JEE Advanced 2026 Paper 1

Conducted by IIT Roorkee

r A
General Instructions

(i) The examination will be conducted in Computer-Based Test (CBT) mode.
(ii) The total number of questions are 48.

(iii) Duration of the exam is 3 hour (180 minutes).

1. Evaluate: cot !(cot(—11)) + 10sin (2 cos™! (%)) +10sin(2tan"'(2))
Correct Answer: 7+4m

Solution:

Step 1 : Understanding the Question

The objective of this problem is to evaluate a multi-term trigonometric expression involving
inverse functions. The first component requires handling a large negative radian value within
an inverse cotangent function, which necessitates an understanding of the function’s principal
value range. The second term involves a standard inverse cosine value, while the third
requires a double-angle transformation to relate a sine function to an inverse tangent value.

Each part must be calculated precisely based on trigonometric properties before summation.

Step 2 : Key Formulas and approach

1. Principal Value Range: For cot™!(x), the output must fall within (0, 7).
2. Periodicity: cot(6) = cot(6 + n) for any integer n.

3. Double Angle Identity: sin(20) = 2282

4. Standard Values: cos™! (%) =Z.




Step 3 : Detailed Explanation and Final Answer

e Solving the First Term: We examine cot '(cot(—11)). Since —11 is not in the
range (0,7), we add multiples of m ~ 3.14159. Adding 47 (which is ~ 12.56)
gives —11 + 47 ~ 1.56. This value falls within the principal range (0,3.14). Thus,
cot (cot(—11)) = —11 + 4.

* Solving the Second Term: Consider 105in(2cos_1(i)). We know that

V2
cos_l(%) = 7. Substituting this, we get 10sin(2 x ) = 10sin(3). Since

sin(5) = 1, the value of this term is 10 x 1 = 10.

« Solving the Third Term: For 10sin(2tan™}(2)), let § = tan™'(2), implying tan § = 2.

22) _

2tan 6 =2 = 2. Multiplying by the outer

1+tan2 0>

we calculate

Using the identity sin(260) =

coefficient, we get 10 x 3 = 8.

* Final Calculation: Summing the results from the three steps gives (—11 +4m) + 10 + 8.

Combining the constants, we get —11 + 18 + 47 =7 + 4.

Quick Tip: When evaluating cot™!(cot x), always ensure the result is in (0, 7r). If x is a large number

(like 11), use the approximation 7 & 3.14 to find how many multiples of 7 are needed to bring the

2x
1+x2

value into the valid interval. Additionally, using sin(2tan™! x) = is a highly efficient shortcut.

2. If a = (1 —2cos %) (1 —2cos %) (1 —2cos i—’f)(l —2cos Z—’f)(l —2cos (’i—’f)then find the value

of 5— a?.

Correct Answer: 4
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Solution:

Step 1 : Understanding the Question

This problem focuses on a product of trigonometric terms containing cosine values with
angles in an arithmetic progression of 7w/11. After calculating the product a, we are asked
to find the value of 5 — a?. Such problems are typically solved by identifying the terms as

roots of a specific polynomial or using complex numbers (roots of unity) to simplify the product.

Step 2 : Key Formulas and approach

1. Periodicity and Symmetry: cos(2m —6) = cos 6.

(2k—1)m
2n+1

2. Polynomial Roots: The values x; = 2cos( ) are roots of a known polynomial
related to Chebyshev polynomials or cyclotomic equations. For n = 5, the polynomial is
x°+x*—4x3—3x*+3x+1=0.

3. Evaluation: If a = [ [(1 — x;), then a is the value of the polynomial when x = 1.

Step 3 : Detailed Explanation and Final Answer

n 3n 5t 7/n 9¢ 271

* Angle Reduction: The original angles are 17,37, 37, 17> 31~ Large angles like <7 and

81lm

- from the initial expression are reduced using 27 or 67 periodicity to return to these

base angles.

° i 1391 L, 3n on
Constructing the Polynomial: The terms 2cos(57),2cos(57),...,2cos(57) are the
roots of the equation x° + x* —4x®> —3x% + 3x + 1 = 0. This is derived from the

expansion of cos(116).

* Calculating the Product a: The expression a = (1 —x7)(1—x;)(1—x3)(1—x,)(1—x5)
represents the polynomial evaluated at x = 1. Substituting x = 1 into

x>+ x*—4x*—3x*+3x+1,weget1+1—4—3+3+1=—1.

¢ Computing the Final Result: Given a = —1, we find a? = (—1)? = 1. The final value

requested is 5—a’=5—1=4.
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Quick Tip: For products of the form [ [(1 —2cos 6;), identify the polynomial whose roots are 2 cos 6;.
Evaluating this polynomial at x = 1 gives the product directly, avoiding tedious trigonometric

transformations.

3. In how many ways can 10 identical red pens and 14 identical blue pens be distributed

among 4 persons such that each person gets 6 pens?
Correct Answer: 206

Solution:

Step 1 : Understanding the Question

We are dealing with a distribution problem involving two types of identical objects. The
critical constraint is that each of the 4 recipients must receive exactly 6 pens. Since the
total number of pens per person is fixed, the entire distribution is determined solely by how
many red pens each person gets. Once a person is assigned k red pens, they must receive
exactly 6 — k blue pens to satisfy the 6-pen total. Thus, we only need to calculate the ways to

distribute 10 red pens with an upper limit of 6 per person.

Step 2 : Key Formulas and approach

n+r—1)

1. Stars and Bars: Number of ways to distribute n identical items to r people is ( 1

2. Principle of Inclusion-Exclusion (PIE): To handle the constraint x; < 6, we subtract the

cases where x; > 7 from the total.

Step 3 : Detailed Explanation and Final Answer

* Formulating the Equation: Let x, x,, X3, X, be the number of red pens for each person.

We need x; + x5 + x5 + x, = 10, where 0 < x; < 6.

* Total Distributions without Upper Limit: The number of non-negative integer

10+4_1) = (133). Calculating this: L()ZXH = 286.

solutions is ( A
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* Applying PIE for Constraints: We must subtract cases where at least one x; > 7. If
x; = 7, let x; = x; — 7. The equation becomes x| + x, + x; + x, = 3. The number of

solutions is (SiIl) = (g) = 20.

* Total Invalid Cases: Since there are 4 people who could violate the limit, and only one

person can violate it at a time (as 747 = 14 > 10), the total invalid cases are 4 x 20 = 80.

* Final Calculation: Total valid ways = 286 — 80 = 206.

Quick Tip: In identical object distribution with a fixed total per person, just distribute one type of item.
The other type serves as a "filler". If the total items of one color exceed the individual capacity, use

Inclusion-Exclusion to subtract the over-limit cases.

4. A particle is thrown with speed v from point O with an angle 6 from the horizontal plane
such that it passes through point P at height 1 m from ground and 5 m of horizontal distance

as shown in figure.

.

(A) If 6 =tan™" (%), then v =125,/gm/s
S5
(B) If 6 =45°, thenv = ?m/s
(C) If 8 = 45°, then the particle attains maximum height before reaching P

(D) If 6 = 30°, then the particle attains maximum height after reaching P

Correct Answer: (B) and (C)
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Solution:

Step 1 : Understanding the Question

This problem explores projectile motion concepts by requiring us to verify the relationship
between initial velocity, launch angle, and coordinates (x, y). We are given a target point
(5,1) that the particle must intersect. We must evaluate different scenarios for 6 to find the
corresponding v and determine the horizontal location of the projectile’s peak relative to the

given point P.

Step 2 : Key Formulas and approach

1. Trajectory Equation: y = x tan6 — 3 g

vZcos2 6 *
v25sin(26)

2. Horizontal Range: R = —

3. Peak Location: The maximum height occurs at x,,,, = %
4. We substitute coordinates (5, 1) into the trajectory equation to solve for v or check the

validity of given 6.

Step 3 : Detailed Explanation and Final Answer

* Verifying Option (A): Substituting tan & = 1/5 into the equation 1 =5(1/5) — %
yields 1 =1 —..., which implies the subtraction term is zero. This is impossible for a

real velocity, so (A) is incorrect.

* Verifying Option (B): For O = 45°, tan6 = 1 and cos?0 = 1/2. Substituting these:
1=5(1)— % =1=5— Zf'—zg. Solving this gives 2v5_2g =4,s0v = #. This matches

option (B).

e Verifying Option (C): Using v? = Z?Tg and 6 = 45° in the Range formula:
R = % = 6.25 m. The peak occurs at R/2 = 3.125 m. Since 3.125 < 5,

the particle hits its peak before reaching P. Thus, (C) is correct.

* Verifying Option (D): For 6 = 30°, calculations show the peak is reached at a horizontal

distance less than 5 m. Therefore, the peak happens before P, making (D) false.
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Quick Tip: To quickly determine if a projectile is rising or falling at a point x, compare x with R/2. If
x < R/2, it is rising; if x > R/2, it is falling. Also, the trajectory equation y = x tan 8(1 — x/R) is very

useful for checking ranges quickly.

5. Compare the bond angles of NO,, N O; ,NO,;, and NO;.

(A) NO; < NO; <NO, <NOj
(B) NO; <NO, <NO; <NO;
(CO)NO,<NO; >NO; <NO;
(D) NO, < NO; <NO; <NO;

Correct Answer: (A) NO; <NO; <NO, <NO;

Solution:

Step 1 : Understanding the Question

This chemical bonding problem requires comparing the bond angles of various nitrogen-oxygen
species. Bond angles are primarily influenced by the hybridization of the central atom and
the presence of lone pairs or unpaired electrons. By identifying the electron geometry and
the magnitude of electron-electron repulsion for each species, we can determine the correct

increasing order of their bond angles.

Step 2 : Key Formulas and approach

1. VSEPR Theory: Lone pair (LP) repulsion > Bonding pair (BP) repulsion.

2. Hybridization: sp = 180°, sp? = 120°, sp® = 109.5°.

3. Unpaired Electrons: A single unpaired electron repels adjacent bonds less than a full lone

pair.

Step 3 : Detailed Explanation and Final Answer
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* Analyzing NO; : The nitronium ion has a positive charge on Nitrogen, resulting in two
double bonds and no lone pairs. This leads to sp hybridization and a linear geometry.

The bond angle is exactly 180°, the largest in this group.

* Analyzing NO,: This is a neutral radical molecule with one unpaired electron on
Nitrogen. It has sp? hybridization and a bent shape. Because the single electron repels

less than a pair, the angle is slightly compressed to about 134°.

* Analyzing NO;: The nitrate ion has three resonance-stabilized bonds and no lone pairs
on the Nitrogen. It is sp? hybridized with a perfect trigonal planar geometry, resulting

in a bond angle of exactly 120°.

* Analyzing NO; : The nitrite ion contains one lone pair on the Nitrogen. This lone pair

exerts significant repulsion, compressing the sp? angle to approximately 115°.

e Comparing results: Combining these, we find 115°(NO;) < 120°(NO;) <
134°(NO,) < 180°(NO}).

Quick Tip: Bond angles generally decrease as the number of lone pair electrons on the central atom
increases. For sp? systems like these, remember the order of repulsion: Lone Pair > Unpaired Electron

> No non-bonding electrons. Linear sp species will always have the highest angle at 180°.

6. Compare dipole moments of BF;, N Hj{, NF,, and NH,.
(A) NH} <BF; <NF; < NH,
(B) NFy < NH; = BF, < NH,
(C) BF; < NHy < NF; < NH]
(D) BF; = NH; < NF, < NH,

Correct Answer: (D) BF; = NH, < NF; < NH;
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Solution:

Step 1 : Understanding the Question

This problem involves comparing the molecular dipole moments (u) of different molecules
and ions. Dipole moment is a vector quantity that accounts for both the bond polarities (due
to electronegativity differences) and the geometric arrangement of those bonds. If a molecule
is perfectly symmetrical, its bond dipoles may cancel out, resulting in a non-polar molecule
(u = 0). For asymmetrical molecules, we must consider the relative directions of bond dipoles

and lone pair dipoles.

Step 2 : Key Formulas and approach

1. Dipole Moment fi = 3¢ - d.

2. Symmetry Rule: For sp? (trigonal planar) or sp® (tetrahedral) shapes with identical
surrounding atoms and no lone pairs, u = 0.

3. Electronegativity: Dipoles point from less electronegative to more electronegative atoms.

Step 3 : Detailed Explanation and Final Answer

* BF, and NH, Analysis: BF; is trigonal planar and NH; is tetrahedral. Both are
perfectly symmetrical with identical outer atoms. Their individual bond dipoles cancel

each other out completely, so u = 0 for both. Thus, BF; = NH, .

* NH, Analysis: Ammonia is pyramidal with a lone pair. Nitrogen is more electronegative
than hydrogen, so bond dipoles point toward nitrogen. The lone pair dipole also points
away from nitrogen in the same direction. These vectors add up, resulting in a high

dipole moment (~ 1.47D).

* NF, Analysis: Nitrogen trifluoride is also pyramidal, but fluorine is more electronegative
than nitrogen. The N —F bond dipoles point toward fluorine, while the lone pair dipole
points in the opposite direction. This opposing arrangement leads to a much smaller net

dipole moment (& 0.23D).
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* Ranking: The resulting order is BF; = NH, (0) < NF;(small) < NH,(large).

Quick Tip: Always identify symmetrical molecules first as they have zero dipole moment. For pyramidal
molecules like NH5; and NF5, check if the lone pair dipole and bond dipoles are in the same direc-

tion (reinforcing) or opposite directions (cancelling). This determines which one has a higher magnitude.

7. How many faces have one NH; and two Cl™ ligands in the following octahedral complexes?
cis-[M(NH;),Cl, ]

mer-[ M(NH;),;Cl; ]
Correct Answer: 2, 2

Solution:

Step 1 : Understanding the Question

Octahedral complexes have eight triangular faces. Each face is defined by the set of three
ligands that are mutually adjacent (90° apart). This question asks us to count how many of
these faces are composed of a specific ligand ratio: one NH; and two Cl~. We must analyze
the spatial arrangement of the ligands in the cis-isomer of a tetra-ammonia-dichloro complex

and the meridional isomer of a tri-ammonia-trichloro complex.

Step 2 : Key Formulas and approach

1. Octahedron structure: 6 vertices, 12 edges, and 8 triangular faces.

2. Cis-arrangement: Two ligands are at adjacent vertices (90° apart).

3. Meridional (mer) arrangement: Three identical ligands are on a single meridian plane.

4. We identify the faces by looking at the triplets of adjacent vertices.

Step 3 : Detailed Explanation and Final Answer

* Cis-complex: In cis —[M(NH,),Cl,], the two CI™ ligands are adjacent. They share a
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common edge. This specific edge is part of exactly two triangular faces. In a cis-complex,
the third vertex for both of these faces will be occupied by an NH, ligand. Thus, there
are 2 faces with (1 x NH5,2 x CI7).

* Mer-complex: In mer —[M(NH,);Cl;], the CI™ ligands are placed on a meridian.
Imagine C! at (1,0,0),(0,1,0),and (—1,0,0). The adjacent pairs of Cl are (1,0,0) with
(0,1,0) and (—1,0,0) with (0, 1,0). Each of these two pairs forms two faces with the ver-
tical NH, ligands at (0,0, 1) and (0,0,—1). However, some of these faces might contain

more than one NH,. Looking closely, only 2 faces satisfy the (1 x NH;, 2 x Cl™) condition.

* Conclusion: Both the cis and the mer isomers contain 2 faces that meet the specified

ligand criteria.

Quick Tip: To count faces in an octahedral complex, identify adjacent ligand pairs first. An adjacent
pair of identical ligands will belong to two different faces. Check the third ligand for those two faces to

determine the overall face composition.

S|
8. Value of dx is
0 3

+ 3

o1
Correct Answer: 33

Solution:

Step 1 : Understanding the Question

This calculus problem requires finding the definite integral of a rational-like function where
the variable is in the exponent. Integrating terms like 1/(a + b*) isn’t straightforward using
basic power rules. The goal is to perform a change of variables to transform the exponential
expression into a standard rational form that can be integrated using partial fractions or

logarithmic rules.
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Step 2 : Key Formulas and approach

1. Substitution: Let u = 3%, then du = 3*In3dx.

. . e 1 11 1
2. Partial Fraction Decomposition: Tt a(

u uta’
3. Logarithmic Integration: f %dx =In|x|.

4. Change of limits based on the substitution u = 3*.

Step 3 : Detailed Explanation and Final Answer

e Step 1 - Substitution: Let t = 3*. This implies dt = 3*In3dx, or dx = t‘thg
Substituting this into the integral, we get f ﬁ . tfntg.

Step 2 - Adjusting Limits: When x =0,t =3° = 1. When x = 2,t = 32 = 9. The new

. .1 (9 1
integral is fl T dt

Step 3 - Partial Fraction Expansion: We rewrite the integrand as ;=5 = 5[t — 53]

. 1 (91 1
The integral becomes 3 fl (; — o3)dt.

1
3In3

Step 4 - Evaluation: Integrating gives

to 5=[1n(9/12) —In(1/4)].

[Int —In(t + 3)] from 1 to 9. This simplifies

Step 5 - Log Simplification: In(3/4) —In(1/4) = In((3/4) x 4) = In 3. Multiplying by

In3 __ 1

3In3 ~ 3°

5 g 1
the coefficient 57—, we get

Quick Tip: For integrals involving a* in the denominator, you can also multiply the numerator and

denominator by a—*. This transforms the integral into a form where a simple substitution like u = a™

makes the numerator the derivative of the denominator.

X
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