-1=0
22 -3x—-4=0 (11)
Roots 4, —1. Neither in interval (—2,—1). (0 sol)
Case 4 (z < —2):
—z(—z—2)—5(-x—-1)—-1=0
2+ 7r+4=0 (12)
Root #@ ~ —6.37 is valid. (1 sol)
Total = 3 distinct roots.
9. Let f be a function such that f(z) 4+ 3f (%) = 4z,  # 0. Then f(3) + f(8) is equal to:
(A) 11 (B) 10 (C) 12 (D) 13
Answer: (A)
Solution: Given:
f(z)+3f(24/x) = 4z (13)
Replace = with 24 /x:
F(24/z) + 3f(z) = 4(24/z) = 96/ (14)
Multiply (9) by 3:
3f(z) +9f(24/x) = 12z (15)
Subtract (10) from (11):
8f(24/x) = 120 — 96/x
f(24/z) = 1.5 — 12/x (16)
Substitute back into (9):
f(z) +3(1.5z —12/z) = 4z
flx) =36/x — 0.5z (17)
f3)=12-15=105
F(8)=36/8—4=45—-4=0.5
fB)+f@) =11 (18)

10. The inverse function of f(z) = g8 re (—1,1) is:

- 82:_;’_8—21 Y




(C) L(log, ) log, (52) (D) 4 logs (422
p
Answer: (D)
Solution: Let y = Z_T_%Z = Zz;i where a = 82*. Solving for a?:
yla®+1)=a*—-1
a*(1-y)=1+y
1
a2 = 11_7:1; (19)
1
(8%)2 =gt = J_FZ (20)
Take logg:
1
4 = IOgS (1_‘_?;>
1 1+y

11. Consider the function f : [%, 1] — R defined by f(x) = 4v/22% — 3v/2x — 1. Consider the following statements:
(I) The curve y = f(x) intersects the x-axis exactly at one point
(II) The curve y = f(x) intersects the x-axis at x = cos ()
Then which of the following is true?

(A) Only (IT) is correct (B) Both (I) and (II) are incorrect
(C) Only (I) is correct (D) Both (I) and (II) are correct
e

Answer: (D)

Solution: f(z) = v/2(423 — 3x) — 1. Let = = cos@. For 2 € [0.5,1], 6 € [0,7/3].

f(x) =V2cos(30) —1 =0

1
cos(36) = 7
T
30 = 1
T
_ 22

This is the only solution in range [0,7]. Intersection point is z = cos (%). (I) is correct (one point), (II) is
correct.

12. If the inverse trigonometric functions take principal values, then cos™ (3 cos (tan™! (3)) + 2 sin (tan™" (3))) is equal

10 5

to:
(A) 0O (B)

(©) (D)

IS
wly
ol

Answer: (C)
Solution: Let § = tan=!(4/3). Then sin = 4/5, cos @ = 3/5.

Expression 3 (3 + 2 (4
X =— | = | =
. 0\5) T5\5




13.

14.

15.

Considering only the principal values of the inverse trigonometric functions, the number of values of x satisfying
tan~!(z) 4 tan~!(2z) = T is:
(A) More than 2 (B) 1 (C) 2 (D)o
- N
Answer: (B)
Solution:

i (222) %
1— 222 4

3z _

1—222

202 +3x—-1=0

_ —3+,0+8

25

. ; (25)
For positive real values (required for /4 sum), x = \/q_‘?’. Only 1 positive solution.

\ J

Given that the inverse trigonometric function assumes principal values only. Let x, y be any two real numbers in
[~1,1] such that cos~!x — sin™! y = a, then the minimum value of 2 + y? 4 2zysin « is equal to:
(A) 0 (B) -1 ©€) 3 (D) =3
- N
Answer: (A)
Solution: Let A = cos 'z and B = sin"'y. A— B = a. = = cosA, y = sinB. Using expansion:

cos(A — B) = cosa.

cos Acos B + sin Asin B = cos «

/1 — 12 + /1 — 22y = cosa (26)

Letz=1,y=1. a=0-7/2=—7/2. Expr=14+1+4+2(-1)=0. Let £ =0,y =0. a =7/2—0=m/2. Expr
=0+0+0=0. Generally, 22 + y? + 2zysin o = cos? a. Minimum of cos? « is 0.

Considering the principal values of the inverse trigonometric functions, sin ™" (@x + %\/ 1-— x2), where —% <zx< %,

is equal to:

(A) T +sin"'a (B) Z +sin"'z

(C) == —sin 'z (D) 2T —sin 'z

e ™
Answer: (B)

Solution: Let x = sinf. Since —% <z < \%, we have —¢ <6 < 7.

Exp = sin~! (sin g sin @ + cos g cos 0)

ot s 0- )




N

— T _(p_T

= sin (sm(2 (9 3)))

5
= sin~* (sin (% - 9)> (27)
Range of argument 2% — §: G—g, 7r). This is in 2nd quadrant. sin™'(sin A) = 7 — A in 2nd quadrant.
Value T _9) =T 49=" 4sin? (28)
we=nm—|(—-0|=— = —+4sin" " x
6 6 6

- J

16. Considering the principal values of the inverse trigonometric functions, the sum of all the values of x satisfying

cos~(z) — 2 sin~*(z) = cos~!(2z) is equal to:

(A) O (B) 1 (©€) 3 (D) —3
- N
Answer: (A)
Solution: Let sin"'z =60 = x =sinf. cos 'z = =0
(g - ) 20 = cos~!(2sin )
g — 360 = cos '(2sin @)
cos (g = 30) = 2sind
sin36 = 2sin @
3sinf — 4sin® @ = 2sin
sinf(1 — 4sin®9) = 0 (29)
x = 0 or x = £1/2. Checking original eq: z = 0: 7/2 — 0 = 7w/2. Correct. =z = 1/2: 7/3 — 2(nw/6) =
0. cos71(1) = 0. Correct. z = —1/2: 27/3 — 2(—7/6) = m. cos~}(—1) = m. Correct. Sum of roots:
0+1/2—1/2=0.
\ J
17. Set A= {z >0:tan™'(2z) + tan™' (3z) = T }:
(A) Is an empty set (B) Contains more than two elements
(C) Contains two elements (D) Is a singleton
s N
Answer: (D)
Solution:
oxr
1—622
62> + 52 —1=0
(6xr—1)(x+1)=0 (30)
Roots 1/6,—1. Since x > 0, only & = 1/6. Singleton set.
N J

18. The sum of the infinite series cot™! (%) + cot™! (%) + cot™! (39) + ... 1s:

(A) 5+ tan~! (1%)
(OE +cot™! (5)

T
(

B) Z —cot™!(
(D)

— tan~? (

)
)

INEISE]
ol

N



Answer: (D)
Solution:

4
=tan ! [ ———
4n2 + 3

1
il
-t (n T 3/4) tan (1 +(n?2— 1/4))
(n+0.5) — (n —0.5)
14+ (n+0.5)(n —0.5)
=tan"!(n +0.5) — tan~*(n — 0.5) (31)
Sum telescopes to
Soo = lim tan™'(n + 0.5) — tan=*(0.5)
n— oo
- g — tan~1(1/2) (32)
\
19. cosec [2 cot*(5) + cos™! (£)] is equal to:
(A) 5 (B) & (€) 5 (D) 55
p
Answer: (A)
Solution: Term = 2tan~!(1/5) + tan=1(3/4).
2tan"*(1/5) = tan~! 25N tan~'(5/12) (33)
1-1/25
Sum = tan~'(5/12) + tan~'(3/4)
. (5/12 +3/4 _, /56
— 1 = 1=
= tan (1—15/48) tan <33) (34)
/562 2
cosec (tan™"(56/33)) = 0 oS D (35)
96 56
-
20. The value of lim,,_,. 6 tan {Zle tan~! (m)} is equal to
(A)1 (B) 2 (©) 3 (D) 6
p
Answer: (C)
Solution:
Term = tan™! ( L )
B 1+ (r+ 1)(r +2)
=tan"!(r +2) —tan"'(r 4+ 1) (36)
Sum telescopes to
tan™!(n 4+ 2) — tan"!(2) (37)
Limit n — oo:
g —tan™!(2) = cot71(2) = tan"*(1/2) (38)
Value = 6tan (tan™'(1/2)) = 6(1/2) = 3 (39)




22. For k € R, let the solutions of the equation cos (sin™'(z cot(tan~!(cos(sin™'z))))) =k, 0 < k < 1, be sin™* (%) and

21. Let z =sin (2 tan"'a) and y =sin (Ftan"' 3). If S={a € R:y? =1 —a}, then 3 5 1603 is equal to:
p
Answer: 130

Solution: y = sin (3 tan"'(4/3)). Let tan™'(4/3) = 6. cos6 = 3/5.

B 1—cos@_ 1
y=14 5 =

V5
y?=1/5. Giveny> =1 -2 = z =4/5.

(40)
p= 2 _ % o 5a+2=0 = ac{2,1/2} (41)
1402 5 B ’
D 160° = 16(8+1/8) =128 +2 = 130 (42)
-

sin~'(—1). If the sum of the roots of the equation k22 + V1 — k%2 — k = 0 is b, then % is equal to:
P
Answer: 12

Solution: Simplifying nested ITF:

N
cos(sin~!x) = V1 — z2 (43)
1
cot (tan_l Vv1-— x2> e 44
= (44)
Arg becomes \/1’i7
=1 x - 21— 2z
cos(sm Tﬂ>_\/1_1—x2_\/1—x2 (45)
This equals k. Eq roots a, 3 imply 5 = —a. Roots are a, —a. Quadratic roots: % and —1. Product:
) )
= -5 = o= (46)
Then k = 4/ }:3;2 =/1/3. k2 =1/3. Sum of roots =b=5—1=4.
b/k* =4/(1/3) = 12 (47)
J

of n is:

-

23. Let f(z) be a function such that f(z+y) = f(z)- f(y) for all z,y € N. If f(1) =3 and >_;_, f(k) = 3279, then value

Answer: 7

Solution: f(z) =3*. Sum is G.P.

N
3(3" — 1
3+3+-..+3"= ( 5 )=3279
3" —1=2186
3" = 2187
n="7 (48)
J




24. Number of functions f : {1,2,...,100} — {0, 1} that assign 1 to exactly one of the positive integers less than or equal
to 98, is equal to:

Answer: 392
Solution: Choose 1 input from first 98 to map to 1: (918) = 98 ways. The other 97 inputs map to 0 (1 way).
Remaining inputs {99,100} can map to 0 or 1 freely (2 x 2 = 4 ways).

Total = 98 x 4 = 392 (49)

25. Let f(x) and g(z) be polynomials of degree 2 and 1 respectively. If f(1) =8, f(2) =25 and f(3) =52 and g(1) =1,
g(2) = 3, then the value of f(2) + ¢(2) is:

e N
Answer: 28
Solution:
f(2)=25
9(2) =3
Sum = 28 (50)
\ J
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