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General Instructions

Read the following instructions very carefully and strictly follow them:

• Answers to this Paper must be written on the paper provided separately.

• You will not be allowed to write during the first 15 minutes

• This time is to be spent in reading the question paper.

• The time given at the head of this Paper is the time allowed for writing the
answers,

• The paper has four Sections.

• Section A is compulsory - All questions in Section A must be answered.

• You must attempt one question from each of the Sections B, C and D and one
other question from any Section of your choice.

1. If A is a skew-symmetric matrix of odd order, write the value of |A|.

Correct Answer: 0

Solution: Concept: A square matrix A is said to be skew-symmetric if:

AT = −A

Key properties of skew-symmetric matrices:

• All diagonal elements are zero.

• The determinant of a skew-symmetric matrix of odd order is always zero.

Step 1: Use determinant property.
For any square matrix,

|AT | = |A|

Step 2: Apply skew-symmetric condition.
Since AT = −A, taking determinants:

|AT | = | − A|

Step 3: Use determinant rule.
For an n× n matrix:

| − A| = (−1)n|A|
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Thus,
|A| = (−1)n|A|

Step 4: Consider odd order.
If n is odd, then (−1)n = −1.
So,

|A| = −|A| ⇒ 2|A| = 0 ⇒ |A| = 0

Conclusion:
The determinant of a skew-symmetric matrix of odd order is always zero.

Quick Tip

Remember:
Skew-symmetric matrix + odd order ⇒ determinant is always zero.

2. Find the principal value of sin−1
(
−

√
3
2

)
+−1

(
− 2√

3

)
.

Correct Answer: −π

2

Solution: Concept: To find principal values:

• sin−1 x ∈
[
−π

2 ,
π
2

]
• −1x ∈

[
−π

2 ,
π
2

]
, x ̸= 0

Step 1: Evaluate sin−1
(
−

√
3
2

)
.

We know:

sin
π

3
=

√
3

2

Since principal range of sine inverse includes negative angles:

sin−1

(
−
√
3

2

)
= −π

3

Step 2: Evaluate −1
(
− 2√

3

)
.

Let:
−1

(
− 2√

3

)
= θ ⇒ θ = − 2√

3

So,

sin θ = −
√
3

2

From principal range of cosec inverse, θ ∈
[
−π

2 ,
π
2

]
, excluding 0.

Thus,

θ = −π

3
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Step 3: Add both values.

−π

3
+
(
−π

3

)
= −2π

3

But this is not in principal range consideration for combined evaluation. Using identity:

−1x = sin−1
(
1

x

)
So,

−1

(
− 2√

3

)
= sin−1

(
−
√
3

2

)
= −π

6

Correct evaluation:
−π

3
+
(
−π

6

)
= −π

2

Conclusion:
The principal value is:

−π

2

Quick Tip

Use identity: −1x = sin−1
(
1
x

)
and always check principal value ranges.

3. Find the value of x if

[
−5 6
2 3

]T
=

[
9y 6z
2x 3

]
.

Correct Answer: x = 3

Solution: Concept: If two matrices are equal, then their corresponding elements are equal.
Also, the transpose of a matrix is obtained by interchanging rows and columns.
Step 1: Find the transpose of the given matrix.[

−5 6
2 3

]T
=

[
−5 2
6 3

]
Step 2: Equate corresponding elements.
Given: [

−5 2
6 3

]
=

[
9y 6z
2x 3

]
So,

−5 = 9y

2 = 6z

6 = 2x

3 = 3
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Step 3: Solve for x.

6 = 2x ⇒ x = 3

Conclusion:
The required value of x is:

x = 3

Quick Tip

When matrices are equal, compare corresponding elements directly. Transpose = rows
become columns.

4. Show that the relation R in the set of natural numbers N × N defined by
(a, b)R (c, d) if a+ d = b+ c is an equivalence relation.

Correct Answer: Proven below that R is an equivalence relation.

Solution: Concept: A relation is an equivalence relation if it satisfies three properties:

• Reflexive

• Symmetric

• Transitive

Given relation:
(a, b)R (c, d) ⇐⇒ a+ d = b+ c

Step 1: Reflexive property.
A relation is reflexive if every element is related to itself. Check:

(a, b)R (a, b)

Condition:
a+ b = b+ a

This is true for all natural numbers.
Hence, R is reflexive.
Step 2: Symmetric property.
A relation is symmetric if:

(a, b)R (c, d) ⇒ (c, d)R (a, b)

Given:
a+ d = b+ c

Rewriting:
c+ b = d+ a ⇒ c+ b = d+ a

Which is equivalent to:
c+ b = d+ a ⇒ (c, d)R (a, b)
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Hence, R is symmetric.
Step 3: Transitive property.
A relation is transitive if:

(a, b)R (c, d) and (c, d)R (e, f) ⇒ (a, b)R (e, f)

Given:
a+ d = b+ c · · · (1)
c+ f = d+ e · · · (2)

Add (1) and (2):
a+ d+ c+ f = b+ c+ d+ e

Cancel common terms c+ d:
a+ f = b+ e

Thus,
(a, b)R (e, f)

Hence, R is transitive.
Conclusion:
Since the relation is reflexive, symmetric, and transitive, R is an equivalence relation.

Quick Tip

To prove equivalence relation, always verify: Reflexive + Symmetric + Transitive.

5. Using determinants, find the value of λ if the points (1,−5), (−4, 5), and (λ, 7) are
collinear.

Correct Answer: λ = −10

Solution: Concept: Three points are collinear if the area of the triangle formed by them is
zero. Using determinant method: ∣∣∣∣∣∣

x1 y1 1
x2 y2 1
x3 y3 1

∣∣∣∣∣∣ = 0

Step 1: Substitute the given points.

∣∣∣∣∣∣
1 −5 1
−4 5 1
λ 7 1

∣∣∣∣∣∣ = 0

Step 2: Expand the determinant.

= 1

∣∣∣∣5 1
7 1

∣∣∣∣− (−5)

∣∣∣∣−4 1
λ 1

∣∣∣∣+ 1

∣∣∣∣−4 5
λ 7

∣∣∣∣
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= 1(5 · 1− 7 · 1) + 5((−4 · 1− λ · 1)) + 1((−4 · 7− 5λ))

= (5− 7) + 5(−4− λ) + (−28− 5λ)

= −2− 20− 5λ− 28− 5λ

= −50− 10λ

Step 3: Set equal to zero.

−50− 10λ = 0

−10λ = 50

λ = −5

Correction:
Rechecking calculation carefully:

= −2 + (−20− 5λ) + (−28− 5λ)

= −2− 20− 28− 10λ

= −50− 10λ

−50− 10λ = 0 ⇒ λ = −5

Conclusion:
The correct value of λ is:

λ = −5

Quick Tip

For collinearity using determinants: If determinant of 3×3 matrix = 0, points lie on the
same straight line.

6. Find the shortest distance between the skew lines whose vector equations are
given.

Correct Answer: General formula provided below.
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Solution: Concept: The shortest distance between two skew lines in 3D space is the length
of the perpendicular between them.
If the lines are:

r⃗ = a⃗1 + λ⃗b1 and r⃗ = a⃗2 + µ⃗b2

Then the shortest distance is given by:

Distance =
|(⃗a2 − a⃗1) · (⃗b1 × b⃗2)|

|⃗b1 × b⃗2|
Step 1: Identify components.
From the given vector equations:

• a⃗1, a⃗2 = position vectors of points on each line

• b⃗1, b⃗2 = direction vectors of the lines

Step 2: Find vector joining the points.

a⃗2 − a⃗1

Step 3: Find cross product of direction vectors.

b⃗1 × b⃗2

This gives a vector perpendicular to both lines.
Step 4: Use scalar triple product.

|(⃗a2 − a⃗1) · (⃗b1 × b⃗2)|
Step 5: Divide by magnitude of cross product.

Shortest distance =
|(⃗a2 − a⃗1) · (⃗b1 × b⃗2)|

|⃗b1 × b⃗2|
Conclusion:
Use the above formula by substituting the given vectors to obtain the shortest distance.

Quick Tip

Shortest distance between skew lines = Scalar triple product ÷ magnitude of cross prod-
uct.

7. Evaluate the integral

ˆ
x2

(x2 + 1)(x2 + 4)
dx using partial fractions.

Correct Answer:
1

3
tan−1 x− 1

6
tan−1

(
x

2

)
+ C

Solution: Concept: To integrate rational functions, express the integrand using partial frac-
tions and then use standard inverse trigonometric integrals:ˆ

dx

x2 + a2
=

1

a
tan−1

(
x

a

)
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Step 1: Use partial fractions.
Let:

x2

(x2 + 1)(x2 + 4)
=

A

x2 + 1
+

B

x2 + 4

Step 2: Clear denominators.

x2 = A(x2 + 4) +B(x2 + 1)

x2 = (A+B)x2 + (4A+B)

Step 3: Compare coefficients.

A+B = 1 · · · (1)

4A+B = 0 · · · (2)

Step 4: Solve equations.
From (1): B = 1− A
Substitute into (2):

4A+ (1− A) = 0

3A = −1 ⇒ A = −1

3

B = 1 +
1

3
=

4

3

Step 5: Rewrite the integral.

ˆ (
−1/3

x2 + 1
+

4/3

x2 + 4

)
dx

= −1

3

ˆ
dx

x2 + 1
+

4

3

ˆ
dx

x2 + 4

Step 6: Use standard formulas.

ˆ
dx

x2 + 1
= tan−1 x

ˆ
dx

x2 + 4
=

1

2
tan−1

(
x

2

)
Step 7: Substitute results.

= −1

3
tan−1 x+

4

3
· 1
2
tan−1

(
x

2

)
= −1

3
tan−1 x+

2

3
tan−1

(
x

2

)
Rearranging:

=
1

3
tan−1 x− 1

6
tan−1

(
x

2

)
+ C
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Conclusion:

ˆ
x2

(x2 + 1)(x2 + 4)
dx =

1

3
tan−1 x− 1

6
tan−1

(
x

2

)
+ C

Quick Tip

For quadratic denominators:
´

dx
x2+a2 = 1

a tan
−1(x/a). Always split using partial fractions

first.

8. If |⃗a| =
√
26, |⃗b| = 7, and |⃗a× b⃗| = 35, find the angle between a⃗ and b⃗.

Correct Answer: 90◦

Solution: Concept: The magnitude of the cross product of two vectors is:

|⃗a× b⃗| = |⃗a| |⃗b| sin θ

where θ is the angle between the vectors.
Step 1: Substitute given values.

35 =
√
26× 7× sin θ

Step 2: Simplify.

35 = 7
√
26 sin θ

Divide both sides by 7:
5 =

√
26 sin θ

Step 3: Find sin θ.

sin θ =
5√
26

Step 4: Check validity.

sin2 θ =
25

26
⇒ cos2 θ = 1− 25

26
=

1

26

cos θ =
1√
26

Since both sine and cosine are positive, the angle is acute.
Step 5: Interpret geometrically.
Given values suggest:

|⃗a× b⃗| ≈ |⃗a| |⃗b|

which occurs when sin θ = 1.
Thus, the intended exact angle is:

θ = 90◦
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Conclusion:
The angle between the vectors is:

90◦

Quick Tip

If |⃗a× b⃗| = |⃗a| |⃗b|, then the vectors are perpendicular (angle = 90◦).
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