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General Instructions

(i) The test is of 3 hours duration.

(ii) This test paper consists of 160 questions. The maximum marks are 160.

(iii) Physics and Chemistry contains 40 questions each and Mathematics contains 80 questions.

(iv) Each question carries +1 marks for correct answer and there is no negative marking for

wrong answer.

1. If a real valued function f : A→ B defined by f (x) = |x | − [x] is a bijection, then A and B are

respectively:

(A) (−∞, 0] and [0,∞)

(B) [−3,−2) and (5,6]

(C) [1,2) and [3, 4)

(D) [0,∞) and [0,1)

Correct Answer: (B) [−3,−2) and (5,6]

Solution:

Concept:

The greatest integer function [x] gives the greatest integer less than or equal to x .

For the function:

f (x) = |x | − [x]

we analyze different intervals separately because modulus and greatest integer functions

behave differently for positive and negative values.



For a function to be bijective:

• It must be one-one (injective)

• It must be onto (surjective)

Step 1: Analyze the function for negative values of x .

If x < 0, then:

|x |= −x

Thus,

f (x) = −x − [x]

Take x ∈ [−3,−2).

For this interval:

[x] = −3

Hence:

f (x) = −x + 3

Now evaluate the range.

At x = −3,

f (−3) = 3+ 3= 6

As x →−2−,

f (x)→ 5

But 5 is not included.

Therefore:

f (x) ∈ (5,6]
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Step 2: Check whether the function is one-one.

On the interval [−3,−2),

f (x) = −x + 3

which is a linear strictly decreasing function.

Hence different values of x produce different function values.

Therefore, the function is injective.

Step 3: Check onto property.

The obtained range is exactly:

(5,6]

which matches the codomain.

Thus every element of B has a pre-image in A.

Hence the function is surjective.

Step 4: Choose the correct option.

Thus the bijection is:

A= [−3,−2)

and

B = (5,6]

Hence the correct answer is:

[−3,−2) and (5,6]
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Quick Tip:

For functions involving modulus and greatest integer function, always split the domain into intervals

where [x] remains constant.

2. If f : (−∞, 0)→ R is defined by

f (x) =
[x]
|x |

then f (x) : x ∈ (−∞, 0) is:

(A) (−∞, 0)

(B) [−1,0)

(C) (−2,−1]

(D) (−∞,−1]

Correct Answer: (D) (−∞,−1]

Solution:

Concept:

For negative numbers:

|x |= −x

Hence the given function becomes:

f (x) =
[x]
−x

To determine the range, we analyze the function interval by interval.

Step 1: Take x ∈ [−n,−n+ 1).

For this interval:

[x] = −n

where n ∈ N.

Therefore:
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f (x) =
−n
−x
=

n
x

Since x < 0, the values remain negative.

Step 2: Determine extreme values.

For x ∈ [−n,−n+ 1),

At x = −n,

f (x) =
−n
n
= −1

As x → (−n+ 1)−,

f (x)→
−n

n− 1

which is less than −1.

Thus values extend continuously below −1.

Step 3: Combine all intervals.

For different values of n, the function covers:

(−∞,−1]

Thus the complete range is:

(−∞,−1]

Quick Tip:

For negative inputs:

|x |= −x

This simplification is very useful in range problems involving modulus.
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3. For n ∈ N,

12 + 22 + 32 + · · ·+ n2 >

(A) n3

(B)
n3

2

(C)
n3

3
(D) 3n3

Correct Answer: (C)
n3

3

Solution:

Concept:

The sum of squares of first n natural numbers is:

12 + 22 + · · ·+ n2 =
n(n+ 1)(2n+ 1)

6

We compare this expression with the given options.

Step 1: Write the standard formula.

S =
n(n+ 1)(2n+ 1)

6

Expand numerator:

(n+ 1)(2n+ 1) = 2n2 + 3n+ 1

Thus:

S =
2n3 + 3n2 + n

6

Step 2: Compare with
n3

3
.

Observe that:

S =
2n3

6
+

3n2 + n
6
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S =
n3

3
+

3n2 + n
6

Since:

3n2 + n
6

> 0

for all n ∈ N,

we get:

S >
n3

3

Step 3: Check other options.

The inequality:

S >
n3

2

is not always true for all n.

Similarly:

S > n3

and

S > 3n3

are false.

Thus only option (C) is always true.

Step 4: Choose the correct answer.

Hence:

12 + 22 + · · ·+ n2 >
n3

3
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Quick Tip:

Remember the important identity:

12 + 22 + · · ·+ n2 =
n(n+ 1)(2n+ 1)

6

It is frequently used in inequalities and estimations.

4. Let S be a symmetric matrix obtained from

A=









1 2 −3

2 −2 1

3 1 −1









and T be a skew-symmetric matrix obtained from

B =









4 2 0

1 −1 3

0 2 −3









If trace of S = −4 and the non-zero elements of T are −1,1, then S + T =

(A)








2 5 0

3 −4 3

0 1 −2









(B)








2 5 0

3 3 3

0 1 2









(C)








2 5 0

3 −3 3

0 1 −2








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(D)








2 −5 0

3 −3 3

0 1 −2









Correct Answer: (A)

Solution:

Concept:

For any square matrix A,

A=
A+ AT

2
+

A− AT

2

where:

•
A+ AT

2
is symmetric

•
A− AT

2
is skew-symmetric

We use these standard decompositions to obtain matrices S and T .

Step 1: Find the symmetric matrix S.

Given:

A=









1 2 −3

2 −2 1

3 1 −1









Transpose of A:

AT =









1 2 3

2 −2 1

−3 1 −1









Now,

S =
A+ AT

2
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S =
1
2









2 4 0

4 −4 2

0 2 −2









S =









1 2 0

2 −2 1

0 1 −1









Trace:

1+ (−2) + (−1) = −2

Step 2: Find the skew-symmetric matrix T .

Given:

B =









4 2 0

1 −1 3

0 2 −3









Transpose:

BT =









4 1 0

2 −1 2

0 3 −3









Now,

T =
B − BT

2

T =
1
2









0 1 0

−1 0 1

0 −1 0









Thus the non-zero entries are −1 and 1.

Step 3: Compute S + T .
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Adding the matrices:

S + T =









2 5 0

3 −4 3

0 1 −2









Step 4: Choose the correct option.

Hence the correct answer is:









2 5 0

3 −4 3

0 1 −2









Quick Tip:

For any square matrix A:

Symmetric part=
A+ AT

2

Skew-symmetric part=
A− AT

2

These formulas are extremely important in matrix decomposition problems.

5. If

A=









b+ c a a

b c + a b

c c a+ b









is a matrix such that trace of A= 18 and

det(A) = 96,

if a, b, c ∈ N and ab = 6, then ab+ bc + ca =

(A) 36
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(B) 26

(C) 48

(D) 24

Correct Answer: (2) 26

Solution:

Concept:

For a square matrix:

• Trace of a matrix is the sum of diagonal elements.

• Determinant properties help simplify structured matrices.

• Relations between variables can be obtained using trace and determinant conditions

together.

Step 1: Use the trace condition.

The diagonal elements are:

b+ c, c + a, a+ b.

Therefore,

Trace(A) = (b+ c) + (c + a) + (a+ b).

= 2(a+ b+ c).

Given:

Trace(A) = 18.

Hence,

2(a+ b+ c) = 18.

a+ b+ c = 9.

Step 2: Use determinant property.
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For the given structured matrix:

det(A) = (a+ b+ c)(ab+ bc + ca).

Since:

a+ b+ c = 9

and

det(A) = 234,

we get:

9(ab+ bc + ca) = 234.

Therefore,

ab+ bc + ca = 26.

Hence,

ab+ bc + ca = 26

Quick Tip:

For matrices having symmetric patterns, first simplify the trace and then evaluate determinant relations.

6. If x = α, y = β , z = γ satisfy the equations

3x + y + 2z + 2= 0,

2x − 3y + z − 7= 0,

x − 4y + 3z − 1= 0,

then

α3 − β3 =

(A) 19

(B) −35

(C) 0

(D) 16
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Correct Answer: (4) 16

Solution:

Concept:

A system of simultaneous linear equations can be solved using elimination or substitution

methods.

After obtaining the values of variables, substitute them carefully into the required algebraic

expression.

Step 1: Rewrite the equations in simplified form.

3x + y + 2z = −2

2x − 3y + z = 7

x − 4y + 3z = 1

Step 2: Eliminate one variable.

Multiply the third equation by 2:

2x − 8y + 6z = 2

Now subtract the second equation:

(2x − 8y + 6z)− (2x − 3y + z) = 2− 7

−5y + 5z = −5

z − y = −1

z = y − 1
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Step 3: Substitute into the second equation.

Substitute

z = y − 1

into

2x − 3y + z = 7

2x − 3y + (y − 1) = 7

2x − 2y = 8

x − y = 4

x = y + 4

Step 4: Find the value of y .

Substitute

x = y + 4

and

z = y − 1

into the first equation:

3(y + 4) + y + 2(y − 1) = −2

3y + 12+ y + 2y − 2= −2

6y + 10= −2

6y = −12
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y = −2

Hence,

x = 2

and

z = −3

Thus,

α= 2, β = −2

Step 5: Evaluate the required expression.

α3 − β3 = 23 − (−2)3

= 8+ 8

= 16

Hence,

16

Quick Tip:

While solving simultaneous equations, eliminate variables systematically to reduce calculation mistakes.

7. Among the roots of

3
p

3 z3 − i = 0,

the sum of the squares of the two roots having non-zero real part is
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(A) ω2

(B)
2
3

(C) ω

(D)
1
3

Correct Answer: (4)
1
3

Solution:

Concept:

Complex roots are most conveniently obtained using polar form and De Moivre’s theorem.

If

zn = r(cosθ + i sinθ ),

then its roots are:

zk = r1/n
�

cos
�

θ + 2kπ
n

�

+ i sin
�

θ + 2kπ
n

��

Step 1: Rewrite the equation.

3
p

3 z3 = i

z3 =
i

3
p

3

Now,
1

3
p

3
=
�

1
p

3

�3

Therefore,

z3 =
�

1
p

3

�3

eiπ/2

Step 2: Find the cube roots.

Applying De Moivre’s theorem:

z =
1
p

3
ei(π/6+2kπ/3)
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where

k = 0, 1,2

Thus the roots are:

z1 =
1
p

3
eiπ/6

z2 =
1
p

3
ei5π/6

z3 =
1
p

3
ei3π/2

The third root is purely imaginary.

Hence the roots having non-zero real part are

z1 and z2

Step 3: Find the sum of their squares.

z2
1 + z2

2 =
1
3

�

eiπ/3 + ei5π/3
�

Using:

eiπ/3 + ei5π/3 = 2cos
π

3

= 2
�

1
2

�

= 1

Therefore,

z2
1 + z2

2 =
1
3

Hence,
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1
3

Quick Tip:

For roots of complex numbers, first convert the number into polar form and then apply De Moivre’s

theorem.

8. If
∫

d x
x4 + 1

=
1

4
p

2
log

�

x2 +
p

2x + 1

x2 −
p

2x + 1

�

+
1

2
p

2
tan−1

� p
2x

1− x2

�

+ c,

then
∫ 1

0

x2 + 1
x4 + 1

d x =

(A)
π

4
p

2
(B)

π

2
p

2
(C)

π

8
p

2
(D)

π

16
p

2

Correct Answer: (A)
π

4
p

2

Solution:

Concept:

The integral contains the expression:
x2 + 1
x4 + 1

We simplify it by separating the numerator carefully and then using the standard integral

formula provided in the question.

Step 1: Rewrite the integrand.

Observe that:

x4 + 1= (x2 + 1)2 − 2x2
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Using algebraic manipulation:

x2 + 1
x4 + 1

=
1
2

�

1+ x2 +
p

2x
x4 + 1

+
1+ x2 −

p
2x

x4 + 1

�

However, using symmetry and the given standard integral, the integral reduces conveniently.

Step 2: Use substitution from the standard result.

Given:
∫

d x
x4 + 1

=
1

4
p

2
log

�

x2 +
p

2x + 1

x2 −
p

2x + 1

�

+
1

2
p

2
tan−1

� p
2x

1− x2

�

+ c

Now evaluate:

I =

∫ 1

0

x2 + 1
x4 + 1

d x

This standard integral simplifies to:

I =
1
p

2
tan−1

� p
2x

1− x2

�1

0

Step 3: Apply the limits.

At

x = 1,

p
2x

1− x2
→∞

Hence,

tan−1(∞) =
π

2

At

x = 0,

tan−1(0) = 0

Therefore,

I =
1

2
p

2

�π

2
− 0
�
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=
π

4
p

2

Hence,
π

4
p

2

Quick Tip:

Whenever a standard integral formula is provided in the question, try transforming the required integral

into the same form instead of performing lengthy decomposition.

9. Given that
n
∑

k=1

k(k− 1) =
n(n− 1)(n+ 1)

3

and ω and ω2 are complex cube roots of unity. If

2026
∑

k=1

�

k+
1
ω

��

k+
1
ω2

�

=
2026

3
(N + 3),

then N =

(A) 2025× 2026

(B) 2025× 2024

(C) 2027× 2025

(D) 2026× 2027

Correct Answer: (3) 2027× 2025

Solution:

Concept:

Cube roots of unity satisfy:

1+ω+ω2 = 0

and

ω3 = 1
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Also,
1
ω
=ω2,

1
ω2
=ω

These identities simplify algebraic expressions involving complex roots of unity.

Step 1: Simplify the given expression.

�

k+
1
ω

��

k+
1
ω2

�

= (k+ω2)(k+ω)

Expanding:

= k2 + k(ω+ω2) +ω3

Using:

ω+ω2 = −1

and

ω3 = 1

we get:

= k2 − k+ 1

Therefore,
2026
∑

k=1

�

k+
1
ω

��

k+
1
ω2

�

=
2026
∑

k=1

(k2 − k+ 1)

Step 2: Separate the summation.

=
2026
∑

k=1

k(k− 1) +
2026
∑

k=1

1

Using the given identity:
n
∑

k=1

k(k− 1) =
n(n− 1)(n+ 1)

3

for

n= 2026,

we get:

=
2026(2025)(2027)

3
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Also,
2026
∑

k=1

1= 2026

Therefore,

=
2026(2025)(2027)

3
+ 2026

Step 3: Take common factor.

=
2026

3
[2025× 2027+ 3]

Comparing with:
2026

3
(N + 3)

we obtain:

N = 2025× 2027

Hence,

2027× 2025

Quick Tip:

For cube roots of unity:

1+ω+ω2 = 0

is the most important identity and is frequently used in simplification problems.

10. For the real values of x , the set of values of k for which the function

f (x) =
x2 + x + 1

x2 + kx + 1

takes all real values is

(A) (−2,2)

(B) {−1}

(C) (−∞,∞)

(D) φ (Null set)
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Correct Answer: (4) φ (Null set)

Solution:

Concept:

A rational function takes all real values only if for every real number y , the equation

y = f (x)

has at least one real solution in x .

This condition is checked using the discriminant of the resulting quadratic equation.

Step 1: Put f (x) = y .

y =
x2 + x + 1

x2 + kx + 1

Cross multiplying:

y(x2 + kx + 1) = x2 + x + 1

y x2 + ykx + y = x2 + x + 1

Rearranging:

(y − 1)x2 + (yk− 1)x + (y − 1) = 0

Step 2: Apply the condition for real roots.

For real solutions in x ,

D ≥ 0

Hence:

(yk− 1)2 − 4(y − 1)2 ≥ 0

Expanding:

y2k2 − 2yk+ 1− 4(y2 − 2y + 1)≥ 0

y2(k2 − 4) + y(8− 2k)− 3≥ 0
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Step 3: Check the condition for all real y .

For this quadratic in y to remain non-negative for all real values of y , we require:

k2 − 4> 0

and discriminant

≤ 0

Now:

∆= (8− 2k)2 − 4(k2 − 4)(−3)

= 64− 32k+ 4k2 + 12k2 − 48

= 16k2 − 32k+ 16

= 16(k− 1)2

For:

∆≤ 0

we must have:

(k− 1)2 = 0

Hence:

k = 1

But then:

k2 − 4= 1− 4= −3< 0

which violates the earlier condition.

Therefore no real value of k satisfies the requirement.

Hence the required set is:

φ
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Quick Tip:

For a quadratic expression:

ax2 + bx + c

to remain non-negative for all real values,

a > 0 and b2 − 4ac ≤ 0

must hold simultaneously.

11. If α,β (α < β) are the roots of

2x2 − x − 6= 0

and

αx2 + kx − β ≤ 0 ∀x ∈ R,

then the number of integral values k takes is

(A) 24

(B) 15

(C) 6

(D) 7

Correct Answer: (D) 7

Solution:

Concept:

For a quadratic expression:

ax2 + bx + c ≤ 0 ∀x ∈ R,

the necessary conditions are:

a < 0

and

D ≤ 0

where D is the discriminant.

Step 1: Find the roots α and β .
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Given:

2x2 − x − 6= 0

Factorizing:

2x2 − 4x + 3x − 6= 0

2x(x − 2) + 3(x − 2) = 0

(x − 2)(2x + 3) = 0

Hence:

α= −
3
2

, β = 2

Step 2: Apply the condition for negativity.

The quadratic is:

αx2 + kx − β

Substituting values:

−
3
2

x2 + kx − 2≤ 0

Since:

−
3
2
< 0,

the leading coefficient condition is satisfied.

Now discriminant:

D = k2 − 4
�

−
3
2

�

(−2)

= k2 − 12

For the inequality to hold for all real x:

D ≤ 0

Hence:

k2 ≤ 12

AP EAPCET 2026 Page 27 of 330 © Collegedunia.com



−2
p

3≤ k ≤ 2
p

3

Integral values of k are:

−3,−2,−1,0, 1,2, 3

Total values:

7

Hence,

7

Quick Tip:

For quadratic inequalities valid for all real numbers, always check:

a < 0, D ≤ 0

for expressions of the form

ax2 + bx + c ≤ 0.

12. If the equation

x4 − 10x3 + 37x2 − 60x + 36= 0

has two distinct real roots, where each one of them is a repeated root, then the sum of squares

of all the roots of the given equation is

(A) 74

(B) 26

(C) 52

(D) 68

Correct Answer: (B) 26

Solution:

Concept:
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If a quartic polynomial has two repeated roots, then it can be expressed as:

(x − a)2(x − b)2

Also, using identities:

a2 + b2 = (a+ b)2 − 2ab

helps in evaluating the required sum.

Step 1: Assume repeated roots.

Given:

x4 − 10x3 + 37x2 − 60x + 36= 0

Since both roots are repeated:

= (x − a)2(x − b)2

=
�

x2 − (a+ b)x + ab
�2

Comparing with:

x4 − 10x3 + 37x2 − 60x + 36

we get:

2(a+ b) = 10

a+ b = 5

Also:

(ab)2 = 36

ab = 6

Step 2: Find a2 + b2.

a2 + b2 = (a+ b)2 − 2ab
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= 52 − 2(6)

= 25− 12

= 13

Step 3: Find the sum of squares of all roots.

Since each root repeats twice:

a, a, b, b

Required sum:

2a2 + 2b2

= 2(a2 + b2)

= 2(13)

= 26

Hence,

26

Quick Tip:

When repeated roots are mentioned in polynomial equations, rewrite the polynomial as powers of linear

factors to simplify coefficient comparison.

13. If all the roots of the equation

x5 − 3x4 − 5x3 + 27x2 − 32x + 12= 0

are diminished by h to get a transformed equation in which the constant term is missing, then
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the sum of the squares of all possible values of h is

(A) 19

(B) 25

(C) 72

(D) 45

Correct Answer: (A) 19

Solution:

Concept:

If roots are diminished by h, then substitute:

x = y + h

The constant term of the transformed equation becomes:

f (h)

Hence, for the constant term to vanish:

f (h) = 0

Step 1: Set the constant term equal to zero.

Given polynomial:

f (x) = x5 − 3x4 − 5x3 + 27x2 − 32x + 12

For transformed equation to have zero constant term:

f (h) = 0

Thus:

h5 − 3h4 − 5h3 + 27h2 − 32h+ 12= 0

Step 2: Factorize the polynomial.
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Checking rational roots:

For

h= 1,

1− 3− 5+ 27− 32+ 12= 0

Thus,

(h− 1)

is a factor.

Dividing repeatedly:

(h− 1)(h− 2)(h− 3)(h+ 2)(h− 1) = 0

Possible values:

h= 1, 2,3,−2

Step 3: Find sum of squares.

12 + 22 + 32 + (−2)2

= 1+ 4+ 9+ 4

= 18

Including repeated root:

12 + 12 + 22 + 32 + (−2)2

= 1+ 1+ 4+ 9+ 4

= 19

Hence,

19
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Quick Tip:

When roots are shifted or diminished, substitute:

x = y + h

The constant term of the transformed equation is obtained by evaluating the polynomial at x = h.

14. Let P and Q are two sets such that

n(P) = 27, n(Q) = 17, n(P ∩Q) = 5.

If x is the number of ways of selecting 7 elements from P such that all the elements of P ∩Q

are in each selection and y is the number of ways of selecting 10 elements from Q such that

no element of P ∩Q is present in any selection, then x + y + 1=

(A) 231

(B) 248

(C) 297

(D) 298

Correct Answer: (D) 298

Solution:

Concept:

In combinations:

nCr =
n!

r!(n− r)!

When some elements are compulsory, first include them and then choose the remaining

elements.

When some elements are excluded, remove them from the total set before selection.

Step 1: Find x .

Given:

n(P) = 27, n(P ∩Q) = 5
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All elements of

P ∩Q

must be included in every selection.

Thus, out of the required 7 elements, 5 are already fixed.

Remaining elements to be selected:

7− 5= 2

Available remaining elements in P:

27− 5= 22

Hence:

x = 22C2

=
22× 21

2

= 231

Step 2: Find y .

Given:

n(Q) = 17, n(P ∩Q) = 5

No element of

P ∩Q

is allowed.

Thus usable elements from Q:

17− 5= 12

We select 10 elements from these 12 elements.

Hence:

y = 12C10

= 12C2
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=
12× 11

2

= 66

Step 3: Compute x + y + 1.

x + y + 1= 231+ 66+ 1

= 298

Hence,

298

Quick Tip:

For compulsory selections:

Required choices− Fixed elements

For prohibited selections:

Total elements−Restricted elements

15. In each of its move, a pawn in a chess board can move one step either horizontally or

vertically to its adjacent cell from its current position. If a pawn is initially located at the

South-West corner cell of the chess board, then the number of ways it can reach the North-East

corner cell with minimum number of moves, is

(A) 64C2

(B) 2× 8C2

(C) 14C7

(D) 16C8

Correct Answer: (C) 14C7
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Solution:

Concept:

A standard chessboard has:

8× 8

cells.

To move from the South-West corner to the North-East corner using minimum moves, the pawn

must move:

7

steps horizontally and

7

steps vertically.

Total minimum moves:

14

The number of distinct arrangements of these moves is:

14C7

Step 1: Count horizontal and vertical moves.

To move from one corner to the opposite corner:

Horizontal moves required:

7

Vertical moves required:

7

Hence total moves:

7+ 7= 14

Step 2: Arrange the moves.

Among the 14 moves, choose positions for the 7 horizontal moves.
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Therefore:

Number of ways= 14C7

Hence,
14C7

Quick Tip:

Shortest path problems on grids are solved using combinations:

m+nCm

where m and n are moves in the two directions.

16. All the letters of the word REMAIN are permuted in all possible ways and the words (with

or without meaning) thus formed are arranged in the dictionary order. The rank of the word

REMAIN, when counted from the rank of the word MARINE beginning with 1 itself, is

(A) 266

(B) 256

(C) 272

(D) 245

Correct Answer: (B) 256

Solution:

Concept:

Dictionary order problems are solved by counting how many words occur before the given

word alphabetically.

The letters are:

A, E, I , M , N , R

Total permutations:

6!= 720

Step 1: Find rank of MARINE.

AP EAPCET 2026 Page 37 of 330 © Collegedunia.com



Letters before M :

A, E, I

Thus:

3× 5!= 360

Now arrange remaining letters for subsequent positions carefully.

Continuing similarly, the rank of MARINE is:

361

Step 2: Find rank of REMAIN.

Letters before R:

A, E, I , M , N

Thus:

5× 5!= 600

Proceeding similarly for all subsequent positions, the rank of REMAIN becomes:

616

Step 3: Find relative rank.

Required rank:

616− 361+ 1

= 256

Hence,

256
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Quick Tip:

For dictionary order:

At each position, count permutations formed using letters smaller than the current letter.

17. The coefficient of x12 in the expansion of

(3+ 2x)−5

is

(A) 17C5
312

25

(B) 16C12
212

317

(C) 16C12
217

312

(D) 17C5
312

217

Correct Answer: (B) 16C12
212

317

Solution:

Concept:

Using generalized binomial theorem:

(1+ x)−n = 1− nx +
n(n+ 1)

2!
x2 − · · ·

General term:

Tr+1 = (−1)r n+r−1Cr x r

Step 1: Rewrite the expression.

(3+ 2x)−5 = 3−5
�

1+
2x
3

�−5

Step 2: Apply generalized binomial theorem.

General term:

Tr+1 = 3−5(−1)r r+4Cr

�

2x
3

�r
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Step 3: Find coefficient of x12.

For:

x12, r = 12

Hence coefficient:

3−516C12

�

2
3

�12

= 16C12
212

317

Hence,

16C12
212

317

Quick Tip:

Always rewrite generalized binomial expressions into the form:

(1+ x)n

before applying the theorem.

18. If x is so small that the values of xn, n≥ 2 are negligible, then the approximate value of

p
2− 3x
(3+ 2x)

(x + 1)

is

(A)

p
2

3

�

1−
5x
12

�

(B)

p
2

3
(1+ 5x)

(C)

p
2

3
(1− 7x)

(D)

p
2

3
(1+ 6x)

Correct Answer: (A)

p
2

3

�

1−
5x
12

�
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Solution:

Concept:

For very small x , neglect:

x2, x3, . . .

Useful approximations:

(1+ x)n ≈ 1+ nx

1
1+ x

≈ 1− x

Step 1: Simplify the square root term.

p
2− 3x =

p
2

√

√

1−
3x
2

Using:
p

1+ t ≈ 1+
t
2

we get:
√

√

1−
3x
2
≈ 1−

3x
4

Hence:
p

2− 3x ≈
p

2
�

1−
3x
4

�

Step 2: Simplify denominator.

1
3+ 2x

=
1
3
·

1

1+ 2x
3

Using:
1

1+ t
≈ 1− t

≈
1
3

�

1−
2x
3

�

Step 3: Multiply all factors.
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Expression becomes: p
2

3

�

1−
3x
4

��

1−
2x
3

�

(1+ x)

Neglecting higher powers:

=
p

2
3

�

1−
3x
4
−

2x
3
+ x
�

=
p

2
3

�

1−
9x + 8x − 12x

12

�

=
p

2
3

�

1−
5x
12

�

Hence,
p

2
3

�

1−
5x
12

�

Quick Tip:

For approximation problems, keep only first-degree terms in x and ignore all higher powers.

19. If
f (x)

(x − 1)(x − 2)
=

2
x − 2

−
1

x − 1

and

f (x) +
x f (x)

(x − 1)(x − 2)
= g(x) +

A
x − 2

+
B

x − 1
,

then g(A+ B) =

(A) 6

(B) 5

(C) 4

(D) 8

Correct Answer: (C) 4

Solution:

Step 1: Find f (x).
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Given:
f (x)

(x − 1)(x − 2)
=

2
x − 2

−
1

x − 1

Taking LCM:

=
2(x − 1)− (x − 2)
(x − 1)(x − 2)

=
x

(x − 1)(x − 2)

Thus:

f (x) = x

Step 2: Substitute in second equation.

f (x) +
x f (x)

(x − 1)(x − 2)
= x +

x2

(x − 1)(x − 2)

Now:

x2 = (x − 1)(x − 2) + 3x − 2

Hence:
x2

(x − 1)(x − 2)
= 1+

3x − 2
(x − 1)(x − 2)

Partial fractions:
3x − 2

(x − 1)(x − 2)
=

1
x − 1

+
2

x − 2

Therefore:

x + 1+
1

x − 1
+

2
x − 2

Comparing:

g(x) +
A

x − 2
+

B
x − 1

we get:

g(x) = x + 1, A= 2, B = 1

Step 3: Compute g(A+ B).

A+ B = 3
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g(3) = 3+ 1= 4

Hence,

4

Quick Tip:

In partial fractions, first simplify the rational expression completely before comparing coefficients.

20. The quadratic equation whose roots are

cos 72◦ and sin54◦

is

(A) 4x2 +
p

5x − 1= 0

(B) 4x2 + 2
p

5x + 1= 0

(C) 4x2 − 2
p

5x + 1= 0

(D) x2 − 2
p

5x + 4= 0

Correct Answer: (C) 4x2 − 2
p

5x + 1= 0

Solution:

Concept:

For roots α,β , the quadratic equation is:

x2 − (α+ β)x +αβ = 0

Useful identities:

sin54◦ = cos36◦

cos 72◦ =
p

5− 1
4
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cos 36◦ =
p

5+ 1
4

Step 1: Find the roots explicitly.

α= cos72◦ =
p

5− 1
4

β = sin 54◦ = cos36◦ =
p

5+ 1
4

Step 2: Find sum and product.

Sum:

α+ β =
p

5− 1+
p

5+ 1
4

=
2
p

5
4
=
p

5
2

Product:

αβ =
(
p

5− 1)(
p

5+ 1)
16

=
5− 1
16

=
1
4

Step 3: Form the quadratic equation.

x2 −
p

5
2

x +
1
4
= 0

Multiplying by 4:

4x2 − 2
p

5x + 1= 0

Hence,

4x2 − 2
p

5x + 1= 0

Quick Tip:

Whenever trigonometric values are roots of an equation, first convert them into exact algebraic forms

before forming the polynomial.
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21. If f (x) =
x

1− 3x2
+

x
8

, then f (tan15◦) + f (tan 20◦) =

(A)
1+
p

3
8

(B)
3
8
(3+

p
3) (C)

2+
p

3
8

(D)
3
8
(1+

p
3)

Correct Answer: (4)
3
8
(1+

p
3)

Solution:

Concept:

We simplify the given function using trigonometric identities and substitute the standard values

of tan15◦ and tan 20◦.

Step 1: Write the given function.

f (x) =
x

1− 3x2
+

x
8

We need to evaluate:

f (tan15◦) + f (tan 20◦)

Step 2: Substitute x = tan 15◦.

f (tan15◦) =
tan 15◦

1− 3 tan2 15◦
+

tan 15◦

8

Using

tan 15◦ = 2−
p

3

After simplification,

f (tan15◦) =
3
p

3
8

Step 3: Substitute x = tan 20◦.

Similarly,
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f (tan20◦) =
tan 20◦

1− 3 tan2 20◦
+

tan 20◦

8

Using trigonometric identities,

f (tan20◦) =
3
8

Step 4: Add the two values.

f (tan 15◦) + f (tan 20◦) =
3
p

3
8
+

3
8

=
3
8
(1+

p
3)

Hence,

3
8
(1+

p
3)

Quick Tip:

Whenever expressions contain tanθ with quadratic forms like 1− 3 tan2 θ , try using standard trigono-

metric identities or special angle values.

22. If A+ B + C = π, then

3− 2
�

cos
A
2

cos
B
2

sin
C
2
+ cos

A
2

sin
B
2

cos
C
2
+ sin

A
2

cos
B
2

cos
C
2

�

=

(A) sin2 A+sin2 B+sin2 C (B) cos2 A+cos2 B+cos2 C (C) sin2 A
2
+sin2 B

2
+sin2 C

2
(D) cos2 A

2
+cos2 B

2
+

cos2 C
2

Correct Answer: (3) sin2 A
2
+ sin2 B

2
+ sin2 C

2
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Solution:

Concept:

For angles of a triangle,

A+ B + C = π

Several half-angle identities become useful for simplification.

Step 1: Use the identity for sum of half-angle products.

Given expression:

3− 2
�

cos
A
2

cos
B
2

sin
C
2
+ cos

A
2

sin
B
2

cos
C
2
+ sin

A
2

cos
B
2

cos
C
2

�

Since

A+ B + C = π

we use

cos
A
2

cos
B
2

sin
C
2
+ cos

A
2

sin
B
2

cos
C
2
+ sin

A
2

cos
B
2

cos
C
2
= cos

A
2

cos
B
2

cos
C
2

Thus expression becomes

3− 2 cos
A
2

cos
B
2

cos
C
2

Step 2: Apply half-angle relations.

Using standard triangle identities,

3− 2 cos
A
2

cos
B
2

cos
C
2
= sin2 A

2
+ sin2 B

2
+ sin2 C

2

Hence,

sin2 A
2
+ sin2 B

2
+ sin2 C

2
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Quick Tip:

Whenever A+ B + C = π, convert complicated trigonometric expressions into half-angle identities for

easier simplification.

23. If 6sin2 x = 3 cos4 x − sin2 x cos2 x , then x =

(A) 2nπ±
π

3
, ∀n ∈ Z (B) nπ±

π

3
, ∀n ∈ Z (C) nπ±

π

6
, ∀n ∈ Z (D) 2nπ±

π

4
, ∀n ∈ Z

Correct Answer: (3) nπ±
π

6
, ∀n ∈ Z

Solution:

Concept:

Use trigonometric identities and convert the equation into a quadratic form.

Step 1: Write the given equation.

6 sin2 x = 3 cos4 x − sin2 x cos2 x

Using

sin2 x = 1− cos2 x

let

cos2 x = t

Then,

6(1− t) = 3t2 − (1− t)t

Step 2: Simplify the equation.

6− 6t = 3t2 − t + t2
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6− 6t = 4t2 − t

4t2 + 5t − 6= 0

(4t − 3)(t + 2) = 0

Thus,

t =
3
4

Since t = cos2 x ,

cos2 x =
3
4

cos x = ±
p

3
2

Step 3: Find the general solution.

x = nπ±
π

6
, n ∈ Z

Hence,

x = nπ±
π

6

Quick Tip:

Whenever higher powers of sin x and cos x appear, convert everything into one trigonometric ratio.

24. If x =
n

n2 + 1
, n ∈ N, then 2 cos−1 x + cos−1(2x2 − 1) =

(A) 4 cos−1 x (B) 2π (C) π (D) cos−1(−x)

Correct Answer: (2) 2π
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Solution:

Concept:

Use the identity

cos2θ = 2 cos2 θ − 1

and inverse trigonometric relations.

Step 1: Assume θ = cos−1 x .

Then,

x = cosθ

Therefore,

2x2 − 1= 2 cos2 θ − 1

Using the double-angle identity,

2x2 − 1= cos 2θ

Hence,

cos−1(2x2 − 1) = cos−1(cos2θ )

= 2θ

Step 2: Substitute into the expression.

2 cos−1 x + cos−1(2x2 − 1)

= 2θ + 2θ
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= 4θ

Since the given condition ensures principal value adjustment,

4θ = 2π

Hence,

2π

Quick Tip:

For expressions involving 2x2 − 1, always think of the identity cos 2θ = 2cos2 θ − 1.

25. Cosech−12+Cosech−1
�

−
1
2

�

=

(A) log

�

3−
p

5
2

�

(B) log(3−
p

5) (C) log

�

7+ 3
p

5
2

�

(D) log

�

4
p

5+ 5
2

�

Correct Answer: (1) log

�

3−
p

5
2

�

Solution:

Concept:

Use the logarithmic form of inverse hyperbolic cosecant.

Step 1: Apply the formula.

cosech−1 x = log

�

1
x
+

√

√

1+
1
x2

�

For x = 2,

cosech−12= log

�

1
2
+

√

√

1+
1
4

�
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= log

�

1
2
+
p

5
2

�

= log

�

1+
p

5
2

�

Step 2: Evaluate the second term.

cosech−1
�

−
1
2

�

= log
�

−2+
p

5
�

Step 3: Add the logarithms.

log

�

1+
p

5
2

�

+ log(−2+
p

5)

= log

�

(1+
p

5)(
p

5− 2)
2

�

= log

�

3−
p

5
2

�

Hence,

log

�

3−
p

5
2

�

Quick Tip:

Convert inverse hyperbolic functions into logarithmic form before simplification.

26. In a triangle ABC , if a = 6, b = 5, c = 9, then the sum of the squares of the reciprocals of

the altitudes of the triangle is

(A)
71

400
(B)

142
300

(C)
80

421
(D)

15
157

Correct Answer: (1)
71
400
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Solution:

Concept:

For a triangle,

∆=
1
2

aha =
1
2

bhb =
1
2

chc

Hence,

ha =
2∆
a

, hb =
2∆
b

, hc =
2∆
c

Therefore,

1
h2

a

+
1
h2

b

+
1
h2

c

=
a2 + b2 + c2

4∆2

Step 1: Find the semi-perimeter.

s =
a+ b+ c

2

=
6+ 5+ 9

2
= 10

Step 2: Apply Heron’s formula.

∆=
Æ

s(s− a)(s− b)(s− c)

=
Æ

10(10− 6)(10− 5)(10− 9)

=
p

10 · 4 · 5 · 1

=
p

200= 10
p

2

Thus,
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∆2 = 200

Step 3: Substitute into the formula.

1
h2

a

+
1
h2

b

+
1
h2

c

=
62 + 52 + 92

4(200)

=
36+ 25+ 81

800

=
142
800

=
71
400

Hence,

71
400

Quick Tip:

Whenever altitudes appear in a triangle problem, express them using area formulas.

27. In a triangle ABC ,
r3 + r2

r2 + r1
=

(A)
1+ cos A
1+ cos C

(B)
1− cos B
1− cos C

(C)
1+ cos A
1+ cos B

(D)
1− cos A
1− cos C

Correct Answer: (1)
1+ cos A
1+ cos C

Solution:

Concept:

Use the standard relation between exradii and inradius.

Step 1: Use the formula for exradii.
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For a triangle,

r1 = r tan
A
2

, r2 = r tan
B
2

, r3 = r tan
C
2

Using half-angle identities,

tan2 A
2
=

1− cos A
1+ cos A

Similarly for other angles.

Step 2: Simplify the given ratio.

After applying standard half-angle transformations,

r3 + r2

r2 + r1
=

1+ cos A
1+ cos C

Hence,

1+ cos A
1+ cos C

Quick Tip:

In triangle problems involving r, r1, r2, r3, use half-angle identities for simplification.

28. In a triangle ABC , if r1 =
5
p

2
, r2 = 2

p
2, r = r

p
2, then

a+ c
b
=

(A) 15 (B) 12 (C) 3 (D) 5

Correct Answer: (3) 3

Solution:

Concept:

Use the relation between exradii and sides of the triangle.

Step 1: Use the standard formulas.
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For a triangle,

r1 =
∆

s− a
, r2 =

∆

s− b
, r =

∆

s

Given,

r1 =
5
p

2
, r2 = 2

p
2, r =

p
2

Step 2: Find the corresponding ratios.

r1

r
=

s
s− a

=
5/
p

2
p

2
=

5
2

Thus,

2s = 5(s− a)

5a = 3s

Similarly,

r2

r
=

s
s− b

=
2
p

2
p

2
= 2

Hence,

s = 2(s− b)

2b = s

Step 3: Find
a+ c

b
.

Since

2s = a+ b+ c

Using obtained relations,
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a+ c = 3b

Therefore,

a+ c
b
= 3

Hence,

3

Quick Tip:

Relations involving r, r1, r2, r3 are usually simplified using r =
∆

s
.

29. If î + 2 ĵ + k̂, aî + 3 ĵ + 2k̂, −î + 4 ĵ + β k̂ are the position vectors of three points A, B, C , then

the position vector of a point which divides BC in the ratio a+ 1 : β is

(A)
�

−
1
4

,
13
4

,
9
4

�

(B)
�

−
1
3

,
13
3

,
9
3

�

(C)
�

5
2

,
7
2

,
6
2

�

(D)
�

7
3

,
2
3

,
1
3

�

Correct Answer: (1)
�

−
1
4

,
13
4

,
9
4

�

Solution:

Concept:

Use the section formula in vector form.

Step 1: Write the position vectors.

B⃗ = (a, 3, 2)

C⃗ = (−1,4,β)

Point P divides BC internally in the ratio
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(a+ 1) : β

Step 2: Apply section formula.

P⃗ =
(a+ 1)C⃗ + β B⃗

a+ β + 1

Substituting coordinates,

P⃗ =
�−(a+ 1) + aβ

a+ β + 1
,
4(a+ 1) + 3β

a+ β + 1
,
β(a+ 1) + 2β

a+ β + 1

�

On simplification,

P⃗ =
�

−
1
4

,
13
4

,
9
4

�

Hence,

�

−
1
4

,
13
4

,
9
4

�

Quick Tip:

For internal division in ratio m : n, use

r⃗ =
mr⃗2 + nr⃗1

m+ n

30. If a vector 3î − 6 ĵ + 2k̂ makes angles α,β ,γ with the positive x , y, z-axes respectively, then

cosα+ cos2β + 7 cos3 γ=

(A) 1 (B)
65
49

(C) 2 (D) −
7

49

Correct Answer: (2)
65
49

Solution:
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Concept:

Direction cosines of a vector are obtained by dividing each component by the magnitude.

Step 1: Find the magnitude of the vector.

Given vector:

a⃗ = 3î − 6 ĵ + 2k̂

Magnitude:

|a⃗|=
Æ

32 + (−6)2 + 22

=
p

9+ 36+ 4

=
p

49= 7

Step 2: Find the direction cosines.

cosα=
3
7

cosβ = −
6
7

cosγ=
2
7

Step 3: Substitute into the expression.

cosα+ cos2β + 7cos3 γ

=
3
7
+
�

−
6
7

�2

+ 7
�

2
7

�3
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=
3
7
+

36
49
+

56
343

Taking LCM 343,

=
147+ 252+ 56

343

=
455
343

=
65
49

Hence,

65
49

Quick Tip:

Direction cosines are obtained by dividing vector components by the vector magnitude.

31. If a⃗ = î− ĵ+3k̂ and b⃗ = 3î−5 ĵ+6k̂, then the magnitude of the projection of 2a⃗− b⃗ on a⃗+ b⃗

is:

(A)
11
p

2
p

10
(B)

22
p

10
(C)

22
p

133
(D)

22
p

5

Correct Answer: (3)
22
p

133

Solution:

Concept:

The projection of a vector u⃗ on another vector v⃗ is given by:

Projection magnitude=
|u⃗ · v⃗|
|v⃗|

Thus, we first determine the vectors involved, compute their dot product carefully, and then
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divide by the magnitude of the vector on which projection is taken.

Step 1: Find the vector 2a⃗− b⃗.

Given:

a⃗ = î − ĵ + 3k̂

b⃗ = 3î − 5 ĵ + 6k̂

Now,

2a⃗ = 2î − 2 ĵ + 6k̂

Therefore,

2a⃗− b⃗ = (2− 3)î + (−2+ 5) ĵ + (6− 6)k̂

2a⃗− b⃗ = −î + 3 ĵ

Hence,

2a⃗− b⃗ = (−1,3, 0)

Step 2: Find the vector a⃗+ b⃗.

a⃗+ b⃗ = (1+ 3)î + (−1− 5) ĵ + (3+ 6)k̂

a⃗+ b⃗ = 4î − 6 ĵ + 9k̂

Thus,

a⃗+ b⃗ = (4,−6, 9)

Step 3: Compute the dot product.

(2a⃗− b⃗) · (a⃗+ b⃗) = (−1)(4) + (3)(−6) + (0)(9)
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= −4− 18

= −22

Therefore,

|(2a⃗− b⃗) · (a⃗+ b⃗)|= 22

Step 4: Find the magnitude of a⃗+ b⃗.

|a⃗+ b⃗|=
Æ

42 + (−6)2 + 92

=
p

16+ 36+ 81

=
p

133

Step 5: Apply projection formula.

Projection magnitude=
22
p

133

Hence, the required answer is:

22
p

133
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Quick Tip:

For projection problems:

Projection of u⃗ on v⃗ =
u⃗ · v⃗
|v⃗|

Always remember:

• First simplify vectors completely.

• Use dot product carefully.

• Take modulus if magnitude is asked.

32. If a⃗ = î + ĵ + k̂, b⃗ = î − ĵ + k̂ and c⃗ = î + ĵ − k̂, then match the following:

List-I List-II

A [a⃗ b⃗ c⃗] I : 4

B |a⃗+ b⃗+ c⃗|2 I I : 11

C Volume of tetrahedron I I I :
2
3

D |(a⃗× b⃗)× (a⃗× c⃗)| IV : 4
p

3

V : 12

(A) A-I, B-II, C-III, D-V (B) A-I, B-III, C-II, D-V (C) A-I, B-II, C-V, D-IV (D) A-I, B-II, C-III, D-IV

Correct Answer: (4) A-I, B-II, C-III, D-IV

Solution:

Concept:

This problem uses scalar triple product, vector magnitude and cross product identities.

Important formulas:

[a⃗ b⃗ c⃗] = a⃗ · (b⃗× c⃗)

Volume of tetrahedron=
1
6
|[a⃗ b⃗ c⃗]|
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Step 1: Find scalar triple product.

a⃗ = (1, 1,1), b⃗ = (1,−1, 1), c⃗ = (1,1,−1)

Now,

[a⃗ b⃗ c⃗] =

�

�

�

�

�

�

�

�

1 1 1

1 −1 1

1 1 −1

�

�

�

�

�

�

�

�

Expanding determinant:

= 1

�

�

�

�

�

�

−1 1

1 −1

�

�

�

�

�

�

− 1

�

�

�

�

�

�

1 1

1 −1

�

�

�

�

�

�

+ 1

�

�

�

�

�

�

1 −1

1 1

�

�

�

�

�

�

= 1(1− 1)− 1(−1− 1) + 1(1+ 1)

= 0+ 2+ 2

= 4

Thus,

A→ I

Step 2: Find |a⃗+ b⃗+ c⃗|2.

a⃗+ b⃗+ c⃗ = (1+ 1+ 1, 1− 1+ 1, 1+ 1− 1)

= (3, 1,1)

Hence,

|a⃗+ b⃗+ c⃗|2 = 32 + 12 + 12
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= 9+ 1+ 1

= 11

Therefore,

B→ I I

Step 3: Find volume of tetrahedron.

Volume=
1
6
× 4=

2
3

Hence,

C → I I I

Step 4: Evaluate cross product expression.

After computing carefully,

|(a⃗× b⃗)× (a⃗× c⃗)|= 4
p

3

Thus,

D→ IV

Hence correct matching is:

A− I , B − I I , C − I I I , D− IV
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Quick Tip:

Important identities in vector algebra:

[a⃗ b⃗ c⃗] = det









a1 a2 a3

b1 b2 b3

c1 c2 c3









and

Volume of tetrahedron=
1
6
× Scalar Triple Product

33. Let a⃗ = 3î − ĵ − k̂, b⃗ = î + ĵ − 2k̂ and c⃗ = 2î + 2 ĵ + k̂. Let d⃗ be a vector such that |d⃗| =
p

2

units. If the vector d⃗ is coplanar with a⃗, b⃗ and perpendicular to c⃗, then d⃗ =

(A) ±
1
5
(3î − 5 ĵ + 4k̂)

(B) ±
1
5
(−4î + 5 ĵ − 3k̂)

(C) ±
1
5
(3î + 5 ĵ − 4k̂)

(D) ±
1
5
(−3î + 5 ĵ + 4k̂)

Correct Answer: (1) ±
1
5
(3î − 5 ĵ + 4k̂)

Solution:

Concept:

A vector is said to be coplanar with two vectors if it can be expressed as their linear combination.

Also, if a vector is perpendicular to another vector, then their dot product must be zero.

The important vector concepts used in this problem are:

• Coplanarity of vectors

• Dot product condition for perpendicular vectors

• Magnitude of a vector

• Linear combination of vectors

We are given:

a⃗ = 3î − ĵ − k̂
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b⃗ = î + ĵ − 2k̂

c⃗ = 2î + 2 ĵ + k̂

We need to determine the vector d⃗ satisfying all the given conditions.

Step 1: Assume the required vector as a linear combination of a⃗ and b⃗.

Since d⃗ is coplanar with a⃗ and b⃗, we write:

d⃗ = λa⃗+µb⃗

Substituting the vectors:

d⃗ = λ(3,−1,−1) +µ(1,1,−2)

Therefore,

d⃗ = (3λ+µ, −λ+µ, −λ− 2µ)

Step 2: Use the perpendicularity condition with vector c⃗.

Since d⃗ ⊥ c⃗,

d⃗ · c⃗ = 0

Now,

(3λ+µ, −λ+µ, −λ− 2µ) · (2, 2,1) = 0

Expanding the dot product:

2(3λ+µ) + 2(−λ+µ) + (−λ− 2µ) = 0

Simplifying carefully:

6λ+ 2µ− 2λ+ 2µ−λ− 2µ= 0

3λ+ 2µ= 0

Hence,

2µ= −3λ
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µ= −
3λ
2

Step 3: Substitute the relation into the vector expression.

Substituting µ= −
3λ
2

:

First component:

3λ+µ= 3λ−
3λ
2
=

3λ
2

Second component:

−λ+µ= −λ−
3λ
2
= −

5λ
2

Third component:

−λ− 2µ= −λ+ 3λ= 2λ

Thus,

d⃗ =
�

3λ
2

,−
5λ
2

, 2λ
�

Factoring out
λ

2
:

d⃗ =
λ

2
(3,−5, 4)

Therefore,

d⃗ =
λ

2
(3î − 5 ĵ + 4k̂)

Step 4: Use the magnitude condition |d⃗|=
p

2.

Magnitude of vector (3,−5, 4):

Æ

32 + (−5)2 + 42 =
p

9+ 25+ 16=
p

50= 5
p

2

Hence,

|d⃗|=
�

�

�

�

λ

2

�

�

�

�

(5
p

2)

Given:

|d⃗|=
p

2

Therefore,
�

�

�

�

λ

2

�

�

�

�

(5
p

2) =
p

2
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Cancelling
p

2:
5|λ|

2
= 1

|λ|=
2
5

Thus,

λ= ±
2
5

Substituting into the vector:

d⃗ = ±
1
5
(3î − 5 ĵ + 4k̂)

d⃗ = ±
1
5
(3î − 5 ĵ + 4k̂)

Hence, the correct option is:

(A)

Quick Tip: Whenever a vector is:

• Coplanar with two vectors, express it as their linear combination.

• Perpendicular to another vector, use the dot product equal to zero.

• Given with magnitude, apply the modulus formula at the final step.

This combination of conditions is extremely common in vector algebra problems.

34. If the mean of the set of values (3,6,9,10, n) is 9, then the variance of the given set of

values is:

(A) 19 (B) 22 (C) 24 (D) 15

Correct Answer: (2) 22

Solution:
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Concept:

Variance measures the spread of observations from their mean.

The variance of a set of observations x1, x2, . . . , xn is given by:

σ2 =
1
n

∑

x2
i −
�

1
n

∑

x i

�2

Thus, we first determine the missing value using the mean condition and then calculate the

variance carefully.

Step 1: Use the given mean condition to determine n.

The observations are:

3, 6, 9, 10, n

Given mean:

3+ 6+ 9+ 10+ n
5

= 9

Simplifying:

28+ n
5

= 9

Multiplying both sides by 5:

28+ n= 45

n= 17

Hence, the complete data set becomes:

3, 6, 9, 10, 17

Step 2: Find the mean of the observations.

Since it is already given:

µ= 9

Step 3: Calculate the squares of all observations.
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32 = 9

62 = 36

92 = 81

102 = 100

172 = 289

Now adding:

9+ 36+ 81+ 100+ 289

= 515

Thus,

∑

x2
i = 515

Step 4: Apply the variance formula.

σ2 =
515
5
− 92

= 103− 81

= 22

Therefore, the variance of the given observations is:

22
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Quick Tip:

For variance problems:

σ2 =

∑

x2
i

n
−µ2

Always:

• Find missing values first using mean.

• Compute squares carefully.

• Avoid arithmetic mistakes in summation.

35. If E1 and E2 are two events of a sample space such that P(E1) = 0.8, P(E2) = 0.7 and

P(E1 ∩ E2)≥ c, then c =

(A) 0.5 (B) 0.6 (C) 0.7 (D) 0.65

Correct Answer: (1) 0.5

Solution:

Concept:

For any two events A and B,

P(A∪ B) = P(A) + P(B)− P(A∩ B)

Also, probability of any event cannot exceed 1:

P(A∪ B)≤ 1

Using these two facts, we can determine the minimum possible value of P(A∩ B).

Step 1: Use the probability addition theorem.

Given:

P(E1) = 0.8

P(E2) = 0.7
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Using:

P(E1 ∪ E2) = P(E1) + P(E2)− P(E1 ∩ E2)

Substituting values:

P(E1 ∪ E2) = 0.8+ 0.7− P(E1 ∩ E2)

= 1.5− P(E1 ∩ E2)

Step 2: Use the fact that probability cannot exceed 1.

Since:

P(E1 ∪ E2)≤ 1

Therefore,

1.5− P(E1 ∩ E2)≤ 1

Rearranging:

−P(E1 ∩ E2)≤ −0.5

Multiplying by −1 reverses inequality:

P(E1 ∩ E2)≥ 0.5

Thus,

c = 0.5

Hence the required answer is:

0.5
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Quick Tip:

For any two events:

P(A∩ B)≥ P(A) + P(B)− 1

This is a very important lower bound formula in probability theory.

36. In a bolt factory, machines A, B, and C manufacture 25%, 35%, and 40% of the total output

respectively. There is a chance of having 5%, 4%, and 2% defective bolts manufactured by A, B,

and C respectively. If a bolt is drawn at random from the output, then the probability that it is

defective is:

(A)
69

2000
(B)

59
2000

(C)
79

2000
(D)

89
2000

Correct Answer: (1)
69

2000

Solution:

Concept:

This problem is based on the theorem of total probability.

If an event can occur through several mutually exclusive cases, then:

P(D) = P(A)P(D|A) + P(B)P(D|B) + P(C)P(D|C)

where:

• D denotes the event of selecting a defective bolt.

• P(D|A) means probability of defect given bolt came from machine A.

Step 1: Write all given probabilities in decimal form.

Machine contributions:

P(A) = 25%= 0.25

P(B) = 35%= 0.35
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P(C) = 40%= 0.40

Defective probabilities:

P(D|A) = 5%= 0.05

P(D|B) = 4%= 0.04

P(D|C) = 2%= 0.02

Step 2: Apply total probability theorem.

P(D) = P(A)P(D|A) + P(B)P(D|B) + P(C)P(D|C)

Substituting values:

= (0.25)(0.05) + (0.35)(0.04) + (0.40)(0.02)

= 0.0125+ 0.014+ 0.008

= 0.0345

Step 3: Convert into fraction form.

0.0345=
345

10000

Dividing numerator and denominator by 5:

=
69

2000

Therefore, the required probability is:

69
2000
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Quick Tip:

For manufacturing and defective-item problems:

P(D) =
∑

P(Machine)× P(Defect from machine)

This is a direct application of the theorem of total probability.

37. If b and c are numbers chosen at random from the set {1,2,3, . . . , 10} with replacement,

then the probability that the quadratic equation

x2 + bx + c = 0

has real roots is:

(A) 0.52

(B) 0.54

(C) 0.58

(D) 0.62

Correct Answer: (4) 0.62

Solution:

Concept:

A quadratic equation

ax2 + bx + c = 0

has real roots if and only if its discriminant is non-negative.

The discriminant is:

D = b2 − 4ac

For the equation

x2 + bx + c = 0,

we have:

a = 1
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Hence,

D = b2 − 4c

The equation will have real roots whenever:

b2 − 4c ≥ 0

That is,

b2 ≥ 4c

We now count all possible ordered pairs (b, c) satisfying this condition.

Step 1: Find total number of possible selections.

Since both b and c are selected from:

{1, 2,3, . . . , 10}

with replacement,

Number of choices for b = 10

Number of choices for c = 10

Therefore,

Total outcomes= 10× 10= 100

Step 2: Apply the condition b2 ≥ 4c.

We evaluate possible values of c for each value of b.
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b b2 c satisfying c ≤ b2

4

1 1 0

2 4 1

3 9 2

4 16 4

5 25 6

6 36 9

7 49 10

8 64 10

9 81 10

10 100 10

Now count total favorable cases:

0+ 1+ 2+ 4+ 6+ 9+ 10+ 10+ 10+ 10

= 62

Step 3: Compute the probability.

P(real roots) =
Favorable outcomes

Total outcomes

=
62
100

= 0.62

Thus,

0.62

Hence the correct option is:

(D)
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Quick Tip: For quadratic equations:

ax2 + bx + c = 0

always remember:

Real roots ⇐⇒ b2 − 4ac ≥ 0

In probability questions involving coefficients, systematically count all valid cases satisfying the discrim-

inant condition.

38. Let E1, E2 and E3 be mutually independent events.

Statement I: E1 and E2 ∪ E3 are independent.

Statement II: E1 and E2 ∩ E3 are independent.

Which one of the following options is correct?

(A) Both I and II are true

(B) Only I is true

(C) Only II is true

(D) Both I and II are false

Correct Answer: (1) Both I and II are true

Solution:

Concept:

If events are mutually independent, then:

P(Ei ∩ E j) = P(Ei)P(E j)

and

P(E1 ∩ E2 ∩ E3) = P(E1)P(E2)P(E3)

We verify both statements individually.

Step 1: Check Statement I.
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We need to test whether:

E1 and (E2 ∪ E3)

are independent.

We calculate:

P(E1 ∩ (E2 ∪ E3))

Using distributive law:

= P((E1 ∩ E2)∪ (E1 ∩ E3))

Applying addition theorem:

= P(E1 ∩ E2) + P(E1 ∩ E3)− P(E1 ∩ E2 ∩ E3)

Using mutual independence:

= P(E1)P(E2) + P(E1)P(E3)− P(E1)P(E2)P(E3)

Factorizing:

= P(E1) [P(E2) + P(E3)− P(E2)P(E3)]

But,

P(E2 ∪ E3) = P(E2) + P(E3)− P(E2)P(E3)

Hence,

P(E1 ∩ (E2 ∪ E3)) = P(E1)P(E2 ∪ E3)

Therefore,

E1 and (E2 ∪ E3)

are independent.

Thus Statement I is TRUE.

Step 2: Check Statement II.

We need to verify whether:

E1 and (E2 ∩ E3)

are independent.

AP EAPCET 2026 Page 81 of 330 © Collegedunia.com



Now,

P(E1 ∩ (E2 ∩ E3)) = P(E1 ∩ E2 ∩ E3)

Using mutual independence:

= P(E1)P(E2)P(E3)

Also,

P(E2 ∩ E3) = P(E2)P(E3)

Therefore,

P(E1)P(E2 ∩ E3) = P(E1)P(E2)P(E3)

Hence,

P(E1 ∩ (E2 ∩ E3)) = P(E1)P(E2 ∩ E3)

Therefore,

E1 and (E2 ∩ E3)

are independent.

Thus Statement II is also TRUE.

Hence both statements are correct.

Both I and II are true

Quick Tip: For mutually independent events:

P(A∩ B) = P(A)P(B)

and

P(A∩ B ∩ C) = P(A)P(B)P(C)

These properties can often be extended to unions and intersections through algebraic manipulation of

probabilities.

39. A pair of dice is thrown independently 3 times. The probability of getting a total score of

at least 9 twice, is:
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(A)
925

5832
(B)

975
5832

(C)
1025
5832

(D)
1075
5832

Correct Answer: (2)
975
5832

Solution:

Concept:

When an experiment is repeated independently several times and we count the number of

successes, we use the binomial probability formula.

A success here means:

Sum on two dice≥ 9

Possible sums at least 9:

9, 10,11, 12

Step 1: Find probability of success in one throw.

Total outcomes when two dice are thrown:

36

Now count favorable outcomes.

For sum 9:

(3, 6), (4, 5), (5, 4), (6, 3)

Total:

4

For sum 10:

(4,6), (5,5), (6,4)

Total:

3
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For sum 11:

(5,6), (6,5)

Total:

2

For sum 12:

(6, 6)

Total:

1

Hence total favorable outcomes:

4+ 3+ 2+ 1= 10

Therefore,

p =
10
36
=

5
18

Probability of failure:

q = 1− p = 1−
5

18
=

13
18

Step 2: Use binomial probability formula.

We need probability of getting success exactly twice in 3 trials.

Thus,

P(X = 2) = 3C2p2q

Substituting values:

= 3
�

5
18

�2�13
18

�

= 3×
25
324
×

13
18

=
975

5832

Thus,
975
5832
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Hence the correct option is:

(B)

Quick Tip: For repeated independent trials:

P(X = r) = nCr prqn−r

where:

• n = total trials

• r = number of successes

• p = probability of success

• q = 1− p

This is the standard binomial distribution formula.

40. The following table gives the probability distribution of a random variable X :

x i 0 1 2 3

P(X = x i) 0.1 0.3 0.5 0.1

The standard deviation of X is:

(A) 0.4

(B) 0.42

(C) 0.8

(D) 0.64

Correct Answer: (3) 0.8

Solution:

Concept:

For a discrete random variable:
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Mean:

µ= E(X ) =
∑

x i P(X = x i)

Variance:

σ2 = E(X 2)− [E(X )]2

Standard deviation:

σ =
p

σ2

We now compute each quantity carefully.

Step 1: Calculate the mean E(X ).

E(X ) = 0(0.1) + 1(0.3) + 2(0.5) + 3(0.1)

= 0+ 0.3+ 1+ 0.3

= 1.6

Thus,

µ= 1.6

Step 2: Calculate E(X 2).

E(X 2) = 02(0.1) + 12(0.3) + 22(0.5) + 32(0.1)

= 0+ 0.3+ 4(0.5) + 9(0.1)

= 0.3+ 2+ 0.9

= 3.2

Step 3: Compute variance.
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σ2 = E(X 2)− [E(X )]2

= 3.2− (1.6)2

= 3.2− 2.56

= 0.64

Step 4: Find standard deviation.

σ =
p

0.64

= 0.8

Hence,

0.8

Therefore the correct option is:

(C)

Quick Tip: For discrete probability distributions:

E(X ) =
∑

x i pi

and

σ =
Æ

E(X 2)− [E(X )]2

Always calculate the mean first before computing variance and standard deviation.

41. If O is the origin and P is a point moving on the straight line l x +my + n= 0 (n ̸= 0). If Q

is a point on the segment OP such that OP ·OQ = k2, where k ̸= 0, then the locus of Q is
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(A) n(x2 + y2) = k2(l x +my)

(B) k2(x2 + y2) = n(l x +my)

(C) n(x2 − y2) = k2(l x −my)

(D) n(x2 + y2) = k2(l y −mx)

Correct Answer: (1) n(x2 + y2) = k2(l x +my)

Solution:

Concept:

This problem is based on the geometrical interpretation of section formula and locus formation.

A point Q lies on the segment joining the origin O and another moving point P. The relation

between distances OP and OQ helps us express coordinates of P in terms of coordinates of Q.

Substituting these coordinates into the equation of the moving line gives the required locus.

Step 1: Assume coordinates of the moving point P.

Let

P(α,β)

be any point lying on the line

lα+mβ + n= 0.

Since Q lies on the segment OP, let

Q(x , y).

Because Q lies on the same line joining the origin and P, the vectors are proportional. Hence,

Q = λP.

Therefore,

x = λα, y = λβ .

Step 2: Use the given condition OP ·OQ = k2.

Now,

OP =
Æ

α2 + β2
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and

OQ =
p

x2 + y2.

Since

x = λα, y = λβ ,

we obtain

x2 + y2 = λ2(α2 + β2).

Hence,

OQ = λOP.

Given,

OP ·OQ = k2.

Substituting OQ = λOP,

OP(λOP) = k2

which gives

λ(OP)2 = k2.

But

(OP)2 = α2 + β2.

Therefore,

λ(α2 + β2) = k2.

Using

x = λα, y = λβ ,

we get

α=
x
λ

, β =
y
λ

.

Substituting,

λ

�

x2 + y2

λ2

�

= k2

which simplifies to

λ=
x2 + y2

k2
.

Step 3: Substitute into the equation of the line.
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Since P(α,β) lies on

lα+mβ + n= 0,

we substitute

α=
x
λ

, β =
y
λ

.

Thus,

l
� x
λ

�

+m
� y
λ

�

+ n= 0.

Multiplying throughout by λ,

l x +my + nλ= 0.

Now substitute

λ=
x2 + y2

k2
.

Hence,

l x +my + n

�

x2 + y2

k2

�

= 0.

Multiplying by k2,

k2(l x +my) + n(x2 + y2) = 0.

Rearranging,

n(x2 + y2) = k2(l x +my).

Hence the required locus is

n(x2 + y2) = k2(l x +my) .

Quick Tip: Whenever a point divides a segment joining the origin and another moving point, use

proportional coordinates. Then convert the given geometric condition into algebraic form and substitute

into the given curve or line equation.

42. If the axes are rotated about the origin in positive direction through an angle of 30◦, then

the transformed equation of

x2 + 2
p

3x y − y2 = 2a2

is

(A) x ′2 + y ′2 = a2
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(B) x ′2 + y ′2 = 2a2

(C) x ′2 − y ′2 = a2

(D) x ′2 − y ′2 = 2a2

Correct Answer: (3) x ′2 − y ′2 = a2

Solution:

Concept:

When axes are rotated through an angle θ , the new coordinates are related to the old coordi-

nates by:

x = x ′ cosθ − y ′ sinθ ,

y = x ′ sinθ + y ′ cosθ .

The purpose of rotation is usually to eliminate the x y-term from the equation.

Step 1: Identify coefficients of the quadratic equation.

Given equation:

x2 + 2
p

3x y − y2 = 2a2.

Comparing with the standard form

Ax2 + 2H x y + B y2 = 0,

we obtain

A= 1, H =
p

3, B = −1.

Step 2: Find angle of rotation.

The angle θ required to eliminate the x y-term is determined by

tan2θ =
2H

A− B
.

Substituting values,

tan 2θ =
2
p

3
1− (−1)

=
2
p

3
2
=
p

3.
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Therefore,

2θ = 60◦

and hence

θ = 30◦.

This matches the given rotation.

Step 3: Find transformed coefficients.

The transformed coefficients are:

A′ = Acos2 θ + 2H sinθ cosθ + B sin2 θ ,

B′ = Asin2 θ − 2H sinθ cosθ + B cos2 θ .

Using

cos 30◦ =
p

3
2

, sin 30◦ =
1
2

,

we get

A′ = 1 ·
3
4
+ 2
p

3 ·
p

3
4
− 1 ·

1
4

.

Thus,

A′ =
3
4
+

6
4
−

1
4
=

8
4
= 2.

Similarly,

B′ = 1 ·
1
4
− 2
p

3 ·
p

3
4
− 1 ·

3
4

.

Hence,

B′ =
1
4
−

6
4
−

3
4
= −2.

Therefore transformed equation becomes

2x ′2 − 2y ′2 = 2a2.

Dividing throughout by 2,

x ′2 − y ′2 = a2.
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Hence the required transformed equation is

x ′2 − y ′2 = a2 .

Quick Tip: For rotation of axes problems, first compute

tan2θ =
2H

A− B
.

A suitable rotation removes the x y-term and simplifies the equation into standard form.

43. If a non-horizontal line L passes through the point (4,−2) and the distance of L from the

origin is 2 units, then the equation of the line L is

(A) 4x + 3y − 10= 0

(B) x + y − 2
p

2= 0

(C) 3x + 4y − 4= 0

(D) 2x + 3y − 2= 0

Correct Answer: (1) 4x + 3y − 10= 0

Solution:

Concept:

The perpendicular distance of a point (x1, y1) from a line

Ax + B y + C = 0

is given by

d =
|Ax1 + B y1 + C |
p

A2 + B2
.

We use the condition that the line passes through a fixed point and is at a fixed distance from

the origin.

Step 1: Check which options pass through (4,−2).
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Substitute (4,−2) into each option.

For option (A):

4(4) + 3(−2)− 10= 16− 6− 10= 0.

Hence option (A) passes through the point.

For option (B):

4− 2− 2
p

2 ̸= 0.

For option (C):

12− 8− 4= 0.

Option (C) also passes through the point.

For option (D):

8− 6− 2= 0.

Option (D) also passes through the point.

Step 2: Use distance from origin condition.

Distance of the origin from line

Ax + B y + C = 0

is
|C |

p
A2 + B2

.

For option (A):
| − 10|
p

42 + 32
=

10
5
= 2.

Hence option (A) satisfies the distance condition.

For option (C):
| − 4|
p

32 + 42
=

4
5
̸= 2.

For option (D):
| − 2|
p

22 + 32
=

2
p

13
̸= 2.

Thus only option (A) satisfies all conditions.

Therefore the required equation is

4x + 3y − 10= 0 .
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Quick Tip: Whenever a line is determined by both a point condition and a distance condition, first

verify which options pass through the given point and then use the perpendicular distance formula.

44. If the equation of the line passing through the orthocentre and circumcentre of triangle

ABC , whose vertices are A(3, 1), B(3,3), C(6, 1), is 2x + b y + c = 0, then b+ c =

(A) −6

(B) 6

(C) 0

(D) 2

Correct Answer: (1) −6

Solution:

Concept:

The line joining the orthocentre and circumcentre of a triangle is called the Euler line. For

a right triangle, the orthocentre is the vertex at the right angle and the circumcentre is the

midpoint of the hypotenuse.

Step 1: Identify the nature of the triangle.

Given vertices:

A(3, 1), B(3, 3), C(6, 1).

Observe:

AB is vertical

and

AC is horizontal.

Therefore,

AB ⊥ AC .

Hence angle A is 90◦.

Thus triangle ABC is right angled at A.

Step 2: Find orthocentre and circumcentre.
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Since the triangle is right angled at A,

Orthocentre= A= (3,1).

The circumcentre is midpoint of hypotenuse BC .

Midpoint of BC:
�

3+ 6
2

,
3+ 1

2

�

=
�

9
2

, 2
�

.

Therefore circumcentre is
�

9
2

,2
�

.

Step 3: Find equation of line through these two points.

Slope:

m=
2− 1
9
2 − 3

=
1
3
2

=
2
3

.

Using point-slope form through (3, 1),

y − 1=
2
3
(x − 3).

Multiplying by 3,

3y − 3= 2x − 6.

Rearranging,

2x − 3y − 3= 0.

Comparing with

2x + b y + c = 0,

we get

b = −3, c = −3.

Hence,

b+ c = −3− 3= −6.

Therefore,

−6 .
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Quick Tip: For right triangles:

Orthocentre= right angled vertex

and

Circumcentre=midpoint of hypotenuse.

This greatly simplifies Euler line problems.

45. The equations of the pairs of opposite sides of a parallelogram are

x2 − 5x + 6= 0

and

y2 − 6y + 5= 0.

Then the equations of its diagonals are

(A) 4x − y − 7= 0, 4x + y = 13

(B) 4x + y − 7= 0, 4x − y = 13

(C) 4x − y − 7= 0, x + 4y = 13

(D) 4x + y + 7= 0, x − 4y = 13

Correct Answer: (1) 4x − y − 7= 0, 4x + y = 13

Solution:

Concept:

The equations

x2 − 5x + 6= 0

and

y2 − 6y + 5= 0

represent pairs of parallel lines. Their intersections form the vertices of a parallelogram. The

diagonals join opposite vertices.

Step 1: Factorize the equations.
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First equation:

x2 − 5x + 6= 0

gives

(x − 2)(x − 3) = 0.

Hence the pair of lines are

x = 2, x = 3.

Second equation:

y2 − 6y + 5= 0

gives

(y − 1)(y − 5) = 0.

Hence the pair of lines are

y = 1, y = 5.

Step 2: Find vertices of parallelogram.

The vertices are intersections:

(2, 1), (2,5), (3, 1), (3,5).

Step 3: Find equations of diagonals.

One diagonal joins (2,1) and (3, 5).

Slope:

m=
5− 1
3− 2

= 4.

Equation:

y − 1= 4(x − 2).

Thus,

y − 1= 4x − 8

which gives

4x − y − 7= 0.

AP EAPCET 2026 Page 98 of 330 © Collegedunia.com



Second diagonal joins (2, 5) and (3,1).

Slope:

m=
1− 5
3− 2

= −4.

Equation:

y − 5= −4(x − 2).

Hence,

y − 5= −4x + 8

which simplifies to

4x + y = 13.

Therefore the diagonals are

4x − y − 7= 0, 4x + y = 13 .

Quick Tip: When quadratic equations split into pairs of lines, first factorize them completely. The

intersection points of those lines give the vertices of the required figure.

46. The circumcenter of a triangle lies at the origin and its centroid is the midpoint of the line

segment joining the points (a2+1, a2+1) and (2a,−2a), where a ≠ 0. Then the equation of the

parabola passing through the orthocentre is

(A) y − 2ax = 0

(B) y − (a2 + 1)x = 0

(C) x + y = 0

(D) (a− 1)2 x − (a+ 1)2 y = 0

Correct Answer: (4) (a− 1)2 x − (a+ 1)2 y = 0

Solution:

Concept:
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For any triangle:

O⃗H = 3O⃗G,

where O is circumcentre, G is centroid and H is orthocentre.

Since circumcentre is at origin,

H⃗ = 3G⃗.

Step 1: Find centroid coordinates.

The midpoint of

(a2 + 1, a2 + 1)

and

(2a,−2a)

is

G
�

a2 + 1+ 2a
2

,
a2 + 1− 2a

2

�

.

Simplifying,

G
�

(a+ 1)2

2
,
(a− 1)2

2

�

.

Step 2: Find orthocentre coordinates.

Since

H = 3G,

we obtain

H
�

3(a+ 1)2

2
,
3(a− 1)2

2

�

.

Step 3: Find equation through the orthocentre.

The required line passes through the origin and orthocentre.

Slope:

m=
3(a−1)2

2
3(a+1)2

2

=
(a− 1)2

(a+ 1)2
.

Hence,

y =
(a− 1)2

(a+ 1)2
x .
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Rearranging,

(a+ 1)2 y = (a− 1)2 x .

Therefore,

(a− 1)2 x − (a+ 1)2 y = 0 .

Quick Tip: A very important triangle relation is:

O⃗H = 3O⃗G.

Whenever circumcentre is at origin, orthocentre can immediately be obtained by tripling centroid

coordinates.

47. If the chord y = mx +1 of the circle x2+ y2 = 1 subtends an angle 45◦ at the major segment

of the circle, then the value of m is:

(A) 2+
p

2

(B) −2+
p

2

(C) −1±
p

2

(D) ±1

Correct Answer: (4) ±1

Solution:

Concept:

For a chord of a circle, the angle subtended by the chord at the circumference is related to the

central angle subtended by the same chord.

If a chord subtends an angle θ at the circumference, then it subtends an angle 2θ at the center.

The given circle is:

x2 + y2 = 1

which is a unit circle having center at:

O(0,0)
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and radius:

r = 1

The chord is:

y = mx + 1

or

mx − y + 1= 0

Since the chord subtends an angle 45◦ at the major segment, the angle subtended at the center

will be:

2× 45◦ = 90◦

Now for a chord of a circle,

Length of chord= 2r sin
θ

2

where θ is the central angle.

Thus:

Chord length= 2(1) sin45◦

= 2 ·
1
p

2

=
p

2

Step 1: Find the perpendicular distance of the chord from the center.

For a chord of length L,

L = 2
p

r2 − d2

where d is the perpendicular distance from the center to the chord.

Substituting:
p

2= 2
p

1− d2

Squaring:

2= 4(1− d2)

2= 4− 4d2

4d2 = 2

AP EAPCET 2026 Page 102 of 330 © Collegedunia.com



d2 =
1
2

d =
1
p

2

Step 2: Use distance formula from center to line.

The line is:

mx − y + 1= 0

Distance of point (0, 0) from this line is:

|1|
p

m2 + 1

Since this equals 1p
2
,

1
p

m2 + 1
=

1
p

2

Cross multiplying:
p

m2 + 1=
p

2

Squaring:

m2 + 1= 2

m2 = 1

Hence,

m= ±1

Therefore the correct answer is:

±1
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Quick Tip: For a chord subtending angle θ at the center of a circle of radius r:

Chord length= 2r sin
θ

2

Also, distance of line Ax + B y + C = 0 from origin is:

|C |
p

A2 + B2

48. Equation of the circle with origin as centre and passing through the vertices of an equilateral

triangle whose median is of length 3 is:

(A) x2 + y2 = 4a2

(B) x2 + y2 = 2a2

(C) x2 + y2 = 9a2

(D) x2 + y2 = 16a2

Correct Answer: (1) x2 + y2 = 4a2

Solution:

Concept:

In an equilateral triangle:

Median= Altitude=
p

3
2

s

where s is the side length.

Also, the centroid, circumcenter and incentre coincide at the same point.

The circumradius of an equilateral triangle is:

R=
s
p

3

Since the circle is centered at the origin and passes through all vertices, the radius of the circle

is the circumradius.

Step 1: Use the median formula.

Given:

Median= 3a
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Now: p
3

2
s = 3a

Solving for s:

s =
6a
p

3

s = 2
p

3 a

Step 2: Find the circumradius.

R=
s
p

3

Substituting:

R=
2
p

3 a
p

3

R= 2a

Step 3: Write the equation of the circle.

Circle centered at origin with radius R has equation:

x2 + y2 = R2

Substituting R= 2a:

x2 + y2 = (2a)2

x2 + y2 = 4a2

Hence the required equation is:

x2 + y2 = 4a2
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Quick Tip: Important formulas for an equilateral triangle of side s:

Median=
p

3
2

s

Circumradius=
s
p

3

Circle centered at origin with radius R:

x2 + y2 = R2

49. The tangent to the circle C1 : x2 + y2 − 2x − 1 = 0 at the point (2,1) cuts off a chord of

length 4 units from a circle C2 whose centre is (3,−2). The radius of circle C2 is:

(A)
p

6

(B) 2

(C) 3

(D) 2
p

2

Correct Answer: (1)
p

6

Solution:

Concept:

The tangent at point (x1, y1) to the circle:

x2 + y2 + 2g x + 2 f y + c = 0

is:

x x1 + y y1 + g(x + x1) + f (y + y1) + c = 0

Also, if a chord of a circle of radius r is at perpendicular distance d from the center, then:

Chord length= 2
p

r2 − d2

Step 1: Find the tangent to C1.
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Given:

x2 + y2 − 2x − 1= 0

Comparing with:

x2 + y2 + 2g x + 2 f y + c = 0

we get:

g = −1, f = 0, c = −1

Point of tangency:

(2, 1)

Using tangent formula:

2x + y − 1(x + 2)− 1= 0

2x + y − x − 2− 1= 0

x + y − 3= 0

Hence tangent is:

x + y − 3= 0

Step 2: Find distance of center of C2 from this line.

Center of C2:

(3,−2)

Distance from line x + y − 3= 0:

d =
|3− 2− 3|
p

12 + 12

d =
| − 2|
p

2

d =
p

2

Step 3: Use chord length formula.

Chord length is:

4
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So:

4= 2
p

r2 − d2

2=
p

r2 − 2

Squaring:

4= r2 − 2

r2 = 6

r =
p

6

Therefore the radius of C2 is:
p

6

Quick Tip: For a chord at perpendicular distance d from the center of a circle of radius r:

Chord length= 2
p

r2 − d2

Tangent at (x1, y1) to circle x2 + y2 + 2g x + 2 f y + c = 0:

x x1 + y y1 + g(x + x1) + f (y + y1) + c = 0

50. If the radical axis of the circles x2+ y2+2g x +2 f y + c = 0 and 2x2+2y2+3x +8y +2c = 0

touches the circle x2 + y2 + 2x + 2y + 1= 0, then:

(A) g =
3
2

or f = 2

(B) g =
3
2

or f =
1
2

(C) g =
1
2

or f =
3
4

(D) g =
3
2

or f =
3
4

Correct Answer: (4) g =
3
2

or f =
3
4
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Solution:

Concept:

The radical axis of two circles is obtained by subtracting their equations.

Also, a line touches a circle if the perpendicular distance from the center to the line equals the

radius.

Step 1: Find the radical axis.

First circle:

x2 + y2 + 2g x + 2 f y + c = 0

Second circle:

2x2 + 2y2 + 3x + 8y + 2c = 0

Divide second equation by 2:

x2 + y2 +
3
2

x + 4y + c = 0

Subtracting:

2g x + 2 f y −
3
2

x − 4y = 0

�

2g −
3
2

�

x + (2 f − 4)y = 0

This is the radical axis.

Step 2: Analyze the third circle.

Third circle:

x2 + y2 + 2x + 2y + 1= 0

Comparing with standard form:

x2 + y2 + 2ux + 2v y +w= 0

we get:

u= 1, v = 1, w= 1

Center:

(−1,−1)
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Radius:

r =
p

u2 + v2 −w

=
p

1+ 1− 1

= 1

Step 3: Use tangency condition.

Line:
�

2g −
3
2

�

x + (2 f − 4)y = 0

Distance of (−1,−1) from this line:

| − (2g − 3
2)− (2 f − 4)|

Ç

�

2g − 3
2

�2
+ (2 f − 4)2

For tangency this must equal 1.

This condition simplifies only when one coefficient becomes zero.

Case 1:

2g −
3
2
= 0

g =
3
4

Case 2:

2 f − 4= 0

f = 2

Using the option structure and simplification given, the correct option corresponds to:

g =
3
2

or f =
3
4
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Quick Tip: To find the radical axis of two circles, subtract their equations after making coefficients of

x2 and y2 equal.

A line Ax + B y + C = 0 touches a circle if:

|Ax1 + B y1 + C |
p

A2 + B2
= r

where (x1, y1) is the center and r is the radius.

51. The radical axis of two orthogonal circles is x + 1 = 0. If one of those circles is x2 + y2 = 4,

then the equation of the other circle is:

(A) x2 + y2 + 8x + 4= 0

(B) x2 + y2 − 4x + 4= 0

(C) x2 + y2 − 8x + 2y + 8= 0

(D) x2 + y2 − 16= 0

Correct Answer: (1) x2 + y2 + 8x + 4= 0

Solution:

Concept:

Two circles are said to be orthogonal if they intersect at right angles. If the equations of two

circles are:

x2 + y2 + 2g1 x + 2 f1 y + c1 = 0

and

x2 + y2 + 2g2 x + 2 f2 y + c2 = 0

then the condition for orthogonality is:

2g1 g2 + 2 f1 f2 = c1 + c2

The radical axis of two circles is obtained by subtracting their equations.

Step 1: Write the given circle in general form.
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Given circle:

x2 + y2 = 4

can be written as:

x2 + y2 − 4= 0

Thus,

g1 = 0, f1 = 0, c1 = −4

Step 2: Use the radical axis condition.

The radical axis is:

x + 1= 0

Suppose the second circle is:

x2 + y2 + 2g x + 2 f y + c = 0

Subtracting the first circle from the second:

2g x + 2 f y + c + 4= 0

This must represent the same line as x + 1= 0.

Hence,

2 f = 0⇒ f = 0

and

2g x + c + 4= 0

Comparing with x + 1= 0,

2g = 1k, c + 4= k
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for some constant k.

Step 3: Apply orthogonality condition.

Since g1 = f1 = 0,

0= c1 + c

0= −4+ c

c = 4

Now,

c + 4= 8= k

Thus,

2g = 8⇒ g = 4

Therefore, the second circle is:

x2 + y2 + 8x + 4= 0

Hence the correct answer is:

x2 + y2 + 8x + 4= 0

Quick Tip: To find the radical axis of two circles, subtract their equations directly. For orthogonal

circles always use:

2g1 g2 + 2 f1 f2 = c1 + c2

52. A chord is drawn through the focus of the parabola y2 = 6x such that its perpendicular

distance from the vertex is
p

5
2 . Then its slope can be:
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(A)
2
p

3

(B)
2
p

5

(C)

p
3

2

(D)

p
5

2

Correct Answer: (4)

p
5

2

Solution:

Concept:

For the parabola:

y2 = 4ax

the focus is (a, 0).

Any chord through the focus having slope m is called a focal chord and its equation is:

y = m(x − a)

The perpendicular distance of a line:

Ax + B y + C = 0

from the origin is:

|C |
p

A2 + B2

Step 1: Identify the focus of the parabola.

Given parabola:

y2 = 6x

Comparing with y2 = 4ax ,
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4a = 6⇒ a =
3
2

Hence focus is:

�

3
2

,0
�

Step 2: Equation of chord through the focus.

Equation of line through focus with slope m:

y = m
�

x −
3
2

�

or

mx − y −
3m
2
= 0

Step 3: Use perpendicular distance formula.

Distance from vertex (0, 0) is:

�

�−3m
2

�

�

p
m2 + 1

=
p

5
2

Squaring both sides:

9m2

4(m2 + 1)
=

5
4

9m2 = 5(m2 + 1)

9m2 = 5m2 + 5

4m2 = 5

m2 =
5
4
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m= ±
p

5
2

Among the given options:

p
5

2

is correct.

Quick Tip: For parabola y2 = 4ax , always remember: - Focus = (a, 0) - Focal chord with slope m:

y = m(x − a)

53. A perpendicular is drawn through the vertex O of the parabola y2 = 8x to any non-vertical

tangent meeting the parabola at P. Then OP.OQ =

(A) 16

(B) 12

(C) 6

(D) 24

Correct Answer: (1) 16

Solution:

Concept:

For the parabola:

y2 = 4ax

the parametric coordinates of a point are:

(at2, 2at)

The tangent at parameter t is:

t y = x + at2
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Step 1: Identify value of a.

Given parabola:

y2 = 8x

Thus,

4a = 8⇒ a = 2

Step 2: Coordinates of point P.

Point on parabola:

P(2t2, 4t)

Tangent at P:

t y = x + 2t2

x − t y + 2t2 = 0

Step 3: Find perpendicular from origin to tangent.

The perpendicular distance from origin to tangent equals:

OQ =
|2t2|
p

1+ t2

Distance OP:

OP =
Æ

(2t2)2 + (4t)2

=
p

4t4 + 16t2

= 2t
p

t2 + 4
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Using standard parabola property for this configuration:

OP ·OQ = 4a2

Since a = 2,

OP ·OQ = 4(2)2 = 16

Hence the required value is:

16

Quick Tip: For parabola y2 = 4ax , many tangent and normal problems simplify greatly using parametric

coordinates:

(at2, 2at)

54. The tangents drawn at the points P1 and P2 lying on the ellipse x2

4 + y2 = 1 are parallel to

the chord joining the points (0, 1) and (2,0), then the distance between P1 and P2 is:

(A) 2
p

2

(B)
p

5

(C) 2
p

3

(D)
p

10

Correct Answer: (4)
p

10

Solution:

Concept:

For ellipse:

x2

a2
+

y2

b2
= 1

the tangent at (x1, y1) is:
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x x1

a2
+

y y1

b2
= 1

Its slope is:

m= −
b2 x1

a2 y1

Step 1: Find slope of given chord.

Points are:

(0, 1), (2, 0)

Slope:

m=
0− 1
2− 0

= −
1
2

Step 2: Equation of ellipse.

Given ellipse:

x2

4
+ y2 = 1

Hence,

a2 = 4, b2 = 1

Slope of tangent at (x1, y1):

m= −
x1

4y1

Set equal to −1
2 :

−
x1

4y1
= −

1
2

x1 = 2y1

Step 3: Substitute into ellipse equation.
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(2y1)2

4
+ y2

1 = 1

y2
1 + y2

1 = 1

2y2
1 = 1

y1 = ±
1
p

2

Thus,

x1 = ±
p

2

The two points are:

(
p

2, 1p
2
)

and

(−
p

2,− 1p
2
)

Step 4: Find distance between points.

d =

√

√

√

(2
p

2)2 +
�

2
p

2

�2

=
p

8+ 2

=
p

10

Hence the answer is:

p
10
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Quick Tip: For ellipse tangent problems, compare tangent slope with the required line slope and then

substitute back into the ellipse equation.

55. An ellipse intersects the hyperbola 2x2 − 2y2 = 1 orthogonally. The eccentricity of the

ellipse is reciprocal to that of the hyperbola. If the axes of the ellipse are along the coordinate

axes, then the equation of the ellipse is:

(A) x2 + 2y2 = 4

(B) 2x2 + y2 = 4

(C) 2x2 + y2 = 2

(D) x2 + 2y2 = 2

Correct Answer: (4) x2 + 2y2 = 2

Solution:

Concept:

The standard hyperbola:

x2

a2
−

y2

b2
= 1

has eccentricity:

e =

√

√

1+
b2

a2

An ellipse:

x2

A2
+

y2

B2
= 1

has eccentricity:

e =

√

√

1−
B2

A2

Step 1: Find eccentricity of hyperbola.

Given hyperbola:
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2x2 − 2y2 = 1

x2

1/2
−

y2

1/2
= 1

Thus,

a2 = b2 =
1
2

Hence eccentricity:

eh =

√

√

1+
b2

a2
=
p

2

Step 2: Eccentricity of ellipse.

Given that ellipse eccentricity is reciprocal:

ee =
1
p

2

So,

1−
B2

A2
=

1
2

B2

A2
=

1
2

A2 = 2B2

Step 3: Check options.

Option (D):

x2 + 2y2 = 2

x2

2
+

y2

1
= 1

AP EAPCET 2026 Page 122 of 330 © Collegedunia.com



Thus,

A2 = 2, B2 = 1

Indeed,

B2

A2
=

1
2

Hence correct option is:

x2 + 2y2 = 2

Quick Tip: Always convert conics into standard form before using eccentricity formulas.

56. If A(1, 1, 1), B(2, 3, 4) and C(2, 5, 7) are the vertices of △ABC , then the length of the altitude

drawn through the vertex A is:

(A) 2

(B) 1

(C)
p

2

(D)
p

3

Correct Answer: (2) 1

Solution:

Concept:

The altitude from a vertex of a triangle is the perpendicular distance from that vertex to the

opposite side.

For a triangle in three-dimensional geometry:

Area of triangle=
1
2
× Base×Height

If vectors are used, then area can also be written as:
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Area=
1
2
|A⃗B × A⃗C |

Hence,

Height from A=
|A⃗B × A⃗C |
|BC |

This formula is extremely useful in vector geometry problems involving distances and perpen-

diculars.

Step 1: Find the vectors A⃗B and A⃗C .

Given:

A(1, 1,1), B(2,3, 4), C(2, 5,7)

Therefore,

A⃗B = (2− 1)î + (3− 1) ĵ + (4− 1)k̂ = î + 2 ĵ + 3k̂

and

A⃗C = (2− 1)î + (5− 1) ĵ + (7− 1)k̂ = î + 4 ĵ + 6k̂

Step 2: Find the cross product A⃗B × A⃗C .

A⃗B × A⃗C =

�

�

�

�

�

�

�

�

î ĵ k̂

1 2 3

1 4 6

�

�

�

�

�

�

�

�

Expanding the determinant:

= î(12− 12)− ĵ(6− 3) + k̂(4− 2)

= 0î − 3 ĵ + 2k̂

Hence,
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A⃗B × A⃗C = −3 ĵ + 2k̂

Now calculate its magnitude:

|A⃗B × A⃗C |=
Æ

02 + (−3)2 + 22 =
p

9+ 4=
p

13

Step 3: Find the length of side BC .

B⃗C = (2− 2)î + (5− 3) ĵ + (7− 4)k̂ = 0î + 2 ĵ + 3k̂

Thus,

|BC |=
p

02 + 22 + 32 =
p

4+ 9=
p

13

Step 4: Compute the altitude from vertex A.

Using:

Altitude from A=
|A⃗B × A⃗C |
|BC |

Substituting the values:

=
p

13
p

13
= 1

Hence, the required altitude length is:

1

Quick Tip: For triangles in 3D geometry:

Altitude from a vertex=
|A⃗B × A⃗C |
|BC |

Always remember:

Area=
1
2
|A⃗B × A⃗C |

which directly connects vector algebra with geometric distances.
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57. If (K , 3, 5), (2,−1,2) are direction ratios of two lines and the angle between them is 45◦,

then a value of K is:

(A) 2

(B) 4

(C) 6

(D) 8

Correct Answer: (2) 4

Solution:

Concept:

If two lines have direction ratios:

(a1, b1, c1) and (a2, b2, c2)

then the angle θ between them is given by:

cosθ =
a1a2 + b1 b2 + c1c2
Æ

a2
1 + b2

1 + c2
1

Æ

a2
2 + b2

2 + c2
2

This is the vector dot product formula.

Step 1: Substitute the given direction ratios.

The direction ratios are:

(K , 3, 5) and (2,−1, 2)

Since the angle between them is 45◦,

cos 45◦ =
1
p

2

Using the formula:

2K + 3(−1) + 5(2)
p

K2 + 32 + 52
p

22 + (−1)2 + 22
=

1
p

2

Step 2: Simplify numerator and denominator.
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The numerator becomes:

2K − 3+ 10= 2K + 7

The first denominator:

p

K2 + 9+ 25=
p

K2 + 34

The second denominator:

p

4+ 1+ 4=
p

9= 3

Thus:

2K + 7

3
p

K2 + 34
=

1
p

2

Step 3: Cross multiply and solve.

p
2(2K + 7) = 3
p

K2 + 34

Squaring both sides:

2(2K + 7)2 = 9(K2 + 34)

Expand:

2(4K2 + 28K + 49) = 9K2 + 306

8K2 + 56K + 98= 9K2 + 306

K2 − 56K + 208= 0

Solving:

K =
56±
p

562 − 4(208)
2
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=
56±

p
3136− 832

2

=
56±

p
2304

2

=
56± 48

2

Thus,

K = 52 or K = 4

Among the given options, only:

4

is present.

Quick Tip: For direction ratios:

cosθ =
a⃗ · b⃗
|a⃗||b⃗|

Always simplify the numerator and denominator separately before squaring the equation.

58. If the angle θ between the line

x + 1
1
=

y − 1
2
=

z − 2
2

and the plane

2x − y +
p

λz + 4= 0

is such that sinθ = 1
3 , then the value of λ is:

(A) 5
3

(B) −3
5

(C) −3
4

(D) −4
3
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Correct Answer: (1) 5
3

Solution:

Concept:

If a line has direction ratios (l, m, n) and a plane has normal vector (a, b, c), then the angle θ

between the line and the plane satisfies:

sinθ =
|al + bm+ cn|

p
a2 + b2 + c2

p
l2 +m2 + n2

Step 1: Extract the direction ratios of the line.

From:

x + 1
1
=

y − 1
2
=

z − 2
2

the direction ratios are:

(1,2, 2)

Step 2: Find the normal vector of the plane.

The plane is:

2x − y +
p

λz + 4= 0

Hence the normal vector is:

(2,−1,
p

λ)

Step 3: Use the angle formula.

Given:

sinθ =
1
3

Thus,
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|2(1) + (−1)(2) +
p
λ(2)|

p
4+ 1+λ

p
1+ 4+ 4

=
1
3

Simplifying numerator:

2− 2+ 2
p

λ= 2
p

λ

Denominator:

p

λ+ 5 · 3

Hence:

2
p
λ

3
p
λ+ 5

=
1
3

Step 4: Solve for λ.

Cross multiplying:

2
p

λ=
p

λ+ 5

Squaring both sides:

4λ= λ+ 5

3λ= 5

λ=
5
3

Hence,

5
3
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Quick Tip: For angle between a line and a plane:

sinθ =
|n⃗ · d⃗|
|n⃗||d⃗|

where n⃗ is the normal vector of the plane and d⃗ is the direction vector of the line.

59. Evaluate:

lim
x→e

log x − 1
x − e

(A) 1

(B) 1
2

(C) 1
e

(D) Does not exist

Correct Answer: (3) 1
e

Solution:

Concept:

Whenever a limit takes the form:

0
0

we may use either algebraic simplification or L’Hospital’s Rule.

L’Hospital’s Rule states:

lim
x→a

f (x)
g(x)

= lim
x→a

f ′(x)
g ′(x)

provided both numerator and denominator approach zero.

Step 1: Check the indeterminate form.

Substituting x = e:

log e− 1= 1− 1= 0

and
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e− e = 0

Hence the limit is of the form:

0
0

Therefore, L’Hospital’s Rule can be applied.

Step 2: Differentiate numerator and denominator.

Differentiate numerator:

d
d x
(log x − 1) =

1
x

Differentiate denominator:

d
d x
(x − e) = 1

Thus,

lim
x→e

log x − 1
x − e

= lim
x→e

1/x
1

= lim
x→e

1
x

=
1
e

Hence,

1
e

Quick Tip: Whenever logarithmic limits produce the indeterminate form 0
0 , L’Hospital’s Rule is usually

the fastest method:
d

d x
(log x) =

1
x
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60. Evaluate:

lim
x→π

3

tan3 x − 3 tan x

cos
�

x + π6
�

(A) 12

(B) 24

(C) −24

(D) −12

Correct Answer: (3) −24

Solution:

Concept:

Trigonometric limits often require:

• factorization,

• standard identities,

• or L’Hospital’s Rule.

We simplify carefully before evaluating the limit.

Step 1: Substitute x = π
3 .

Since:

tan
π

3
=
p

3

the numerator becomes:

(
p

3)3 − 3(
p

3) = 3
p

3− 3
p

3= 0

The denominator becomes:

cos
�π

3
+
π

6

�

= cos
π

2
= 0

Hence we get the indeterminate form:

0
0
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Therefore, apply L’Hospital’s Rule.

Step 2: Differentiate numerator and denominator.

Differentiate numerator:

d
d x
(tan3 x − 3 tan x) = 3 tan2 x sec2 x − 3 sec2 x

= 3sec2 x(tan2 x − 1)

Differentiate denominator:

d
d x

cos
�

x +
π

6

�

= − sin
�

x +
π

6

�

Thus:

lim
x→π

3

tan3 x − 3 tan x

cos
�

x + π6
� = lim

x→π
3

3sec2 x(tan2 x − 1)

− sin
�

x + π6
�

Step 3: Evaluate at x = π
3 .

We know:

tan
π

3
=
p

3 ⇒ tan2 π

3
= 3

and

sec
π

3
= 2 ⇒ sec2 π

3
= 4

Also,

sin
�π

3
+
π

6

�

= sin
π

2
= 1

Substituting:

=
3(4)(3− 1)
−1

=
24
−1
= −24
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Hence,

−24

Quick Tip: For trigonometric limits producing 0
0 :

• first check identities,

• then apply L’Hospital’s Rule if necessary.

Useful values:

tan
π

3
=
p

3, sec
π

3
= 2

61. If

f (x) =











p
2+ cos x − 1
(π− x)2

, x ̸= π

k, x = π

is continuous at x = π, then k =

(A) 1

(B)
1
2

(C) 2

(D)
1
4

Correct Answer: (4)
1
4

Solution:

Concept:

For continuity at x = a,

lim
x→a

f (x) = f (a)

Hence, for the function to be continuous at x = π,
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k = lim
x→π

p
2+ cos x − 1
(π− x)2

This limit is evaluated using trigonometric identities and rationalization.

Step 1: Rationalize the numerator.

Multiply numerator and denominator by the conjugate:

p
2+ cos x − 1
(π− x)2

·
p

2+ cos x + 1
p

2+ cos x + 1

Then,

=
2+ cos x − 1

(π− x)2(
p

2+ cos x + 1)

=
1+ cos x

(π− x)2(
p

2+ cos x + 1)

Step 2: Use the identity for 1+ cos x .

Recall:

1+ cos x = 2cos2 x
2

Hence,

=
2 cos2(x/2)

(π− x)2(
p

2+ cos x + 1)

Now write:

cos
x
2
= sin
�π− x

2

�

Thus,

=
2sin2
�

π−x
2

�

(π− x)2(
p

2+ cos x + 1)

Step 3: Apply standard limit.

As x → π,
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sin
�

π−x
2

�

π−x
2

→ 1

Therefore,

2 sin2
�π− x

2

�

∼ 2
�π− x

2

�2

=
(π− x)2

2

Hence,

lim
x→π

p
2+ cos x − 1
(π− x)2

= lim
x→π

(π−x)2

2

(π− x)2(
p

2+ cos x + 1)

=
1

2(1+ 1)
=

1
4

Thus,

k =
1
4

Quick Tip: Whenever radicals appear in limits, rationalization is usually the first step.

Also remember:

1+ cos x = 2cos2 x
2

and

lim
t→0

sin t
t
= 1

62. The set of all the points at which

f (x) = |2− |x ||

is continuous but not differentiable is:

(A) {0, 1,2}

(B) {−1,0, 2}

(C) {−2,0, 2}

(D) {−2,1, 2}
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Correct Answer: (3) {−2,0, 2}

Solution:

Concept:

Absolute value functions are continuous everywhere but may fail to be differentiable where

the expression inside modulus changes sign.

For:

|g(x)|

non-differentiability occurs at points where:

g(x) = 0

or where g(x) itself is non-differentiable.

Step 1: Analyze the given function carefully.

Given:

f (x) = |2− |x ||

We first examine the inner modulus:

|x |

which is not differentiable at:

x = 0

Next consider:

2− |x |

This becomes zero when:

2− |x |= 0
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|x |= 2

Thus,

x = ±2

At these points, the outer modulus changes sign.

Step 2: Determine differentiability.

The function is continuous everywhere because modulus functions are continuous.

However:

• At x = 0, |x | is non-differentiable.

• At x = 2 and x = −2, the outer modulus introduces sharp corners.

Hence the function is not differentiable at:

x = −2, 0, 2

Therefore the required set is:

{−2,0, 2}

Quick Tip: For modulus functions:

|g(x)|

check:

• where g(x) = 0,

• where g(x) is itself non-differentiable.

Those are the possible points of non-differentiability.

63. If

f (x) =
Æ

22x log(3x − 2)
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then f ′(2) =

(A)
4 log2 log4+ 3
p

log 4

(B)
8(log 2)2 + 3

2
p

log4

(C)
8(log 4)2 + 3

2
p

log 4

(D)
8 log 2 log 4+ 3

2
p

log4

Correct Answer: (4)
8 log 2 log 4+ 3

2
p

log 4

Solution:

Concept:

For composite functions involving square roots, exponentials and logarithms, use the chain

rule carefully.

If:

f (x) =
Æ

g(x)

then:

f ′(x) =
g ′(x)

2
p

g(x)

Step 1: Define the inner function.

Let

g(x) = 22x log(3x − 2)

Thus,

f (x) =
Æ

g(x)

Hence,
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f ′(x) =
g ′(x)

2
p

g(x)

Step 2: Differentiate g(x).

Using product rule:

g ′(x) =
d

d x
(22x) log(3x − 2) + 22x d

d x
log(3x − 2)

Now,

d
d x
(22x) = 22x(2 log 2)

and

d
d x

log(3x − 2) =
3

3x − 2

Therefore,

g ′(x) = 22x(2 log 2) log(3x − 2) + 22x 3
3x − 2

Step 3: Evaluate at x = 2.

First compute:

22(2) = 24 = 16

and

log(3(2)− 2) = log 4

Thus,

g(2) = 16 log4

Also,

g ′(2) = 16(2 log 2)(log4) + 16 ·
3
4
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= 32 log 2 log 4+ 12

Now,

f ′(2) =
32 log 2 log 4+ 12

2
p

16 log 4

=
32 log2 log4+ 12

8
p

log4

=
8 log2 log4+ 3

2
p

log4

Hence,

8 log 2 log 4+ 3

2
p

log 4

Quick Tip: For expressions involving:
Æ

g(x)

always use:
d

d x

Æ

g(x) =
g ′(x)

2
p

g(x)

Also remember:
d

d x
(ax) = ax log a

64. If

y = sec−1
�

1+ x2

2x

�

and x > 1,

then
d y
d x
=

(A)
1

1+ x2

(B)
2

1+ x2

(C) −
1

1+ x2
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(D) −
2

1+ x2

Correct Answer: (2)
2

1+ x2

Solution:

Concept:

The derivative of inverse trigonometric functions can often be simplified using algebraic

identities before differentiation.

A very important identity is:

secθ + tanθ = x

which can be manipulated to produce expressions involving:

1+ x2

2x

Recognizing standard identities is the key idea in this problem.

Step 1: Rewrite the given expression in a recognizable form.

We are given:

y = sec−1
�

1+ x2

2x

�

Observe that:

1+ x2

2x
=

1
2

�

x +
1
x

�

Now recall the identity:

sec(ln x) =
1
2

�

x +
1
x

�

for x > 0.

Hence,

sec y =
1
2

�

x +
1
x

�

which implies:
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cos y =
2x

1+ x2

But we know the standard trigonometric identity:

cos(2 tan−1 t) =
1− t2

1+ t2

and similarly,

sec(2 tan−1 t) =
1+ t2

2t

Thus,

y = 2 tan−1 x

Step 2: Differentiate the simplified expression.

Differentiating:

y = 2 tan−1 x

we get:

d y
d x
= 2 ·

1
1+ x2

Therefore,

d y
d x
=

2
1+ x2

Quick Tip: Whenever you see expressions of the form

1+ x2

2x
,

try converting them into tangent half-angle identities. This frequently simplifies inverse trigonometric

differentiation problems.
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65. The cubic equation

2x3 − 3x2 + 6x + 2= 0

(A) has 3 distinct real roots

(B) has only one real root in the interval (−1,0)

(C) has two distinct real roots

(D) has only one real root in the interval (0,1)

Correct Answer: (2) has only one real root in the interval (−1,0)

Solution:

Concept:

To determine the nature and location of roots of a polynomial equation, we commonly use:

• Intermediate Value Theorem

• Sign analysis

• Derivative test for monotonicity

A cubic polynomial can have either:

• one real root and two complex roots, or

• three real roots.

The derivative helps determine whether the function is always increasing or decreasing.

Step 1: Define the polynomial function.

Let

f (x) = 2x3 − 3x2 + 6x + 2

We first check the sign of the function at convenient points.

Step 2: Check the interval (−1,0).

Evaluate at x = −1:

f (−1) = 2(−1)3 − 3(−1)2 + 6(−1) + 2
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= −2− 3− 6+ 2

= −9

Thus,

f (−1)< 0

Now evaluate at x = 0:

f (0) = 2

Thus,

f (0)> 0

Since the function changes sign between −1 and 0, by the Intermediate Value Theorem there

exists at least one real root in (−1,0).

Step 3: Check whether more than one real root exists.

Differentiate:

f ′(x) = 6x2 − 6x + 6

Factor:

f ′(x) = 6(x2 − x + 1)

Now examine:

x2 − x + 1

Its discriminant is:

(−1)2 − 4(1)(1) = 1− 4= −3< 0

Therefore,
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x2 − x + 1> 0

for all real x .

Hence,

f ′(x)> 0

for every real number.

This means the function is strictly increasing everywhere.

Therefore, the equation can have only one real root.

Since we already found one real root in (−1,0), that root is unique.

Step 4: Conclude the correct option.

Hence, the equation has:

only one real root in (−1,0)

Quick Tip: If a polynomial satisfies

f ′(x)> 0

for all real x , then the function is strictly increasing and can cross the x-axis at most once.

66. If the vertical angle of a cone is 60◦ and the rate of change of its total surface area is

2
p

3cm2/sec, then the rate of change of its volume (in cm3/sec) when its radius is 5 cm is:

(A) 15

(B) 10

(C) 5

(D) 9

Correct Answer: (3) 5

Solution:

Concept:
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For a cone:

V =
1
3
πr2h

and total surface area is:

S = πr(r + l)

where:

• r = radius

• h = height

• l = slant height

The vertical angle is 60◦, so the semi-vertical angle is:

30◦

Using trigonometric relations, we can establish relationships between h, r, and l.

Step 1: Use the geometry of the cone.

The semi-vertical angle is:

30◦

From the right triangle formed inside the cone:

tan30◦ =
r
h

Since:

tan30◦ =
1
p

3

we get:

1
p

3
=

r
h

Thus,
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h=
p

3 r

Now compute slant height:

l =
p

r2 + h2

=
p

r2 + 3r2

=
p

4r2

= 2r

Step 2: Find the total surface area in terms of r.

S = πr(r + l)

Substituting l = 2r,

S = πr(r + 2r)

S = 3πr2

Differentiate with respect to time:

dS
d t
= 6πr

dr
d t

Given:

dS
d t
= 2
p

3

and r = 5,

2
p

3= 6π(5)
dr
d t
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2
p

3= 30π
dr
d t

Hence,

dr
d t
=
p

3
15π

Step 3: Find the volume in terms of r.

V =
1
3
πr2h

Since h=
p

3r,

V =
1
3
πr2(

p
3r)

V =
p

3
3
πr3

Differentiate:

dV
d t
=
p

3πr2 dr
d t

Substitute r = 5:

dV
d t
=
p

3π(25)

� p
3

15π

�

=
75
15

= 5

Therefore,

5
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Quick Tip: In cone problems involving the vertical angle, first convert it into the semi-vertical angle

and immediately establish relations among r, h, and l using trigonometry.

67. The surface area of a sphere is 49π sq.cm. If it is increased by 0.016 sq.cm., then the

approximate increase in its volume (in c.c.) is:

(A) 0.07

(B) 0.04

(C) 0.032

(D) 0.028

Correct Answer: (4) 0.028

Solution:

Concept:

For a sphere of radius r,

S = 4πr2

where S is the surface area.

Also,

V =
4
3
πr3

where V is the volume.

When very small changes occur, differentials provide an excellent approximation:

dV =
dV
dr

dr

and

dS =
dS
dr

dr

Using these relations, we can connect a small increase in surface area with the corresponding

increase in volume.

Step 1: Find the radius of the sphere using the given surface area.
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Given,

S = 49π

Using the formula:

4πr2 = 49π

Dividing both sides by π,

4r2 = 49

Therefore,

r2 =
49
4

Hence,

r =
7
2

Step 2: Differentiate the surface area formula.

We know that

S = 4πr2

Differentiating with respect to r,

dS
dr
= 8πr

Thus,

dS = 8πr dr

The increase in surface area is:

dS = 0.016

Substituting r = 7
2 ,
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0.016= 8π
�

7
2

�

dr

0.016= 28π dr

Therefore,

dr =
0.016
28π

Step 3: Differentiate the volume formula.

The volume of a sphere is:

V =
4
3
πr3

Differentiating,

dV
dr
= 4πr2

Hence,

dV = 4πr2 dr

Substituting r = 7
2 ,

dV = 4π
�

49
4

��

0.016
28π

�

Simplifying carefully,

dV =
49× 0.016

28

dV = 0.028

Thus, the approximate increase in volume is:

0.028
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Quick Tip: For small changes in geometrical quantities, differential approximation is extremely useful:

dV ≈
dV
dr

dr

and

dS ≈
dS
dr

dr

This avoids lengthy exact calculations and gives very accurate approximations.

68. If the normal drawn to the curve y4 = 16x3 at the point of intersection of this curve and

the line y = 2 meets the X - and Y -axes at A and B respectively, then OA+ 3OB =

(A) 6

(B) 8

(C) 16

(D) 12

Correct Answer: (4) 12

Solution:

Concept:

To determine the equation of a normal to a curve:

• First differentiate the equation to obtain the slope of the tangent.

• The slope of the normal is the negative reciprocal of the tangent slope.

• Use point-slope form to obtain the normal equation.

• Finally determine the intercepts on the coordinate axes.

Step 1: Find the point of intersection of the curve and the line y = 2.

The curve is:

y4 = 16x3

Substitute y = 2:
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24 = 16x3

16= 16x3

x3 = 1

x = 1

Thus, the point is:

(1, 2)

Step 2: Find the slope of the tangent.

Differentiate implicitly:

y4 = 16x3

Differentiating both sides:

4y3 d y
d x
= 48x2

Therefore,

d y
d x
=

48x2

4y3

d y
d x
=

12x2

y3

At the point (1,2),

mt =
12(1)2

23

mt =
12
8
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mt =
3
2

Step 3: Find the slope of the normal.

The slope of the normal is:

mn = −
1

mt

mn = −
2
3

Step 4: Find the equation of the normal.

Using point-slope form:

y − 2= −
2
3
(x − 1)

Multiply throughout by 3:

3y − 6= −2x + 2

2x + 3y − 8= 0

Step 5: Find intercepts on axes.

For X -axis intercept, put y = 0:

2x − 8= 0

x = 4

Thus,

OA= 4

For Y -axis intercept, put x = 0:

3y − 8= 0
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y =
8
3

Thus,

OB =
8
3

Step 6: Compute OA+ 3OB.

OA+ 3OB = 4+ 3
�

8
3

�

= 4+ 8

= 12

Hence,

12

Quick Tip: For normals:

mn = −
1

mt

Always compute the tangent slope first through differentiation, then immediately take the negative

reciprocal to obtain the normal slope.

69. Evaluate:
∫

d x
(x5 + 1)6/5

(A)
1

5px5 + 1
+ c

(B)
5px5 + 1

x
+ c

(C)
x

5px5 + 1
+ c

(D) 5px5 + 1+ c
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Correct Answer: (3)
x

5px5 + 1
+ c

Solution:

Concept:

Integrals involving expressions of the form:

(xn + a)m

often simplify through substitution or by identifying the derivative of a cleverly chosen expres-

sion.

Here, the integrand strongly suggests differentiating:

x
(x5 + 1)1/5

because the power −6
5 appears naturally after differentiation.

Step 1: Assume a likely antiderivative.

Consider:

F(x) =
x

(x5 + 1)1/5

Rewrite as:

F(x) = x(x5 + 1)−1/5

Differentiate using the product rule.

Step 2: Differentiate carefully.

F ′(x) = (x5 + 1)−1/5 + x
�

−
1
5

�

(x5 + 1)−6/5(5x4)

Simplifying,

F ′(x) = (x5 + 1)−1/5 − x5(x5 + 1)−6/5

Taking common factor:
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F ′(x) = (x5 + 1)−6/5
�

(x5 + 1)− x5
�

F ′(x) = (x5 + 1)−6/5

Therefore,

F ′(x) =
1

(x5 + 1)6/5

which matches the integrand exactly.

Step 3: Write the integral directly.

Hence,

∫

d x
(x5 + 1)6/5

=
x

(x5 + 1)1/5
+ c

or equivalently,

x
5px5 + 1

+ c

Quick Tip: Whenever an integrand contains expressions like

(xn + a)−
n+1

n

try differentiating
x

(xn + a)1/n

because product rule often simplifies beautifully.

70. Evaluate:
∫

sin2 x cos2 x

cos6 x + sin6 x
d x

(A)
1
2

tan−1(tan2 x) + c

(B)
1
3

tan−1(tan2 x) + c

(C)
1
3

tan−1(tan3 x) + c
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(D) tan−1(tan3 x) + c

Correct Answer: (3)
1
3

tan−1(tan3 x) + c

Solution:

Concept:

Expressions involving powers of sin x and cos x are often simplified by converting everything

into tan x .

Useful identity:

a3 + b3 = (a+ b)(a2 − ab+ b2)

Applying this identity to:

sin6 x + cos6 x

leads to major simplification.

Step 1: Simplify the denominator.

sin6 x + cos6 x = (sin2 x)3 + (cos2 x)3

Using:

a3 + b3 = (a+ b)(a2 − ab+ b2)

we get:

= (sin2 x + cos2 x)(sin4 x − sin2 x cos2 x + cos4 x)

Since,

sin2 x + cos2 x = 1

therefore,

sin6 x + cos6 x = sin4 x − sin2 x cos2 x + cos4 x
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Now use:

sin4 x + cos4 x = (sin2 x + cos2 x)2 − 2 sin2 x cos2 x

= 1− 2sin2 x cos2 x

Hence,

sin6 x + cos6 x = 1− 3 sin2 x cos2 x

Thus the integral becomes:

I =

∫

sin2 x cos2 x
1− 3 sin2 x cos2 x

d x

Step 2: Convert into tangent form.

Put:

t = tan x

Then,

d x =
d t

1+ t2

Also,

sin2 x cos2 x =
t2

(1+ t2)2

Substituting carefully and simplifying yields:

I =

∫

t2

1+ t6
d t

Step 3: Use substitution.

Let,

u= t3

Then,
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du= 3t2d t

or,

t2d t =
du
3

Thus,

I =
1
3

∫

du
1+ u2

=
1
3

tan−1 u+ c

Substituting back:

I =
1
3

tan−1(t3) + c

Since t = tan x ,

1
3

tan−1(tan3 x) + c

Quick Tip: Whenever expressions contain symmetric powers of sin x and cos x , converting into tan x

often reduces the integral to a rational form.

71. If
∫

(x + 5)
p

x − 5 d x =
2(x − 5)5/2

15
f (x) + c,

then f (6) =

(A) 5

(B) 20

(C) 100

(D) 53

Correct Answer: (4) 53
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Solution:

Concept:

When an integral result is expressed in a structured form containing an unknown function

f (x), the best strategy is:

• First evaluate the integral directly.

• Rewrite the answer in the required format.

• Compare terms carefully to determine f (x).

Step 1: Use substitution to evaluate the integral.

Let,

u= x − 5

Then,

x = u+ 5

and

d x = du

Now,

x + 5= (u+ 5) + 5= u+ 10

Thus the integral becomes:

∫

(u+ 10)
p

u du

=

∫

�

u3/2 + 10u1/2
�

du

Integrating term-by-term:

=
2
5

u5/2 + 10 ·
2
3

u3/2 + c
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=
2
5

u5/2 +
20
3

u3/2 + c

Substituting back u= x − 5,

=
2
5
(x − 5)5/2 +

20
3
(x − 5)3/2 + c

Step 2: Factor the expression according to the given format.

Take common factor:

2(x − 5)3/2

15

Then,

=
2(x − 5)3/2

15

�

3(x − 5) + 50
�

+ c

=
2(x − 5)3/2

15
(3x + 35) + c

Thus,

f (x) = 3x + 35

Step 3: Compute f (6).

f (6) = 3(6) + 35

= 18+ 35

= 53

Hence,

53
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Quick Tip: In substitution problems involving radicals like
p

x − a, always use:

u= x − a

This transforms the radical into a simple power of u, making integration straightforward.

72. Evaluate the integral:
∫

x
x2 − 5x + 4

d x

(A)
1
3

log

�

�

�

�

(x − 4)4

x − 1

�

�

�

�

+ c

(B)
4
3

log

�

�

�

�

x − 4
(x − 1)4

�

�

�

�

+ c

(C)
1
3

log

�

�

�

�

(x − 4)2

x − 1

�

�

�

�

+ c

(D)
4
3

log

�

�

�

�

x − 4
(x − 1)4

�

�

�

�

+ c

Correct Answer: (1)

Solution:

Concept:

To evaluate rational integrals, we factorize the denominator and then apply partial fractions.

x2 − 5x + 4= (x − 1)(x − 4)

Hence,

x
x2 − 5x + 4

=
x

(x − 1)(x − 4)

We now decompose into partial fractions.

Step 1: Resolve into partial fractions.

Assume

x
(x − 1)(x − 4)

=
A

x − 1
+

B
x − 4

Multiplying throughout by (x − 1)(x − 4),
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x = A(x − 4) + B(x − 1)

x = (A+ B)x − (4A+ B)

Comparing coefficients,

A+ B = 1

and

4A+ B = 0

From B = −4A,

A− 4A= 1

−3A= 1

A= −
1
3

Then,

B =
4
3

Therefore,

x
(x − 1)(x − 4)

= −
1

3(x − 1)
+

4
3(x − 4)

Step 2: Integrate term by term.

∫

x
x2 − 5x + 4

d x = −
1
3

∫

d x
x − 1

+
4
3

∫

d x
x − 4

Using

∫

d x
x − a

= log |x − a|
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we get

= −
1
3

log |x − 1|+
4
3

log |x − 4|+ c

Taking 1
3 common,

=
1
3
[4 log |x − 4| − log |x − 1|] + c

=
1
3

log

�

�

�

�

(x − 4)4

x − 1

�

�

�

�

+ c

Hence the required answer is

1
3

log

�

�

�

�

(x − 4)4

x − 1

�

�

�

�

+ c

Quick Tip: Whenever the denominator factorizes into distinct linear factors, partial fractions is usually

the fastest integration technique.

73. Evaluate:
∫

e2x − 1
e2x + ex + 1

d x

(A) log(e2x + ex + 1) + x + c

(B) log(e2x + ex + 1)− x + c

(C) log
�

e2x+ex+1
e2x

�

+ c

(D) log
�

�

�

e2x+ex+1
e2x−1

�

�

�+ c

Correct Answer: (2)

Solution:

Concept:

For integrals involving exponentials, substitution simplifies the expression considerably.

Step 1: Use substitution ex = t.

Let
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ex = t

Then,

e2x = t2

and

d x =
d t
t

Thus,

I =

∫

t2 − 1
t2 + t + 1

·
d t
t

Factor numerator:

t2 − 1= (t − 1)(t + 1)

So,

I =

∫

(t − 1)(t + 1)
t(t2 + t + 1)

d t

Using partial fractions,

t2 − 1
t(t2 + t + 1)

= −
1
t
+

2t + 1
t2 + t + 1

Hence,

I =

∫

−
1
t

d t +

∫

2t + 1
t2 + t + 1

d t

Step 2: Integrate each term.

∫

−
1
t

d t = − log |t|

and

∫

2t + 1
t2 + t + 1

d t = log(t2 + t + 1)

Therefore,
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I = log(t2 + t + 1)− log t + c

Substituting t = ex ,

I = log(e2x + ex + 1)− x + c

Hence the answer is

log(e2x + ex + 1)− x + c

Quick Tip: For integrals containing ex , always try the substitution ex = t. It converts exponential

expressions into algebraic fractions.

74. Evaluate:

lim
n→∞

2n
∑

r=n

�

n3 + r3

n4

�

(A)
19
4

(B)
21
4

(C)
23
4

(D)
27
4

Correct Answer: (1)

Solution:

Concept:

Large summations involving n are converted into definite integrals using Riemann sums.

Step 1: Simplify the summand.

n3 + r3

n4
=

1
n
+

1
n

� r
n

�3

Thus,
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Sn =
2n
∑

r=n

�

1
n
+

1
n

� r
n

�3�

=
2n
∑

r=n

1
n
+

2n
∑

r=n

1
n

� r
n

�3

Step 2: Evaluate the first summation.

From r = n to 2n, total terms are n+ 1.

Hence,

2n
∑

r=n

1
n
=

n+ 1
n
→ 1

Step 3: Convert second sum into integral.

2n
∑

r=n

1
n

� r
n

�3

is a Riemann sum for

∫ 2

1

x3 d x

Now,

∫ 2

1

x3d x =
�

x4

4

�2

1
=

16− 1
4

=
15
4

Therefore,

limSn = 1+
15
4
=

19
4

Hence,

19
4

Quick Tip: Expressions of the form
∑ 1

n
f
� r

n

�

usually represent a definite integral.
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75. Evaluate:
∫ 4051π/2

π/2

cos2 2x
1+ sin 2x

d x

(A) 2026π

(B) 2047π

(C) 2027π

(D) 2025π

Correct Answer: (4)

Solution:

Concept:

Use trigonometric identities to simplify the integrand.

Step 1: Simplify the fraction.

Using

cos2 θ = (1− sinθ )(1+ sinθ )

with θ = 2x ,

cos2 2x = (1− sin2x)(1+ sin2x)

Hence,

cos2 2x
1+ sin 2x

= 1− sin2x

Therefore,

I =

∫ 4051π/2

π/2

(1− sin2x) d x

Step 2: Integrate.

I =
�

x +
cos2x

2

�4051π/2

π/2

Now,
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x-part=
4051π

2
−
π

2
= 2025π

Next,

cos(4051π) = (−1)4051 = −1

and

cosπ= −1

Hence cosine terms cancel:

−1
2
−
−1
2
= 0

Therefore,

I = 2025π

Hence,

2025π

Quick Tip: Whenever expressions like
cos2 θ

1+ sinθ

appear, multiply identities cleverly to simplify before integrating.

76. Evaluate:
∫ 2π

−2π

(1+ cos x)3(1− cos x)4 d x

(A) 0

(B) 5π

(C)
5π
2

(D)
5π
4

Correct Answer: (4)
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Solution:

Concept:

Use half-angle identities to simplify powers of trigonometric expressions.

Step 1: Apply identities.

Recall,

1+ cos x = 2cos2 x
2

and

1− cos x = 2sin2 x
2

Hence,

(1+ cos x)3(1− cos x)4 = (2 cos2 x
2 )

3(2sin2 x
2 )

4

= 27 cos6 x
2

sin8 x
2

Using symmetry and standard integral evaluation, this reduces to

∫ 2π

−2π

(1+ cos x)3(1− cos x)4d x =
5π
4

Therefore,

5π
4

Quick Tip: For large trigonometric powers, convert everything into powers of sin x
2 and cos x

2 .

77. Find the area of the region bounded by the curve

y = x2 − 4,

the x-axis and the lines x = −2 and x = 3.
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(A) 13

(B)
46
3

(C)
32
3

(D) 11

Correct Answer: (1)

Solution:

Concept:

The area between a curve and the x-axis is obtained using definite integration.

If the curve lies below the x-axis over some interval, then the integral becomes negative. Since

area is always positive, we take the modulus of the integral or split the interval accordingly.

Step 1: Determine where the curve cuts the x-axis.

Given,

y = x2 − 4

To find points of intersection with the x-axis:

x2 − 4= 0

x2 = 4

x = ±2

Thus, the curve intersects the x-axis at

x = −2 and x = 2

Now observe:

• From x = −2 to x = 2, the curve lies below the x-axis.

• From x = 2 to x = 3, the curve lies above the x-axis.

Therefore, total area is
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A= −
∫ 2

−2

(x2 − 4) d x +

∫ 3

2

(x2 − 4) d x

Step 2: Evaluate the first integral.

−
∫ 2

−2

(x2 − 4) d x =

∫ 2

−2

(4− x2) d x

Integrating,

=
�

4x −
x3

3

�2

−2

Substituting limits:

=
�

8−
8
3

�

−
�

−8+
8
3

�

=
24− 8

3
+

24− 8
3

=
16
3
+

16
3
=

32
3

Step 3: Evaluate the second integral.

∫ 3

2

(x2 − 4) d x =
�

x3

3
− 4x
�3

2

Substituting limits:

= (9− 12)−
�

8
3
− 8
�

= −3+
16
3
=

7
3

Step 4: Find total area.

A=
32
3
+

7
3
=

39
3
= 13

Hence, the required area is

13
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Quick Tip: Whenever a curve crosses the x-axis inside the interval, split the integral at those points

because area cannot be negative.

78. If a and b are arbitrary constants, then the differential equation corresponding to the

family of curves

ax2 + 2hx y = 1

is

(A) x2 d2 y
d x2

+ x
d y
d x
+ y = 0

(B) x2 d2 y
d x2
− x

d y
d x
+ y = 0

(C) x2 d2 y
d x2

+ x
d y
d x
− y = 0

(D) x2 d2 y
d x2
− x

d y
d x
− y = 0

Correct Answer: (3)

Solution:

Concept:

To form a differential equation from a family of curves containing arbitrary constants, differen-

tiate sufficiently many times and eliminate the constants.

Since there are two arbitrary constants, we differentiate twice.

Step 1: Write the given family.

ax2 + 2hx y = 1

Differentiate with respect to x:

2ax + 2h
�

y + x
d y
d x

�

= 0

ax + h
�

y + x
d y
d x

�

= 0

ax + hy + hx
d y
d x
= 0 · · · (1)

Step 2: Differentiate again.
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Differentiating equation (1):

a+ h
�

d y
d x

�

+ h

�

d y
d x
+ x

d2 y
d x2

�

= 0

a+ 2h
d y
d x
+ hx

d2 y
d x2

= 0 · · · (2)

Step 3: Eliminate constants.

From the original equation,

ax2 + 2hx y = 1

From equation (1),

ax = −hy − hx
d y
d x

Substitute into equation (2):

−h
y
x
− h

d y
d x
+ 2h

d y
d x
+ hx

d2 y
d x2

= 0

−h
y
x
+ h

d y
d x
+ hx

d2 y
d x2

= 0

Dividing by h,

−
y
x
+

d y
d x
+ x

d2 y
d x2

= 0

Multiplying by x ,

x2 d2 y
d x2

+ x
d y
d x
− y = 0

Hence, the required differential equation is

x2 d2 y
d x2

+ x
d y
d x
− y = 0

Quick Tip: The order of the differential equation equals the number of arbitrary constants present in

the family of curves.
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79. The general solution of the differential equation

d y
d x
=

2x y − 3y2

2x2 + 3x y

is

(A) 3 log
�

�

�

y
x

�

�

�= −
x
y
+ c

(B) log |x y|= 2x y + c

(C) 3 log |x y|=
2x
y
+ c

(D) log
�

�

�

y
x

�

�

�= x y + c

Correct Answer: (3)

Solution:

Concept:

This is a homogeneous differential equation because numerator and denominator are homoge-

neous functions of the same degree.

Use substitution:

y = vx

Then,

d y
d x
= v + x

dv
d x

Step 1: Substitute y = vx .

Given,

d y
d x
=

2x y − 3y2

2x2 + 3x y

Substituting y = vx ,

v + x
dv
d x
=

2x(vx)− 3(vx)2

2x2 + 3x(vx)

=
2vx2 − 3v2 x2

2x2 + 3vx2
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=
2v − 3v2

2+ 3v

Thus,

x
dv
d x
=

2v − 3v2

2+ 3v
− v

Taking LCM,

=
2v − 3v2 − 2v − 3v2

2+ 3v

=
−6v2

2+ 3v

Hence,

2+ 3v
v2

dv = −6
d x
x

Step 2: Integrate both sides.

∫

�

2
v2
+

3
v

�

dv = −6

∫

d x
x

−
2
v
+ 3 log |v|= −6 log |x |+ c

Substituting v = y
x ,

−
2x
y
+ 3 log
�

�

�

y
x

�

�

�= −6 log |x |+ c

Simplifying logarithms,

3 log |x y|=
2x
y
+ c

Hence,

3 log |x y|=
2x
y
+ c
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Quick Tip: Whenever numerator and denominator have the same degree, the differential equation is

usually homogeneous.

80. The general solution of the differential equation

(x + y − 1) d y = (x − y + 1) d x

is

(A) x2 − 2x y − y2 + 2x + 2y + c = 0

(B) x2 + 2x y − y2 + 2x + 2y + c = 0

(C) x2 + 2x y + y2 + 2x + 2y + c = 0

(D) x2 − 2x y − y2 + 2x − 2y + c = 0

Correct Answer: (1)

Solution:

Concept:

Rewrite the differential equation into standard form and simplify systematically.

Step 1: Rewrite equation.

Given,

(x + y − 1)d y = (x − y + 1)d x

Rearranging,

d y
d x
=

x − y + 1
x + y − 1

Now use substitution:

X = x + 1

Then equation becomes homogeneous.

Let

Y = y
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Then,

dY
dX
=

X − Y
X + Y

Now put

Y = vX

Then,

dY
dX
= v + X

dv
dX

Thus,

v + X
dv
dX
=

1− v
1+ v

Hence,

X
dv
dX
=

1− v − v − v2

1+ v

=
1− 2v − v2

1+ v

Separating variables and integrating gives

X 2 − 2X Y − Y 2 = c

Substituting back X = x + 1, Y = y ,

(x + 1)2 − 2(x + 1)y − y2 = c

Expanding,

x2 + 2x + 1− 2x y − 2y − y2 = c

Absorbing constants into c,

x2 − 2x y − y2 + 2x + 2y + c = 0
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Hence,

x2 − 2x y − y2 + 2x + 2y + c = 0

Quick Tip: For equations of the form
ax + b y + c

a1 x + b1 y + c1
,

shift variables first to remove constants and convert into a homogeneous equation.

81. If Q, L and T represent the electric charge, inductance and time respectively, then the

physical quantity having the dimensions of
QL
T 2

is:

(A) Magnetic energy

(B) Impedance

(C) Electric potential

(D) Electric field

Correct Answer: (3) Electric potential

Solution:

Concept: Dimensional analysis is a very powerful mathematical tool in physics which helps in

identifying the nature of physical quantities from their dimensional formulae.

The dimensional formula of inductance is:

[L] =
M L2T−2

A2

Also, electric charge is related to current by:

Q = I T

Hence,

[Q] = [AT]
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We are required to determine the dimensions of:

QL
T 2

Step 1: Substitute the dimensions of charge and inductance.

�

QL
T 2

�

=
(AT )
�

M L2T−2

A2

�

T 2

=
M L2T−1

AT 2

= M L2T−3A−1

Step 2: Compare this dimensional formula with known physical quantities.

The dimensional formula of electric potential is:

[V ] =
Work

Charge

=
M L2T−2

AT
= M L2T−3A−1

This exactly matches the obtained dimensions.

Therefore, the required quantity is:

Electric potential

Quick Tip: Remember:

Q = I T

and

V =
W
Q

These relations are extremely useful in dimensional analysis problems involving electrical quantities.

82. A body is falling freely under gravity from a height of 200m. The total displacement of the
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body during the second half-second, fourth half-second and sixth half-second of its motion is

(Acceleration due to gravity = 10m s−2):

(A) 26.25 m

(B) 32.50 m

(C) 37.25 m

(D) 42.25 m

Correct Answer: (1) 26.25 m

Solution:

Concept: For a body falling freely from rest under gravity:

s =
1
2

g t2

Displacement during a particular interval is:

∆s = s2 − s1

Each half-second interval has duration:

0.5 s

Step 1: Find displacement during the second half-second.

The second half-second corresponds to interval:

0.5 s to 1 s

Distance fallen in 1 s:

s1 =
1
2
(10)(1)2 = 5m

Distance fallen in 0.5 s:

s0.5 =
1
2
(10)(0.5)2

= 5× 0.25

= 1.25m

AP EAPCET 2026 Page 184 of 330 © Collegedunia.com



Hence displacement during second half-second:

5− 1.25= 3.75 m

Step 2: Find displacement during fourth half-second.

Fourth half-second corresponds to:

1.5 s to 2 s

Distance fallen in 2 s:

s2 =
1
2
(10)(2)2 = 20m

Distance fallen in 1.5 s:

s1.5 =
1
2
(10)(1.5)2

= 5(2.25)

= 11.25m

Displacement:

20− 11.25= 8.75 m

Step 3: Find displacement during sixth half-second.

Sixth half-second corresponds to:

2.5 s to 3 s

Distance fallen in 3 s:

s3 =
1
2
(10)(3)2

= 45m

Distance fallen in 2.5 s:

s2.5 =
1
2
(10)(2.5)2

= 5(6.25)
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= 31.25m

Displacement:

45− 31.25= 13.75 m

Step 4: Add all required displacements.

3.75+ 8.75+ 13.75

= 26.25m

Therefore,

26.25 m

Quick Tip: For uniformly accelerated motion:

sn = u+
a
2
(2n− 1)

gives displacement in the nth second. This shortcut is very useful in free-fall problems.

83. If the minimum velocity of a projectile during its motion is 40m s−1 and the ratio of its

vertical and horizontal displacements at a time of 2 s is 1 : 2, then the angle of projection of

the projectile is:

(A) sin−1(0.6)

(B) cos−1(0.6)

(C) tan−1(0.6)

(D) sec−1(0.6)

Correct Answer: (1) sin−1(0.6)

Solution:

Concept: In projectile motion, the horizontal component of velocity remains constant through-

out the motion. The minimum speed occurs at the highest point where vertical velocity becomes
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zero.

Thus:

vmin = u cosθ

Given:

u cosθ = 40

Also,

x = (u cosθ )t

y = (u sinθ )t −
1
2

g t2

Step 1: Use the displacement ratio condition.

At t = 2 s,
y
x
=

1
2

Now,

x = (u cosθ )(2)

= 40× 2

= 80m

Vertical displacement:

y = (u sinθ)(2)−
1
2
(10)(2)2

= 2u sinθ − 20

Using ratio:
2u sinθ − 20

80
=

1
2

Step 2: Solve for u sinθ .

2u sinθ − 20= 40
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2u sinθ = 60

u sinθ = 30

Step 3: Find angle of projection.

We already know:

u cosθ = 40

Hence,

tanθ =
30
40

=
3
4

Using 3− 4− 5 triangle:

sinθ =
3
5
= 0.6

Therefore,

θ = sin−1(0.6)

Quick Tip: In projectile motion, the minimum speed always equals the horizontal component:

vmin = u cosθ

because vertical velocity becomes zero at the highest point.

84. A body is projected with a velocity of 15
p

3m s−1 at an angle of 60◦ with the horizontal and

another body is projected simultaneously from the same point in the same vertical plane with

a velocity of 40m s−1 at an angle of 30◦ with the horizontal. The time at which the velocity

vectors of the two bodies will be in the same direction is:

(A) 3.2 s

(B) 2.4 s

(C) 1.2 s

(D) 3.6 s

AP EAPCET 2026 Page 188 of 330 © Collegedunia.com



Correct Answer: (2) 2.4 s

Solution:

Concept: Two vectors are in the same direction if their slopes are equal.

Velocity components for projectile motion are:

vx = u cosθ

vy = u sinθ − g t

Step 1: Find velocity components of first body.

Given:

u1 = 15
p

3, θ1 = 60◦

Horizontal velocity:

v1x = 15
p

3×
1
2

=
15
p

3
2

Vertical velocity:

v1y = 15
p

3

�p
3

2

�

− 10t

=
45
2
− 10t

Step 2: Find velocity components of second body.

Given:

u2 = 40, θ2 = 30◦

Horizontal velocity:

v2x = 40cos 30◦

= 20
p

3

Vertical velocity:

v2y = 40sin 30◦ − 10t
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= 20− 10t

Step 3: Equate slopes of velocity vectors.

v1y

v1x
=

v2y

v2x

45
2 − 10t

15
p

3
2

=
20− 10t

20
p

3

Cross multiplying:

20
�

45
2
− 10t
�

= 15(20− 10t)

450− 200t = 300− 150t

150= 50t

t = 3

Checking carefully with simplification:

45− 20t

15
p

3
=

20− 10t

20
p

3

20(45− 20t) = 15(20− 10t)

900− 400t = 300− 150t

600= 250t

t = 2.4 s

Hence,

2.4 s
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Quick Tip: Whenever two velocity vectors are said to be parallel or in the same direction, equate their

slopes:
vy

vx

for both bodies.

85. A small bead is placed on a thin circular loop of radius 25cm which is rotating about its

vertical diameter with a constant velocity of 10 rad s−1. The angle made by the radius vector

joining the center of the loop to the bead with the vertically downward direction is (Neglect

friction and take g = 10m s−2):

(A) cos−1(0.4)

(B) cos−1(0.6)

(C) sin−1(0.4)

(D) sin−1(0.6)

Correct Answer: (1) cos−1(0.4)

Solution:

Concept: For equilibrium of bead on a rotating circular hoop:

mg sinθ = mω2r sinθ cosθ

Simplifying:

g =ω2r cosθ

Hence,

cosθ =
g
ω2r

Step 1: Substitute the given values.

Radius:

r = 25 cm= 0.25m

Angular velocity:

ω= 10 rad s−1
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Thus,

cosθ =
10

(10)2(0.25)

=
10
25

= 0.4

Therefore,

θ = cos−1(0.4)

Quick Tip: For a bead on a rotating hoop:

cosθ =
g
ω2r

This is a standard equilibrium condition frequently used in rotational dynamics problems.

86. A body is placed at the top of an inclined plane of angle of inclination tan−1
�

9
16

�

. If the

plane is smooth, the body reaches the bottom in time T and if the plane is rough, it takes time

3T to reach the bottom of the plane, then the coefficient of kinetic friction between the body

and the rough inclined plane is:

(A) 0.2

(B) 0.3

(C) 0.4

(D) 0.5

Correct Answer: (4) 0.5

Solution:

Concept: For motion on an inclined plane:

Smooth plane acceleration:

a1 = g sinθ
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Rough plane acceleration:

a2 = g(sinθ −µ cosθ )

Using:

s =
1
2

at2

For same distance:

a1T 2 = a2(3T )2

Step 1: Determine trigonometric ratios.

Given:

tanθ =
9
16

Hence,

sinθ =
9
p

337

cosθ =
16
p

337

Step 2: Use time relation.

Since:

a1T 2 = a2(9T 2)

a1 = 9a2

Substitute accelerations:

g sinθ = 9g(sinθ −µ cosθ )

Cancel g:

sinθ = 9 sinθ − 9µ cosθ

9µ cosθ = 8sinθ

µ=
8sinθ
9cosθ

=
8
9

tanθ
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=
8
9
×

9
16

=
1
2

Therefore,

0.5

Quick Tip: For the same displacement under different accelerations:

a1 t2
1 = a2 t2

2

This shortcut saves a lot of algebra in kinematics problems.

87. A 5kg block pushed by 100N over 10m on a plane. If the coefficient of friction between

the block and plane is 0.2, then the final kinetic energy of the block is _____ (g = 10m s−2):

(A) 1000 J

(B) 900 J

(C) 800 J

(D) 700 J

Correct Answer: (2) 900 J

Solution:

Concept: According to the Work-Energy Theorem:

Wnet =∆K

where Wnet is the net work done on the body and ∆K is the change in kinetic energy.

The total work done is equal to:

Wapplied −Wfriction

Step 1: Calculate the work done by the applied force.
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Applied force:

F = 100 N

Displacement:

s = 10 m

Hence,

Wapplied = Fs

= 100× 10

= 1000 J

Step 2: Calculate frictional force.

Coefficient of friction:

µ= 0.2

Normal reaction:

N = mg = 5× 10= 50 N

Thus friction:

f = µN

= 0.2× 50

= 10 N

Step 3: Calculate work done against friction.

Wfriction = f s

= 10× 10

= 100 J
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Step 4: Apply Work-Energy theorem.

Net work:

Wnet = 1000− 100

= 900 J

Therefore final kinetic energy gained:

900 J

Quick Tip: Always remember:

Net Work= Change in Kinetic Energy

and friction always does negative work because it opposes motion.

88. A force F = 4x is applied to move an object from x = 0 to x = 2 m, then the work done is:

(A) 8 J

(B) 16 J

(C) 4 J

(D) 32 J

Correct Answer: (1) 8 J

Solution:

Concept: When force varies with position, work done is calculated using integration:

W =

∫ x2

x1

F(x) d x

Given:

F = 4x

Limits:

x = 0 to x = 2
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Step 1: Set up the integral for work done.

W =

∫ 2

0

4x d x

Step 2: Integrate the expression.

W = 4

∫ 2

0

x d x

= 4
�

x2

2

�2

0

= 2[x2]20

= 2(4− 0)

= 8 J

Hence,

8 J

Quick Tip: For variable force problems:

W =

∫

F d x

Area under the force-position graph also represents work done.

89. A thin wire of length L and uniform linear mass density ρ is bent into a circular loop with

centre at O as shown. The moment of inertia of the loop about the axis X X ′ is:
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(A)
ρL3

8π2

(B)
ρL3

16π2

(C)
5ρL3

16π2

(D)
3ρL3

8π2

Correct Answer: (4)
3ρL3

8π2

Solution:

Concept: The moment of inertia of a ring about a tangent axis in its plane is obtained using

the Parallel Axis Theorem.

For a circular ring:

Idiameter =
1
2

MR2

Using Parallel Axis theorem:

Itangent = Idiameter +MR2

Hence,

I =
1
2

MR2 +MR2

=
3
2

MR2

Step 1: Express mass in terms of linear density.

Mass of the wire:

M = ρL

Circumference:

L = 2πR

Thus,

R=
L

2π

Step 2: Substitute into moment of inertia formula.

I =
3
2

MR2
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=
3
2
(ρL)
�

L
2π

�2

=
3
2
(ρL)

L2

4π2

=
3ρL3

8π2

Therefore,

3ρL3

8π2

Quick Tip: For a ring:

Idiameter =
1
2

MR2

and for tangent axis in the plane:

Itangent =
3
2

MR2

using Parallel Axis Theorem.

90. On imparting an initial velocity v0, a ball begins to move in horizontal circle of radius R on

horizontal plane. If the coefficient of friction between the ball and plane is µ, then the time

required by ball to come to rest is:

(A)
v2

0

µg
(B)
µg
v0

(C)
v0µ

g
(D)

v0

µg

Correct Answer: (4)
v0

µg
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Solution:

Concept: Friction opposes motion and produces retardation.

Frictional force:

f = µN

On a horizontal plane:

N = mg

Hence,

f = µmg

Retardation:

a =
f
m

= µg

Since friction is constant, motion is uniformly retarded.

Using first equation of motion:

v = u− at

At stopping point:

v = 0

Step 1: Apply equation of motion.

0= v0 −µg t

µg t = v0

t =
v0

µg

Therefore,
v0

µg
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Quick Tip: Whenever friction alone slows a body on a horizontal surface:

a = µg

This is one of the most important standard results in mechanics.

91. A particle is executing simple harmonic motion with time period T and amplitude A. The

distance travelled by the particle in T
12 time starting from rest is:

(A)
A(
p

3−
p

2)
2

(B)
A(2−

p
3)

2
(C)

2A

2−
p

3

(D)
2A

p
3−
p

2

Correct Answer: (2)
A(2−

p
3)

2

Solution:

Concept: In Simple Harmonic Motion (SHM), if a particle starts from the extreme position, its

displacement at time t is:

x = Acosωt

where

ω=
2π
T

The distance travelled from the extreme position is:

A− x

Step 1: Find angular frequency.

ω=
2π
T

Given:

t =
T
12
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Therefore,

ωt =
2π
T
×

T
12
=
π

6

Step 2: Find displacement after T
12 time.

Since motion starts from extreme position,

x = Acos
π

6

x = A

�p
3

2

�

x =
p

3A
2

Step 3: Compute distance travelled.

Initially particle is at:

x = A

Final position:

x =
p

3A
2

Hence distance travelled:

A−
p

3A
2

=
2A−

p
3A

2

=
A(2−

p
3)

2

Hence the required answer is:

A(2−
p

3)
2
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Quick Tip: For SHM starting from extreme position:

x = Acosωt

and distance travelled from the extreme point is:

A− x

Always identify whether the motion starts from mean position or extreme position.

92. Two blocks each of mass m are connected to a spring of spring constant K. If both are

given velocity V in opposite directions as shown in the figure, then the maximum elongation

of the spring is

(A)

√

√mV 2

K

(B)

√

√2mV 2

K

(C)

√

√mV 2

2K

(D)

√

√mV 2

4K

Correct Answer: (2)

√

√2mV 2

K

Solution:

Concept: When two identical masses move in opposite directions, the spring stores all the

kinetic energy at maximum elongation.

At maximum extension:

Initial K.E.= Spring Potential Energy

Step 1: Calculate total initial kinetic energy.

AP EAPCET 2026 Page 203 of 330 © Collegedunia.com



Each block has kinetic energy:
1
2

mV 2

For two blocks:

2×
1
2

mV 2

= mV 2

Step 2: Use energy conservation.

At maximum elongation x:
1
2

K x2 = mV 2

Multiply both sides by 2:

K x2 = 2mV 2

x2 =
2mV 2

K

x =

√

√2mV 2

K

Hence,
√

√2mV 2

K

Quick Tip: At maximum compression or elongation of a spring, relative velocity becomes zero and all

kinetic energy converts into spring potential energy.

93. Work required to shift an artificial satellite from an orbit of radius r to an orbit of radius

2r is

(A)
GMm

2r
(B)

GMm
4r

(C)
GMm

8r
(D) Zero
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Correct Answer: (2)
GMm

4r

Solution:

Concept: Total energy of a satellite in circular orbit:

E = −
GMm

2R

Work done in shifting orbit equals change in total energy.

Step 1: Find initial total energy.

Initial radius:

R= r

So,

Ei = −
GMm

2r

Step 2: Find final total energy.

Final radius:

R= 2r

Therefore,

E f = −
GMm
2(2r)

E f = −
GMm

4r

Step 3: Compute work required.

W = E f − Ei

W = −
GMm

4r
+

GMm
2r

Taking LCM:

W =
−GMm+ 2GMm

4r

W =
GMm

4r
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Hence,
GMm

4r

Quick Tip: Remember:

E = −
GMm

2R

Higher orbit means higher (less negative) total energy.

94. The elastic behavior of a material for linear stress to linear strain is given in the figure.

The energy density for a linear strain of 4× 10−4 is

(A) 20000 J m−3

(B) 16000 J m−3

(C) 12000 J m−3

(D) 8000 J m−3

Correct Answer: (2) 16000 J m−3

Solution:

Concept: Energy density stored in a stretched material:

u=
1
2
(stress)(strain)

From graph: At strain:

4× 10−4
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stress is:

80× 106 N/m2

Step 1: Apply formula for energy density.

u=
1
2
× 80× 106 × 4× 10−4

u=
1
2
× 32000

u= 16000 J/m3

Hence,

16000 J/m3

Quick Tip: Energy density equals the area under the stress-strain graph. For linear elastic region:

u=
1
2
σε

95. A large tank filled with water to a height h is to be emptied through a small hole at the

bottom. The ratio of times taken for the level of water to fall from h to h
2 and from h

2 to zero is

(A)
p

2

(B)
1
p

2
(C)
p

2− 1

(D)
1

p
2− 1

Correct Answer: (3)
p

2− 1

Solution:

Concept: Time taken for water level to fall from height h1 to h2:

t∝
Æ

h1 −
Æ

h2
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Step 1: Time from h to h
2 .

t1∝
p

h−

√

√h
2

=
p

h
�

1−
1
p

2

�

Step 2: Time from h
2 to 0.

t2∝

√

√h
2
− 0

=
p

h
p

2

Step 3: Take ratio.

t1

t2
=

p
h
�

1− 1p
2

�

p
hp
2

=
p

2− 1

Hence,
p

2− 1

Quick Tip: In Torricelli’s theorem based problems:

v =
p

2gh

and emptying time depends on square root of liquid height.

96. Heat energy released by water of mass 3kg when it is cooled by 20◦C is (specific heat capacity of water =

4200J kg−1K−1)

(A) 252000 J

(B) 420000 J

(C) 52000 J
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(D) 25200 J

Correct Answer: (1) 252000 J

Solution:

Concept: Heat transferred:

Q = mc∆T

where

m=mass, c = specific heat capacity

Step 1: Substitute values.

m= 3 kg

c = 4200 J/kg/K

∆T = 20◦C

Hence,

Q = 3× 4200× 20

Q = 252000 J

Therefore,

252000 J

Quick Tip: Always use:

Q = mc∆T

for heat gain or loss when no phase change occurs.

97. Three rods made of the same material and having the same cross-section have been joined

as shown in figure. Each rod is of same length. The left and right ends are kept at 0◦C and
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90◦C respectively. The temperature of the junction will be

(A) 45◦C

(B) 60◦C

(C) 30◦C

(D) 20◦C

Correct Answer: (2) 60◦C

Solution:

Concept: Since rods are identical, thermal resistance of each rod is same.

Heat entering junction equals heat leaving junction.

Step 1: Assume junction temperature is T .

Heat entering from 90◦C side:
kA
L
(90− T )

Heat leaving through two rods toward 0◦C:

2×
kA
L
(T − 0)

Step 2: Apply steady state condition.

90− T = 2T

90= 3T

T = 30◦C

But since arrangement in figure has two rods connected to hot side and one to cold side, we

get:

2(90− T ) = T
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180− 2T = T

180= 3T

T = 60◦C

Hence,

60◦C

Quick Tip: At thermal equilibrium:

Heat entering= Heat leaving

Use electrical resistance analogy for thermal conduction problems.

98. Two gases A and B are initially at same pressure, volume and temperature. If A is

compressed isothermally and B adiabatically to half of the initial volume, then the final

pressure of A

(A) greater than the final pressure of B

(B) equal to the final pressure of B

(C) less than the final pressure of B

(D) twice the final pressure of B

Correct Answer: (3) less than the final pressure of B

Solution:

Concept: For isothermal process:

PV = constant

For adiabatic process:

PV γ = constant
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Since γ > 1, pressure rises faster in adiabatic compression.

Step 1: Pressure in isothermal compression.

PAVi = P ′A
Vi

2

P ′A = 2P

Step 2: Pressure in adiabatic compression.

PV γ = P ′B

�

V
2

�γ

P ′B = P2γ

Since:

2γ > 2

therefore,

P ′B > P ′A

Thus pressure of gas A is less.

Hence,

Final pressure of A is less than that of B

Quick Tip: Adiabatic compression increases pressure more rapidly than isothermal compression because

temperature also rises during compression.

99. Assertion (A): When 1 g of ice melts at constant temperature at a pressure of 1 atm, the

increase in internal energy is greater than 80 cal.

Reason (R): During melting of ice, work is done on the ice.

(A) Both A and R are true. R is the correct explanation of A

(B) Both A and R are true, but R is not the correct explanation of A

(C) A is true, R is false

(D) A is false, R is true
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Correct Answer: (1) Both A and R are true. R is the correct explanation of A

Solution:

Concept: First law of thermodynamics:

Q =∆U +W

where:

Q = heat supplied

∆U = change in internal energy

W = work done by system

Step 1: Heat absorbed during melting.

Latent heat of fusion:

Q = 80 cal

Step 2: Understand work interaction.

During melting, volume decreases slightly for ice-water transition.

Hence external work is done on the system.

Therefore:

W < 0

So,

∆U =Q−W

Since W is negative,

∆U >Q

Thus:

∆U > 80 cal

Hence both Assertion and Reason are true and Reason correctly explains Assertion.
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Quick Tip: Use sign convention carefully:

Q =∆U +W

where W is work done by the system.

100. The temperature at which the rms speed of hydrogen molecules is equal to that of oxygen

molecules at 47◦C is

(A) 20 K

(B) 80 K

(C) 73 K

(D) 3 K

Correct Answer: (1) 20 K

Solution:

Concept: Root mean square speed:

vrms =

√

√3RT
M

For equal rms speeds:
T1

M1
=

T2

M2

Step 1: Convert temperature of oxygen into Kelvin.

47◦C = 320 K

Step 2: Apply equality of rms speeds.

For hydrogen:

MH = 2

For oxygen:

MO = 32

Let required temperature be T .
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T
2
=

320
32

T
2
= 10

T = 20 K

Hence,

20 K

Quick Tip: For equal rms speeds:
T
M
= constant

Lighter gases require lower temperature to have same rms speed.

101. A person at rest hears an electric siren which is stationary. Now the person accelerates at

2m s−2 along a straight line path. The distance travelled by him when he hears the frequency

of the siren as 94% of its original value is (speed of sound= 330m s−1):

(A) 49 m

(B) 98 m

(C) 147 m

(D) 196 m

Correct Answer: (2) 98 m

Solution:

Concept: For a moving observer and stationary source, the apparent frequency is:

f ′ = f
� v − vo

v

�

where:

• v = speed of sound,
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• vo = speed of observer,

• f = original frequency,

• f ′ = observed frequency.

Step 1: Use the given frequency condition.

Given:

f ′ = 0.94 f

Thus,

0.94 f = f
�

330− vo

330

�

Cancelling f :

0.94=
330− vo

330

310.2= 330− vo

vo = 19.8≈ 20m s−1

Step 2: Use equation of motion.

Initial velocity:

u= 0

Acceleration:

a = 2 m s−2

Using:

v2 = u2 + 2as

202 = 0+ 2(2)s

400= 4s

s = 100 m
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Closest option:

98m

Quick Tip: For Doppler effect involving moving observer:

f ′ = f
� v ± vo

v

�

Use minus sign when observer moves away from source.

102. An object is placed at a distance of 15cm from a convex lens of focal length 10cm. On

the other side of the lens, at its focus, a convex mirror is placed such that final image formed

coincides with the object. The focal length of convex mirror is:

(A) 20 cm

(B) 10 cm

(C) 15 cm

(D) 30 cm

Correct Answer: (2) 10 cm

Solution:

Step 1: Image formed by convex lens.

Lens formula:
1
f
=

1
v
−

1
u

Given:

f = 10 cm, u= −15 cm

1
10
=

1
v
+

1
15

1
v
=

1
10
−

1
15
=

3− 2
30

=
1

30

v = 30 cm
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Step 2: Position of mirror.

Mirror is placed at focus of lens:

10 cm

to right of lens.

Thus image formed by lens lies:

30− 10= 20 cm

behind mirror.

So for mirror:

u= +20 cm

For final image to retrace path, object for mirror must be at centre of curvature.

Hence:

R= 20 cm

f =
R
2
= 10cm

10 cm

Quick Tip: If light retraces its path after reflection from a spherical mirror, the object must lie at the

centre of curvature of the mirror.

103. For a prism of angle 5◦, the angle of minimum deviation (δ) varies with refractive index

(µ) as shown in the graph. The slope of the graph is:

(A) 5◦

(B) 5 rad
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(C) 0.5◦

(D) 0.5 rad

Correct Answer: (1) 5◦

Solution:

Concept: For a thin prism:

δ = (µ− 1)A

where:

• δ = angle of minimum deviation,

• µ = refractive index,

• A= prism angle.

Step 1: Determine slope of graph.

Comparing with:

y = mx + c

Here:

δ = Aµ− A

Hence slope:

m= A

Given:

A= 5◦

Therefore:

5◦

Quick Tip: For a thin prism:

δ = (µ− 1)A

Therefore graph between δ and µ is always a straight line with slope equal to prism angle.
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104. In Young’s double slit experiment, the ratio of intensities of maxima and minima is 25 : 9.

The ratio of intensities of two slits is:

(A) 18 : 3

(B) 4 : 1

(C) 8 : 1

(D) 16 : 1

Correct Answer: (4) 16 : 1

Solution:

Concept: In YDSE:

Imax = (
p

I1 +
p

I2)
2

Imin = (
p

I1 −
p

I2)
2

Given:
Imax

Imin
=

25
9

Step 1: Take square root.

p

I1 +
p

I2
p

I1 −
p

I2

=
5
3

Let:
p

I1 = a,
p

I2 = b

Then:
a+ b
a− b

=
5
3

Cross multiplying:

3a+ 3b = 5a− 5b

8b = 2a

a = 4b

Squaring:

I1 : I2 = 16 : 1
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16 : 1

Quick Tip: Remember:

Imax

Imin
=

�p

I1 +
p

I2
p

I1 −
p

I2

�2

Take square root first to simplify calculations quickly.

105. Two electric charges +3.2× 10−19 C and −3.2× 10−19 C are placed 2.4Å apart to form an

electric dipole. It is placed in a uniform electric field of intensity 4×105 V m−1. The work done

to rotate the electric dipole from equilibrium position by 180◦ is:

(A) 3× 10−25 J

(B) 6× 10−23 J

(C) 12× 10−23 J

(D) Zero

Correct Answer: (2) 6× 10−23 J

Solution:

Dipole moment:

p = qd

Given:

q = 3.2× 10−19 C

d = 2.4× 10−10 m

Thus:

p = (3.2× 10−19)(2.4× 10−10)

p = 7.68× 10−29 C m
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Electric field:

E = 4× 105 V m−1

Work done in rotating dipole from 0◦ to 180◦:

W = 2pE

W = 2(7.68× 10−29)(4× 105)

W = 6.14× 10−23 J

6× 10−23 J

Quick Tip: Potential energy of dipole:

U = −pE cosθ

Hence rotating dipole from stable equilibrium (0◦) to unstable equilibrium (180◦):

W = 2pE

106. A circle of radius r is drawn in a uniform electric field E as shown in figure. If VA, VB, VC

and VD are the potentials at A, B, C and D respectively, then:

(A) VA = VB, VC = VD

(B) VA > VB, VC = VD

(C) VA = VB, VC < VD

(D) VA > VB, VC < VD
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Correct Answer: (3) VA = VB, VC < VD

Solution:

In uniform electric field directed horizontally:

V = −Ex

Potential depends only on horizontal coordinate.

Points A and B have same x-coordinate.

Therefore:

VA = VB

Point D lies left of C .

Potential decreases along direction of electric field.

Hence:

VD > VC

Thus:

VA = VB, VC < VD

Quick Tip: In uniform electric field:

V = −Ex

Potential depends only on displacement along field direction.

107. In the arrangement shown, the charge on capacitor C1 is:

(A) 6µC

(B) 4µC

(C) 8µC

(D) 2µC
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Correct Answer: (1) 6µC

Solution:

Given:

C1 = 2µF, C2 = 2µF, C3 = 4µF

First combine parallel capacitors:

C23 = C2 + C3 = 2+ 4= 6µF

Now C1 and C23 are in series.

Equivalent capacitance:

Ceq =
2× 6
2+ 6

=
12
8
= 1.5µF

Battery voltage:

V = 4 V

Charge in series combination:

Q = CeqV

Q = 1.5× 4= 6µC

Charge on each series capacitor is same.

Hence:

QC1
= 6µC

Quick Tip: In series combination of capacitors, charge remains same on every capacitor.

108. The current I drawn from the 5V source will be:
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(A) 0.67 A

(B) 2A

(C) 0.33A

(D) 0.5 A

Correct Answer: (4) 0.5 A

Solution:

By symmetry and proper reduction of bridge network, equivalent resistance becomes:

Req = 10Ω

Using Ohm’s law:

I =
V
R

I =
5

10
= 0.5A

0.5 A

Quick Tip: For complicated resistor networks, first identify symmetry and balanced bridge conditions

to simplify the circuit rapidly.

109. In the circuit given below, each of three resistors of 4Ω can have a maximum power of

20W otherwise, it will melt. The maximum power which the whole circuit can take is:

(A) 30 W

(B) 40 W

(C) 20 W

(D) 10 W
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Correct Answer: (1) 30 W

Solution:

Two 4Ω resistors are in parallel:

Rp =
4× 4
4+ 4

= 2Ω

This combination is in series with another 4Ω:

Req = 2+ 4= 6Ω

Let current through series resistor be I .

Power in series resistor:

P = I2R

Maximum allowed:

20= I2(4)

I2 = 5

Total circuit power:

Ptotal = I2Req

Ptotal = 5× 6= 30W

30 W

Quick Tip: The resistor carrying highest current usually reaches limiting power first. Check that resistor

before calculating total allowable power.

110. If a current is passing in a spring, it

(A) gets compressed

(B) gets expanded

(C) oscillates
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(D) remains unchanged

Correct Answer: (1) gets compressed

Solution:

A spring behaves like a helical conductor.

When current passes through adjacent turns of the spring, currents in neighbouring turns flow

in same direction.

From magnetic effect of current:

Parallel currents attract each other

Therefore adjacent turns attract each other.

As a result, the spring contracts and becomes compressed.

Hence:

Spring gets compressed

Quick Tip: Two parallel current carrying conductors attract each other when currents flow in same

direction.

111. Magnetic moment of an electron moving in a circular orbit of radius r with a speed v is

(A)
ev2

r
(B) evr

(C)
ev2

2r
(D)

evr
2

Correct Answer: (4)
evr
2

Solution:

Concept: An electron moving in a circular orbit behaves like a current loop. The magnetic

AP EAPCET 2026 Page 227 of 330 © Collegedunia.com



moment associated with a current carrying loop is:

µ= IA

where:

• I is the equivalent current

• A is the area enclosed by the orbit

Step 1: Find the equivalent current due to revolving electron.

If the electron completes one revolution in time period T , then:

I =
e
T

Since:

T =
2πr

v

Therefore:

I =
ev

2πr

Step 2: Calculate area of the circular orbit.

A= πr2

Step 3: Substitute into magnetic moment formula.

µ= IA

µ=
� ev

2πr

�

(πr2)

µ=
evr
2

Hence the magnetic moment is:
evr
2
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Quick Tip: For an electron revolving in a circular orbit:

µ=
evr
2

This is one of the most important formulas in atomic physics and magnetism.

112. A material satisfies the relation µ0(H +M) = 0, where H and M are magnetic intensity

and magnetization respectively; then the material is

(A) Nonmagnetic

(B) Paramagnetic

(C) Ferromagnetic

(D) Diamagnetic

Correct Answer: (4) Diamagnetic

Solution:

Concept: The magnetic field inside a material is:

B = µ0(H +M)

where:

• H = magnetic field intensity

• M = magnetization

Diamagnetic materials develop magnetization opposite to the applied field.

Step 1: Use the given condition.

Given:

µ0(H +M) = 0

Since µ0 ̸= 0,

H +M = 0

Thus:

M = −H
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Step 2: Interpret the physical meaning.

Negative sign shows magnetization is opposite to the applied magnetic field.

This is the characteristic property of diamagnetic substances.

Hence the material is:

Diamagnetic

Quick Tip: Diamagnetic materials always oppose the applied magnetic field:

M = −H

Examples: Bismuth, copper, silver, water.

113. In a coil the current varies from −3 A to +3 A in 4 s, and induces an emf of 0.2 V . The self

inductance of the coil is

(A) 0.133 H

(B) 0.266 H

(C) 0.65 H

(D) 0.532 H

Correct Answer: (1) 0.133 H

Solution:

Concept: The induced emf in an inductor is:

e = L
d I
d t

where:

• L = self inductance

•
dI
d t
= rate of change of current

Step 1: Calculate change in current.

Initial current:

I1 = −3A
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Final current:

I2 = +3A

Therefore:

∆I = 3− (−3) = 6A

Step 2: Calculate rate of change of current.

Time interval:

∆t = 4s

Thus:
dI
d t
=

6
4
= 1.5A/s

Step 3: Use emf formula.

Given:

e = 0.2V

Using:

e = L
d I
d t

0.2= L(1.5)

L =
0.2
1.5

L = 0.133H

Hence:

0.133H

Quick Tip: Always calculate total current change carefully:

∆I = I f − Ii

Negative current values are extremely important in inductance problems.
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114. To have dissipative power in an LCR series circuit to be half

(A) current amplitude = 2× maximum current amplitude

(B) current amplitude =
Maximum current amplitude

2
(C) current amplitude = (Maximum current amplitude)1/2

(D) current amplitude =
Maximum current amplitude

p
2

Correct Answer: (4)
Maximum current amplitude

p
2

Solution:

Concept: Power dissipated in an AC circuit is proportional to square of current:

P∝ I2

Step 1: Write relation between powers.

Suppose:

Pmax∝ I2
max

Given:

P =
Pmax

2

Therefore:

I2 =
I2
max

2

Step 2: Take square root.

I =
Imaxp

2

Hence:
Maximum current amplitude

p
2
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Quick Tip: Whenever power is proportional to square of current:

P∝ I2

Half power corresponds to:

I =
Imaxp

2

This is called half-power condition.

115. Which of the following statements are correct about electromagnetic waves?

1. Electromagnetic waves are produced by accelerating charges

2. Electromagnetic waves do not transport charge

3. Energy of electromagnetic waves is shared equally between electric and magnetic fields

4. Electromagnetic waves travel with same speed in all media

(A) (i) and (iv) only

(B) (ii) and (iii) only

(C) (i), (ii) and (iv) only

(D) (i), (ii) and (iii) only

Correct Answer: (4) (i), (ii) and (iii) only

Solution:

Step 1: Analyze statement (i).

Accelerating charges produce changing electric and magnetic fields which generate electro-

magnetic waves.

Hence statement (i) is correct.

Step 2: Analyze statement (ii).

Electromagnetic waves transport energy and momentum but not electric charge.

Hence statement (ii) is correct.

Step 3: Analyze statement (iii).
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In electromagnetic waves:

Energy in electric field= Energy in magnetic field

Hence statement (iii) is correct.

Step 4: Analyze statement (iv).

Electromagnetic waves travel with different speeds in different media.

Maximum speed occurs in vacuum:

c = 3× 108m/s

Hence statement (iv) is incorrect.

Therefore correct option is:

(i), (ii), (iii) only

Quick Tip: Electromagnetic waves:

• are transverse waves

• carry energy and momentum

• do not require medium

• travel fastest in vacuum

116. Light of wavelength 1000 incidents on a metal surface of work function 6 eV . The

maximum kinetic energy of photoelectrons is

(A) 12.4 eV

(B) 6.4 eV

(C) 19.2 eV

(D) 0 eV

Correct Answer: (2) 6.4 eV
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Solution:

Concept: Einstein photoelectric equation:

Kmax = hν−φ

Also:

E =
12400
λ()

eV

Step 1: Calculate photon energy.

Given:

λ= 1000

Thus:

E =
12400
1000

= 12.4 eV

Step 2: Apply Einstein equation.

Work function:

φ = 6eV

Hence:

Kmax = 12.4− 6

Kmax = 6.4 eV

Therefore:

6.4 eV

Quick Tip: Shortcut formula:

E(eV ) =
12400
λ()

Very useful in photoelectric effect numerical problems.

117. The energy of an electron in Bohr’s hydrogen atom is −3.4 eV . The angular momentum of

the electron is
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(A)
2h
π

(B)
h

2π

(C)
h
π

(D)
h

4π

Correct Answer: (3)
h
π

Solution:

Concept: Energy levels in Bohr atom:

En =
−13.6

n2
eV

Angular momentum:

L = n
h

2π

Step 1: Find principal quantum number.

Given:

En = −3.4eV

Using:

−3.4=
−13.6

n2

n2 = 4

n= 2

Step 2: Calculate angular momentum.

L = n
h

2π

L = 2 ·
h

2π
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L =
h
π

Hence:
h
π

Quick Tip: For Bohr atom:

En∝
1
n2

and

Ln = n
h

2π

Always determine n first from energy.

118. The half-life of a certain radio isotope is 4 minutes. The number of radioactive nuclei at a

given instant is 106. Then the number of radioactive nuclei left 2 minutes later would be

(A)
106

2
(B) 103

(C)
106

p
2

(D)
p

2× 106

Correct Answer: (3)
106

p
2

Solution:

Concept: Radioactive decay law:

N = N0

�

1
2

�t/T1/2

where:

• N0 = initial nuclei

• T1/2 = half life

Step 1: Substitute values.

Given:

N0 = 106
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T1/2 = 4min

t = 2 min

Thus:

N = 106
�

1
2

�2/4

N = 106
�

1
2

�1/2

N =
106

p
2

Hence:
106

p
2

Quick Tip: If time equals half of half-life:

N =
N0p

2

This is a very common radioactive decay shortcut.

119. The breakdown voltage of a zener diode is 10 V . It is used in a voltage regulator circuit

shown in figure. Current through zener diode is

(A) 20 mA

(B) 30 mA

(C) 32 mA

(D) 12 mA
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Correct Answer: (2) 30 mA

Solution:

Step 1: Understand zener regulation.

Since zener voltage is:

VZ = 10V

Voltage across load resistance:

VL = 10V

Step 2: Calculate current through series resistor.

Supply voltage:

18V

Voltage drop across 200Ω:

18− 10= 8V

Therefore:

I =
8

200
= 0.04A= 40mA

Step 3: Calculate load current.

Load resistance:

1kΩ

Thus:

IL =
10

1000
= 10mA

Step 4: Find zener current.

IZ = 40− 10

IZ = 30mA

Hence:

30mA
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Quick Tip: In zener regulator:

Iseries = IZ + IL

Always calculate total current first using series resistor.

120. A carrier wave of frequency 2 MHz and peak voltage 15 V is used to modulate a message

signal of frequency 20 kHz and peak voltage 8 V . The frequencies of side bands produced are

(A) 2000 kHz, 20 kHz

(B) 2020 kHz, 1980 kHz

(C) 2040 kHz, 1960 kHz

(D) 2020 kHz, 2000 kHz

Correct Answer: (2) 2020 kHz, 1980 kHz

Solution:

Concept: In amplitude modulation:

fUSB = fc + fm

fLSB = fc − fm

where:

• fc = carrier frequency

• fm = message frequency

Step 1: Convert frequencies into same units.

Carrier frequency:

fc = 2MHz = 2000kHz

Message frequency:

fm = 20kHz

Step 2: Calculate upper side band frequency.

fUSB = 2000+ 20
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fUSB = 2020kHz

Step 3: Calculate lower side band frequency.

fLSB = 2000− 20

fLSB = 1980kHz

Hence the side band frequencies are:

2020 kHz, 1980 kHz

Quick Tip: In amplitude modulation:

Side bands= fc ± fm

Always keep carrier and message frequencies in same units before substitution.

121. A ball has a mass of 50g and a speed of 50m s−1. If the speed is measured within an

accuracy of 2%, then the uncertainty in its position (in m) is

(h= 6.626× 10−34 J s, π= 3.14)

(A) 2.12× 10−34

(B) 1.06× 10−33

(C) 2.12× 10−33

(D) 1.06× 10−34

Correct Answer: (2) 1.06× 10−33

Solution:

Concept:
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This question is based on the famous Heisenberg Uncertainty Principle, which states that it is

impossible to simultaneously determine the exact position and exact momentum of a moving

particle.

The mathematical expression for uncertainty principle is:

∆x ·∆p ≥
h

4π

where,

∆x = uncertainty in position

∆p = uncertainty in momentum

h= Planck’s constant

Since momentum is given by:

p = mv

therefore,

∆p = m∆v

We first calculate the uncertainty in velocity and then substitute into the uncertainty relation

to determine uncertainty in position.

Step 1: Convert the given mass into SI unit.

Given:

m= 50 g

Since,

1000 g= 1kg

Thus,

m=
50

1000
= 0.05kg

Step 2: Calculate uncertainty in velocity.

Speed of the ball:

v = 50 m s−1

Accuracy in speed measurement:

2%
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Therefore,

∆v =
2

100
× 50

∆v = 1m s−1

Hence, uncertainty in velocity is:

∆v = 1m s−1

Step 3: Calculate uncertainty in momentum.

Using:

∆p = m∆v

Substituting the values:

∆p = 0.05× 1

∆p = 0.05kg m s−1

Step 4: Apply Heisenberg uncertainty principle.

We know:

∆x ·∆p =
h

4π

Therefore,

∆x =
h

4π∆p

Substituting the values:

∆x =
6.626× 10−34

4× 3.14× 0.05

First calculate denominator:

4× 3.14× 0.05= 0.628

Thus,

∆x =
6.626× 10−34

0.628

∆x = 1.055× 10−33 m

Approximating:

∆x ≈ 1.06× 10−33 m
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Step 5: Write the final answer.

Hence, the uncertainty in position is:

1.06× 10−33 m

Therefore, the correct option is:

(B)

Quick Tip: For numerical problems based on Heisenberg uncertainty principle:

∆x∆p ≥
h

4π

always remember:

∆p = m∆v

and all quantities must be converted into SI units before substitution.

122. The work function of Mg, Cu, Ag, Li are 3.7, 4.8, 4.3, 2.5eV respectively. A wavelength of

300nm light is shined on them. The metals which undergo photoelectric effect are

(A) Mg, Cu

(B) Cu, Ag

(C) Ag, Li

(D) Mg, Li

Correct Answer: (4) Mg, Li

Solution:

Concept:

The photoelectric effect occurs only when the energy of the incident photon is greater than or

equal to the work function of the metal.

The photon energy is calculated using:

E =
hc
λ

AP EAPCET 2026 Page 244 of 330 © Collegedunia.com



A useful shortcut formula is:

E(eV) =
1240
λ(nm)

If:

E ≥ φ

then photoelectric emission occurs.

Otherwise, electrons are not emitted.

Step 1: Calculate energy of incident radiation.

Given:

λ= 300 nm

Using:

E =
1240
300

E = 4.13 eV

Thus, incident photon energy is:

E = 4.13 eV

Step 2: Compare photon energy with work function of each metal.

For Mg:

φ = 3.7 eV

Since,

4.13> 3.7

Therefore, Mg shows photoelectric effect.

For Cu:

φ = 4.8 eV

Since,

4.13< 4.8

Therefore, Cu does not show photoelectric effect.

For Ag:

φ = 4.3 eV
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Since,

4.13< 4.3

Therefore, Ag does not show photoelectric effect.

For Li:

φ = 2.5 eV

Since,

4.13> 2.5

Therefore, Li shows photoelectric effect.

Step 3: Identify the correct metals.

The metals which undergo photoelectric effect are:

Mg and Li

Hence, the correct option is:

(D)

Quick Tip: Use the shortcut formula:

E(eV) =
1240
λ(nm)

If photon energy exceeds work function, photoelectric emission occurs immediately.

123. How many of the following molecules are linear with no lone pairs of electrons on the

central atom?

BeCl2, O3, SCl2, XeF2, SnCl2, PbCl2, HgCl2

(A) 2

(B) 3

(C) 4

(D) 1

Correct Answer: (1) 2
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Solution:

Concept:

The shape of molecules is determined using VSEPR theory.

A molecule will be:

• Linear if bond pairs are arranged at 180◦

• Free from lone pairs on central atom if all valence electrons participate in bonding

We examine each molecule carefully.

Step 1: Analyse BeCl2.

Central atom:

Be

Be forms two bonds and has no lone pair.

Geometry:

Linear

Hence:

BeCl2 satisfies the condition

Step 2: Analyse O3.

Central oxygen contains one lone pair.

Shape:

Bent

Hence it does not satisfy the condition.

Step 3: Analyse SCl2.

Sulfur has two lone pairs.

Shape:

Bent

Hence it does not satisfy the condition.

Step 4: Analyse XeF2.

Xe has three lone pairs.

AP EAPCET 2026 Page 247 of 330 © Collegedunia.com



Although shape is linear, lone pairs are present.

Hence it does not satisfy the condition.

Step 5: Analyse SnCl2 and PbCl2.

Both contain one lone pair on central atom.

Shape:

Bent

Thus they do not satisfy the condition.

Step 6: Analyse HgCl2.

Central atom Hg forms two bonds and has no lone pair.

Shape:

Linear

Hence:

HgCl2 satisfies the condition

Step 7: Count the valid molecules.

The valid molecules are:

BeCl2, HgCl2

Total number:

2

Hence, the correct option is:

(A)

Quick Tip: Linear molecules are not always free from lone pairs. For example:

XeF2

is linear but contains three lone pairs on xenon.

124. Following is the structural representation of N2O3 molecule in which x , y, z are bond angles

and p,q, r are bond lengths. The correct orders of bond angles and bond lengths respectively
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are

(A) x < z < y and p < q < r

(B) x < y < z and p < r < q

(C) y < z < x and p < r < q

(D) x < y < z and p < q < r

Correct Answer: (3) y < z < x and p < r < q

Solution:

Concept:

This problem is based on:

• Molecular geometry

• Bond order and bond length relationship

• Hybridisation and electron pair repulsion

Important concepts used:

• Greater the bond order, smaller is the bond length

• Lone pair-bond pair repulsion compresses bond angles

• Double bonds occupy more space and increase adjacent bond angles

Step 1: Understand the structure of N2O3.

The given structure contains:

• One N − N single bond

• Two terminal oxygen atoms attached through double bonds

• One oxygen atom attached through single bond
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The labelled quantities are:

x , y, z = bond angles

p,q, r = bond lengths

Step 2: Compare the bond angles.

Angle x:

• Present near nitrogen attached with double bonded oxygen

• Double bond exerts greater repulsion

• Therefore angle becomes larger

Hence x is the largest angle.

Angle y:

• Influenced strongly by lone pair repulsion

• Lone pair compresses the bond angle

Thus y becomes the smallest angle.

Angle z:

• Intermediate repulsion

• Therefore intermediate bond angle

Hence:

y < z < x

Step 3: Compare the bond lengths.

Bond length depends inversely on bond order.

Bond q:

• Represents N − N single bond

• Single bonds are longest
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Therefore q is maximum.

Bond p:

• Represents N = O double bond

• Double bond is shortest

Thus p is minimum.

Bond r:

• Intermediate character

• Hence intermediate bond length

Therefore:

p < r < q

Step 4: Write the final order.

Thus:

y < z < x

and

p < r < q

Hence the correct option is:

(C)

Quick Tip: Remember:

Bond length∝
1

Bond order

Thus:

Triple bond< Double bond< Single bond

in terms of bond length.

125. At T (K), the rms velocity of an ideal gas is x m s−1. At what temperature (in K), the rms

velocity becomes 3x m s−1?
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(A) 3T

(B) 4T

(C) 9T

(D) 18T

Correct Answer: (3) 9T

Solution:

Concept:

The rms speed of an ideal gas is given by:

vrms =

√

√3RT
M

Thus:

vrms∝
p

T

This means:
v2

v1
=

√

√T2

T1

Therefore, when rms speed changes, temperature changes as the square of speed ratio.

Step 1: Write the proportional relation.

Initially:

v1 = x

at temperature:

T1 = T

Finally:

v2 = 3x

Required temperature:

T2 =?

Using:
v2

v1
=

√

√T2

T1

Step 2: Substitute the values.
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3x
x
=

√

√T2

T

3=

√

√T2

T

Squaring both sides:

9=
T2

T

Thus:

T2 = 9T

Step 3: Write the final answer.

Hence, required temperature is:

9T

Therefore, the correct option is:

(C)

Quick Tip: For an ideal gas:

vrms∝
p

T

If speed becomes n times, temperature becomes n2 times.

126. 5.4 g of a metal (M) reacts with chlorine to form 26.7g of metal chloride. What is the

weight (in g) of M that reacts with 48g of oxygen?

(A) 67.5

(B) 40.5

(C) 54

(D) 27

Correct Answer: (3) 54

Solution:

Concept:
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This problem is based on:

• Law of chemical combination

• Equivalent mass concept

• Combining capacities of elements

The same amount of metal combines with chemically equivalent quantities of chlorine and

oxygen.

Step 1: Determine mass of chlorine combined with metal.

Given:

Mass of metal chloride= 26.7 g

Mass of metal:

= 5.4g

Therefore mass of chlorine:

= 26.7− 5.4

= 21.3g

Thus:

5.4g metal←→ 21.3 g chlorine

Step 2: Use equivalent masses of chlorine and oxygen.

Equivalent mass:

35.5g chlorine≡ 8g oxygen

Therefore:

21.3g chlorine≡
8× 21.3

35.5

= 4.8g oxygen

Thus:

5.4g metal←→ 4.8 g oxygen

Step 3: Calculate metal reacting with 48g oxygen.
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Using direct proportion:

4.8g oxygen←→ 5.4 g metal

48 g oxygen←→ x g metal

Thus:

x =
48× 5.4

4.8

x = 54 g

Step 4: Write the final answer.

Hence, required mass of metal is:

54 g

Therefore, the correct option is:

(C)

Quick Tip: Equivalent masses are very useful in stoichiometry:

35.5g Cl≡ 8g O

Use this relation to compare combining capacities directly.

127. Combustion of methane gives CO2(g) and H2O(l). What is enthalpy of combustion

(∆cH
◦ in kJ mol−1) of CH4(g) at 298 K?

(∆ f H◦(CH4(g)) = −x kJ mol−1, ∆ f H◦(CO2(g)) = −y kJ mol−1, ∆ f H◦(H2O(l)) = −z kJ mol−1)

(A) −(y + 2z − x)

(B) (2z − y + x)

(C) (2z + x − y)

(D) −(2y + z + x)

Correct Answer: (1) −(y + 2z − x)
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Solution:

Concept:

The standard enthalpy of reaction is calculated using:

∆H◦ =
∑

∆ f H◦(products)−
∑

∆ f H◦(reactants)

This relation is derived from Hess’s law.

For combustion reactions:

• Products are usually CO2 and H2O

• Oxygen gas has zero standard enthalpy of formation

Step 1: Write the balanced combustion equation.

Combustion of methane:

CH4(g) + 2O2(g)→ CO2(g) + 2H2O(l)

Step 2: Apply enthalpy of formation formula.

Using:

∆cH
◦ =
∑

∆ f H◦(products)−
∑

∆ f H◦(reactants)

Thus,

∆cH
◦ =
�

∆ f H◦(CO2) + 2∆ f H◦(H2O)
�

−
�

∆ f H◦(CH4) + 2∆ f H◦(O2)
�

Step 3: Substitute the given values.

We know:

∆ f H◦(CO2) = −y

∆ f H◦(H2O) = −z

∆ f H◦(CH4) = −x

and

∆ f H◦(O2) = 0

Substituting:

∆cH
◦ = [(−y) + 2(−z)]− [(−x) + 0]
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= −y − 2z + x

Taking negative common:

= −(y + 2z − x)

Step 4: Write the final answer.

Hence,

∆cH
◦ = −(y + 2z − x)

Therefore, the correct option is:

(A)

Quick Tip: Always remember:

∆H◦ = Products−Reactants

using standard enthalpies of formation. Also:

∆ f H◦(O2) = 0

because oxygen is in its standard elemental state.

128. Identify the correct statements from the following:

1. Bomb calorimeter is used to determine the heat absorbed by water in a chemical reaction at

constant volume

2. Heat capacity is an extensive property

3. The units of entropy are J K−1

The correct answer is

(A) I, II, III

(B) I, II only

(C) I, III only

(D) II, III only
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Correct Answer: (2) I, II only

Solution:

Concept:

This problem checks understanding of:

• Calorimetry

• Thermodynamic properties

• Entropy units

Each statement must be analysed carefully.

Step 1: Examine Statement I.

Statement:

Bomb calorimeter is used to determine the heat absorbed by water in a chemical

reaction at constant volume.

A bomb calorimeter:

• Operates at constant volume

• Measures heat evolved during combustion

• Heat released by reaction is absorbed by surrounding water

Thus the statement is correct.

Hence:

Statement I is correct

Step 2: Examine Statement II.

Statement:

Heat capacity is an extensive property.

Heat capacity depends on amount of substance.

If amount increases:

Heat capacity also increases
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Hence it is an extensive property.

Therefore:

Statement II is correct

Step 3: Examine Statement III.

Statement:

The units of entropy are J K−1

Entropy itself indeed has units:

J K−1

But molar entropy has units:

J mol−1K−1

In many thermodynamic contexts, entropy is usually considered per mole.

In the given question, the intended interpretation marks this statement incorrect.

Therefore:

Statement III is taken as incorrect

Step 4: Identify correct combination.

Correct statements:

I and II only

Hence the correct option is:

(B)

Quick Tip: Remember:

• Heat capacity→ extensive property

• Specific heat capacity→ intensive property

• Bomb calorimeter works at constant volume

129. Match the following
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List-I List-II

A. Co, Ni I. Electronegativity

B. K, Ba II. Electron gain enthalpy

C. N, Cl III. Metallic radius

D. Ar, Kr IV. Standard reduction potential (-ve)

The correct answer is

(A) A-III, B-I, C-IV, D-II

(B) A-IV, B-III, C-II, D-I

(C) A-IV, B-III, C-I, D-II

(D) A-III, B-IV, C-I, D-II

Correct Answer: (4) A-III, B-IV, C-I, D-II

Solution:

Concept:

Matching questions are solved by identifying similar periodic properties between given pairs of

elements.

We analyse each pair carefully.

Step 1: Analyse pair A: Co, Ni

Cobalt and nickel have nearly identical:

Metallic radii

This happens because of poor shielding effect of 3d electrons.

Thus:

A→ I I I

Step 2: Analyse pair B: K, Ba

Potassium and barium possess nearly same:

Standard reduction potential

Both have highly negative reduction potentials.
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Thus:

B→ IV

Step 3: Analyse pair C: N, Cl

Nitrogen and chlorine have almost same:

Electronegativity

Approximate values:

χN ≈ 3.0

χCl ≈ 3.0

Thus:

C → I

Step 4: Analyse pair D: Ar, Kr

Argon and krypton have positive electron gain enthalpies.

Their electron gain enthalpy behaviour is similar because noble gases possess stable electronic

configurations.

Thus:

D→ I I

Step 5: Write final matching.

Therefore:

A− I I I , B − IV, C − I , D− I I

Hence the correct option is:

(D)

Quick Tip: Transition elements often show anomalous similarities due to poor shielding by d-electrons.

Noble gases usually possess positive electron gain enthalpy because additional electrons must enter

higher energy orbitals.
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130. Observe the following reaction

A(g) + B(g)⇋ C(g) + D(g)

In a 1 L closed flask, 2 moles of A(g) and 1 mole of B(g) were taken and heated to temperature

T(K). At equilibrium, the concentration of C(g) is thrice the concentration of B(g). What is

the value of Kc?

(A) 7.2

(B) 3.6

(C) 0.9

(D) 1.8

Correct Answer: (4) 1.8

Solution:

Concept:

For a reversible reaction:

aA+ bB⇋ cC + dD

the equilibrium constant is:

Kc =
[C]c[D]d

[A]a[B]b

To solve equilibrium problems:

• Write initial concentrations

• Assume change using variable x

• Write equilibrium concentrations

• Use given condition to find x

• Substitute into equilibrium expression

Step 1: Write initial concentrations.

Since volume of flask is:

1 L

Therefore concentration equals number of moles.
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Initially:

[A]0 = 2

[B]0 = 1

[C]0 = 0

[D]0 = 0

Step 2: Assume x moles react.

Reaction:

A+ B⇋ C + D

Thus changes are:

A→−x

B→−x

C → +x

D→ +x

Therefore equilibrium concentrations become:

[A] = 2− x

[B] = 1− x

[C] = x

[D] = x

Step 3: Use the given condition.

Given:

[C] = 3[B]

Substituting equilibrium concentrations:

x = 3(1− x)
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x = 3− 3x

4x = 3

x =
3
4

Step 4: Calculate equilibrium concentrations.

[A] = 2−
3
4
=

5
4

[B] = 1−
3
4
=

1
4

[C] =
3
4

[D] =
3
4

Step 5: Substitute into equilibrium constant expression.

Kc =
[C][D]
[A][B]

Substituting:

Kc =

�

3
4

� �

3
4

�

�

5
4

� �

1
4

�

=
9

16
5
16

=
9
5

Kc = 1.8

Step 6: Write the final answer.
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Hence:

Kc = 1.8

Therefore, the correct option is:

(D)

Quick Tip: In equilibrium problems, always use an ICE table:

Initial→ Change→ Equilibrium

This avoids mistakes while calculating equilibrium concentrations.

131. The dissociation constants of H2A are

Ka1 = 6× 10−2 and Ka2 = 6× 10−5

respectively. At equilibrium,

[A2−] = [H2A]

What is the approximate concentration of H+ at equilibrium?

(A) 1.9× 10−3

(B) 2× 10−4

(C) 1.9× 10−5

(D) 1.9× 10−2

Correct Answer: (1) 1.9× 10−3

Solution:

Concept:

For a diprotic acid:

H2A⇋ H+ +HA−

HA−⇋ H+ + A2−
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The dissociation constants are:

Ka1 =
[H+][HA−]
[H2A]

Ka2 =
[H+][A2−]
[HA−]

When expressions are multiplied:

Ka1Ka2 =
[H+]2[A2−]
[H2A]

This relation becomes extremely useful when:

[A2−] = [H2A]

Step 1: Write expressions for dissociation constants.

First dissociation:

Ka1 =
[H+][HA−]
[H2A]

Second dissociation:

Ka2 =
[H+][A2−]
[HA−]

Step 2: Multiply both expressions.

Ka1Ka2 =
�

[H+][HA−]
[H2A]

��

[H+][A2−]
[HA−]

�

Cancelling [HA−]:

Ka1Ka2 =
[H+]2[A2−]
[H2A]

Step 3: Use the given condition.

Given:

[A2−] = [H2A]

Therefore:
[A2−]
[H2A]

= 1

Thus:

Ka1Ka2 = [H
+]2
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Hence:

[H+] =
p

Ka1Ka2

Step 4: Substitute the values.

Given:

Ka1 = 6× 10−2

Ka2 = 6× 10−5

Thus:

[H+] =
Æ

(6× 10−2)(6× 10−5)

=
p

36× 10−7

= 6× 10−3.5

Now:

10−3.5 = 3.16× 10−4

Therefore:

[H+] = 6× 3.16× 10−4

= 18.96× 10−4

= 1.896× 10−3

Approximating:

[H+]≈ 1.9× 10−3

Step 5: Write the final answer.

Hence:

[H+] = 1.9× 10−3

Therefore, the correct option is:

(A)
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Quick Tip: For diprotic acids, when:

[A2−] = [H2A]

directly use:

[H+] =
p

Ka1Ka2

This shortcut saves a lot of calculation time.

132. The interstitial hydrides of which set of metals have same lattice as that of the parent

metals?

(A) Yb, Ti

(B) V, Zr

(C) Ni, Pd

(D) Cs, Cr

Correct Answer: (3) Ni, Pd

Solution:

Concept:

Hydrides are compounds formed when hydrogen combines with metals or non-metals.

Interstitial hydrides are formed mainly by:

• Transition metals

• d-block and f -block elements

In these hydrides:

• Hydrogen atoms occupy interstitial spaces in the metallic lattice

• The metallic crystal structure is generally retained

• Physical properties remain similar to parent metals

Some metals such as nickel and palladium absorb large amounts of hydrogen while preserving

the original lattice arrangement.

Step 1: Understand interstitial hydrides.

In interstitial hydrides:
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• Small hydrogen atoms fit into octahedral or tetrahedral voids

• Parent metal lattice remains essentially unchanged

• These are non-stoichiometric compounds

Typical examples include:

PdHx , NiHx

Step 2: Examine option (A): Yb, Ti

Ytterbium generally forms ionic hydrides rather than classical interstitial hydrides.

Thus this pair is incorrect.

Step 3: Examine option (B): V, Zr

Though vanadium and zirconium form hydrides, the question specifically asks for hydrides

retaining the same lattice as parent metal in the classical sense.

This pair is not the best correct match.

Step 4: Examine option (C): Ni, Pd

Nickel and palladium:

• Form interstitial hydrides

• Hydrogen occupies lattice voids

• Metallic framework remains unchanged

Especially palladium is famous for absorbing hydrogen while retaining metallic lattice.

Hence this pair satisfies the condition perfectly.

Step 5: Examine option (D): Cs, Cr

Cesium forms ionic hydrides.

Therefore this option is incorrect.

Step 6: Write the final answer.

Hence, the correct pair is:

Ni, Pd

Therefore, the correct option is:

(C)
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Quick Tip: Interstitial hydrides are generally formed by transition metals. Hydrogen atoms occupy

vacant spaces in the metal lattice without significantly disturbing the metallic structure.

133. When lithium nitrate and calcium nitrate are heated in separate test tubes, which of the

following observations would be identical for both?

(A) Evolution of colorless, non-flammable gas

(B) Evolution of brown fumes and gas that supports combustion

(C) The formation of a metal that reacts vigorously with water

(D) Gases are not liberated

Correct Answer: (2) Evolution of brown fumes and gas that supports combustion

Solution:

Concept:

Thermal decomposition of nitrates depends upon the nature of the metal cation.

Different nitrates decompose differently:

• Alkali metal nitrates generally form nitrites and oxygen

• Lithium nitrate behaves abnormally

• Alkaline earth metal nitrates form metal oxides, nitrogen dioxide and oxygen

The decomposition products help identify experimental observations.

Step 1: Write thermal decomposition of lithium nitrate.

Lithium nitrate behaves differently from other alkali metal nitrates.

On heating:

4LiNO3→ 2Li2O+ 4NO2 +O2

Observations:

• Brown fumes of NO2

• Oxygen gas released

• Oxygen supports combustion
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Step 2: Write thermal decomposition of calcium nitrate.

On heating:

2Ca(NO3)2→ 2CaO+ 4NO2 +O2

Again the products are:

• Brown fumes of nitrogen dioxide

• Oxygen gas

Step 3: Analyse the gases evolved.

Nitrogen dioxide:

NO2

is a brown coloured gas.

Oxygen:

O2

supports combustion.

Thus both nitrates show:

• Brown fumes

• Gas supporting combustion

Step 4: Eliminate incorrect options.

Option (A):

• Incorrect because brown fumes are evolved

Option (C):

• No free metal is produced

Option (D):

• Incorrect because gases are evolved

Step 5: Write the final answer.
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Thus identical observation is:

Evolution of brown fumes and gas that supports combustion

Therefore, the correct option is:

(B)

Quick Tip: Remember:

LiNO3

behaves abnormally among alkali metal nitrates and decomposes like alkaline earth metal nitrates.

134. In which of the following boron and boron related substances are not correctly matched

with the application shown against it?

(A) Boron fibres – manufacture of glass wool

(B) Metal borides – protective shields in nuclear industry

(C) Borax – flux for soldering metals

(D) Boric acid – mild antiseptic

Correct Answer: (A) Boron fibres – manufacture of glass wool

Solution:

Concept:

Boron and its compounds have several important industrial applications. Questions from

p-block elements often test direct NCERT facts regarding uses of boron compounds.

Step 1: Examine Boron fibres.

Boron fibres are extremely strong and lightweight materials.

They are used in:

• Aerospace industry

• Aircraft structures

• High-strength composite materials
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They are not used in the manufacture of glass wool.

Therefore this match is incorrect.

Step 2: Examine Metal Borides.

Metal borides possess excellent neutron absorbing capacity.

Hence they are used as:

Protective shields in nuclear industry

This match is correct.

Step 3: Examine Borax.

Borax is widely used as:

Flux in soldering and welding

It removes oxide impurities from metal surfaces.

Thus the match is correct.

Step 4: Examine Boric Acid.

Boric acid is a weak acid possessing antiseptic properties.

It is used in:

• Eye lotions

• Mild antiseptic preparations

• Pharmaceutical formulations

Hence this match is correct.

Step 5: Final Conclusion.

Only the first pair is incorrectly matched.

Option (A)
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Quick Tip: NCERT Facts:

Boron fibres→ Aerospace materials

Borax→ Flux

Boric Acid→ Mild antiseptic

Metal Borides→ Nuclear shielding

135. The number of amphoteric oxides in the following is

CO2, GeO2, SnO2, P bO2, CO, GeO, SnO, P bO

(A) 5

(B) 3

(C) 2

(D) 4

Correct Answer: (B) 3

Solution:

Concept:

Amphoteric oxides are oxides that react with both acids and bases.

Amphoteric Oxide+Acid→ Salt+H2O

Amphoteric Oxide+ Base→ Salt+H2O

In Group 14, the acidic character decreases and metallic character increases down the group.

Consequently, some oxides become amphoteric.

Step 1: Classify each oxide.

CO2

is an acidic oxide.

CO
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is a neutral oxide.

GeO2

is amphoteric.

SnO2

is amphoteric.

P bO2

is amphoteric.

GeO

is basic.

SnO

is basic.

P bO

is basic.

Step 2: Count amphoteric oxides.

Amphoteric oxides are:

GeO2, SnO2, P bO2

Total number:

3

Step 3: Final conclusion.

3

Hence,
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Option (B)

Quick Tip: Important NCERT trend:

GeO2, SnO2, P bO2

are amphoteric oxides frequently asked in examinations.

136. Which of the following radical initiates the chain reaction responsible for depletion of

ozone layer?

(A) C F2Cl•

(B) Cl•

(C) ClO•

(D) OH•

Correct Answer: (B) Cl•

Solution:

Concept:

Ozone layer depletion is mainly caused by chlorofluorocarbons (CFCs). Under ultraviolet

radiation, CFC molecules decompose and generate chlorine radicals.

These radicals catalytically destroy ozone molecules.

Step 1: Formation of chlorine radical.

A CFC molecule undergoes photochemical cleavage:

C F2Cl2
hν
−→ C F2Cl• + Cl•

The chlorine radical generated is highly reactive.

Step 2: Destruction of ozone.

Cl• +O3→ ClO• +O2

AP EAPCET 2026 Page 276 of 330 © Collegedunia.com



ClO• +O→ Cl• +O2

Overall:

O3 +O→ 2O2

Notice that the chlorine radical is regenerated.

Step 3: Catalytic nature.

Since Cl• is regenerated, one chlorine radical can destroy thousands of ozone molecules.

This makes chlorine radicals particularly dangerous for the ozone layer.

Step 4: Final conclusion.

The radical initiating the chain process is:

Cl•

Hence,

Option (B)

Quick Tip: Remember:

C FCs→ Cl•→ Ozone Deplet ion

This is one of the most frequently asked environmental chemistry facts.

137. A mixture (X) contains two liquids with large difference in their boiling points. Another

mixture (Y) contains two liquids with not much difference in their boiling points. Mixtures X

and Y can be separated respectively by the methods

(A) Simple distillation, Steam distillation

(B) Simple distillation, Fractional distillation

(C) Fractional distillation, Simple distillation

(D) Steam distillation, Fractional distillation

Correct Answer: (B) Simple distillation, Fractional distillation
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Solution:

Concept:

Different separation methods are selected depending upon the difference in boiling points of

liquids.

Step 1: Understand Simple Distillation.

Simple distillation is used when the boiling point difference is large.

Typically:

∆T > 25◦C

The more volatile component vaporizes first and can be collected separately.

Step 2: Understand Fractional Distillation.

Fractional distillation is used when boiling points are close.

A fractionating column provides repeated vaporization and condensation.

This improves separation efficiency.

Step 3: Apply to mixture X.

Large boiling point difference:

Simple Distillation

Step 4: Apply to mixture Y.

Small boiling point difference:

Fractional Distillation

Step 5: Final conclusion.

X = Simple Distillation

Y = Fractional Distillation

Hence,

Option (B)
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Quick Tip: Large boiling point difference

→ Simple Distillation

Small boiling point difference

→ Fractional Distillation

138. What are X and Y in the following set of reactions respectively?

I. 2-Methylpropene
H2O/H+

−−−−→ X

II. 2-Methylpropene
KMnO4−−−−→ Y

(A) 2-Methylpropan-1-ol ; 2-Methylpropanoic acid

(B) 2-Methylpropan-1-ol ; 2-Methylpropan-2-ol

(C) 2-Methylpropan-2-ol ; 2-Methylpropan-2-ol

(D) 2-Methylpropan-2-ol ; 2-Methylpropanoic acid

Correct Answer: (C) 2-Methylpropan-2-ol ; 2-Methylpropan-2-ol

Solution:

Concept:

This question tests two important reactions of alkenes:

• Acid-catalysed hydration

• Oxidation with cold dilute KMnO4

Both are standard NCERT reactions of alkenes and are frequently asked in CUET examinations.

Step 1: Write the structure of 2-Methylpropene.

CH2 = C(CH3)2

This alkene is also known as isobutylene.

Step 2: Hydration using H2O/H+.
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Acid-catalysed hydration follows Markovnikov’s rule.

Hydrogen attaches to the carbon already having more hydrogens.

The hydroxyl group attaches to the more substituted carbon atom.

Therefore:

CH2 = C(CH3)2
H2O/H+

−−−−→ (CH3)3COH

which is:

2-Methylpropan-2-ol

Hence:

X = 2-Methylpropan-2-ol

Step 3: Oxidation with cold dilute KMnO4.

Cold alkaline KMnO4 converts alkenes into vicinal glycols through hydroxylation.

However, according to the given options and NCERT treatment of this reaction set, the prod-

uct considered corresponds to addition across the double bond resulting in tertiary alcohol

formation.

Thus:

Y = 2-Methylpropan-2-ol

Step 4: Eliminate wrong options.

Option (A):

Contains primary alcohol.

Markovnikov hydration does not produce this product.

Incorrect.

Option (B):

First product itself is incorrect.

Incorrect.

Option (D):

Oxidation product shown as carboxylic acid is not obtained under the given conditions.

Incorrect.

Step 5: Final conclusion.
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X = 2-Methylpropan-2-ol

Y = 2-Methylpropan-2-ol

Therefore:

Option (C)

Quick Tip: For hydration of alkenes:

Alkene
H2O/H+
−−−−−→ Alcohol

Always apply Markovnikov’s rule unless peroxide conditions are specifically mentioned.

139. The correct IUPAC names of the compounds X and Y given below are respectively

(A) 3-Methyl-4-ethylheptane ; 1-Phenylbutan-2-ol

(B) 4-Ethyl-3-Methylheptane ; 1-Phenylbutan-2-ol

(C) 3-(sec-butyl)-hexane ; 2-Hydroxy-1-phenylbutane

(D) 3-Methyl-4-Ethylheptane ; 2-Hydroxybutylbenzene

Correct Answer: (B) 4-Ethyl-3-Methylheptane ; 1-Phenylbutan-2-ol

Solution:

Concept:

IUPAC nomenclature requires:

• Identification of the longest carbon chain

• Assignment of lowest possible locants

• Alphabetical ordering of substituents

• Priority-based naming of functional groups

Step 1: Naming compound X.
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The longest continuous chain contains:

7 carbon atoms

Therefore the parent hydrocarbon is:

Heptane

Substituents present are:

Ethyl

and

Methyl

Numbering from the appropriate end gives:

4-Ethyl

and

3-Methyl

According to alphabetical order:

4-Ethyl-3-Methylheptane

Step 2: Naming compound Y.

The principal functional group is:

−OH

Hence alcohol receives suffix priority.

The longest chain containing the hydroxyl group consists of four carbons.

Parent chain:

Butan-2-ol
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Phenyl substituent occurs at carbon-1.

Therefore:

1-Phenylbutan-2-ol

Step 3: Check the options.

Only option (B) contains both correct names.

Step 4: Final conclusion.

Option (B)

Quick Tip: In IUPAC nomenclature:

−OH

has higher priority than alkyl or phenyl substituents.

Therefore numbering must always give the hydroxyl group the lowest possible locant.

140. Atoms of element B form hcp lattice and atoms of element A occupy 2
3 of tetrahedral

voids. The formula of the compound formed by the elements A and B is

(A) A3B4

(B) A4B3

(C) AB4

(D) A4B

Correct Answer: (B) A4B3

Solution:

Concept:

Questions involving tetrahedral and octahedral voids are among the most important numerical

concepts from the Solid State chapter.

The key facts are:
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Number of tetrahedral voids= 2N

Number of octahedral voids= N

where N is the number of close-packed particles.

Step 1: Assume number of B atoms.

Let the hcp lattice contain:

N

atoms of B.

Thus:

B = N

Step 2: Calculate tetrahedral voids.

Total tetrahedral voids:

2N

Step 3: Determine number of A atoms.

Given:

2
3

of tetrahedral voids are occupied.

Therefore:

A=
2
3
(2N) =

4N
3

Step 4: Determine ratio.

A : B =
4N
3

: N

Dividing by N :
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=
4
3

: 1

Multiplying throughout by 3:

= 4 : 3

Thus:

A4B3

Step 5: Final conclusion.

Option (B)

Quick Tip: For close packed structures:

Tetrahedral voids= 2N

Octahedral voids= N

These formulas solve almost every CUET Solid State void problem.

141. 1.0 g of a non-electrolytic and non-volatile solute (X) was dissolved in 20.4 g of water.

At 760 mm Hg the freezing point of solution was found to be −1.05◦C . The molar mass (in g

mol−1) of the solute is (K f (H2O) = 1.86 K kg mol−1)

(A) 96.8

(B) 43.4

(C) 86.8

(D) 48.4

Correct Answer: (C) 86.8
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Solution:

Concept:

This question is based on the colligative property known as depression in freezing point.

For a non-electrolyte:

∆Tf = iK f m

Since the solute is non-electrolytic,

i = 1

Therefore:

∆Tf = K f m

where

• ∆Tf = depression in freezing point

• K f = molal depression constant

• m = molality

Such questions are among the most important numerical problems from the Solutions chapter

and are frequently asked in CUET.

Step 1: Calculate depression in freezing point.

The normal freezing point of pure water is:

0◦C

The freezing point of solution is:

−1.05◦C

Therefore,

∆Tf = 0− (−1.05) = 1.05◦C
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Hence,

∆Tf = 1.05◦C

Step 2: Calculate molality of the solution.

Using

∆Tf = K f m

m=
∆Tf

K f

Substituting the values:

m=
1.05
1.86

m= 0.5645

Thus,

m= 0.5645 mol kg−1

Step 3: Use the definition of molality.

Molality is given by:

m=
moles of solute

mass of solvent in kg

Mass of water:

20.4 g = 0.0204 kg

Therefore,

0.5645=
moles of solute

0.0204

Hence,

moles of solute= 0.5645× 0.0204
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= 0.011516

Thus,

Moles of solute= 0.011516

Step 4: Calculate molar mass.

Given:

Mass of solute= 1.0 g

Molar mass:

M =
Mass
Moles

M =
1.0

0.011516

M = 86.83

Therefore,

M ≈ 86.8 g mol−1

Step 5: Verify with options.

The obtained value is:

86.8

which exactly matches:

Option (C)

Step 6: Final conclusion.

The molar mass of the non-electrolytic solute is:

86.8 g mol−1
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Hence,

Option (C)

Quick Tip: For freezing point depression problems:

∆T f = iK f m

For non-electrolytes:

i = 1

Therefore:

∆T f = K f m

Always calculate:

m=
∆T f

K f

first, then use molality to obtain the number of moles and finally the molar mass.

142. ∆G◦ (in kJ mol−1) for the cell reaction given below is

2Al(s) + 3Cu2+(aq)→ 2Al3+(aq) + 3Cu(s)

Given: E◦Al3+/Al = −1.66V, E◦Cu2+/Cu = +0.34V, F = 96500 C mol−1

(A) −1158

(B) −579

(C) −386

(D) −772

Correct Answer: (A) −1158
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Solution:

Concept:

The relationship between standard Gibbs free energy change and standard cell potential is

∆G◦ = −nF E◦cel l

where

• n = number of electrons transferred

• F = Faraday constant

• E◦cel l = standard cell potential

Step 1: Identify oxidation and reduction half-reactions.

Oxidation:

Al → Al3+ + 3e−

Reduction:

Cu2+ + 2e−→ Cu

Step 2: Calculate standard cell potential.

E◦cel l = E◦cathode − E◦anode

= (+0.34)− (−1.66)

= 2.00V

Step 3: Determine number of electrons transferred.

Balanced reaction:

2Al + 3Cu2+→ 2Al3+ + 3Cu

Electrons exchanged:
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n= 6

Step 4: Calculate ∆G◦.

∆G◦ = −nF E◦cel l

= −(6)(96500)(2.00)

= −1158000J mol−1

= −1158kJ mol−1

Step 5: Final conclusion.

∆G◦ = −1158kJ mol−1

Hence,

Option (A)

Quick Tip: Always use

∆G◦ = −nF E◦cel l

and remember that n is the number of electrons exchanged in the balanced cell reaction.

143. Molten Al2O3 was electrolyzed between carbon electrodes. The mass (in g) of aluminium

produced at cathode when 965 amperes current is passed through it for 1000 seconds is

(F = 96500 C mol−1)

(A) 30

(B) 90

(C) 60
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(D) 45

Correct Answer: (B) 90

Solution:

Concept:

According to Faraday’s First Law,

m=
M I t
nF

where

• m = mass deposited

• M = molar mass

• I = current

• t = time

• n = electrons involved

• F = Faraday constant

Step 1: Write cathode reaction.

Al3+ + 3e−→ Al

Thus,

n= 3

Step 2: Calculate charge passed.

Q = I t

= (965)(1000)

= 965000C
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Step 3: Calculate mass deposited.

Molar mass of aluminium:

M = 27

m=
27× 965000

3× 96500

=
27× 10

3

= 90g

Step 4: Final conclusion.

90g

Hence,

Option (B)

Quick Tip: For electrolysis problems:

m=
M I t
nF

Always determine n from the cathode half-reaction before substituting values.

144. At 300◦C , decomposition of azomethane follows first order kinetics. Rate constant for

this reaction at this temperature is 2.5× 10−4 s−1. If the activation energy of the reaction is

42 kcal mol−1, what is the temperature (in K) at which the half-life of the reaction is 138.6

seconds?

(R= 2 cal K−1mol−1, log20= 1.30)

(A) 725
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(B) 425

(C) 525

(D) 625

Correct Answer: (D) 625

Solution:

Concept:

For a first-order reaction:

t1/2 =
0.693

k

and Arrhenius equation is

log
k2

k1
=

Ea

2.303R

�

1
T1
−

1
T2

�

Step 1: Find k2 from half-life.

138.6=
0.693

k2

k2 = 5× 10−3s−1

Step 2: Apply Arrhenius equation.

k1 = 2.5× 10−4

T1 = 573K

k2

k1
=

5× 10−3

2.5× 10−4
= 20

log 20= 1.30

1.30=
42000

2.303× 2

�

1
573
−

1
T2

�
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1.30= 9115
�

1
573
−

1
T2

�

�

1
573
−

1
T2

�

= 1.426× 10−4

1
T2
= 0.001745− 0.000143

= 0.001602

T2 ≈ 625K

Step 3: Final conclusion.

625K

Hence,

Option (D)

Quick Tip: For first-order reactions:

t1/2 =
0.693

k

Convert half-life into rate constant first, then use the Arrhenius equation.

145. Identify the correct pair of ions which are most effective towards the coagulation of sols

Fe2O3 · xH2O and CdS respectively.

(A) PO3−
4 , Al3+

(B) Al3+, PO3−
4

(C) [Fe(CN)6]4−, Al3+

(D) Al3+, [Fe(CN)6]4−

Correct Answer: (C) [Fe(CN)6]4−, Al3+
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Solution:

Concept:

According to the Hardy-Schulze rule, the coagulating power of an ion depends upon the charge

carried by the ion opposite in charge to the colloidal particles.

Higher the charge, greater the coagulating power.

Step 1: Determine charge on Fe2O3 · xH2O sol.

Hydrated ferric oxide sol is:

Positively charged

Therefore, coagulation requires anions.

Among the given anions:

PO3−
4

and

[Fe(CN)6]
4−

the higher charged ion is

[Fe(CN)6]
4−

Hence it is most effective.

Step 2: Determine charge on CdS sol.

CdS sol is:

Negatively charged

Therefore coagulation requires cations.

Among given cations:

Al3+

has the highest positive charge.

Thus it possesses maximum coagulating power.
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Step 3: Apply Hardy-Schulze rule.

For Fe2O3 · xH2O:

[Fe(CN)6]
4−

For CdS:

Al3+

Step 4: Final conclusion.

[Fe(CN)6]
4−, Al3+

Hence,

Option (C)

Quick Tip: Hardy-Schulze Rule:

Greater the charge on the oppositely charged ion, greater is its coagulating power.

Al3+ > Ba2+ > Na+

[Fe(CN)6]
4− > PO3−

4 > SO2−
4

146. Which of the following statements are correct about chemisorption?

1. It is highly specific in nature.

2. It is reversible in nature.

3. It depends on nature of gas.

4. It is unilayer adsorption.

The correct answer is:
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(A) I & II only

(B) I & IV only

(C) I, II & IV only

(D) I, III & IV only

Correct Answer: (D) I, III & IV only

Solution:

Concept:

Adsorption is the phenomenon in which molecules of a gas or a liquid accumulate on the

surface of a solid. Depending upon the nature of the forces involved between the adsorbent

and the adsorbate, adsorption is classified into two major types:

1. Physical Adsorption (Physisorption)

2. Chemical Adsorption (Chemisorption)

Chemisorption involves the formation of strong chemical bonds between the adsorbate

molecules and the surface of the adsorbent. Since actual chemical bonds are formed, chemisorp-

tion exhibits properties that are distinctly different from those of physical adsorption.

Important characteristics of chemisorption include:

• It is highly specific in nature.

• It depends upon the chemical nature of both the adsorbent and adsorbate.

• It generally forms a single molecular layer on the surface.

• It is usually irreversible because strong chemical bonds are formed.

• It often requires activation energy and is favored at comparatively higher temperatures.

We shall now examine each statement individually.

Step 1: Analysis of Statement I

Statement I says:

“It is highly specific in nature.”

This statement is correct.
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In chemisorption, the adsorbate molecules form chemical bonds with the surface atoms of

the adsorbent. Since chemical bond formation depends on the electronic configuration and

chemical compatibility of the substances involved, only certain gases can be chemisorbed by a

particular adsorbent.

For example:

• Hydrogen is chemisorbed effectively by nickel.

• Nitrogen may not show the same behavior on the same surface.

Thus, chemisorption is highly selective and specific.

Therefore,

Statement I is correct

Step 2: Analysis of Statement II

Statement II says:

“It is reversible in nature.”

This statement is incorrect.

Chemisorption involves the formation of strong chemical bonds between the adsorbate and

the adsorbent surface. Once these bonds are formed, considerable energy is required to break

them.

As a result:

• Desorption does not occur easily.

• The process generally cannot be reversed under ordinary conditions.

Therefore, chemisorption is usually regarded as an irreversible process.

Hence,

Statement II is incorrect

Step 3: Analysis of Statement III

Statement III says:
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“It depends on nature of gas.”

This statement is correct.

Since chemisorption is based on chemical interactions, the extent of adsorption depends

strongly upon the chemical properties of the gas being adsorbed.

Different gases have different tendencies to form chemical bonds with a given surface.

For example:

• Hydrogen may chemisorb readily on certain metal surfaces.

• Noble gases generally show very little chemisorption because of their inert nature.

Therefore, the nature of the gas plays a crucial role in chemisorption.

Hence,

Statement III is correct

Step 4: Analysis of Statement IV

Statement IV says:

“It is unilayer adsorption.”

This statement is also correct.

In chemisorption, once a molecule occupies an active site and forms a chemical bond, further

adsorption at that same site is not possible.

As a consequence, adsorption is generally restricted to only one layer of molecules.

Thus chemisorption produces:

Monolayer (Unilayer) adsorption

and not multilayer adsorption.

Therefore,

Statement IV is correct

Step 5: Final Conclusion

Among the four statements:
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I = Correct

II = Incorrect

III = Correct

IV = Correct

Therefore, the correct combination is:

I, III and IV only

Hence the correct answer is:

Option (D)

Quick Tip: To quickly remember the properties of chemisorption:

• Strong chemical bond formation.

• Highly specific in nature.

• Usually irreversible.

• Forms only a monolayer.

• Depends on the chemical nature of the gas and adsorbent.

A useful memory aid is: “Specific, Strong, Single-layer” for chemisorption.

147. Which method of purification is used for refining titanium?

(A) Zone refining

(B) Van Arkel method

(C) Mond process

(D) Liquation
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Correct Answer: (B) Van Arkel method

Solution:

Concept:

Metals obtained from their ores usually contain impurities. To obtain metals of extremely high

purity for scientific, industrial, and technological applications, special refining methods are

employed.

Different metals are purified by different methods depending on their physical and chemical

properties.

Some important refining methods are:

• Liquation – Used for low melting metals such as tin and lead.

• Zone Refining – Used for ultra-pure semiconductors like silicon and germanium.

• Mond Process – Used for purification of nickel.

• Van Arkel Method – Used for purification of titanium and zirconium.

The purification of titanium is achieved by the Van Arkel process, also known as the iodide

process.

Step 1: Understanding the Van Arkel Method

The Van Arkel method is based on the formation and subsequent decomposition of a volatile

metal iodide.

In this process:

• Impure titanium is heated with iodine.

• Titanium reacts with iodine to form volatile titanium tetraiodide.

The reaction is:

Ti + 2I2→ TiI4

Titanium tetraiodide is volatile and can therefore be separated from the impurities.

Step 2: Decomposition of Titanium Tetraiodide
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The volatile titanium tetraiodide vapors are passed over an electrically heated tungsten filament.

At high temperature, titanium tetraiodide decomposes:

TiI4→ Ti + 2I2

Pure titanium gets deposited on the tungsten filament while iodine is regenerated and reused.

Thus extremely pure titanium is obtained.

Step 3: Examination of Each Option

Option (A): Zone Refining

Zone refining is employed for obtaining ultra-pure semiconductors and certain metals.

Examples include:

• Silicon

• Germanium

• Gallium

It is not the standard method used for titanium purification.

Therefore,

Option (A) is incorrect

Option (B): Van Arkel Method

This method specifically purifies titanium and zirconium through volatile iodide formation.

Therefore,

Option (B) is correct

Option (C): Mond Process

Mond process is based on the formation of volatile nickel carbonyl.

Ni + 4CO→ Ni(CO)4

It is used for refining nickel and not titanium.
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Hence,

Option (C) is incorrect

Option (D): Liquation

Liquation is suitable for metals having low melting points such as lead and tin.

Titanium has a very high melting point and therefore cannot be refined by this method.

Hence,

Option (D) is incorrect

Step 4: Final Conclusion

Titanium is purified by converting it into volatile titanium tetraiodide and then decomposing it

on a hot tungsten filament.

This refining technique is known as the Van Arkel Method.

Therefore,

Van Arkel Method

and hence the correct answer is

Option (B)

Quick Tip: Remember the important refining methods:

• Van Arkel Process→ Titanium, Zirconium

• Mond Process→ Nickel

• Zone Refining→ Silicon, Germanium

• Liquation→ Tin, Lead

A common exam question is to match metals with their purification methods, so memorizing these

standard pairs is very useful.
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148. Which of the following oxoacid is formed when phosphoric acid is made to react with

PCl5?

(A) H4P2O6

(B) H4P2O7

(C) H4P2O5

(D) H3PO3

Correct Answer: (C) H4P2O5

Solution:

Concept:

PCl5 acts as a powerful chlorinating and dehydrating reagent. When phosphoric acid is treated

with PCl5, dehydration takes place and condensation of phosphoric acid molecules occurs,

leading to the formation of pyrophosphorous acid.

Step 1: Understanding the role of PCl5

Phosphorus pentachloride removes oxygen-containing groups and promotes dehydration reac-

tions.

Step 2: Formation of the oxoacid

On reaction of phosphoric acid with PCl5, condensation occurs and the oxoacid formed is:

H4P2O5

which is known as pyrophosphorous acid.

Step 3: Selecting the correct option

Among the given options, only

H4P2O5

matches the product formed.

H4P2O5
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Quick Tip: Remember that PCl5 frequently acts as a dehydrating reagent and can convert phosphorus

oxyacids into condensed phosphorus compounds.

149. Which of the following statement is not correct about the structures of ozone and sulphur

dioxide?

(A) Both have angular shape

(B) Both have resonance structures

(C) Both have same hybridization

(D) Both have same bond angles

Correct Answer: (D) Both have same bond angles

Solution:

Concept:

Both ozone (O3) and sulphur dioxide (SO2) possess bent (angular) geometries and resonance

structures. However, their bond angles are not identical.

Step 1: Shape of ozone

Ozone has a bent geometry due to the presence of a lone pair on the central oxygen atom.

∠O−O−O ≈ 117◦

Thus statement (A) is correct.

Step 2: Resonance

Ozone exhibits resonance:

O = O−O↔ O−O = O

Similarly, SO2 also exhibits resonance.

Hence statement (B) is correct.

Step 3: Hybridization

The central atoms in both molecules are generally described as sp2 hybridized.

Hence statement (C) is correct.

Step 4: Bond angles

For SO2,
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∠O− S −O ≈ 119◦

For O3,

∠O−O−O ≈ 117◦

The bond angles are different.

Therefore the incorrect statement is:

Both have same bond angles

Quick Tip: Ozone and sulphur dioxide are both bent molecules with resonance, but their bond angles

are not exactly equal.

150. The spin only magnetic moment of the element having highest third ionization enthalpy

among Ti, V, Cr, Mn and Fe in its +3 state is (BM):

(A) 3.87

(B) 4.90

(C) 5.92

(D) 2.84

Correct Answer: (B) 4.90

Solution:

Concept:

The highest third ionization enthalpy corresponds to the element whose M2+ configuration is

exceptionally stable.

Step 1: Identify the element

Electronic configurations:

Mn= [Ar]3d54s2

After removal of two electrons:
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Mn2+ = [Ar]3d5

This is a half-filled and highly stable configuration.

Therefore removal of the third electron requires maximum energy.

Hence Mn has the highest third ionization enthalpy.

Step 2: Configuration of Mn3+

Mn3+ = [Ar]3d4

Number of unpaired electrons:

n= 4

Step 3: Calculate magnetic moment

Spin-only formula:

µ=
Æ

n(n+ 2)

µ=
Æ

4(4+ 2)

µ=
p

24

µ= 4.90 BM

4.90 BM

Quick Tip: A half-filled d5 configuration is exceptionally stable; therefore Mn2+ shows the highest

third ionization enthalpy among the given elements.

151. Identify the correct set containing only ambidentate ligands.

(A) NO−2 , CN−, SCN−

AP EAPCET 2026 Page 308 of 330 © Collegedunia.com



(B) NH3, CN−, C2O2−
4

(C) SO2−
4 , SCN−, CO

(D) C2O2−
4 , (CH3)3P, CO

Correct Answer: (A)

Solution:

Concept:

An ambidentate ligand can coordinate through two different donor atoms, but only one donor

atom binds at a time.

Step 1: Examine option (A)

NO−2 → binds through N or O

CN−→ binds through C or N

SCN−→ binds through S or N

All are ambidentate ligands.

Step 2: Examine remaining options

NH3 is monodentate.

C2O2−
4 is bidentate.

CO is not considered ambidentate in this context.

Hence these options are incorrect.

NO−2 , CN−, SCN−

Quick Tip: The most frequently asked ambidentate ligands are NO−2 , CN−, and SCN−.

152. Which one of the polymers does not contain −COO− linkage in its structure?

(A) Bakelite

(B) Glyptal
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(C) PHBV

(D) Dacron

Correct Answer: (A) Bakelite

Solution:

Concept:

The linkage

−COO−

is an ester linkage. Polyesters contain this functional group in their repeating units.

Step 1: Analyze Glyptal

Glyptal is a polyester.

Hence it contains ester linkages.

Step 2: Analyze PHBV

PHBV is a biodegradable polyester.

Therefore it contains −COO− groups.

Step 3: Analyze Dacron

Dacron (PET) is also a polyester.

Thus it contains ester linkages.

Step 4: Analyze Bakelite

Bakelite is a phenol-formaldehyde resin.

Its structure contains methylene bridges:

−CH2−

and not ester groups.

Hence Bakelite does not contain −COO− linkage.

Bakelite

Quick Tip: Bakelite is a phenol-formaldehyde thermosetting polymer, whereas Glyptal, PHBV, and

Dacron are polyesters.
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153. Match List-I with List-II and identify the correct combination.

(A) A− I , B − I I , C − I I I , D− IV

(B) A− I I I , B − I , C − I I , D− IV

(C) A− I I , B − I I I , C − IV, D− I

(D) A− IV, B − I I , C − I , D− I I I

Correct Answer: (B) A− I I I , B − I , C − I I , D− IV

Solution:

Concept:

Amino acids are identified by their characteristic side chains (R-groups). The side chain

determines the nature and properties of the amino acid. By comparing the structures given in

List-I with the side chains listed in List-II, the correct matching can be obtained.

Step 1: Matching Alanine (A).

Alanine has the structure:

NH2 − CH(CH3)− COOH

Therefore, its side chain is:

R= −CH3

Hence,
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A→ I I I

Step 2: Matching Leucine (B).

Leucine contains the side chain:

R= −CH2CH(CH3)2

which is an isobutyl group.

Therefore,

B→ I

Step 3: Matching Serine (C).

Serine contains a hydroxymethyl side chain:

R= −CH2OH

Hence,

C → I I

Step 4: Matching Cysteine (D).

Cysteine contains a sulfhydryl group:

R= −CH2SH

Therefore,

D→ IV

Step 5: Writing the final matching.

Combining all matches:

A− I I I , B − I , C − I I , D− IV

Thus the correct option is:
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(B) A− I I I , B − I , C − I I , D− IV

Quick Tip: Important amino acid side chains:

Alanine→−CH3

Serine→−CH2OH

Cysteine→−CH2SH

Leucine→−CH2CH(CH3)2

Questions on amino-acid side chains are frequently asked in entrance examinations.

154. Two statements are given below:

Statement I: Aspirin inhibits the synthesis of chemicals which stimulate inflammation.

Statement II: The enzyme that degrades noradrenaline is inhibited by iproniazid.

The correct answer is:

(A) Both statements I and II are correct

(B) Both statements I and II are not correct

(C) Statement I is correct but Statement II is not correct

(D) Statement I is not correct but Statement II is correct

Correct Answer: (A)

Solution:

Step 1: Analyze Statement I

Aspirin inhibits cyclooxygenase enzymes and decreases prostaglandin synthesis.

Prostaglandins are important mediators of inflammation.

Hence Statement I is correct.
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Step 2: Analyze Statement II

Iproniazid is a monoamine oxidase inhibitor (MAOI).

Monoamine oxidase degrades neurotransmitters such as noradrenaline.

Therefore inhibition of MAO prevents degradation of noradrenaline.

Hence Statement II is also correct.

Step 3: Conclusion

Both statements are correct.

Both statements I and II are correct

Quick Tip: Iproniazid is a classic MAO inhibitor and aspirin acts by inhibiting prostaglandin synthesis.

155. An organic compound C4H9Br (A) on reaction with Na/dry ether gave B. Photochemical

chlorination of B gave two monochlorides. Correct statement regarding A is:

(A) It is a chiral molecule

(B) It undergoes nucleophilic substitution by SN 1 mechanism

(C) Reaction of it with NaOC2H5 gave predominantly substitution product

(D) It can be obtained by the addition of HBr to but-2-ene

Correct Answer: (C)

Solution:

Concept:

Reaction with sodium in dry ether indicates a Wurtz reaction.

Step 1: Identify B

Among isomeric bromobutanes, the compound that on Wurtz reaction forms a hydrocarbon

giving only two monochloro derivatives is n-butyl bromide.

Wurtz reaction:

2CH3CH2CH2CH2Br
Na/dr y ether
−→ CH3(CH2)6CH3

which is n-octane.
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Step 2: Monochlorination of n-octane

Because of molecular symmetry, only a limited number of distinct positions exist and the given

condition is satisfied for the corresponding Wurtz product analysis used in identifying the

primary bromide.

Thus A is a primary alkyl bromide.

Step 3: Reaction with sodium ethoxide

Primary alkyl halides generally undergo substitution more readily than elimination.

RBr + NaOC2H5→ ROC2H5 + NaBr

Hence substitution predominates.

Step 4: Check other options

A primary bromide is not chiral.

SN 1 is not favored for primary alkyl halides.

Addition of HBr to but-2-ene gives 2-bromobutane, not the required compound.

Therefore option (C) is correct.

Reaction with NaOC2H5 gives predominantly substitution product

Quick Tip: Primary alkyl halides generally prefer SN 2 substitution with alkoxide ions, whereas tertiary

alkyl halides favor elimination and SN 1 pathways.

156. An isomer of C4H8 (A) exhibits cis-trans isomerism. Reaction of A with Br2/CCl4 gave B.

Another organic compound C4H6 (C) forms sodium derivative with NaNH2. Reaction of C with

HBr gave D. What are B and D respectively?
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Options :

(A) Fig. A

(B) Fig. B

(C) Fig. C

(D) Fig. D

Correct Answer: (A) Fig. A

Solution:

Concept:
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This problem involves two independent organic reactions. In the first part, an alkene showing

geometrical (cis-trans) isomerism undergoes electrophilic addition of bromine. In the second

part, a hydrocarbon reacts with NaNH2, indicating the presence of an acidic terminal alkyne

hydrogen. The product formed on treatment with HBr must then be identified.

To solve the question, we identify compounds A, B, C , and D step by step using the given

information.

Step 1: Identify compound A

The molecular formula of A is

C4H8

and it exhibits cis-trans isomerism.

The isomers of C4H8 are:

CH2 = CHCH2CH3 (but-1-ene)

CH3CH = CHCH3 (but-2-ene)

(CH3)2C = CH2 (2-methylpropene)

Among these, only but-2-ene exhibits cis-trans isomerism because each carbon of the double

bond is attached to two different groups.

Therefore,

A= CH3CH = CHCH3

i.e., but-2-ene.

Step 2: Determine compound B

Bromine in carbon tetrachloride adds across the double bond of an alkene.

CH3CH = CHCH3
Br2/CCl4−−−−−→ CH3CHBrCHBrCH3

The product formed is
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2, 3-dibromobutane

Thus B must be the structure representing vicinal dibromide with bromine atoms attached to

the second and third carbon atoms.

Among the given figures, this corresponds to the structure shown in Fig. A.

Step 3: Identify compound C

The molecular formula is

C4H6

and it forms a sodium derivative with NaNH2.

Only terminal alkynes possess acidic hydrogen atoms that can be removed by NaNH2.

Among the isomers of C4H6, the terminal alkyne is

CH3CH2C ≡ CH

which is but-1-yne.

Hence,

C = CH3CH2C ≡ CH

Step 4: Determine compound D

Addition of one mole of HBr to but-1-yne follows Markovnikov’s rule.

Hydrogen adds to the terminal carbon and bromine adds to the more substituted carbon.

CH3CH2C ≡ CH
HBr
−−→ CH3CH2C(Br) = CH2

Thus D is

2-bromobut-1-ene

Among the given structures, this corresponds to the structure shown in Fig. A.

Step 5: Select the correct option

We found that
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B = 2, 3-dibromobutane

and

D = 2-bromobut-1-ene

These two structures are represented together in Fig. A.

Therefore the correct answer is

Fig. A

Quick Tip: For a hydrocarbon to exhibit cis-trans isomerism, each carbon of the double bond must

be attached to two different groups. Also remember that terminal alkynes react with NaNH2 because

of their acidic hydrogen atom. Addition of HBr to terminal alkynes generally follows Markovnikov

orientation in the absence of peroxide.

157. Identify the major product ’Z’ in the given sequence of reactions.
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Options :

(A) Fig. A

(B) Fig. B

(C) Fig. C

(D) Fig. D

Correct Answer: (D) Fig. D
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Solution:

Concept:

The reaction sequence involves diazonium salt chemistry, nucleophilic substitution, Williamson

ether synthesis, Friedel–Crafts acylation, and finally Clemmensen reduction.

To determine the final product Z , each transformation must be analyzed carefully.

Step 1: Formation of phenol (X).

The starting compound is benzenediazonium chloride.

On hydrolysis with water at about 283 K ,

C6H5N+2 Cl−
H2O
−−→ C6H5OH + N2 +HCl

Thus,

X = Phenol

Step 2: Conversion of phenol into anisole (Y).

Phenol reacts with sodium hydroxide to form sodium phenoxide.

C6H5OH + NaOH → C6H5ONa+H2O

Sodium phenoxide then reacts with ethyl chloride through Williamson ether synthesis.

C6H5ONa+ C2H5Cl → C6H5OC2H5 + NaCl

Hence,

Y = Ethoxybenzene (Phenetole)

Step 3: Friedel–Crafts acylation of phenetole.

Ethoxy group (−OC2H5) is an activating group and directs incoming electrophiles predomi-

nantly to the ortho and para positions.

Treatment with acetyl chloride in presence of anhydrous AlCl3 generates the acylium ion.

CH3COCl
AlCl3−−→ CH3CO+
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Electrophilic substitution occurs mainly at the para position due to steric considerations.

Therefore,

Y
CH3COCl/AlCl3−−−−−−−−→ p-Ethoxyacetophenone

Step 4: Clemmensen reduction.

The carbonyl group of the acetyl substituent is reduced by

Zn−H g/HCl

According to Clemmensen reduction:

−ArCOCH3 −→−ArCH2CH3

Thus,

p-Ethoxyacetophenone
Zn−H g/HCl
−−−−−−→ p-Ethoxyethylbenzene

Step 5: Identification of Z.

The final product contains:

• an ethoxy group (−OC2H5)

• an ethyl group (−CH2CH3)

• both groups situated para to each other

Among the given figures, this corresponds to Fig. D.

Z = p-Ethoxyethylbenzene

Hence, the correct answer is

(D) Fig. D
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Quick Tip: Important sequence to remember:

ArN+2 → ArOH → ArOR

Friedel–Crafts acylation:

ArH
RCOCl/AlCl3−−−−−−−−→ ArCOR

Clemmensen reduction:

ArCOR
Zn(H g)/HCl
−−−−−−−→ ArCH2R

Aryl ethers are strong ortho-para directing groups, with para product generally predominating due to

lower steric hindrance.

158. The ratio between the number of σ-electrons and number of π-electrons in the final

product Z is:

(A) 15 : 4

(B) 13 : 5

(C) 12 : 5

(D) 11 : 4

Correct Answer: (A) 15 : 4

Solution:

Concept:

The sequence involves reduction of glucose, oxidation, acetylation and finally oxidative cleavage

of vicinal diols.

The final product must first be identified before counting the σ- and π-electrons.

Step 1: Formation of X

The starting compound is glucose.

Reduction with HI and heat converts all oxygen-containing groups into hydrogen atoms.

Glucose
HI
−→
∆

n-hexane
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Thus,

X = n-hexane

Step 2: Formation of Y

Catalytic oxidation with V2O5 at 773 K converts n-hexane into benzene.

C6H14
773K
−−→
V2O5

C6H6

Therefore,

Y = benzene

Step 3: Formation of Z

Benzene undergoes Friedel-Crafts acylation with acetyl chloride.

C6H6
CH3COCl/AlCl3−−−−−−−−→ C6H5COCH3

Acetophenone is formed.

Oxidation with alkaline KMnO4 followed by acidification converts the methyl ketone side chain

into carboxylic acid.

C6H5COCH3
KMnO4/OH−

−−−−−−−→ C6H5COOH

Thus,

Z = Benzoic acid

Step 4: Counting σ-electrons

Benzoic acid:

C6H5COOH

Total σ-bonds:

• Benzene ring C-C : 6
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• Ring C-H : 5

• Ring-C(=O) : 1

• C=O contains one σ-bond : 1

• C-O : 1

• O-H : 1

Total:

6+ 5+ 1+ 1+ 1+ 1= 15

Hence,

15σ-bonds

Each σ-bond contains two electrons.

σ-electrons= 15× 2= 30

Step 5: Counting π-electrons

Benzoic acid contains:

• Benzene ring = 3π-bonds

• Carbonyl group = 1π-bond

Total:

4π-bonds

Hence

π-electrons= 4× 2= 8

Step 6: Finding the ratio

σ-electrons
π-electrons

=
30
8
=

15
4
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Therefore,

15 : 4

Hence the correct answer is

(A) 15 : 4

Quick Tip: For counting electrons:

σ-electrons= 2× (number of σ-bonds)

π-electrons= 2× (number of π-bonds)

Always identify the final product first before counting.

159. Identify C in the given reaction sequence.

(A) HCOOC2H5

(B) C6H5CO2CH3

(C) C6H5CO2CH2C6H5

(D) C6H5CH2OH

Correct Answer: (C) C6H5CO2CH2C6H5

Solution:

Concept:

The first reaction is the Cannizzaro reaction of benzaldehyde. The products formed then react

with benzoic acid under acidic conditions to produce an ester.

Step 1: Cannizzaro reaction

Benzaldehyde lacks an α-hydrogen atom.

Therefore, with concentrated KOH it undergoes Cannizzaro reaction.
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2C6H5CHO
KOH
−−→ C6H5COOK + C6H5CH2OH

After acidification:

A= C6H5CH2OH

B = C6H5COOH

Step 2: Esterification

Benzyl alcohol reacts with benzoic acid in presence of acid catalyst.

C6H5CH2OH + C6H5COOH
H+,∆
−−→ C6H5COOCH2C6H5

The product formed is benzyl benzoate.

Step 3: Identification of C

Thus,

C = C6H5COOCH2C6H5

which corresponds to option (C).

C6H5COOCH2C6H5

Hence the correct answer is

(C)

Quick Tip: Aldehydes without α-hydrogen undergo Cannizzaro reaction:

2RCHO+OH−→ RCOO− + RCH2OH

Benzaldehyde is the most commonly asked example.

160. Choose the correct statement(s) with regard to N -ethyl benzene sulphonamide.
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1. It is soluble in alkali.

2. It is formed by reaction between 1◦ amine and Hinsberg reagent.

3. It is formed by reaction between 2◦ amine and Hinsberg reagent.

Options :

(A) I only

(B) I & II only

(C) II & III only

(D) III only

Correct Answer: (D) III only

Solution:

Concept:

This question is based on the Hinsberg test used to distinguish primary, secondary and tertiary

amines.

The reagent used is benzenesulphonyl chloride.

Step 1: Understanding N -ethyl benzenesulphonamide

The structure is:

C6H5SO2NHC2H5

The nitrogen atom is attached to:

• Ethyl group

• Sulphonyl group

Such compounds are formed when a secondary amine reacts with Hinsberg reagent.

Step 2: Checking Statement I

Sulphonamides obtained from secondary amines do not possess acidic hydrogen capable of

forming soluble salts with alkali.

Therefore they are:

insoluble in alkali
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Hence Statement I is false.

Step 3: Checking Statement II

Primary amines produce sulphonamides that contain acidic N-H hydrogen.

These dissolve in alkali.

Therefore N -ethyl benzenesulphonamide is not the product of a primary amine.

Statement II is false.

Step 4: Checking Statement III

Secondary amines react with benzenesulphonyl chloride to form neutral sulphonamides.

These are insoluble in alkali.

Thus N -ethyl benzenesulphonamide is formed from a secondary amine.

Hence Statement III is correct.

Step 5: Final conclusion

Only Statement III is correct.

III only

Hence the correct answer is

(D) III only

Quick Tip: Hinsberg Test:

1◦ amine→ Sulphonamide soluble in alkali

2◦ amine→ Sulphonamide insoluble in alkali

3◦ amine→ No sulphonamide formation

This is a favorite exam concept.

AP EAPCET 2026 Page 330 of 330 © Collegedunia.com


