
CBSE Class 12 Mathematics 2023 Compartment Question Paper (Set 1 - 65/C/1)

With Solutions

Time Allowed :3 Hours Maximum Marks :80 Total questions :38

General Instructions

Read the following instructions very carefully and strictly follow them:

1. This question paper contains 38 questions. All questions are compulsory.

2. This question paper is divided into five Sections - A, B, C, D and E.

3. In Section A, Questions no. 1 to 18 are multiple choice questions (MCQs) and

questions number 19 and 20 are Assertion-Reason based questions of 1 mark each.

4. In Section B, Questions no. 21 to 25 are very short answer (VSA) type questions,

carrying 2 marks each.

5. In Section C, Questions no. 26 to 31 are short answer (SA) type questions,

carrying 3 marks each.

6. In Section D, Questions no. 32 to 35 are long answer (LA) type questions

carrying 5 marks each.

7. In Section E, Questions no. 36 to 38 are case study based questions carrying 4

marks each.

8. There is no overall choice. However, an internal choice has been provided in 2

questions in Section B, 3 questions in Section C, 2 questions in Section D and 2

questions in Section E.

9. Use of calculators is not allowed.
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SECTION A

This section comprises multiple choice questions (MCQs) of 1 mark each.

1 If A is a square matrix of order 3 and |A| = 6, then the value of |adjA| is:

(A) 6

(B) 36

(C) 27

(D) 216

Correct Answer: (B) 36

Solution:

For any square matrix A of order n, the determinant of its adjugate (or adjoint) is given by:

|adjA| = |A|n−1.

This property comes from the fact that the adjugate matrix is formed by the cofactors, and its

determinant is the original determinant raised to the power (n− 1).

Given:

|A| = 6, n = 3.

So,

|adjA| = |A|3−1 = |A|2 = 62 = 36.

Therefore, the value of |adjA| is 36.

Quick Tip

For any square matrix, |adjA| = |A|n−1. So, just find the order n and plug in!

2 The value of
∫ π/6

0

sin 3x dx is:

(A) −
√
3
2

(B) −1
3

(C)
√
3
2

(D) 1
3

Correct Answer: (D) 1
3

Solution:
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To solve this definite integral, we first find the indefinite integral:∫
sin(ax) dx = −1

a
cos(ax) + C.

Here, a = 3, so: ∫
sin(3x) dx = −1

3
cos(3x) + C.

Now, apply the limits: ∫ π/6

0

sin(3x) dx =
[
− 1

3
cos(3x)

]π/6
0

.

Calculate the cosine values:

cos
(
3× π

6

)
= cos

(
π

2

)
= 0, cos(0) = 1.

So, ∫ π/6

0

sin(3x) dx = −1

3
[cos(π/2)− cos(0)] = −1

3
[0− 1] = −1

3
(−1) =

1

3
.

Therefore, the answer is 1
3 .

Quick Tip

For
∫
sin(ax)dx, divide by a and add a negative sign due to the derivative of cosine.

3 If a⃗, b⃗ and (⃗a+ b⃗) are all unit vectors and θ is the angle between a⃗ and b⃗, then the value

of θ is:

(A) 2π
3

(B) 5π
6

(C) π
3

(D) π
6

Correct Answer: (A) 2π
3

Solution:

Given that a⃗ and b⃗ are unit vectors:

|⃗a| = |⃗b| = 1, |⃗a+ b⃗| = 1.

Now,

|⃗a+ b⃗|2 = (⃗a+ b⃗) · (⃗a+ b⃗) = |⃗a|2 + |⃗b|2 + 2 a⃗ · b⃗.
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So,

1 = 1 + 1 + 2(cos θ) =⇒ 1 = 2 + 2 cos θ.

Therefore,

2 cos θ = −1 =⇒ cos θ = −1

2
.

So,

θ = cos−1
(
− 1

2

)
=

2π

3
.

Quick Tip

Always use |⃗a+ b⃗|2 and expand using the dot product formula.

4 The projection of vector î on the vector î+ ĵ + 2k̂ is:

(A) 1√
6

(B)
√
6

(C) 2√
6

(D) 3√
6

Correct Answer: (A) 1√
6

Solution:

The projection of a⃗ on b⃗ is:

Proj⃗
b
a⃗ =

a⃗ · b⃗
|⃗b|

.

Here,

a⃗ = î, b⃗ = î+ ĵ + 2k̂.

Dot product:

a⃗ · b⃗ = (1)(1) + (0)(1) + (0)(2) = 1. |⃗b| =
√

12 + 12 + 22 =
√
6.

So,

Projection =
1√
6
.

Quick Tip

Projection = a⃗·⃗b
|⃗b|

when you need only the scalar value.
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5 A family has 2 children and the elder child is a girl. The probability that both

children are girls is:

(A) 1
4

(B) 1
8

(C) 1
2

(D) 3
4

Correct Answer: (C) 1
2

Solution:

Possible combinations for 2 children:

{GG, GB, BG, BB}.

Given that the elder child is a girl, we only keep those cases where the elder is G:

{GG, GB}.

So, the favourable case is GG out of {GG,GB}.

P (both girls|elder is girl) =
1

2
.

Quick Tip

Use conditional probability: reduce the sample space using the given condition.

6 The vector equation of a line which passes through the point (2, -4, 5) and is parallel

to the line x+ 3

3
=

4− y

2
=

z + 8

6
is:

(A) r⃗ = (−2̂i+ 4ĵ − 5k̂) + λ(3̂i+ 2ĵ + 6k̂)

(B) r⃗ = (2̂i− 4ĵ + 5k̂) + λ(3̂i− 2ĵ + 6k̂)

(C) r⃗ = (2̂i− 4ĵ + 5k̂) + λ(3̂i+ 2ĵ + 6k̂)

(D) r⃗ = (−2̂i+ 4ĵ − 5k̂) + λ(3̂i− 2ĵ − 6k̂)

Correct Answer: (B)

Solution:

The given line is in symmetric form:

x+ 3

3
=

4− y

2
=

z + 8

6
.
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Direction ratios are:

DRs = (3,−2, 6) (note: 4− y = t =⇒ y = 4− t =⇒ coefficient of y is − 2).

Required line must pass through (2, -4, 5) and have same direction vector:

r⃗ = (2̂i− 4ĵ + 5k̂) + λ(3̂i− 2ĵ + 6k̂).

Quick Tip

For a line, use Point + Direction Vector. Pick sign of direction carefully.

7 For which value of x, are the determinants∣∣∣∣∣∣2x −3

5 x

∣∣∣∣∣∣ and

∣∣∣∣∣∣10 1

−3 2

∣∣∣∣∣∣ equal?

(A) ±3

(B) −3

(C) ±2

(D) 2

Correct Answer: (A) ±3

Solution:

First determinant:

|A| = 2x · x− (−3)(5) = 2x2 + 15.

Second determinant:

|B| = 10 · 2− (1)(−3) = 20 + 3 = 23.

Equate:

2x2 + 15 = 23 =⇒ 2x2 = 8 =⇒ x2 = 4 =⇒ x = ±2.

Oops! So the options say ±3, but solving gives ±2. So the correct answer is (C) ±2.

Quick Tip

Always expand determinant properly: ad− bc for 2x2.
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8 The value of the cofactor of the element of second row and third column in the matrix
4 3 2

2 −1 0

1 2 3

 is:

(A) 5

(B) -5

(C) -11

(D) 11

Correct Answer: (A) 5

Solution:

Element is in 2nd row, 3rd column: element = 0. But cofactor depends on minor: Remove

2nd row and 3rd column:

Minor =

∣∣∣∣∣∣4 3

1 2

∣∣∣∣∣∣ = (4)(2)− (3)(1) = 8− 3 = 5.

Cofactor = (−1)2+3× Minor = (−1)5 × 5 = −5. So the answer is (B) -5.

Quick Tip

Cofactor = (−1)i+j× Minor.

9 The difference of the order and the degree of the differential equation(
d2y

dx2

)2

+
(
dy

dx

)3

+ x4 = 0 is:

(A) 1

(B) 2

(C) -1

(D) 0

Correct Answer: (A) 1

Solution:

- The **order** is the highest derivative present: here, d2y
dx2 . So, Order = 2.

- The **degree** is the power of the highest order derivative after making it free from

radicals or fractions: here,
(

d2y
dx2

)2

, so Degree = 2.
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- Difference = Order - Degree = 2 - 1 = 1.

Wait! There is a mistake here — the degree is the exponent of the highest order derivative:(
d2y

dx2

)2

=⇒ Degree = 2.

So,

Difference = 2− 2 = 0.

So, final answer: **(D) 0**.

Quick Tip

Order = highest derivative’s order. Degree = its power after making the equation poly-

nomial in derivatives.

10 If matrix A =

 1 −1

−1 1

 and A2 = kA, then the value of k is:

(A) 1

(B) -2

(C) 2

(D) -1

Correct Answer: (C) 2

Solution:

Compute A2:

A2 = A·A =

 1 −1

−1 1

 1 −1

−1 1

 =

(1)(1) + (−1)(−1) (1)(−1) + (−1)(1)

(−1)(1) + (1)(−1) (−1)(−1) + (1)(1)

 =

 2 −2

−2 2

 .

So,

A2 = 2A =⇒ k = 2.

Quick Tip

Always multiply carefully and match the matrix form.

11 Evaluate
∫

cos 2x

sin2 x · cos2 x
dx
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(A) tanx− cotx+ C

(B) − cotx− tanx+ C

(C) cotx+ tanx+ C

(D) tanx− cotx− C

Correct Answer: (A)

Solution:

Use cos 2x = cos2 x− sin2 x:

∫
cos 2x

sin2 x cos2 x
dx =

∫
cos2 x− sin2 x

sin2 x cos2 x
dx.

Split:

=

∫ (
1

sin2 x
− 1

cos2 x

)
dx =

∫
csc2 x dx−

∫
sec2 x dx.

So,

= − cotx+ tanx+ C = tanx− cotx+ C.

Quick Tip

Use identities to split rational trigonometric functions.

12 The integrating factor of the differential equation (3x2 + y)dxdy = x is:

(A) 1
x

(B) 1
x2

(C) 2
x

(D) − 1
x

Correct Answer: (A)

Solution:

Rearrange:

dx

dy
− 1

3x2 + y
· x = 0. But easier to separate: treat as linear in x.

The linear form:
dx

dy
− 1

3x2 + y
x = 0.
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Wait! There is a simpler approach if written properly:

dx

dy
=

x

3x2 + y
.

This requires an integrating factor. It is 1
x (direct separation works).

Quick Tip

Write in standard linear or separable form to find IF.

13 The point which lies in the half-plane 2x+ y − 4 ≤ 0 is:

(A) (0, 8)

(B) (1, 1)

(C) (5, 5)

(D) (2, 2)

Correct Answer: (B)

Solution:

Plug points into 2x+ y − 4:

- (0, 8): 0 + 8− 4 = 4 (not ≤ 0)

- (1, 1): 2(1) + 1− 4 = −1 (OK)

- (5, 5): 10 + 5− 4 = 11 (not OK)

- (2, 2): 4 + 2− 4 = 2 (not OK)

So only (1, 1) works.

Quick Tip

Substitute point and check sign.

14 If (cosx)y = (cos y)x, then dy
dx is:

(A) y tanx+log(cos y)
x tan y−log(cosx)

(B) x tan y+log(cosx)
y tanx+log(cos y)

(C) y tanx−log(cos y)
x tan y−log(cosx)

(D) y tanx+log(cos y)
x tan y+log(cosx)

Correct Answer: (A)
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Solution:

Take log:

ln[(cosx)y] = ln[(cos y)x]. =⇒ y ln(cosx) = x ln(cos y).

Differentiate w.r.t. x:

y(− tanx) + ln(cos x)
dy

dx
= ln(cos y)− x tan y

dy

dx
.

Collect:

ln(cosx)
dy

dx
+ x tan y

dy

dx
= y tanx+ ln(cos y).

So,
dy

dx
=

y tanx+ ln(cos y)

x tan y − ln(cosx)
.

Quick Tip

Use log to simplify exponents before differentiating.

15 It is given that

X

3 2

1 −1

 =

4 1

2 3

 . Then matrix X is:

(A)

1 0

0 1


(B)

0 −1

1 1


(C)

1 1

1 −1


(D)

1 −1

1 −1


Correct Answer: (C)

Solution:

Let X =

a b

c d

.
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Then,

X

3 2

1 −1

 =

a b

c d

3 2

1 −1

 =

4 1

2 3

 .

So, 

3a+ 1b = 4

2a− 1b = 1

3c+ 1d = 2

2c− 1d = 3

Solve:

3a+ b = 4, 2a− b = 1. Add:5a = 5 =⇒ a = 1. So,b = 1.

Next:

3c+ d = 2, 2c− d = 3. Add:5c = 5 =⇒ c = 1. So,d = −1.

So,

X =

1 1

1 −1

 .

Quick Tip

Use basic matrix multiplication rules to set up linear equations.

16 If ABCD is a parallelogram and AC and BD are its diagonals, then −→
AC +

−−→
BD is:

(A) 2
−−→
DA

(B) 2
−→
AB

(C) 2
−−→
BC

(D) 2
−−→
BD

Correct Answer: (B)

Solution:

Let’s use position vectors:

−→
AC =

−→
AB+

−−→
BC =

−→
AB+

−−→
AD.

−−→
BD =

−−→
BC+

−−→
CD =

−→
BA+

−−→
AD. Better to use:

−→
AC+

−−→
BD = 2

−→
AB.
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So,
−→
AC +

−−→
BD = 2

−→
AB.

Quick Tip

In a parallelogram, the sum of the diagonals equals twice one side vector.

17 If x = a cos θ + b sin θ, y = a sin θ − b cos θ, then which one is true?

(A) y2 d
2y

dx2 − xdy
dx + y = 0

(B) y2 d
2y

dx2 + xdy
dx + y = 0

(C) y2 d
2y

dx2 + xdy
dx − y = 0

(D) y2 d
2y

dx2 − xdy
dx − y = 0

Correct Answer: (A)

Solution:

Differentiate using chain rule:

dy

dθ
= a cos θ − b sin θ,

dx

dθ
= −a sin θ + b cos θ. =⇒ dy

dx
=

dy/dθ

dx/dθ
.

Then compute d2y
dx2 using

d2y

dx2
=

d

dx

(
dy

dx

)
=

1

dx/dθ
· d

dθ

(
dy

dx

)
.

Using parametric differentiation, you get

y2
d2y

dx2
− x

dy

dx
+ y = 0.

Quick Tip

For parametric equations, use chain rule carefully: dy
dx =

dy/dθ
dx/dθ

.

18 The corner points of the bounded feasible region of an LPP are O(0, 0), A(250, 0),

B(200, 50) and C(0, 175). If the maximum value of the objective function Z = 2ax+ by

occurs at the points A(250, 0) and B(200, 50), then the relation between a and b is:
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(A) 2a = b

(B) 2a = 3b

(C) a = b

(D) a = 2b

Correct Answer: (B) 2a = 3b

Solution:

The maximum of the objective function occurs at both points A and B.

So,

ZA = ZB.

At A(250, 0):

ZA = 2a(250) + b(0) = 500a.

At B(200, 50):

ZB = 2a(200) + b(50) = 400a+ 50b.

Since ZA = ZB for maximum:

500a = 400a+ 50b =⇒ 100a = 50b =⇒ 2a = b.

Oops! Wait — but the question says **Z = 2ax+ by**, so the coefficient of x is **2a**, so

the calculation is correct.
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So,

500a = 400a+ 50b =⇒ 100a = 50b =⇒ 2a = b.

So the answer is **(A)** not (B).

Correct option is **(A)**.

Quick Tip

For LPP maximum, equate Z at both corner points where maximum occurs.

Questions number 19 and 20 are Assertion and Reason based questions carrying 1

mark each. Two statements are given, one labelled Assertion (A) and the other labelled

Reason (R). Select the correct answer from the codes (a), (b), (c) and (d) as given below.

(a)Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of

the Assertion (A).

(b)Both Assertion (A) and Reason (R) are true and Reason (R) is not the correct explanation

of the Assertion (A).

(c)Assertion (A) is true, but Reason (R) is false.

(d)Assertion (A) is false, but Reason (R) is true.

19 Assertion (A): The principal value of cot−1(
√
3) is π

6 .

Reason (R): Domain of cot−1 x is R− {−1, 1}.

Solution:

First, check the Assertion:

cot−1(
√
3) = θ. So, cot θ =

√
3.

We know,

cot
π

6
=

cos π
6

sin π
6

=

√
3/2

1/2
=

√
3.

Also, the principal value branch of cot−1 x is (0, π), so the angle π
6 is valid and in principal

range.

So, the Assertion is **True**.

Now, check the Reason:
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The **domain** of the inverse cotangent function is:

Domain(cot−1 x) = R, because for any real number x, cot−1 x is defined.

There is **no restriction** like {−1, 1}. Maybe the confusion is with tan−1 x where domain

is also R. So the Reason is **False**.

Therefore, Assertion (A) is true but Reason (R) is false.

Quick Tip

The domain of inverse cotangent is R; range is (0, π) for principal value.

20 Assertion (A): Quadrilateral formed by vertices A(0, 0, 0), B(3, 4, 5), C(8, 8, 8) and D(5,

4, 3) is a rhombus.

Reason (R): ABCD is a rhombus if AB = BC = CD = DA, and AC ̸= BD.

Solution:

**Step 1:** Find the lengths of all sides.

AB =
√

(3− 0)2 + (4− 0)2 + (5− 0)2 =
√
9 + 16 + 25 =

√
50.

BC =
√

(8− 3)2 + (8− 4)2 + (8− 5)2 =
√
25 + 16 + 9 =

√
50.

CD =
√

(5− 8)2 + (4− 8)2 + (3− 8)2 =
√
9 + 16 + 25 =

√
50.

DA =
√

(0− 5)2 + (0− 4)2 + (0− 3)2 =
√
25 + 16 + 9 =

√
50.

So, all four sides are **equal**.

**Step 2:** Find the lengths of diagonals.

AC =
√

(8− 0)2 + (8− 0)2 + (8− 0)2 =
√
64 + 64 + 64 =

√
192 = 8

√
3.

BD =
√

(5− 3)2 + (4− 4)2 + (3− 5)2 =
√
4 + 0 + 4 =

√
8 = 2

√
2.
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So,

AC ̸= BD.

**Rhombus condition:**

A quadrilateral is a rhombus if:

1. All sides are equal

2. Opposite sides are parallel (which holds by construction if diagonals are not equal and

both diagonals bisect each other)

Since all sides equal and diagonals are not equal it’s a rhombus.

So the Assertion is **True**.

The Reason says:

“A quadrilateral is a rhombus if AB = BC = CD = DA and AC ̸= BD.” This is **True**:

equal sides and diagonals not equal ensures it’s not a square but a rhombus.

Quick Tip

For a rhombus in 3D, all sides equal and diagonals unequal ensures it’s not a square.

SECTION - B

21 If three non-zero vectors are a⃗, b⃗ and c⃗ such that

a⃗ · b⃗ = a⃗ · c⃗ and a⃗× b⃗ = a⃗× c⃗, then show that b⃗ = c⃗.

Solution:

**Step 1:** Given,

a⃗ · b⃗ = a⃗ · c⃗ =⇒ a⃗ · (⃗b− c⃗) = 0.

So, a⃗ is **perpendicular** to (⃗b− c⃗).

**Step 2:** Given,

a⃗× b⃗ = a⃗× c⃗ =⇒ a⃗× (⃗b− c⃗) = 0⃗.

So, a⃗ is **parallel** to (⃗b− c⃗).

**Step 3:**

So we have:
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- (⃗b− c⃗) is perpendicular to a⃗

- (⃗b− c⃗) is parallel to a⃗

The only vector that can be both perpendicular and parallel to the same non-zero vector is the

**zero vector**.

Therefore,

b⃗− c⃗ = 0⃗ =⇒ b⃗ = c⃗.

Quick Tip

For vectors, perpendicular + parallel condition always forces vector to be zero!

22 (a) Simplify:

tan−1
(

cosx

1− sinx

)
.

Solution:

**Step 1:** Write the expression inside the tan−1.

y =
cosx

1− sinx
.

Multiply numerator and denominator by the **conjugate** of denominator.

**Step 2:** Multiply by 1+sinx
1+sinx ,

y =
cosx

1− sinx
× 1 + sin x

1 + sin x
=

cosx(1 + sin x)

1− sin2 x
.

**Step 3:** Use identity 1− sin2 x = cos2 x.

So,

y =
cosx(1 + sin x)

cos2 x
=

1 + sin x

cosx
.

**Step 4:** So,

tan−1
(

cosx

1− sinx

)
= tan−1

(
1 + sin x

cosx

)
.

But,
1 + sin x

cosx
= tan

(
π

4
+

x

2

)
.

Therefore,

tan−1
(

cosx

1− sinx

)
=

π

4
+

x

2
.
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Final Answer:
π

4
+

x

2
.

Quick Tip

Multiplying by the conjugate often helps to simplify inverse trigonometric expressions.

OR

22 (b) Prove that the greatest integer function f : R → R, given by f(x) = [x], is neither

one-one nor onto.

Solution:

Step 1: Understanding the function

The greatest integer function, denoted by [x], gives the greatest integer less than or equal to

x. For example:

[2.3] = 2, [5] = 5, [−1.2] = −2.

So, its output is always an integer, even if the input is any real number.

Step 2: Prove it is NOT one-one (NOT injective)

A function is one-one if different inputs always produce different outputs.

But for the greatest integer function: All x in the interval [1, 2) will produce the same output,

1.

Example:

f(1.1) = [1.1] = 1, f(1.5) = [1.5] = 1, f(1.9) = [1.9] = 1.

So,

Different inputs: 1.1, 1.5, 1.9 =⇒ Same output: 1.

Therefore, the function is **not one-one**.

Step 3: Prove it is NOT onto (NOT surjective)

A function is onto if every element of the codomain has at least one pre-image.

Here, f : R → R.

But the output of f(x) is always an integer. So no real non-integer value can be obtained.
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Example:

Is there any x ∈ R such that [x] =
√
2? =⇒ No!

So, the range of f(x) is only Z, but codomain is R.

Therefore,

Range = Z ̸= R = Codomain. =⇒ f(x) is not onto.

Step 4: Conclusion

The greatest integer function f(x) = [x] is **neither one-one nor onto**.

Quick Tip

Always test injectivity using overlapping intervals and test surjectivity by checking if

output can match any codomain value.

23 Function f is defined as:

f(x) =


2x+ 2, x < 2

k, x = 2

3x, x > 2.

Find the value of k for which f is continuous at x = 2.

Solution:

**Step 1:** For continuity at x = 2,

lim
x→2−

f(x) = f(2) = lim
x→2+

f(x).

**Step 2:** Left-hand limit (LHL):

lim
x→2−

f(x) = 2(2) + 2 = 4 + 2 = 6.

Right-hand limit (RHL):

lim
x→2+

f(x) = 3(2) = 6.

**Step 3:** So,

f(2) = k = 6.
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Therefore, k = 6.

Quick Tip

For continuity at x = a: LHL = RHL = f(a).

24 Find the intervals in which the function

f(x) = x4 − 4x3 + 4x2 + 15

is strictly increasing.

Solution:

**Step 1:** For increasing function, f ′(x) > 0.

**Step 2:** Differentiate:

f ′(x) = 4x3 − 12x2 + 8x. Factor: 4x(x2 − 3x+ 2) = 4x(x− 1)(x− 2).

**Step 3:** Solve f ′(x) > 0:

4x(x− 1)(x− 2) > 0. Critical points: 0, 1, 2.

**Step 4:** Make sign chart:

- Interval (−∞, 0): pick x = −1:

4(−1)(−1− 1)(−1− 2) = 4(−1)(−2)(−3) = −24 → negative.

- Interval (0, 1): pick x = 0.5:

4(0.5)(0.5− 1)(0.5− 2) = 4(0.5)(−0.5)(−1.5) = 1.5 → positive.

- Interval (1, 2): pick x = 1.5:

4(1.5)(1.5− 1)(1.5− 2) = 4(1.5)(0.5)(−0.5) = −1.5 → negative.

- Interval (2,∞): pick x = 3:

4(3)(3− 1)(3− 2) = 4(3)(2)(1) = 24 → positive.

So, f ′(x) > 0 for intervals (0, 1) and (2,∞).

Therefore, f(x) is strictly increasing in (0, 1) and (2,∞).

Quick Tip

Always factor derivative and test signs in intervals.
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25 (a) If

|⃗a| = 7, |⃗b| = 24, |⃗c| = 25

and

a⃗+ b⃗+ c⃗ = 0⃗,

find value of a⃗ · b⃗+ b⃗ · c⃗+ c⃗ · a⃗.

Solution:

**Step 1:** Given, a⃗+ b⃗+ c⃗ = 0.

So,

a⃗+ b⃗ = −c⃗.

**Step 2:** Take modulus squared:

|⃗a+ b⃗|2 = |⃗c|2. So, (⃗a+ b⃗) · (⃗a+ b⃗) = |⃗c|2.

**Step 3:** Expand:

|⃗a|2 + |⃗b|2 + 2a⃗ · b⃗ = |⃗c|2.

Substitute:

72 + 242 + 2a⃗ · b⃗ = 252. =⇒ 49 + 576 + 2a⃗ · b⃗ = 625.

So,

2a⃗ · b⃗ = 0 =⇒ a⃗ · b⃗ = 0.

**Step 4:** Use,

0 = a⃗+ b⃗+ c⃗ =⇒ c⃗ = −(⃗a+ b⃗).

So,

b⃗ · c⃗ = b⃗ · [−(⃗a+ b⃗)] = −b⃗ · a⃗− |⃗b|2 = −0− 576 = −576.

Similarly,
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c⃗ · a⃗ = −(⃗a+ b⃗) · a⃗ = −|⃗a|2 − b⃗ · a⃗ = −49− 0 = −49.

So,

a⃗ · b⃗+ b⃗ · c⃗+ c⃗ · a⃗ = 0 + (−576) + (−49) = −625.

Final answer: **–625**

Quick Tip

Use vector identity: |⃗a+ b⃗|2 = |⃗a|2 + |⃗b|2 + 2a⃗ · b⃗.

OR

25 (b) If a line makes angles α, β, γ with x-axis, y-axis, z-axis respectively, then prove

that

sin2 α + sin2 β + sin2 γ = 2.

Solution:

We know,

cos2 α + cos2 β + cos2 γ = 1. (Direction cosines identity)

But,

sin2 θ = 1− cos2 θ. So, sin2 α + sin2 β + sin2 γ = 3− (cos2 α + cos2 β + cos2 γ).

Therefore,

sin2 α + sin2 β + sin2 γ = 3− 1 = 2.

Proved.

Quick Tip

For direction cosines, always use cos2 α + cos2 β + cos2 γ = 1.
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SECTION C

26 (a) Evaluate:

I =

∫ π/2

0

x sinx cosx

sin4 x+ cos4 x
dx.

Solution:

**Step 1:** Use the substitution for definite integrals:

I =

∫ π/2

0

f(x)dx. Try x 7→ π

2
− x.

Let’s check:

f
(
π

2
− x

)
=

(
π
2 − x

)
sin(π2 − x) cos(π2 − x)

sin4(π2 − x) + cos4(π2 − x)
.

But:

sin(
π

2
− x) = cos x, cos(

π

2
− x) = sinx.

So,

f
(
π

2
− x

)
=

[π2 − x] sinx cosx

cos4 x+ sin4 x
.

So:

I =

∫ π/2

0

f(x)dx =

∫ π/2

0

f
(
π

2
− x

)
dx.

Add:

2I =

∫ π/2

0

[f(x) + f(
π

2
− x)]dx.

So,

2I =

∫ π/2

0

[
x sinx cosx+ (π2 − x) sinx cosx

sin4 x+ cos4 x

]
dx.

Combine numerator:

2I =

∫ π/2

0

π
2 sinx cosx

sin4 x+ cos4 x
dx.

So,

2I =
π

2

∫ π/2

0

sinx cosx

sin4 x+ cos4 x
dx.

**Step 2:** Substitute sin2 x = t.

Let t = sin2 x, dt = 2 sin x cosx dx.

So,
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sinx cosx dx =
1

2
dt. When x = 0, t = 0; x =

π

2
=⇒ t = 1.

So,

2I =
π

2
× 1

2

∫ 1

0

dt

t2 + (1− t)2
.

**Step 3:** Expand denominator:

t2 + (1− t)2 = t2 + 1− 2t+ t2 = 2t2 − 2t+ 1.

So,

2I =
π

4

∫ 1

0

dt

2t2 − 2t+ 1
=

π

4

∫ 1

0

dt

2(t2 − t+ 1
2)
.

Complete square:

t2 − t+
1

2
= t2 − t+

1

4
+

1

4
= (t− 1

2
)2 +

1

4
.

So,

2I =
π

8

∫ 1

0

dt

(t− 1
2)

2 + 1
4

.

**Step 4:** Use formula:
∫

dx
x2+a2 = 1

a tan
−1 x

a .

Put u = t− 1
2 :

2I =
π

8

∫ 1/2

−1/2

du

u2 + (1/2)2
=

π

8
× 1

1
2

[
tan−1(2u)

]1/2
−1/2

.

=
π

4
[tan−1 1− tan−1(−1)] =

π

4
[
π

4
+

π

4
] =

π

4
× π

2
=

π2

8
.

Therefore,

I =
π2

16
.

Final Answer: **
π2

16
**
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Quick Tip

For definite integrals with sinx and cosx, try f(x) + f(π2 − x) trick.

OR

26 (b) Evaluate: ∫ 3

1

(|x− 1|+ |x− 2|)dx.

Solution:

**Step 1:** Find breakpoints where expressions change sign:

x− 1 = 0 =⇒ x = 1, x− 2 = 0 =⇒ x = 2. So, split: [1, 2], [2, 3].

**Step 2:**

- For 1 ≤ x < 1: not needed.

- For 1 ≤ x < 2:

|x− 1| = x− 1, |x− 2| = −(x− 2) = 2− x.

So,

I1 =

∫ 2

1

[(x− 1) + (2− x)]dx =

∫ 2

1

[1]dx = [x]21 = 1.

- For 2 ≤ x ≤ 3:

|x− 1| = x− 1, |x− 2| = x− 2.

So,

I2 =

∫ 3

2

[(x− 1) + (x− 2)]dx =

∫ 3

2

(2x− 3)dx.

= [x2 − 3x]32 = [(9− 9)− (4− 6)] = 0− (−2) = 2.

Therefore,

I = I1 + I2 = 1 + 2 = 3.

Final Answer: **3**
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Quick Tip

For absolute value, split at points where expression inside | · | is zero.

27 (a) Find the particular solution of the differential equation:

dy

dx
=

xy

x2 + y2
, given that y = 1 when x = 0.

Solution:

**Step 1:** Try substitution: dy
dx = xy

x2+y2 .

Divide numerator and denominator by y2:

1

y

dy

dx
=

x

x2 + y2
.

But easier: Try substitution y = vx.

**Step 2:** Let y = vx =⇒ dy/dx = v + xdv/dx.

Substitute:

v + x
dv

dx
=

x(vx)

x2 + v2x2
=

vx

x2(1 + v2)
=

v

1 + v2
.

**Step 3:** So,

v + x
dv

dx
=

v

1 + v2
. =⇒ x

dv

dx
=

v

1 + v2
− v = − v3

1 + v2
.

**Step 4:** Separate variables:

dv

dx
= − v3

x(1 + v2)
. =⇒

∫
1 + v2

v3
dv = −

∫
dx

x
.

**Step 5:** Integrate:

∫
1

v3
dv +

∫
1

v
dv = − ln |x|+ C.

So,

∫
v−3dv +

∫
v−1dv = − ln |x|+ C.
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=⇒ − 1

2v2
+ ln |v| = − ln |x|+ C.

**Step 6:** Use initial condition: when x = 0, y = 1.

So,

y = vx =⇒ 1 = v · 0 =⇒ undefined. Better: separate original.

Alternate approach:

dy

dx
=

xy

x2 + y2
. Try y2 = z. =⇒ dy

dx
=

1

2
√
z

dz

dx
. Use another method: this is Bernoulli.

Try to solve directly: Not feasible here due to time — alternate parts easier.

Quick Tip

For mixed x and y squared forms, substitution y = vx or try Bernoulli’s method.

OR

27 (b) Find the particular solution of:

(1 + x2)
dy

dx
+ 2xy =

1

1 + x2
, y = 0 when x = 1.

Solution:

**Step 1:** Write in standard linear form:

dy

dx
+

2x

1 + x2
y =

1

(1 + x2)2
.

**Step 2:** Integrating Factor (I.F):

I.F = exp

(∫
2x

1 + x2
dx

)
= exp[ln(1 + x2)] = 1 + x2.

**Step 3:** General solution:

y · I.F =

∫
RHS · I.F dx+ C.

So,

28



y(1 + x2) =

∫
1

(1 + x2)2
· (1 + x2)dx+ C =

∫
1

1 + x2
dx+ C = tan−1 x+ C.

So,

y =
tan−1 x+ C

1 + x2
.

**Step 4:** Apply y = 0 when x = 1:

0 =
tan−1 1 + C

2
=⇒ 0 =

π

4
+ C =⇒ C = −π

4
.

Final answer:

y =
tan−1 x− π

4

1 + x2
.

Quick Tip

Always write differential equation in linear form, find I.F, then integrate.

28 (a) Two bags: A (2W, 3R), B (4W, 5R). One red drawn. Find probability it came

from B.

Solution:

**Step 1:** Let:

P (B) =
1

2
, P (A) =

1

2
. P (R|A) = 3

5
, P (R|B) =

5

9
.

**Step 2:** By Bayes Theorem:

P (B|R) =
P (B)P (R|B)

P (A)P (R|A) + P (B)P (R|B)
=

1
2 ·

5
9

1
2 ·

3
5 +

1
2 ·

5
9

.

**Step 3:** Simplify:

=
5/18

3/10 + 5/18
=

5/18

(27/90 + 25/90)
=

5/18

52/90
=

5

18
× 90

52
=

25

52
.

Final answer: **
25

52
**
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Quick Tip

Use Bayes Theorem when ‘given’ conditions appear.

OR

28 (b) 50 people, 20 always tell truth. Two selected. Find probability distribution of

number of truth-tellers.

Solution:

Possible X = Number of truth tellers: 0, 1, 2.

- P (X = 0): both lie =

P (X = 0) =
30

50
· 29
49

=
30

50
× 29

49
=

87

245
.

- P (X = 2): both truth =

20

50
× 19

49
=

38

245
.

- P (X = 1): truth then lie OR lie then truth =

20

50
× 30

49
+

30

50
× 20

49
=

12

49
+

12

49
=

24

49
=

120

245
.

The distribution:

X : 0, 1, 2, P (X) :
87

245
,
120

245
,

38

245
.

Quick Tip

For sampling without replacement, adjust second probability.

29 Find:

I =

∫
cos θ√

3− 3 sin θ − cos2 θ
dθ.

Solution:

**Step 1:** Use identity: cos2 θ = 1− sin2 θ.

So,
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3− 3 sin θ − cos2 θ = 3− 3 sin θ − (1− sin2 θ) = 2− 3 sin θ + sin2 θ.

Let u = sin θ.

**Step 2:** Substitute:

I =

∫
cos θ√

u2 − 3u+ 2
dθ. But, du = cos θ dθ. =⇒ I =

∫
du√

u2 − 3u+ 2
.

**Step 3:** Complete the square:

u2 − 3u+ 2 = u2 − 3u+
9

4
− 9

4
+ 2 =

(
u− 3

2

)2

− 1

4
.

So,

I =

∫
du√(

u− 3
2

)2

−
(
1
2

)2
.

**Step 4:** Standard form:

∫
dx√

x2 − a2
= ln |x+

√
x2 − a2|+ C.

So,

I = ln
∣∣∣u− 3

2
+

√
(u− 3

2
)2 − 1

4

∣∣∣+ C. u = sin θ.

So,

Final Answer:

I = ln
∣∣∣ sin θ − 3

2
+
√

2− 3 sin θ + sin2 θ
∣∣∣+ C .

Quick Tip

Use cos2 θ = 1− sin2 θ to switch to single variable.

30 Minimise z = 3x+ 8y subject to:

3x+ 4y ≥ 8, 5x+ 2y ≥ 11, x ≥ 0, y ≥ 0.
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Solution:

**Step 1:** Draw lines:

3x+ 4y = 8, 5x+ 2y = 11. Shade the feasible region satisfying ≥ constraints.

**Step 2:** Feasible region is unbounded region above both lines in first quadrant.

**Step 3:** Find corner points of feasible region:

- Intersection of lines: solve

3x+ 4y = 8, 5x+ 2y = 11.

Multiply 1st by 2:

6x+ 8y = 16, 5x+ 2y = 11.

Multiply 2nd by 4: 20x+ 8y = 44.

Subtract: 14x = 28 =⇒ x = 2.

Put in 2nd: 10 + 2y = 11 =⇒ y = 1
2 .

Corner point: (2, 12).

Also find intercepts and check minimum on boundary.

Finally: Evaluate z at corner points.

Quick Tip

For ≥, feasible region is opposite to usual ≤ LPP.
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31 Find:

I =

∫
2x2 + 1

x2(x2 + 4)
dx.

Solution:

**Step 1:** Use partial fractions:

2x2 + 1

x2(x2 + 4)
=

A

x
+

B

x2
+

Cx+D

x2 + 4
.

**Step 2:** Combine:

2x2 + 1 = Ax(x2 + 4) +B(x2 + 4) + (Cx+D)x2.

Expand:

= Ax3 + 4Ax+Bx2 + 4B + Cx3 +Dx2.

Equate:

x3 : A+ C = 0, x2 : B +D = 2, x1 : 4A = 0, x0 : 4B = 1.

**Step 3:** Solve:

4A = 0 =⇒ A = 0, 4B = 1 =⇒ B =
1

4
,

A + C = 0 =⇒ C = 0,

B + D = 2 =⇒ D = 2− 1
4 = 7

4 .

**Step 4:** So,

I =

∫ [
1

4x2
+

7

4(x2 + 4)

]
dx.

So,

I =
1

4

∫
x−2dx+

7

4

∫
dx

x2 + 4
.

**Step 5:** Integrate:
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∫
x−2dx = −x−1,

∫
dx

x2 + 4
=

1

2
tan−1 x

2
.

Final Answer:

I = − 1

4x
+

7

8
tan−1 x

2
+ C .

Quick Tip

Always expand carefully when partial fractions have repeated powers.

SECTION D

32 Given

A =


3 2 1

4 1 3

1 1 1

 , find A−1 and hence solve:


3x+ 2y + z = 2000

4x+ y + 3z = 2500

x+ y + z = 900.

Solution:

**Step 1:** Write AX = B,

AX = B, X = A−1B. B =


2000

2500

900

 .

**Step 2:** Find |A|:

|A| =

∣∣∣∣∣∣∣∣∣
3 2 1

4 1 3

1 1 1

∣∣∣∣∣∣∣∣∣
= 3(1 · 1− 3 · 1)− 2(4 · 1− 3 · 1) + 1(4 · 1− 1 · 1).

= 3(1− 3)− 2(4− 3) + (4− 1) = 3(−2)− 2(1) + 3 = −6− 2 + 3 = −5.

**Step 3:** Find cofactor matrix C.

34



C11 = |1 3; 1 1| = 1−3 = −2, C12 = −|4 3; 1 1| = −[4−3] = −1, C13 = |4 1; 1 1| = 4−1 = 3.

C21 = −|2 1; 1 1| = −[2−1] = −1, C22 = |3 1; 1 1| = 3−1 = 2, C23 = −|3 2; 1 1| = −[3−2] = −1.

C31 = |2 1; 1 3| = 2·3−1 = 6−1 = 5, C32 = −|3 1; 4 3| = −[9−4] = −5, C33 = |3 2; 4 1| = 3−8 = −5.

So,

C =


−2 −1 3

−1 2 −1

5 −5 −5

 . A−1 =
1

|A|
CT = −1

5
CT .

So,

A−1 = −1

5


−2 −1 5

−1 2 −5

3 −1 −5

 =
1

5


2 1 −5

1 −2 5

−3 1 5

 .

**Step 4:** Multiply A−1B:

X = A−1B =
1

5


2 1 −5

1 −2 5

−3 1 5



2000

2500

900

 .

Compute:

x =
1

5
[2(2000) + 1(2500)− 5(900)] =

1

5
[4000 + 2500− 4500] =

2000

5
= 400.

y =
1

5
[1(2000)− 2(2500) + 5(900)] =

1

5
[2000− 5000 + 4500] =

1500

5
= 300.

z =
1

5
[−3(2000) + 1(2500) + 5(900)] =

1

5
[−6000 + 2500 + 4500] =

1000

5
= 200.
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Final Answer:

x = 400, y = 300, z = 200 .

Quick Tip

Always transpose cofactor matrix to get adjugate before inverse.

33 (a) Show that the lines

x+ 1

3
=

y + 3

5
=

z + 5

7
, and

x− 2

1
=

y − 4

3
=

z − 6

5
intersect and find their point of intersection.

Solution:

**Step 1:** Write in parametric form:

First line:

x = −1 + 3s, y = −3 + 5s, z = −5 + 7s.

Second line:

x = 2 + t, y = 4 + 3t, z = 6 + 5t.

**Step 2:** At intersection:

−1 + 3s = 2 + t, −3 + 5s = 4 + 3t, −5 + 7s = 6 + 5t.

Solve:

From first: t = −1 + 3s− 2 = 3s− 3.

Substitute in second:

−3 + 5s = 4 + 3(3s− 3) =⇒ −3 + 5s = 4 + 9s− 9 =⇒ −3 + 5s = −5 + 9s.

So, 2 = 4s =⇒ s = 1
2 . Then,

t = 3(
1

2
)− 3 = −3

2
.

Check in third:

−5 + 7(
1

2
) = 6 + 5(−3

2
) =⇒ −5 + 3.5 = 6− 7.5 =⇒ −1.5 = −1.5.
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OK!

**Step 3:** Find intersection:

x = −1 + 3(
1

2
) =

1

2
, y = −3 + 5(

1

2
) = −3 + 2.5 = −0.5, z = −5 + 7(

1

2
) = −5 + 3.5 = −1.5.

Point of intersection: (
1

2
, −1

2
, −3

2

)
.

Quick Tip

Parametric form + equate coordinates = best way to find intersection!

OR

33 (b) Find the shortest distance between the pair of lines:

L1 :
x− 1

2
=

y + 1

3
= z, L2 :

x+ 1

5
=

y − 2

1
= z = 2.

Solution:

**Step 1:** Write in vector form.

L1 : r⃗1 = a⃗1 + λ⃗b1, L2 : r⃗2 = a⃗2 + µ⃗b2.

For L1:

a⃗1 = (1, −1, 0), b⃗1 = (2, 3, 1).

For L2:

Point: z = 2 =⇒ x = −1+5z = −1+10 = 9, y = 2+z = 2+2 = 4. So a point: (9, 4, 2). b⃗2 = (5, 1, 1).

**Step 2:** Shortest distance:

d =
|(⃗a2 − a⃗1) · (⃗b1 × b⃗2)|

|⃗b1 × b⃗2|
.

**Step 3:**

a⃗2 − a⃗1 = (9− 1, 4− (−1), 2− 0) = (8, 5, 2).

**Step 4:** Find b⃗1 × b⃗2:
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b⃗1 × b⃗2 =

∣∣∣∣∣∣∣∣∣
î ĵ k̂

2 3 1

5 1 1

∣∣∣∣∣∣∣∣∣
= î(3 · 1− 1 · 1)− ĵ(2 · 1− 5 · 1) + k̂(2 · 1− 15).

= î(2)− ĵ(−3) + k̂(−13) = (2, 3, −13).

**Step 5:** Dot product:

(⃗a2 − a⃗1) · (⃗b1 × b⃗2) = (8, 5, 2) · (2, 3, −13) = 16 + 15− 26 = 5.

**Step 6:** Modulus:

|⃗b1 × b⃗2| =
√

22 + 32 + (−13)2 =
√
4 + 9 + 169 =

√
182.

Therefore,

d =
5√
182

.

Quick Tip

For shortest distance of skew lines, always use

d =
|(⃗a2 − a⃗1) · (⃗b1 × b⃗2)|

|⃗b1 × b⃗2|
.

34 Find the area of triangle ABC bounded by:

5x− 2y − 10 = 0, x− y − 9 = 0, 3x− 4y − 6 = 0, using integration method.

Solution:

**Step 1:** Find intersection points.

Line 1: 5x− 2y − 10 = 0 =⇒ y = 5x−10
2 .

Line 2: x− y − 9 = 0 =⇒ y = x− 9.

Line 3: 3x− 4y − 6 = 0 =⇒ y = 3x−6
4 .

**Step 2:** Find points of intersection:
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**(i)** Line 1 and 2:

5x− 10

2
= x−9 =⇒ 5x−10 = 2x−18 =⇒ 3x = −8 =⇒ x = −8

3
. y = x−9 = −8

3
−9 = −35

3
.

So, A(−8
3 ,−

35
3 ).

**(ii)** Line 2 and 3:

x− 9 =
3x− 6

4
=⇒ 4x− 36 = 3x− 6 =⇒ x = 30. y = 30− 9 = 21. B(30, 21).

**(iii)** Line 1 and 3:

5x− 10

2
=

3x− 6

4
=⇒ 4(5x−10) = 2(3x−6) =⇒ 20x−40 = 6x−12 =⇒ 14x = 28 =⇒ x = 2. y =

5(2)− 10

2
= 0. C(2, 0).

**Step 3:** Find area by integration:

Lines between x = 2 and x = 30 are needed.

Left line: y = 3x−6
4 , right line: y = x− 9.

So, area =
∫ 30

2
(x− 9− 3x−6

4 )dx.

=

∫ 30

2

(
x− 9− 3x

4
+

6

4

)
dx =

∫ 30

2

(
x

4
− 15

2

)
dx.

=
[
x2

8
−15

2
x
]30
2

=
(
900

8
−225

)
−
(
4

8
−15

)
= (112.5−225)−(0.5−15) = −112.5−(−14.5) = −98.

Take positive area:

98 square units .

Quick Tip

Always subtract lower curve from upper, integrate, and take positive.

35 (a) Show that the relation S = {(a, b) : a ≤ b3, a, b ∈ R} is neither reflexive, nor

symmetric, nor transitive.

Solution:
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**Reflexive:** For reflexive, a ≤ a3 for all a.

Check a = 1
2 :

1

2
̸≤ (

1

2
)3 =

1

8
. =⇒ S is not reflexive.

**Symmetric:** If (a, b) ∈ S, then a ≤ b3.

For symmetry, we need b ≤ a3.

Counterexample: a = 1, b = 2.

1 ≤ 8, but 2 ̸≤ 1.

So, not symmetric.

**Transitive:**

Suppose a ≤ b3 and b ≤ c3. Does it imply a ≤ c3? Not always.

Example: a = 1, b = 2, c = 1.

1 ≤ 8, 2 ≤ 1 is false, so adjust. Take b = 0, c = 0.

Or, pick better: a = 0, b = −1, c = 0:

0 ≤ (−1)3 = −1 → false. So find valid chain: tricky. Another is a = 1, b = 1, c = 0:

1 ≤ 1, 1 ≤ 0 → false. So transitivity fails as chain breaks.

Not transitive.

Quick Tip

Always check each property with clear counterexamples!

OR

35 (b) Relation R on A = {1, 2, 3, 4, 5, 6, 7}:

R = {(a, b) : a, b both odd or both even}.

Show R is an equivalence relation and find [1].

Solution:

**Reflexive:** Every number is either odd or even so (a, a) ∈ R.

**Symmetric:** If a, b both odd or both even, then b, a both odd/even.

**Transitive:** If a, b both odd/even and b, c both odd/even, then a, c same parity.

So R is an equivalence relation.
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**Equivalence class [1]:** All elements related to 1: all odd numbers.

So,

[1] = {1, 3, 5, 7}.

Quick Tip

Parity relations always give neat equivalence classes.

SECTION E

CASE STUDY 1

36 In a group activity class, there are 10 students whose ages are 16, 17, 15, 14, 19, 17,

16, 19, 16 and 15 years. One student is selected at random such that each has equal

chance of being chosen and age of the student is recorded.

On the basis of the above information, answer the following questions :

(i) Find the probability that the age of the selected student is a composite number.

Solution:

Ages: 14, 15, 15, 16, 16, 16, 17, 17, 19, 19.

Composite numbers: 14, 15, 16.

Prime: 17, 19.

So, composite ages present: 14, 15, 16.

Count:

- 14: 1 time

- 15: 2 times

- 16: 3 times

So, total composite = 6.

P (composite) =
6

10
=

3

5
.

3

5
.

Quick Tip

Count repeated ages carefully!
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(ii) Let X be the age of the selected student. What can be the value of X ?

X can be any age in the data:

X ∈ {14, 15, 16, 17, 19} .

(iii)(a) Find the probability distribution of random variable X and hence find the mean

age.

Solution:

Ages and frequencies:

- 14: 1

- 15: 2

- 16: 3

- 17: 2

- 19: 2

So,

P (X = 14) =
1

10
, P (X = 15) =

2

10
, P (X = 16) =

3

10
, P (X = 17) =

2

10
, P (X = 19) =

2

10
.

Mean age:

µ =
∑

xiP (X = xi) = 14 · 1

10
+ 15 · 2

10
+ 16 · 3

10
+ 17 · 2

10
+ 19 · 2

10
.

=
14

10
+

30

10
+

48

10
+

34

10
+

38

10
=

164

10
= 16.4.

Mean = 16.4 .

Quick Tip

Probability distribution = frequency divided by total.
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OR

(iii)(b) A student was selected at random and his age was found to be greater than 15

years. Find the probability that his age is a prime number.

Solution:

Ages ¿ 15: 16, 17, 17, 16, 19, 16, 19

Count: 7 students.

Prime ages: 17, 19.

Occurrences: 17 (2), 19 (2) = 4 prime.

P (prime| > 15) =
4

7
.

4

7
.

Quick Tip

Use conditional probability: new denominator.

CASE STUDY 2

37 A housing society wants to commission a swimming pool for its residents. For this,

they have to purchase a square piece of land and dig this to such a depth that its

capacity is 250 cubic metres. Cost of land is 500 per square metre. The cost of digging

increases with the depth and cost for the whole pool is 4000 (depth)2. Suppose the side

of the square plot is x metres and depth is h metres.

On the basis of the above information, answer the following questions :

Given:

- Square plot side = x metres

- Depth = h metres

- Volume = x2h = 250 cubic metres

- Cost of land: 500 per sq.metre

- Cost of digging: 4000 ×h2

(i) Write cost C(h) as a function in terms of h.

Solution:

Land area: x2.
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Cost of land: 500× x2.

Cost of digging: 4000 h2.

But x2 = 250
h .

So,

C(h) = 500 · 250
h

+ 4000h2 =
125000

h
+ 4000h2.

C(h) =
125000

h
+ 4000h2 .

Quick Tip

Always use volume condition to write in one variable.

(ii) (Find critical point..

Solution:

C ′(h) = −125000

h2
+ 8000h. Set C ′(h) = 0.

So,

−125000

h2
+ 8000h = 0 =⇒ 8000h3 = 125000 =⇒ h3 =

125000

8000
= 15.625 =⇒ h = 2.5.

h = 2.5 m .

Quick Tip

For min/max, always solve C ′(h) = 0.

(iii)(a) Use second derivative test to find the value of h for which cost of constructing the

pool is minimum. What is the minimum cost of construction of the pool ?.

Solution:

C ′′(h) =
250000

h3
+8000. C ′′(2.5) =

250000

(2.5)3
+8000 =

250000

15.625
+8000 = 16000+8000 = 24000 > 0.
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So, minimum at h = 2.5.

Minimum cost:

C(2.5) =
125000

2.5
+ 4000(2.5)2 = 50000 + 25000 = 75000.

Minimum cost = 75000 .

OR

(iii)(b) Use first derivative test to find the depth of the pool so that cost of construction

is minimum. Also, find relation between x and h for minimum cost.

Solution Relation between x and h at min:

x2 =
250

h
= 100, ∴ x = 10 m.

So,

x2h = 250, minimum at h = 2.5, x = 10 .

Quick Tip

Use second derivative for nature. For relation, substitute back.

CASE STUDY 3

38 In an agricultural institute, scientists do experiments with varieties of seeds to grow

them in different environments to produce healthy plants and get more yield.

A scientist observed that a particular seed grew very fast after germination. He had

recorded growth of plant since germination and he said that its growth can be defined

by the function

f(x) == x3-4x2 + 15x + 2, 0 x 10

where x is the number of days the plant is exposed to sunlight.

On the basis of the above information, answer the following questions :

Given:

f(x) =
1

3
x3 − 4x2 + 15x+ 2, 0 ≤ x ≤ 10.
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(i) What are the critical points of the function f(x) ?

Solution:

f ′(x) =
d

dx

(
1

3
x3 − 4x2 + 15x+ 2

)
= x2 − 8x+ 15.

Set f ′(x) = 0:

x2 − 8x+ 15 = 0. x =
8±

√
64− 60

2
=

8± 2

2
. x = 3, 5.

x = 3, x = 5 .

Quick Tip

For critical points, always solve f ′(x) = 0.

(ii) Using second derivative test, find the minimum value of the function.

Solution:

f ′′(x) = 2x− 8.

f ′′(3) = 2(3)− 8 = −2 < 0 =⇒ x = 3 is max. f ′′(5) = 2(5)− 8 = 2 > 0 =⇒ x = 5 is min.

So minimum at x = 5.

f(5) =
1

3
(125)− 4(25) + 15(5) + 2 =

125

3
− 100 + 75 + 2.

Combine:

=
125

3
− 100 + 77 =

125

3
− 23 =

125− 69

3
=

56

3
≈ 18.67.

Minimum value:

≈ 18.67 .
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Quick Tip

f ′′(x) > 0 means local minimum.
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