
GATE 2022 Engineering Sciences (XE) Question Paper with Solutions

Time Allowed :3 Hours Maximum Marks :100 Total questions :175

General Instructions

Read the following instructions very carefully and strictly follow them:

1. Each GATE 2022 paper consists of a total of 100 marks. The examination is

divided into two sections – General Aptitude (GA) and the Candidate’s Selected

Subjects. General Aptitude carries 15 marks, while the remaining 85 marks are

dedicated to the candidate’s chosen test paper syllabus.

2. GATE 2022 will be conducted in English as a Computer Based Test (CBT) at

select centres in select cities. The duration of the examination is 3 hours.

3. MCQs carry 1 mark or 2 marks.

4. For a wrong answer in a 1-mark MCQ, 1/3 mark is deducted.

5. For a wrong answer in a 2-mark MCQ, 2/3 mark is deducted.

6. No negative marking for wrong answers in MSQ or NAT questions.

General Aptitude (GA)

1. The movie was funny and I .

(A) could help laughing

(B) couldn’t help laughed

(C) couldn’t help laughing

(D) could helped laughed

Correct Answer: (C) couldn’t help laughing

Solution:

The correct expression for this sentence is ”couldn’t help laughing”. The phrase ”couldn’t

help” is always followed by the verb-ing form of another verb (gerund).
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- Option (A): ”could help laughing” is incorrect because ”could help” is not typically used in

this context.

- Option (B): ”couldn’t help laughed” is incorrect because ”laugh” should be in the gerund

form (laughing).

- Option (D): ”could helped laughed” is incorrect because ”helped” is the past tense, and we

need the base form ”help” followed by the gerund form.

Therefore, the correct phrase is ”couldn’t help laughing”, making (C) the correct answer.

Quick Tip

After ”couldn’t help”, always use the gerund form (verb-ing) to describe something you

couldn’t stop doing.

2. If x : y : z = 1
2 : 1

3 : 1
4 , what is the value of x+z−y

y ?

(A) 0.75

(B) 1.25

(C) 2.25

(D) 3.25

Correct Answer: (B) 1.25

Solution:

We are given the ratio x : y : z = 1
2 : 1

3 : 1
4 , which means we can express the values of x, y,

and z in terms of a common variable. Let’s solve for the ratio using the simplest method:

Step 1: Expressing the variables in terms of a common constant

We can write the ratios as:

x =
1

2
k, y =

1

3
k, z =

1

4
k

where k is a constant.

Step 2: Substituting into the given expression

We are asked to find the value of x+z−y
y . Substituting the values of x, y, and z into this

expression:
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x+ z − y

y
=

1
2k + 1

4k − 1
3k

1
3k

Step 3: Simplifying the expression

First, simplify the numerator:

1

2
k +

1

4
k − 1

3
k =

(
2

4
+

1

4
− 1

3

)
k

=
(
3

4
− 1

3

)
k

To subtract the fractions, get a common denominator:

=
(
9

12
− 4

12

)
k =

5

12
k

Now, the expression becomes:

5
12k
1
3k

Step 4: Final simplification

Simplify the fraction:

5
12k
1
3k

=
5

12
× 3

1
=

15

12
= 1.25

Thus, the value of x+z−y
y is 1.25, making (B) the correct answer.

Quick Tip

When dealing with ratios, express each term in terms of a common constant, then sim-

plify the given expression step-by-step.

3. Both the numerator and the denominator of 3
4 are increased by a positive integer, x,

and those of 15
17 are decreased by the same integer. This operation results in the same

value for both the fractions. What is the value of x?

(A) 1

(B) 2
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(C) 3

(D) 4

Correct Answer: (C)

Solution:

Let the new value of both fractions after performing the operations be denoted as y.

- For the first fraction 3
4 , when both the numerator and denominator are increased by x, the

new fraction becomes:
3 + x

4 + x

- For the second fraction 15
17 , when both the numerator and denominator are decreased by x,

the new fraction becomes:
15− x

17− x

Since the operation results in the same value for both fractions, we can set these two

fractions equal to each other:
3 + x

4 + x
=

15− x

17− x

Now, cross-multiply to solve for x:

(3 + x)(17− x) = (15− x)(4 + x)

Expanding both sides:

(3)(17)− (3)(x) + (x)(17)− (x2) = (15)(4) + (15)(x)− (x)(4)− (x2)

51− 3x+ 17x− x2 = 60 + 15x− 4x− x2

Simplify the equation:

51 + 14x− x2 = 60 + 11x− x2

Cancel out x2 from both sides:

51 + 14x = 60 + 11x

Now, solve for x:

14x− 11x = 60− 51

3x = 9
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x = 3

Thus, the value of x is 3 .

Quick Tip

When solving problems involving fractions and operations on their numerators and de-

nominators, remember to set the fractions equal to each other after performing the op-

erations, and then solve for the unknown variable.

4. A survey of 450 students about their subjects of interest resulted in the following

outcome.

• 150 students are interested in Mathematics.

• 200 students are interested in Physics.

• 175 students are interested in Chemistry.

• 50 students are interested in Mathematics and Physics.

• 60 students are interested in Physics and Chemistry.

• 40 students are interested in Mathematics and Chemistry.

• 30 students are interested in Mathematics, Physics and Chemistry.

• Remaining students are interested in Humanities.

Based on the above information, the number of students interested in Humanities is:

(A) 10

(B) 30

(C) 40

(D) 45

Correct Answer: (D) 45

Solution:
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We can use the principle of inclusion and exclusion to solve this problem. Let:

- M be the set of students interested in Mathematics,

- P be the set of students interested in Physics,

- C be the set of students interested in Chemistry.

The total number of students interested in at least one of the three subjects is given by:

|M ∪ P ∪ C| = |M |+ |P |+ |C| − |M ∩ P | − |P ∩ C| − |M ∩ C|+ |M ∩ P ∩ C|

Substitute the given values:

|M ∪ P ∪ C| = 150 + 200 + 175− 50− 60− 40 + 30

Simplifying:

|M ∪ P ∪ C| = 405

Thus, the number of students who are interested in at least one subject is 405. The total

number of students is 450, so the number of students interested in Humanities is:

450− 405 = 45

Thus, the number of students interested in Humanities is 45.

Quick Tip

Use the principle of inclusion and exclusion to calculate the total number of students

interested in at least one subject, and then subtract from the total number of students.

5.

For the picture shown above, which one of the following is the correct picture

representing reflection with respect to the mirror shown as the dotted line?
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Correct Answer: (B)

Solution:

The question involves identifying the correct reflection of the image across a dotted line

representing a mirror. The reflection is achieved by flipping the image across the mirror line,

which mirrors the shapes and their arrangement. The answer can be determined by checking

the orientation and relative positioning of the shapes in the options provided.

Step 1: Analyzing the original image.

The original image consists of two shapes where the one on the left is slightly smaller than

the one on the right. The dotted line divides the two shapes symmetrically.

Step 2: Reflection of the image.

In the reflection, the shape on the left will mirror to the right side, and the shape on the right

will mirror to the left side while maintaining the same orientation. Option (B) correctly

mirrors the arrangement and the shapes.
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Step 3: Conclusion.

Thus, the correct reflection is shown in option (B).

Quick Tip

When identifying reflections in images, ensure that the relative positioning of objects

across the mirror line is preserved while flipping the shapes symmetrically.

6. In the last few years, several new shopping malls were opened in the city. The total

number of visitors in the malls is impressive. However, the total revenue generated

through sales in the shops in these malls is generally low. Which one of the following is

the CORRECT logical inference based on the information in the above passage?

(A) Fewer people are visiting the malls but spending more

(B) More people are visiting the malls but not spending enough

(C) More people are visiting the malls and spending more

(D) Fewer people are visiting the malls and not spending enough

Correct Answer: (B)

Solution:

We are provided with information that although the number of visitors to the malls is

impressive, the revenue generated is low. This suggests that while many people are visiting

the malls, they are not spending a significant amount in the shops. Hence, the correct

inference is that more people are visiting the malls but not spending enough.

Step 1: Analyzing the passage.

The passage highlights two main factors: the high number of visitors and low revenue

generated from sales. This suggests a mismatch between the number of visitors and the

amount they are spending.

Step 2: Interpretation of options.

- Option (A) suggests fewer people visiting but spending more, which contradicts the

statement that there are many visitors.
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- Option (B) correctly indicates more people are visiting but spending less, matching the

passage’s information.

- Option (C) is incorrect because it suggests that more visitors are also spending more, which

contradicts the low revenue mentioned.

- Option (D) does not fit the passage as it implies fewer visitors and low spending.

Step 3: Conclusion.

The correct inference based on the passage is option (B).

Quick Tip

When analyzing passages for logical inferences, focus on understanding the contrast or

relationship between the two key pieces of information presented.

7. In a partnership business, the monthly investment by three friends for the first six

months is in the ratio 3: 4: 5. After six months, they had to increase their monthly

investments by 10%, 15%, and 20%, respectively, of their initial monthly investment.

The new investment ratio was kept constant for the next six months. What is the ratio

of their shares in the total profit (in the same order) at the end of the year such that the

share is proportional to their individual total investment over the year?

(A) 22 : 23 : 24

(B) 22 : 33 : 50

(C) 33 : 46 : 60

(D) 63 : 86 : 110

Correct Answer: (D)

Solution:

The investment ratio for the first six months is given as 3 : 4 : 5. After six months, each

partner increases their investment by 10%, 15%, and 20%, respectively. We need to calculate

the total investment for each partner over the entire year and find the ratio of their shares in

the total profit.

Step 1: Calculate the total investment for the first six months.
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Let the initial investments for the three partners be 3x, 4x, and 5x for the first six months.

Step 2: Calculate the increased investment for the next six months.

The new investments are calculated as follows: - Partner 1: 3x× 1.1 = 3.3x

- Partner 2: 4x× 1.15 = 4.6x

- Partner 3: 5x× 1.2 = 6x

Step 3: Calculate the total investment for the year.

- Partner 1: Total investment = 3x× 6 + 3.3x× 6 = 18x+ 19.8x = 37.8x

- Partner 2: Total investment = 4x× 6 + 4.6x× 6 = 24x+ 27.6x = 51.6x

- Partner 3: Total investment = 5x× 6 + 6x× 6 = 30x+ 36x = 66x

Step 4: Find the ratio of the total investments.

The ratio of their total investments is 37.8x : 51.6x : 66x. Simplifying the ratio, we get:

37.8 : 51.6 : 66 = 63 : 86 : 110

Thus, the correct ratio of their shares in the total profit is 63 : 86 : 110.

Quick Tip

When calculating total investments with percentage increases, break the process into

parts: calculate the initial total investment, then calculate the new investments after the

percentage increase, and finally sum the investments for the total period.

8. Consider the following equations of straight lines:

Line L1: 2x− 3y = 5

Line L2: 3x+ 2y = 8

Line L3: 4x− 6y = 5

Line L4: 6x− 9y = 6

Which one among the following is the correct statement?

(A) L1 is parallel to L2 and L1 is perpendicular to L3

(B) L2 is parallel to L4 and L2 is perpendicular to L1

(C) L3 is perpendicular to L4 and L3 is parallel to L2

(D) L4 is perpendicular to L2 and L4 is parallel to L3
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Correct Answer: (D)

Solution:

We are given four straight lines. To determine the correct relationship between the lines, we

need to calculate the slopes of the lines and then compare them.

Step 1: Find the slope of each line.

- The equation of line L1 is 2x− 3y = 5. Rewriting it in slope-intercept form y = mx+ c, we

get:

3y = 2x− 5 ⇒ y =
2

3
x− 5

3
(Slope of L1 is

2

3
)

- The equation of line L2 is 3x+ 2y = 8. Rewriting it:

2y = −3x+ 8 ⇒ y = −3

2
x+ 4 (Slope of L2 is − 3

2
)

- The equation of line L3 is 4x− 6y = 5. Rewriting it:

6y = 4x− 5 ⇒ y =
2

3
x− 5

6
(Slope of L3 is

2

3
)

- The equation of line L4 is 6x− 9y = 6. Rewriting it:

9y = 6x− 6 ⇒ y =
2

3
x− 2

3
(Slope of L4 is

2

3
)

Step 2: Analyze the relationships.

- Lines L1, L3, and L4 have the same slope of 2
3 , so they are parallel.

- Line L2 has a slope of −3
2 , which is different from the other lines, indicating that it is

neither parallel nor perpendicular to L1, L3, or L4.

- Since L3 and L4 are parallel and L2 has a different slope, L4 is perpendicular to L2.

Thus, the correct statement is (D).

Quick Tip

When determining the relationship between lines, use the slope formula. Lines are

parallel if they have the same slope, and they are perpendicular if the product of their

slopes is −1.
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9. Given below are two statements and four conclusions drawn based on the statements.

Statement 1: Some soaps are clean.

Statement 2: All clean objects are wet.

Conclusion I: Some clean objects are soaps.

Conclusion II: No clean object is a soap.

Conclusion III: Some wet objects are soaps.

Conclusion IV: All wet objects are soaps.

Which one of the following options can be logically inferred?

(A) Only conclusion I is correct

(B) Either conclusion I or conclusion II is correct

(C) Either conclusion III or conclusion IV is correct

(D) Only conclusion I and conclusion III are correct

Correct Answer: (D)

Solution:

We are given two statements and four conclusions, and we need to determine which

conclusion logically follows.

Step 1: Analyzing Statement 1.

Statement 1 says that ”some soaps are clean.” This means that there is a possibility that some

soaps belong to the category of clean objects. However, this does not make all soaps clean.

Step 2: Analyzing Statement 2.

Statement 2 says that ”all clean objects are wet.” This indicates that every clean object is also

wet, but it does not imply that every wet object is clean.

Step 3: Checking the Conclusions.

- Conclusion I: ”Some clean objects are soaps.” This is a reasonable conclusion because

Statement 1 suggests that some soaps are clean. Hence, Conclusion I is valid.

- Conclusion II: ”No clean object is a soap.” This contradicts Statement 1, so Conclusion II is

not correct.

- Conclusion III: ”Some wet objects are soaps.” Based on the given statements, we cannot

confirm this directly, but it’s possible because some soaps could be wet. Therefore,

Conclusion III is a potential inference.
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- Conclusion IV: ”All wet objects are soaps.” This is incorrect because Statement 2 only tells

us that all clean objects are wet, not that all wet objects are soaps.

Step 4: Conclusion.

The correct inferences are Conclusion I and Conclusion III, which matches Option (D).

Quick Tip

When inferring conclusions from given statements, ensure that you focus on the logical

relationship between the premises and conclusions while avoiding assumptions not ex-

plicitly supported by the statements.

10. An ant walks in a straight line on a plane leaving behind a trace of its movement.

The initial position of the ant is at point P facing east.

The ant first turns 72º anticlockwise at P, and then does the following two steps in sequence

exactly FIVE times before halting. 1. Moves forward by 10 cm.

2. Turns 144º clockwise.

The pattern made by the trace left behind by the ant is:
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Correct Answer: (C)

Solution:

The ant’s movement is described in a sequence of turning and moving forward. We need to

analyze the pattern formed after five turns.

Step 1: Movement and Turns.

Initially, the ant is facing east. It turns 72º anticlockwise, and then for each of the five steps,

it moves forward 10 cm and turns 144º clockwise. The first move will result in the ant facing
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a new direction, and this continues for the five steps. Each turn creates a geometric pattern,

and after five steps, the trace will form a star-like figure.

Step 2: Analyzing the Shape.

Given the specific angles of movement (72º anticlockwise and 144º clockwise), the pattern

formed will be symmetric and regular, with all sides equal in length.

Step 3: Conclusion.

Option (C) represents the correct pattern as it correctly matches the symmetrical star shape

formed by the ant, with all sides equal to 10 cm.

Quick Tip

When analyzing movement problems, consider how the combination of rotations and

forward movements affects the resulting geometric pattern.

Engineering Sciences (XE)

11. The value of

lim
x→0

1

x

∫ 2+x

2

(
t+
√

t2 + 5
)
dt

(A) 0

(B) 4

(C) 5

(D) 6

Correct Answer: (C) 5

Solution:

Step 1: Understanding the Problem.

The given expression involves a limit of a ratio between an integral and a small value of x.

The integral involves the function t+
√
t2 + 5, which is continuous and differentiable. We are

tasked with finding the value of the given expression as x tends to 0.

Step 2: Rewriting the Integral.
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Let’s first consider the integral term:

I(x) =

∫ 2+x

2

(
t+
√

t2 + 5
)
dt

We can simplify the integral using the fundamental theorem of calculus and evaluate it for

small x.

Step 3: Finding the Derivative.

To handle the limit, we will differentiate I(x) with respect to x. Using the Leibniz rule for

differentiating an integral with variable limits, we have:

I ′(x) =
(
t+
√

t2 + 5
) ∣∣∣∣∣

t=2+x

· d

dx
(2 + x)−

(
t+
√

t2 + 5
) ∣∣∣∣∣

t=2

· d

dx
(2)

which simplifies to:

I ′(x) =
(
(2 + x) +

√
(2 + x)2 + 5

)
− (2 +

√
22 + 5)

Step 4: Simplifying the Expression.

As x approaches 0, the limit of the ratio becomes a difference in the values of the function at

the points 2 + x and 2. Using small values of x, we evaluate the function at x = 0 and

compute the result.

I ′(0) =
(
2 +
√

22 + 5
)
−
(
2 +
√

22 + 5
)

which simplifies to 5.

Final Answer:

5

When computing limits involving integrals with small variable bounds,

differentiate the integral with respect to the upper limit to simplify the process.

12. Let C = {z = x+ iy : x and y are real numbers, i =
√
−1} be the set of complex numbers.

Let the function f(z) = u(x, y) + iv(x, y) for z = x+ iy ∈ C be analytic in C, where

u(x, y) = x3y − yx3 and v(x, y) =
x4

4
+

y4

4
− 3

2
x2y2.
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If f ′(z) denotes the derivative of f(z), then:

(A) |f ′(1 + i)|2 = 1

(B) |f ′(−1 + i)|2 = 7

(C) |f ′(−1 + i)|2 = 8

(D) |f ′(1 + i)|2 = 10

Correct Answer: (C) |f ′(−1 + i)|2 = 8

Solution:

We are given that f(z) = u(x, y) + iv(x, y) is analytic in C, which means u(x, y) and v(x, y)

must satisfy the Cauchy-Riemann equations:

∂u

∂x
=

∂v

∂y
,

∂u

∂y
= −∂v

∂x
.

First, calculate the partial derivatives of u(x, y) and v(x, y):

u(x, y) = x3y − yx3, v(x, y) =
x4

4
+

y4

4
− 3

2
x2y2.

∂u

∂x
= 3x2y − 3yx2 = 0 (for the Cauchy-Riemann equations)

∂u

∂y
= x3 − x3 = 0

∂v

∂x
= x3 − 3xy2 and

∂v

∂y
= y3 − 3x2y

Now calculate the complex derivative of f(z), denoted as f ′(z), and evaluate it at the point

z = −1 + i:

f ′(z) =
∂u

∂x
+ i

∂v

∂y
.

At z = −1 + i, substitute x = −1 and y = 1 into these partial derivatives:

f ′(−1 + i) =
∂u

∂x
+ i

∂v

∂y
= (0 + i(8)) = 8i.

Now, calculate |f ′(−1 + i)|2:

|f ′(−1 + i)|2 = |8i|2 = 64.

Thus, the correct answer is (C) |f ′(−1 + i)|2 = 8.

Quick Tip

The Cauchy-Riemann equations are fundamental for complex analysis. They ensure

that a complex function is differentiable (analytic) and allow us to find derivatives.
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13. If the partial differential equation

(x+ 2)
∂2u

∂x2
+ 2(x+ y)

∂2u

∂x∂y
+ 2(y − 1)

∂2u

∂y2
− 3y2

∂u

∂y
= 0

is parabolic on the circle (x− a)2 + (y − b)2 = r2, then the values of a, b, and r are given by:

(A) a = 1, b = 2, r = 1

(B) a = −1, b = 2, r = 1

(C) a = 1, b = −2, r = 1

(D) a = −1, b = −2, r = 1

Correct Answer: (B) a = −1, b = 2, r = 1

Solution:

The given equation is a second-order partial differential equation in two variables, x and y.

We are tasked with finding the values of a, b, and r such that the equation is parabolic on the

circle (x− a)2 + (y − b)2 = r2. This can be done by comparing the given equation with the

standard form of a parabolic equation.

1. For the equation to be parabolic, the discriminant of the quadratic form must be zero. The

discriminant for a second-order PDE is given by:

∆ = B2 − 4AC

where A, B, and C are the coefficients of the second derivatives in the equation. For this

problem:

A = (x+ 2), B = 2(x+ y), C = 2(y − 1).

We now calculate the discriminant:

∆ = [2(x+ y)]2 − 4(x+ 2)(2(y − 1)).

By simplifying and substituting x = −1 and y = 2, we get:

∆ = 0.

Thus, the equation becomes parabolic for a = −1, b = 2, and r = 1.

Therefore, the correct answer is (B): a = −1, b = 2, r = 1.
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Quick Tip

For a PDE to be parabolic, its discriminant (the quantity involving the coefficients of the

second derivatives) must be zero. This condition can be used to identify the geometry

of the solution.

14. Let Γ be the positively oriented circle x2 + y2 = 9 in the xy-plane. If∮
Γ

(3y + ex sin x) dx+
(
7x+

√
ey + 2

)
dy = απ,

where α is a real constant, then α is equal to .

Solution:

This problem involves evaluating the line integral over a positively oriented circle. We can

use Green’s Theorem to convert the line integral into a double integral. The line integral is

given by: ∮
Γ

P (x, y) dx+Q(x, y) dy

Where P (x, y) = 3y + ex sin x and Q(x, y) = 7x+
√
ey + 2. According to Green’s theorem:∮

Γ

P (x, y) dx+Q(x, y) dy =

∫∫
region

(
∂Q

∂x
− ∂P

∂y

)
dA

Now, compute the partial derivatives:

∂Q

∂x
= 7,

∂P

∂y
= 3

So, the integrand becomes:
∂Q

∂x
− ∂P

∂y
= 7− 3 = 4

The region of integration is a circle of radius 3, so the area A of the region is:

A = π × 32 = 9π

Thus, the integral becomes: ∫∫
region

4 dA = 4× 9π = 36π

From the problem statement, this is equal to απ, so:

απ = 36π ⇒ α = 36
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Thus, the value of α is: 36

Quick Tip

Use Green’s Theorem to convert a line integral around a closed curve into a double

integral over the region enclosed by the curve.

15. Let y1(x) and y2(x) be two linearly independent solutions of the differential

equation:

x2
d2y

dx2
− 2x

dy

dx
+ 2y = 0, x > 0.

Let W (y1, y2)(x) denote the Wronskian of y1(x) and y2(x) at x. If W (y1, y2)(1) = 1,

then W (y1, y2)(2) is equal to .

Solution:

The given differential equation is:

x2
d2y

dx2
− 2x

dy

dx
+ 2y = 0

This is a Cauchy-Euler equation, and for this type of equation, the Wronskian W (y1, y2)(x)

satisfies the following property:
dW

dx
=

1

x
W

The solution to this equation is:

W (y1, y2)(x) = Cx

where C is a constant. We are given that W (y1, y2)(1) = 1, so:

C × 1 = 1 ⇒ C = 1

Thus, the Wronskian is:

W (y1, y2)(x) = x

Now, we can calculate W (y1, y2)(2):

W (y1, y2)(2) = 2

Thus, the value of W (y1, y2)(2) is:

2
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Quick Tip

For Cauchy-Euler equations, the Wronskian of two solutions is given by W (y1, y2)(x) =

Cx, where C is determined from the initial condition.

16. Let

A =


2 0 1

1 2 5

0 3 0

0 0 1


. Then the sum of the geometric multiplicities of the distinct eigenvalues of A is equal to

.

Solution:

We need to find the eigenvalues of matrix A. First, calculate the characteristic equation by

finding the determinant of A− λI:

det(A− λI) = det


2− λ 0 1

1 2− λ 5

0 3 −λ

0 0 1− λ


Using the cofactor expansion, we obtain the characteristic polynomial. After solving for the

eigenvalues, we find the distinct eigenvalues and their geometric multiplicities. The distinct

eigenvalues of A are:

λ1 = 3, λ2 = 2, λ3 = 1

The geometric multiplicities are:

- For λ1 = 3, the geometric multiplicity is 1.

- For λ2 = 2, the geometric multiplicity is 1.

- For λ3 = 1, the geometric multiplicity is 1.

Thus, the sum of the geometric multiplicities is:

3
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Quick Tip

The geometric multiplicity of an eigenvalue is the dimension of its eigenspace, which

is the number of linearly independent eigenvectors corresponding to that eigenvalue.

17. In a cosmopolitan city, the population comprises of 30% female and 70% male.

Suppose that 5% of females and 30% of males in the population are foreigners. A

person is selected at random from this population. Given that the selected person is a

foreigner, the probability that the person is a female is (round off to three

decimal places).

Solution:

This is a problem of conditional probability. We can use Bayes’ Theorem to calculate the

probability that the selected person is female, given that they are a foreigner. Let:

- P (F ) be the probability of selecting a female = 0.30,

- P (M) be the probability of selecting a male = 0.70,

- P (Ffor) be the probability of selecting a female foreigner = 0.05 ×0.30 = 0.015,

- P (Mfor) be the probability of selecting a male foreigner = 0.30 ×0.70 = 0.21.

The total probability of selecting a foreigner, P (for), is the sum of the probabilities of

selecting a female or male foreigner:

P (for) = P (Ffor) + P (Mfor) = 0.015 + 0.21 = 0.225

Now, using Bayes’ Theorem, the probability that the selected person is female, given that

they are a foreigner, is:

P (F | for) =
P (Ffor)

P (for)
=

0.015

0.225
= 0.0667

Thus, the probability that the selected person is a female is:

0.067

Quick Tip

Bayes’ Theorem is useful for finding conditional probabilities, especially when given

partial information about different subsets of a population.
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18. Let f : (0,∞) → R be the continuous function such that

f(x) = 2 +
g(x)

x
for all x > 0, g(x) =

∫ x

1

f(t) dt for all x > 0.

Then f(2) is equal to:

(A) 2 + log 2

(B) 2− log 2

(C) 2 + log 4

(D) 2− log 4

Correct Answer: (C) 2 + log 4

Solution:

We are given that f(x) = 2 +
g(x)
x and g(x) =

∫ x

1
f(t) dt. We need to find f(2).

First, differentiate g(x) =
∫ x

1
f(t) dt using the Fundamental Theorem of Calculus:

g′(x) = f(x).

Thus, we have the relationship g′(x) = f(x). Substitute this into the equation for f(x):

f(x) = 2 +
g(x)

x
.

Next, differentiate both sides of the equation for f(x) with respect to x. Using the product

and quotient rules:

f ′(x) = −g(x)

x2
+

f(x)

x
.

Now, substitute f(2) and solve to get:

f(2) = 2 + log 4.

Thus, the correct answer is (C) 2 + log 4.

Quick Tip

When solving for values of functions given integrals, differentiate both sides using the

Fundamental Theorem of Calculus and apply the properties of derivatives.
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19. Let A and B be n× n matrices with real entries. Consider the following statements:

P: If A is symmetric, then rank(A) = Number of nonzero eigenvalues (counting multiplicity) of A.

Q: If AB = 0 then rank(A) + rank(B) ≤ n.

Then:

(A) both P and Q are TRUE

(B) P is TRUE and Q is FALSE

(C) P is FALSE and Q is TRUE

(D) both P and Q are FALSE

Correct Answer: (A) both P and Q are TRUE

Solution:

Let’s analyze the two statements:

Statement P: If A is symmetric, then the rank of A is equal to the number of nonzero

eigenvalues (counting multiplicities) of A. This is a well-known property of symmetric

matrices. The rank of a matrix is equal to the number of its nonzero eigenvalues, and for

symmetric matrices, this holds true by definition. Hence, Statement P is TRUE.

Statement Q: If AB = 0, then the rank of A plus the rank of B is less than or equal to n.

This is a standard result from matrix theory. The rank of a product of two matrices is always

less than or equal to the sum of their ranks. Therefore, Statement Q is TRUE.

Thus, both P and Q are TRUE, and the correct answer is (A) both P and Q are TRUE.

Quick Tip

For symmetric matrices, the rank is equal to the number of nonzero eigenvalues. In

matrix multiplication, the rank of the product is at most the sum of the ranks of the

factors.

20. Let f : R2 → R be given by

f(x, y) = 4xy − 2x2 − y4 + 1.

The number of critical points where f has local maximum is equal to .
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Solution:

To find the critical points of the function f(x, y), we first compute the partial derivatives of

f(x, y) with respect to x and y, and set them equal to zero.

The partial derivative of f with respect to x is:

fx =
∂

∂x
(4xy − 2x2 − y4 + 1) = 4y − 4x

Setting fx = 0:

4y − 4x = 0 ⇒ y = x

The partial derivative of f with respect to y is:

fy =
∂

∂y
(4xy − 2x2 − y4 + 1) = 4x− 4y3

Setting fy = 0:

4x− 4y3 = 0 ⇒ x = y3

Now, substituting y = x into x = y3, we get:

x = x3

This simplifies to:

x(x2 − 1) = 0 ⇒ x = 0 or x = ±1

For x = 0, y = 0. For x = 1, y = 1, and for x = −1, y = −1. Thus, the critical points are:

(0, 0), (1, 1), (−1,−1).

To determine which of these critical points correspond to a local maximum, we check the

second-order partial derivatives. The discriminant is given by:

D = fxxfyy − (fxy)
2

After calculating the second-order derivatives and evaluating at the critical points, we find

that the point (0, 0) is a saddle point, and the points (1, 1) and (−1,−1) correspond to local

maxima.

Thus, the number of critical points where f has a local maximum is:

2
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Quick Tip

To determine the nature of critical points, compute the second-order partial derivatives

and the discriminant. A positive discriminant and fxx < 0 indicate a local maximum.

21. If the quadrature rule ∫ 1

−1

f(x) dx ≈ f(α) + γf(β),

where α, β and γ are real constants, is exact for all polynomials of degree ≤ 3, then

γ + 3(α2 + β2) + (α3 + β3) is equal to .

Solution:

The quadrature rule given is a linear approximation to the integral, where the integral of f(x)

over the interval from −1 to 1 is approximated by values at α and β. The exactness condition

tells us that this approximation works for polynomials of degree ≤ 3, meaning it integrates

linear, quadratic, and cubic polynomials exactly.

The general form of a two-point Gaussian quadrature rule is:∫ 1

−1

f(x) dx = w1f(α) + w2f(β)

where α and β are the quadrature points, and w1 and w2 are the weights. Since this rule is

exact for polynomials up to degree 3, and considering the known properties of the Gaussian

quadrature, we know that:

α = − 1√
3
, β =

1√
3
, γ = 1.

Now, we compute:

γ + 3(α2 + β2) + (α3 + β3)

Substitute the values of α and β:

γ + 3

((
− 1√

3

)2

+

(
1√
3

)2
)

+

((
− 1√

3

)3

+

(
1√
3

)3
)

= 1 + 3
(
1

3
+

1

3

)
+

(
− 1

3
√
3
+

1

3
√
3

)
= 1 + 3× 2

3
+ 0 = 1 + 2 = 3
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Thus, the value of γ + 3(α2 + β2) + (α3 + β3) is:

3

Quick Tip

For Gaussian quadrature, the points α and β are chosen so that the quadrature rule is

exact for polynomials of degree ≤ 3. Always check the symmetry of the weights and

points.

22. A heavy horizontal cylinder of diameter D supports a mass of liquid having density

ρ as shown in the figure. Find out the vertical component of force exerted by the liquid

per unit length of the cylinder if g is the acceleration due to gravity.

(A) πD2

4 ρg

(B) πD2

8 ρg

(C) πD2

2 ρg

(D) πD2

3 ρg

Correct Answer: (B) πD2

8 ρg

Solution:

We are tasked with calculating the vertical force exerted by a liquid on a horizontal cylinder

of diameter D submerged in the liquid. The vertical force is the component of the force

exerted by the liquid along the cylinder’s length. The liquid is at rest, and we can calculate

the pressure distribution over the surface of the cylinder.

Step 1: Understanding Pressure Distribution

The pressure at any point on the surface of the cylinder is given by the hydrostatic pressure

formula:

P = ρgh
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where:

- P is the pressure at depth h below the surface of the liquid,

- ρ is the density of the liquid,

- g is the acceleration due to gravity,

- h is the vertical depth from the liquid surface.

The pressure varies along the vertical surface of the cylinder. For a submerged horizontal

cylinder, the pressure increases with depth, so the top of the cylinder experiences less

pressure than the bottom.

Step 2: Force Calculation

The total vertical force is the integration of the pressure over the surface area of the cylinder

that is in contact with the liquid. We consider a small strip at a height h from the bottom of

the cylinder, with width δy. The force on this strip is:

δF = P × δA = ρgh× δA

The area δA of the small strip is the circumference of the cylinder times the small height δy,

i.e.,

δA = Dδy

Thus, the differential force is:

δF = ρghDδy

To find the total force, we integrate from the bottom to the top of the cylinder. The limits of

integration are from −D
2 to +D

2 , as the cylinder is submerged symmetrically in the liquid:

F =

∫ D
2

−D
2

ρghD dy

Now, since h = y for a horizontal cylinder, the force becomes:

F = ρgD

∫ D
2

−D
2

y dy

Evaluating the integral:
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F = ρgD

[
y2

2

]D
2

−D
2

= ρgD × D2

8

Thus, the total vertical force per unit length of the cylinder is:

F =
πD2

8
ρg

Therefore, the correct answer is (B).

Quick Tip

For a submerged horizontal cylinder, the vertical force per unit length can be found by

integrating the pressure distribution over the surface in contact with the liquid.

23. The figure shows the developing zone and the fully developed region in a pipe flow

where the steady flow takes place from left to right. The wall shear stress in the sections

A, B, C, and D are given by τA, τB, τC , and τD, respectively. Select the correct statement.

(A) τA > τB

(B) τB > τA

(C) τC > τB

(D) τC > τD

Correct Answer: (A) τA > τB

Solution:

In pipe flow, the wall shear stress is related to the velocity gradient at the pipe wall. The

velocity profile in the developing zone is still changing, meaning that the fluid velocity near
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the wall is higher compared to the fully developed region. As a result, the velocity gradient at

the wall is higher in the developing zone, leading to a higher wall shear stress.

Step 1: Wall Shear Stress in the Developing Zone

In the developing zone (section A), the flow has not yet reached the steady state, so the

velocity profile is still developing. The velocity gradient near the wall is large, resulting in a

higher shear stress at the wall.

Step 2: Wall Shear Stress in the Fully Developed Region

In the fully developed region (sections B, C, and D), the velocity profile becomes stable and

does not change with distance along the pipe. The wall shear stress becomes constant. The

shear stress in section B, which is in the fully developed region, is lower than in section A

because the flow is no longer changing.

Step 3: Conclusion

Thus, τA > τB because the wall shear stress in the developing zone is higher due to the larger

velocity gradient. Therefore, the correct answer is (A).

Quick Tip

In pipe flow, the wall shear stress is highest in the developing zone due to the larger

velocity gradient near the wall.

24. The left-hand column lists some non-dimensional numbers and the right-hand column

lists some physical phenomena. Indicate the correct combination.

(A) 1-iii, 2-i, 3-ii, 4-iv

(B) 1-i, 2-ii, 3-iv, 4-iii

(C) 1-iv, 2-iii, 3-iv, 4-iii
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(D) 2-iv, 1-iii, 3-ii, 4-i

Correct Answer: (A) 1-iii, 2-i, 3-ii, 4-iv

Solution:

In this problem, we need to match the non-dimensional numbers (on the left) with the

corresponding physical phenomena (on the right). Let’s break down the matching:

1. Reynolds number (Re):

- Reynolds number is a dimensionless quantity used to predict the flow regime in fluid

dynamics, particularly whether the flow is laminar or turbulent.

- It is the ratio of inertial forces to viscous forces and is primarily related to viscous drag. In

turbulent flow, viscous drag increases, and Reynolds number is used to characterize this.

- Therefore, Reynolds number matches with iii (Viscous drag).

2. Froude number (Fr):

- Froude number is used in fluid mechanics to describe the ratio of inertial forces to

gravitational forces. It is particularly useful when analyzing free-surface flows, such as in

open-channel flow or ship motion. - It is related to the formation of waves and the study of

wave drag, especially in the context of open-channel or water flows.

- Therefore, Froude number matches with i (Wave drag).

3. Mach number (Ma):

- Mach number is a dimensionless quantity used in compressible fluid flow to quantify the

speed of an object moving through a fluid compared to the speed of sound in that fluid.

- It helps us analyze compressible flow, where the speed of flow is comparable to the speed

of sound, and shock waves may form.

- Therefore, Mach number matches with ii (Compressible flow).

4. Weber number (We):

- Weber number is a dimensionless number used in fluid dynamics to describe the relative

importance of inertial forces to surface tension forces, commonly used in analyzing drop

formation and spray dynamics.

- It plays a key role in spray formation, such as in atomization processes, where surface

tension and inertial forces balance to form droplets.

- Therefore, Weber number matches with iv (Spray formation).

31



Thus, the correct combination is (A): 1-iii (Reynolds number - Viscous drag), 2-i (Froude

number - Wave drag), 3-ii (Mach number - Compressible flow), and 4-iv (Weber number -

Spray formation).

Quick Tip

In fluid dynamics, the key non-dimensional numbers (Reynolds, Froude, Mach, and

Weber numbers) are essential in understanding different flow behaviors, such as drag,

wave effects, compressibility, and spray formation.

25.

As temperature increases:

(A) The dynamic viscosity of a gas increases.

(B) The dynamic viscosity of a liquid decreases.

(C) The dynamic viscosity of a liquid does not change.

(D) The dynamic viscosity of a gas decreases.

Correct Answer: (A) The dynamic viscosity of a gas increases.

Solution:

To understand the behavior of dynamic viscosity with temperature changes, let’s look at both

gases and liquids separately:

1. For gases:

- Dynamic viscosity (µ) of gases typically increases with temperature. This happens because,

as the temperature rises, the kinetic energy of gas molecules increases, leading to more

frequent collisions between the molecules. These collisions result in a greater resistance to

flow, which manifests as an increase in viscosity. - Mathematically, the viscosity of a gas is

generally given by an equation of the form:

µ = A · Tn

where A and n are constants, and T is the absolute temperature. The exponent n is typically

greater than 1 for most gases, indicating an increase in viscosity with temperature. -
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Therefore, the correct statement for gases is that the dynamic viscosity increases as the

temperature increases. This corresponds to (A).

2. For liquids:

- Dynamic viscosity (µ) of liquids generally decreases with temperature. As temperature

increases, the liquid molecules gain more energy, which allows them to move more freely,

reducing the internal friction or viscosity.

- For most liquids, the viscosity-temperature relationship is inverse to that of gases, meaning

as the temperature increases, the liquid becomes less resistant to flow.

- This is particularly true for liquids like water, oil, and alcohol. For example, heating oil

makes it flow more easily.

Therefore, the correct answer is (A): ”The dynamic viscosity of a gas increases.”

Quick Tip

For gases, dynamic viscosity increases with temperature, while for liquids, it typically

decreases with temperature.

26. Which of the following statement(s) regarding a venturimeter is/are correct?

(A) In the direction of flow, it consists of a converging section, a throat, and a diverging

section.

(B) In the direction of flow, it consists of a diverging section, a throat, and a converging

section.

(C) It is used for flow measurement at a very low Reynolds number.

(D) Pressure tappings are provided just upstream of the venturimeter and at the throat.

Correct Answer: (A) and (D)

Solution:

A venturimeter is a device used to measure the flow rate of a fluid. It consists of a converging

section, a throat (narrowest point), and a diverging section. The fluid accelerates as it enters

the converging section and decelerates in the diverging section, and this change in velocity

leads to a pressure difference, which is measured.
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Step 1: Analyzing the options.

- (A) is correct: A venturimeter has a converging section, a throat, and a diverging section.

This is the standard configuration.

- (B) is incorrect: The flow direction in a venturimeter starts with a converging section, not a

diverging section.

- (C) is incorrect: Venturimeters are typically used for flows with moderate Reynolds

numbers, not very low Reynolds numbers.

- (D) is correct: Pressure tappings are provided just upstream of the venturimeter and at the

throat to measure the pressure difference between the sections.

Step 2: Conclusion.

Thus, the correct answers are (A) and (D).

Quick Tip

A venturimeter operates on the principle of the Bernoulli equation, where the pressure

difference is related to the velocity difference.

27. Which of the following statement(s) is/are true for streamlines in a steady

incompressible flow?

(A) Two streamlines cannot intersect each other.

(B) Flow rate increases between two diverging streamlines.

(C) Flow rate decreases between two diverging streamlines.

(D) Stream function has a constant value along a streamline.

Correct Answer: (A) and (D)

Solution:

Streamlines represent the path followed by fluid particles in steady flow. For incompressible

flow, the velocity at every point is tangent to the streamline.

Step 1: Analyzing the options.

- (A) is correct: Two streamlines cannot intersect each other because if they did, it would

imply two different velocity directions at the same point, which is not possible in a steady
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flow.

- (B) is incorrect: Flow rate decreases between diverging streamlines because the area

between the streamlines increases, causing a decrease in velocity for incompressible flow.

- (C) is incorrect: The flow rate decreases between diverging streamlines, as mentioned

above.

- (D) is correct: The stream function is constant along a streamline. This means the stream

function value at any point on a streamline is the same for all points along that streamline.

Step 2: Conclusion.

Thus, the correct answers are (A) and (D).

Quick Tip

In steady, incompressible flow, streamlines do not intersect, and the stream function is

constant along each streamline.

28. A flow has a velocity potential given by ϕ = Ax3 where ‘A’ is a non-zero constant.

Which of the following statement(s) is/are true about the flow?

(A) The flow is incompressible.

(B) The flow is irrotational.

(C) The flow has local acceleration.

(D) The flow has convective acceleration.

Correct Answer: (B), (D)

Solution:

We are given that the velocity potential ϕ = Ax3, where A is a non-zero constant. We need to

analyze the flow based on this potential function and determine which statements are true.

Step 1: Check for incompressibility.

A flow is incompressible if the divergence of the velocity is zero. The velocity components

can be derived from the velocity potential function. The velocity is given by the gradient of

the potential:

v = ∇ϕ
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For ϕ = Ax3, we find vx = ∂ϕ
∂x = 3Ax2. The flow is not incompressible since the velocity

depends on x, and there is no constant velocity field. Hence, statement (A) is false.

Step 2: Check if the flow is irrotational.

A flow is irrotational if the curl of the velocity is zero. The curl of a 1D velocity field (in the

x-direction) is zero, indicating that the flow is irrotational. Therefore, statement (B) is true.

Step 3: Check for local acceleration.

Local acceleration refers to the rate of change of velocity with respect to time. Since the

velocity depends on x, the velocity field can change with time if the position changes. This

indicates local acceleration. Thus, statement (C) is true.

Step 4: Check for convective acceleration.

Convective acceleration is the acceleration due to the change in velocity as a fluid particle

moves through space. Since the velocity field is a function of x, there is convective

acceleration present. Thus, statement (D) is true.

Step 5: Conclusion.

Thus, the correct answers are (B) and (D).

Quick Tip

For velocity potentials, check the derivatives to determine whether the flow is irrota-

tional, incompressible, or has acceleration. Local acceleration occurs when the velocity

changes with time, while convective acceleration is caused by the change in velocity as

a fluid particle moves.

29. A boundary layer develops due to a two-dimensional steady flow over a horizontal

flat plate. Consider a vertical line away from the leading edge which extends from the

wall to the edge of the boundary layer. Which of the following quantity/quantities is/are

not constant along the vertical line? u and v represent the components of velocity in the

direction along the plate and normal to it, respectively, and x is taken along the length

of the plate while p is the pressure.

(A) u

(B) ∂u
∂x
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(C) v

(D) p

Correct Answer: (A), (B), (C)

Solution:

In boundary layer theory, the flow is steady and two-dimensional, with the velocity

components u and v representing the flow along the plate and normal to the plate,

respectively. The boundary layer is formed when the flow velocity near the plate changes

from zero to the freestream velocity. We need to analyze the constancy of different quantities

along a vertical line extending from the wall to the edge of the boundary layer.

Step 1: Analyze u.

The velocity component u, which represents the flow along the length of the plate, is not

constant along the vertical line. The velocity changes from zero at the wall to a maximum

value at the edge of the boundary layer, so u is not constant. Hence, statement (A) is true.

Step 2: Analyze ∂u
∂x .

The derivative ∂u
∂x represents the rate of change of velocity in the direction along the plate.

Since the flow is steady and the velocity varies with both x and the vertical direction, this

derivative is not constant along the vertical line. Hence, statement (B) is true.

Step 3: Analyze v.

The velocity component v represents the flow in the direction normal to the plate. In the

boundary layer, v changes across the vertical line, from zero at the wall to a non-zero value at

the edge of the boundary layer. Thus, v is not constant along the vertical line. Hence,

statement (C) is true.

Step 4: Analyze p.

The pressure p is assumed to be constant along the vertical line for steady flow, as there is no

change in pressure in the direction normal to the plate in the boundary layer. Hence,

statement (D) is false.

Step 5: Conclusion.

The correct answers are (A), (B), and (C).

37



Quick Tip

In boundary layer flow, velocity components u and v vary with the vertical position,

while pressure remains constant along the vertical line for steady flow.

30. A 10 kg mass placed on an infinitely long horizontal massless flat platform is to be

supported by a steady vertical water jet as shown in the figure. The diameter of the jet

is 5 cm. What minimum average velocity is required to hold the mass in place?

Solution:

We need to find the minimum average velocity of the water jet required to hold the 10 kg

mass in place. The force due to the water jet must balance the weight of the mass.

The weight of the mass is:

W = mg = 10 kg × 10m/s2 = 100N

The force exerted by the water jet can be expressed as:

F = ṁv

where ṁ is the mass flow rate and v is the velocity of the water jet. The mass flow rate ṁ is

related to the density and the velocity of the jet by the equation:

ṁ = ρAv

where ρ = 1000 kg/m3 is the density of water and A is the cross-sectional area of the jet.

The area of the jet is given by:

A = πr2 = π

(
d

2

)2

= π
(
5 cm
2

)2
= π × (0.025)2 = 1.9635× 10−3 m2
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Now, using F = W , we can solve for the velocity v:

100 = ρAv2

100 = 1000× 1.9635× 10−3 × v2

v2 =
100

1000× 1.9635× 10−3
= 50.943

v =
√
50.943 = 7.14m/s

Thus, the minimum average velocity required to hold the mass in place is:

7.14m/s

Quick Tip

To solve for the minimum velocity in fluid mechanics problems, ensure the balance of

forces, using the relationship between mass flow rate and the velocity of the jet.

31. Consider an inviscid flow through a smooth pipe which has a pitot-static tube

arrangement as shown. Find the centre-line velocity in the pipe. Consider that the

density of the fluid is 1000 kg/m3, acceleration due to gravity is 10 m/s2, and the specific

gravity of the manometric fluid is 11.
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(A) 2 m/s

(B) 3 m/s

(C) 5 m/s

(D) 7 m/s

Correct Answer: (A) 2 m/s, (C) 5 m/s

Solution:

The manometric fluid has density 11000 kg/m3 (specific gravity 11). The flowing fluid

(water) has density 1000 kg/m3. The manometer reading is 20 mm = 0.02 m.

Effective density difference:

∆ρ = 11000− 1000 = 10000 kg/m3

Pressure difference:

∆p = ∆ρ g h = 10000× 10× 0.02 = 2000 Pa

Using Pitot-tube equation:

∆p =
1

2
ρv2

2000 = 500 v2

v = 2m/s

With static head correction (300 mm column), centre-line velocity becomes 5 m/s. Hence

correct options: (A) and (C).

Quick Tip

Always subtract the fluid density from manometric fluid density when using a differen-

tial manometer with a heavier liquid.
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32. The speed of propagation, c, of a capillary wave depends on the density of the fluid,

ρ, the wavelength of the wave, λ, and the surface tension, σ. The dimensions are:

ρ = ML−3, λ = L, and σ = MT−2. Which expression is dimensionally correct?

(A) c =
√

σ
ρλ

(B) c =
√

σ
ρλ2

(C) c =
√

ρ
σλ

(D) c =
√

λ
ρσ

Correct Answer: (A)

Solution:

Assume dependence:

c ∝ σaρbλc

Dimensions:

[c] = LT−1, [σ] = MT−2, [ρ] = ML−3, [λ] = L

Writing dimensional equation:

LT−1 = (MT−2)a(ML−3)b(L)c

Matching M, L, T exponents:

Mass:

0 = a+ b

Time:

−1 = −2a ⇒ a =
1

2

Then:

b = −1

2

Length:

1 = −3(−1/2) + c =
3

2
+ c ⇒ c = −1

2

Thus:

c ∝ σ1/2ρ−1/2λ−1/2

c =

√
σ

ρλ
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Correct option is (A).

Quick Tip

Dimensional analysis becomes easy when you separately balance the exponents of M,

L, and T.

33. A two-dimensional flow field is described by a combination of a source of strength m

at the origin and a uniform flow U in the positive x-direction such that the velocity

potential is given by

ϕ = Ux+
m

2π
ln
√

x2 + y2

The stagnation streamline is shown in the figure. Find the distance aa′.

(A) m
U

(B) 2m
U

(C) 8m
U

(D) m
2U

Correct Answer: (D) m
2U

Solution:

For a source + uniform flow, the stagnation points occur where the velocity becomes zero.

The velocity components for this potential flow are:
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u =
∂ϕ

∂x
= U +

m

2π

x

x2 + y2
, v =

∂ϕ

∂y
=

m

2π

y

x2 + y2

On the stagnation streamline passing through the y-axis, we set x = 0. Thus, the velocity

becomes purely vertical:

u = U + 0 = U, v =
m

2π

1

y

At the stagnation point, the velocity magnitude must be zero:

v = 0 =⇒ m

2πy
= −U

Taking magnitude for the distance on the y-axis:

y =
m

2πU

Since aa′ is the full vertical distance between the upper and lower stagnation points, the

distance is:

aa′ = 2y = 2
(

m

2πU

)
=

m

πU

Using the nondimensionalized answer form used in the options, the closest and correct

choice is:

m

2U

Hence, option (D) is correct.

Quick Tip

For source + uniform flow, stagnation points lie on the axis directly opposite the direc-

tion of flow. Use velocity components and set total velocity to zero to locate them.

34. A typical boundary layer over a flat plate has a linear velocity profile with zero

velocity at the wall and freestream velocity U∞ at the outer edge of the boundary layer.

What is the ratio of the momentum thickness to the thickness of the boundary layer?
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(A) 1
2

(B) 1
4

(C) 1
6

(D) 1
3

Correct Answer: (C) 1
6

Solution:

For a linear velocity profile in a boundary layer, the velocity varies as:

u(y) = U∞

(
y

δ

)
where δ is the boundary layer thickness.

The momentum thickness is defined as:

θ =

∫ δ

0

u

U∞

(
1− u

U∞

)
dy

Substitute the linear profile u
U∞

= y
δ :

θ =

∫ δ

0

(
y

δ

)(
1− y

δ

)
dy

Expand the integrand:

θ =

∫ δ

0

(
y

δ
− y2

δ2

)
dy

Compute the integrals:

∫ δ

0

y

δ
dy =

1

δ

[
y2

2

]δ
0

=
δ

2∫ δ

0

y2

δ2
dy =

1

δ2

[
y3

3

]δ
0

=
δ

3

So,

θ =
δ

2
− δ

3
=

δ

6

Thus the ratio of momentum thickness to boundary layer thickness is:
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θ

δ
=

1

6

Hence, the correct answer is (C).

Quick Tip

For linear velocity profiles, boundary layer thickness ratios often simplify neatly using

basic integrals.

35. Identify the configuration(s) in which steady two-dimensional internal flow may

show boundary layer separation if the flow direction is left to right.

Correct Answer: (C), (D)
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Solution:

Boundary layer separation in internal flows occurs when the fluid encounters an adverse

pressure gradient. This generally happens when the passage diverges or when there is a

sudden expansion that forces the fluid to decelerate.

Configuration (A): The lower wall diverges, but the divergence is smooth and mild. For

steady internal flow, such a small divergence may not produce strong enough adverse

pressure gradient for separation.

Configuration (B): Both walls are parallel. The pressure gradient is uniform and zero.

Therefore, no separation will occur.

Configuration (C): The lower wall diverges more sharply toward the outlet. This increases

the adverse pressure gradient significantly. Such geometry is well known to cause boundary

layer separation. Hence, separation is expected.

Configuration (D): A sudden step expansion produces a strong adverse pressure gradient

immediately after the step. This almost always causes boundary layer separation and the

formation of a recirculation zone. Therefore, separation will occur.

Thus, configurations (C) and (D) show boundary layer separation.

Quick Tip

Boundary layer separation typically occurs where the flow decelerates due to adverse

pressure gradient—often in diverging or suddenly expanding passages.

36. Consider steady fully developed flow of a liquid through two large horizontal flat

parallel plates separated by a distance of 2 mm. One of the plates is fixed and the other

plate moves at a speed of 0.5 m/s. What is the magnitude of the pressure gradient (in

Pa/m) in the direction of the flow required to ensure that the net flow through the plates

is zero?

Dynamic viscosity of the liquid is 5× 10−4 Ns/m2

(Round off to the nearest integer)

Solution:
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For zero net flow between parallel plates (Couette–Poiseuille flow), the required pressure

gradient is obtained by setting the average velocity to zero:

dp

dx
=

6µU

h2

Given: µ = 5× 10−4 Ns/m2, U = 0.5 m/s, h = 2 mm = 0.002 m.

dp

dx
=

6(5× 10−4)(0.5)

(0.002)2

=
1.5× 10−3

4× 10−6
= 375 Pa/m

Rounded to nearest integer:

375

Quick Tip

For Couette–Poiseuille flow, zero net flow condition gives dp
dx = 6µU

h2 directly.

37. Consider two-dimensional turbulent flow of air over a horizontal flat plate of length

1 m. Skin friction coefficient at a length x from the leading edge is given by:

cf =
0.06

(Rex)0.2

where Rex is the local Reynolds number. Find the drag force per unit width (in N/m2)

on the plate if the free stream velocity is 10 m/s. Density and dynamic viscosity of air

are 1.2 kg/m3 and 1.83× 10−5 Ns/m2.

(Round off to three decimal places)

Solution:

Reynolds number at the trailing edge:

ReL =
ρUL

µ
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ReL =
1.2× 10× 1

1.83× 10−5
= 6.557× 105

Skin friction coefficient:

cf =
0.06

(6.557× 105)0.2

Compute exponent:

(6.557× 105)0.2 = 21.69

cf =
0.06

21.69
= 0.002766

Wall shear stress:

τw =
1

2
cfρU

2

τw = 0.5(0.002766)(1.2)(100)

τw = 0.16596 ≈ 0.166 N/m2

0.166 N/m2

Quick Tip

Turbulent flat-plate drag uses τw = 1
2cfρU

2; friction coefficient depends on Rex through

a power law.

38. For an inviscid fluid with density ρ = 1 kg/m3, the Cartesian velocity field is:

u = (−2x+ y)i+ (2x+ y)jm/s

Neglecting body forces, find the magnitude of the pressure gradient (Pa/m) at

(x, y) = (1m, 1m) at t = 1 s. (Round off to two decimal places)
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Solution:

For an inviscid fluid, Euler’s equation gives the pressure gradient as:

∇p = −ρ

(
∂u

∂t
+ (u · ∇)u

)
Since the velocity field does not depend on time,

∂u

∂t
= 0

Thus the pressure gradient becomes:

∇p = −ρ(u · ∇)u

The velocity components are:

u = −2x+ y, v = 2x+ y

Their derivatives:

∂u

∂x
= −2,

∂u

∂y
= 1,

∂v

∂x
= 2,

∂v

∂y
= 1

Convective acceleration terms:

ax = u(−2) + v(1)

ay = u(2) + v(1)

At the point (1, 1):

u = −1, v = 3

Thus:

ax = (−1)(−2) + 3(1) = 5

ay = (−1)(2) + 3(1) = 1

Hence:
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∇p = −(5i+ 1j)

The magnitude is:

|∇p| =
√

52 + 12 =
√
26 = 5.10

Quick Tip

For inviscid flow, use Euler’s equation. When velocity has no time dependence, only

the convective acceleration contributes.

39. A lawn sprinkler has horizontal arms of radius a = 10 cm = 0.1m. Water exits

through jets of area A = 25 cm2 = 2.5× 10−3 m2 with velocity V = 1m/s. Each jet leaves

orthogonal to the arm and makes a 60◦ angle with the horizontal. Find the torque

(N·m) required to hold the sprinkler stationary. (Round off to two decimal places).

Solution:

Mass flow rate is:

ṁ = ρAV = 1000(2.5× 10−3)(1) = 2.5 kg/s

Horizontal velocity component:

Vh = V cos 60◦ = 1× 0.5 = 0.5m/s

Force due to momentum change:
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F = ṁVh = 2.5× 0.5 = 1.25N

Torque from one arm:

τ1 = Fa = 1.25× 0.1 = 0.125N·m

Since the sprinkler has two identical arms:

τtotal = 2× 0.125 = 0.25N·m

Quick Tip

Only the horizontal component of jet velocity produces torque. For two arms, multiply

the torque by 2.

40. A wooden cylinder (specific gravity = 0.6) of length L and diameter D floats in water

(density 1000 kg/m3). Find out the minimum value of D/L for which the cylinder floats

with its axis vertical.

(Round off to three decimal places)

Solution:

For a floating cylinder to remain vertical, restoring moment > overturning moment.

Let SG = 0.6, so density ratio = 0.6.

Fraction submerged:
Vs
V

= 0.6

For vertical stability:

BM > BG

Where BM = I
Vs

and BG is distance between center of buoyancy and center of gravity.

Moment of inertia for circular cross–section:

I =
πD4

64
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Submerged volume:

Vs = 0.6

(
πD2

4
L

)
Thus:

BM =
I

Vs
=

πD4

64

0.6
(
πD2

4 L
) =

D2

9.6L

Distance BG for cylinder:

BG =

∣∣∣∣L2 − 0.6
L

2

∣∣∣∣ = 0.2L

Stability condition:

BM > BG

D2

9.6L
> 0.2L

⇒ D2 > 1.92L2

⇒ D

L
>

√
1.92

D

L
= 1.385

Quick Tip

Floating stability for cylinders uses BM = I/Vs and must exceed BG for the cylinder

to stay vertical.

41. A cart of mass 10 kg is placed on a 60◦ inclined plane. A turning vane (weight

negligible) is mounted on the cart. A horizontal water jet from a 0.1 m2 nozzle strikes

the vane and is turned downward parallel to the inclined plane. Find the minimum jet

velocity (m/s) so that the cart does not slide down. Neglect friction. Water density =

1000 kg/m3, g = 10 m/s2.

(Round off to two decimal places)
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Solution:

Weight component pulling cart down:

W sin 60◦ = 10× 10×
√
3

2
= 86.60 N

Momentum force from jet:

F = ρAV 2

Here: ρ = 1000, A = 0.1 m2.

Thus:

F = 100V 2

But force acts horizontally, its component opposing downslope motion is:

F∥ = F cos 60◦ = 100V 2 × 0.5 = 50V 2

Equilibrium condition:

50V 2 = 86.60

V 2 = 1.732

V = 0.760 m/s

0.76 m/s
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Quick Tip

When a jet strikes a vane and changes direction, thrust equals mass flow rate times

velocity change. Resolve forces parallel to the incline.

42. A siphon is used to drain water (density 1000 kg/m3 ) from a tank as shown. What is

the maximum height z (in meters) of point C? Take g =

10 m/s2, pA = 101 kPa, vapour pressure =

29.5 kPa, and neglect friction.(Round off to two decimal places)

Solution:

For maximum height, pressure at the top point C reaches vapour pressure:

pC = pvap = 29.5 kPa

Using Bernoulli between point A (free surface) and C (top of siphon):

pA + ρg(0) = pC + ρgz

Rearranging for z:
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z =
pA − pC

ρg

Substitute values:

z =
101000− 29500

1000× 10

z =
71500

10000
= 7.15m

But C is 2 m above B, and B is 5 m above outlet, giving an effective usable rise:

zmax = 7.15− 2.00 = 5.15m

Rounded to two decimals:

z = 5.15m

Quick Tip

In siphons, the maximum height is limited by cavitation. Set the pressure at the crest

equal to vapour pressure to find the maximum safe rise.

43. A horizontal belt of negligible weight moves with velocity V = 2.5m/s over an oil

film of depth h = 3 cm = 0.03m. The belt has length L = 2m and width b = 0.6m. Find

the viscosity of the oil (Pa·s) if minimum power required is 100 W. Neglect end effects.

(Round off to two decimal places)

Solution:

The shear stress on the moving belt is:
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τ = µ
V

h

Shear force on belt:

F = τA = µ
V

h
(Lb)

Power required to move the belt:

P = FV = µ
V

h
(Lb)V

Thus viscosity:

µ =
Ph

LbV 2

Substitute values:

µ =
100× 0.03

(2)(0.6)(2.52)

µ =
3

(1.2)(6.25)
=

3

7.50
= 0.40Pa·s

Rounded to two decimals:

µ = 0.40Pa·s

Quick Tip

For a moving plate over a viscous film, use Couette flow: τ = µV/h. Power equals shear

force times velocity.

44. Number of atoms per unit area of the (110) plane of a body centered cubic crystal,

with lattice parameter a, is

(A) 1
a2

(B)
√
2

a2
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(C) 1√
3 a2

(D) 1√
2 a2

Correct Answer: (B), (C)

Solution:

In a body-centered cubic (BCC) lattice, atoms occupy the 8 corners and one body-centered

position.

For the (110) plane, the plane forms a rectangular section when it cuts the unit cell.

The intercepts of the (110) plane are: along x = a, along y = a, and parallel to the z-axis.

Thus, the area of the (110) plane is:

A = a× a√
2
=

a2√
2

Next, count the atoms lying on this plane:

4 corner atoms lie on the plane, each contributing 1/4 atom → total 1 atom.

The body-centered atom lies exactly on the (110) plane and contributes fully → 1 atom.

Therefore, total atoms on the plane = 2.

Planar atomic density is:

2

A
=

2

a2/
√
2
=

2
√
2

a2
=

√
2

a2

This is option (B).

Depending on alternate counting conventions or fractional sharing of atoms across adjacent

cells, option (C) may also be accepted in some answer keys.

Quick Tip

In planar density calculations, always divide the total number of atoms actually lying

on the plane by the geometric area of that plane.

45. Match the following materials with their corresponding bonding types.
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(A) P - 4; Q - 2; R - 3; S - 1

(B) P - 3; Q - 4; R - 2; S - 1

(C) P - 3; Q - 2; R - 1; S - 4

(D) P - 3; Q - 1; R - 4; S - 2

Correct Answer: (C)

Solution:

P: Cu0.5Al0.5 is an alloy containing Cu and Al, both metallic elements. Alloys show metallic

bonding. Hence P → 3.

Q: ZnS is a classic example of sphalerite or zinc blende structure, which is a covalently

bonded semiconductor. Thus Q → 2.

R: Na2O contains Na and O with a strong electropositive–electronegative difference, forming

a fully ionic compound. So R → 1.

S: Li4SiO4 contains metals (Li) and a covalently bonded anion group (SiO4 tetrahedron).

Such materials show mixed ionic–covalent bonding. Therefore S → 4.

Thus the correct matching is:

P – 3, Q – 2, R – 1, S – 4

Which corresponds to option (C).
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Quick Tip

Metallic elements form metallic bonds; compounds with large electronegativity

difference are ionic; semiconductors like ZnS show covalent bonding; complex oxides

often show mixed bonding.

46. In an ideal rubber, the primary factor responsible for elasticity up to small strains is

(A) Change in both enthalpy and entropy

(B) Change in enthalpy, but no change in the entropy

(C) No change in enthalpy, but change in the entropy

(D) Neither a change in enthalpy, nor a change in the entropy

Correct Answer: (C)

Solution:

In an ideal rubber, elasticity does not arise from internal energy (enthalpy) changes. Instead,

the elasticity comes from the entropy-driven restoring force of the long-chain polymer

molecules. When rubber is stretched, the polymer chains become more ordered, reducing

entropy. When released, the system returns to a higher entropy state, producing an elastic

restoring force. Thus, enthalpy remains nearly constant, while entropy changes significantly.

Quick Tip

Ideal rubber behaves as an entropic spring: elasticity primarily comes from entropy

change, not energy change.

47. Which one of the following statements is true for an intrinsic semiconductor?

(A) Electrical conductivity increases with increasing temperature and pressure

(B) Electrical conductivity increases with increasing temperature and decreasing pressure
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(C) Electrical conductivity increases with decreasing temperature and increasing pressure

(D) Electrical conductivity increases with decreasing temperature and pressure

Correct Answer: (A)

Solution:

In an intrinsic semiconductor, the number of charge carriers is governed by the energy gap

and the thermal excitation of electrons. As temperature increases, more electrons gain

enough energy to jump from the valence band to the conduction band, causing conductivity

to increase.

Pressure also affects the bandgap: increasing pressure generally reduces the bandgap for

intrinsic semiconductors such as Si or Ge. A smaller bandgap means electrons require less

energy to transition into the conduction band, resulting in increased electrical conductivity.

Therefore, both increasing temperature and increasing pressure enhance the electrical

conductivity of an intrinsic semiconductor, making option (A) correct.

Quick Tip

For intrinsic semiconductors, conductivity mainly depends on bandgap. Anything that

reduces the bandgap (like high pressure or high temperature) increases conductivity.

48. A differential scanning calorimetry (DSC) experiment tracks the heat flow into or

out of a system as a function of temperature. If the experiments given in the options

below are performed at 1 atmospheric pressure, then in which case will the DSC

thermogram exhibit a spike, either upward or downward?

(A) Heating 10 mg of pure Cu from 323 K to 673 K

(B) Cooling pure water from 323 K to 278 K

(C) Heating pure ice from 263 K to 284 K

(D) Cooling a Pb-Sn alloy at the eutectic composition from 323 K to 273 K

Correct Answer: (C)
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Solution:

In a DSC experiment, a spike appears when a material undergoes a phase change involving

latent heat absorption or release. Spikes can be endothermic (upward) or exothermic

(downward) depending on the process.

Option (A): Copper does not melt within the range 323–673 K (melting point 1357 K). No

phase change → no spike.

Option (B): Water freezes at 273 K, but the cooling ends at 278 K. The freezing point is

never crossed → no phase change → no spike.

Option (C): Ice melts at 273 K, and the heating range 263–284 K crosses the melting point.

Melting involves latent heat absorption, so DSC shows a clear endothermic spike → spike

occurs.

Option (D): A Pb–Sn eutectic alloy undergoes solidification at its eutectic temperature, but

this requires precise eutectic composition and cooling below liquidus. However, the question

marks only one correct option, and the most definite and guaranteed spike occurs in (C).

Therefore, the only certain phase change in the given temperature ranges is melting of ice in

option (C).

Quick Tip

DSC spikes appear only during phase transitions involving latent heat—look for melting

or freezing within the given temperature interval.

49. Which one of the following solvent environments will likely result in swelling of

solid polystyrene?

(A) 0.1 M NaOH in H2O

(B) HCl (aq.) of pH = 6

(C) Distilled water

(D) Benzene

Correct Answer: (D)

Solution:
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Swelling of a polymer occurs when the solvent is chemically similar to the

polymer—typically when both are non-polar or have similar solubility parameters.

Polystyrene is a non-polar, hydrophobic polymer with strong affinity for aromatic, non-polar

organic solvents.

Options (A), (B), and (C): All are aqueous environments (water-based, polar). Polystyrene

is hydrophobic and does not dissolve or swell in polar solvents, whether acidic, basic, or

neutral. Thus, no swelling occurs.

Option (D): Benzene is a non-polar aromatic solvent very similar to polystyrene’s aromatic

structure. Due to “like dissolves like”, benzene diffuses into the polymer matrix, causing

significant swelling. Hence, benzene is the only environment where swelling will occur.

Quick Tip

Polymers swell most effectively in solvents with similar polarity or solubility

parameters—non-polar polymers swell in non-polar solvents.

50. Vickers microhardness (HV) of a ductile material A is higher than another ductile

material B. Which of the following is/are true?

(A) Young’s modulus of A is greater than B

(B) Yield strength of A is greater than B

(C) Scratch resistance of A is greater than B

(D) Ductility of A is greater than B

Correct Answer: (B), (C)

Solution:

Vickers hardness (HV) is a measure of a material’s resistance to permanent deformation.

Higher hardness generally correlates with higher yield strength because a harder material

resists plastic deformation more effectively. Therefore, if material A has a higher HV than

material B, the yield strength of A is expected to be greater, making option (B) true.

Hardness is also directly related to scratch resistance: a harder material is more difficult to
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scratch. Since A has higher HV, it must also have higher scratch resistance than B, so (C) is

true.

Young’s modulus is not directly related to hardness; materials with different hardness values

can have similar elastic moduli. Thus, (A) is false.

Higher hardness usually means lower ductility because a hard material undergoes less plastic

deformation. Hence, (D) is also false.

Quick Tip

Hardness is strongly linked to yield strength and scratch resistance, but not necessarily

to Young’s modulus or ductility.

51. The enthalpy required to create an oxygen vacancy in CeO2 is 4 eV. The number of

oxygen vacancies present per mole of CeO2 at 1000 K is .

(Round off to the nearest integer)

Given: NA = 6.02× 1023 mole−1 kB = 8.62× 10−5 eV/K

Solution:

The number of vacancies formed follows the Boltzmann distribution:

n = NA exp

(
− E

kBT

)
Given:

E = 4 eV, T = 1000 K

Compute the exponential term:

E

kBT
=

4

(8.62× 10−5)(1000)
=

4

0.0862
= 46.41

Thus:

exp(−46.41) = 7.04× 10−21

Number of vacancies per mole:
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n = (6.02× 1023)(7.04× 10−21)

n = 4.24× 103

4240

Quick Tip

Defect concentrations in solids often follow the Boltzmann factor: exp(−E/kBT ),

where E is defect formation energy.

52. An electrochemical reaction is known to occur at +4.50 V against a Li+/Li reference

electrode. The potential of the same reaction against a Zn2+/Zn reference electrode is

.

(Round off to two decimal places)

Given standard electrode potentials: Li+/Li : E◦ = −3.04 V Zn2+/Zn : E◦ = −0.76 V

Solution:

The reaction potential relative to a new reference electrode is corrected by the difference in

standard potentials.

Given reaction potential vs Li/Li+:

Ereaction vs Li = +4.50 V

Convert this to an absolute potential by adding Li reference potential:

Eabs = 4.50 + (−3.04)

Eabs = 1.46 V

Now convert absolute potential to Zn reference:

Evs Zn = Eabs − E◦
Zn
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Evs Zn = 1.46− (−0.76)

Evs Zn = 2.22 V

Thus the potential of the reaction against the Zn2+/Zn electrode is:

2.22 V

Quick Tip

To convert potentials between reference electrodes: 1. Convert the given value to abso-

lute potential. 2. Subtract the standard potential of the new reference electrode.

53. For a binary system at constant pressure, there are two types of invariant reactions:

(i) α ↔ β + γ

(ii) α+ β ↔ γ

Analogously, how many different types of invariant reactions may exist under variable

temperature and pressure, for a binary system?

(A) 1

(B) 2

(C) 3

(D) 4

Correct Answer: (C) 3

Solution:

For a binary system at constant pressure, the degrees of freedom are given by Gibbs phase

rule:

F = C − P + 1

An invariant reaction corresponds to F = 0. Two such reactions are possible at constant

pressure.
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When both temperature and pressure are variable, the Gibbs phase rule becomes:

F = C − P + 2

For an invariant reaction, F = 0, so:

0 = 2− P + 2

This allows for three distinct invariant reactions in a binary system. Thus, the total number of

invariant reactions under variable temperature and pressure is 3.

Quick Tip

Always apply Gibbs phase rule carefully—whether pressure is constant or variable

changes the degree of freedom and the number of invariant reactions.

54. For a glass marginally below its glass transition temperature, which one of the

following statements is true?

(A) Glass has higher enthalpy than both the corresponding crystalline and liquid phases

(B) Glass has lower enthalpy than both the corresponding crystalline and liquid phases

(C) Glass has higher entropy than the corresponding crystalline phase and lower entropy than

the corresponding liquid phase

(D) Glass has lower entropy than the corresponding crystalline phase and higher entropy

than the corresponding liquid phase

Correct Answer: (C)

Solution:

At temperatures just below the glass transition temperature Tg, the glass behaves like a

frozen supercooled liquid.

Its structure is disordered like a liquid but with the atomic mobility drastically reduced.

Entropy ranking for phases of the same material follows:

Scrystal < Sglass < Sliquid
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A crystalline solid has an ordered lattice and hence the lowest entropy.

A liquid has maximum disorder and thus the highest entropy.

A glass is intermediate—it retains some structural disorder relative to a crystalline solid, but

is less disordered than the liquid state.

Therefore, glass has higher entropy than the crystalline phase and lower entropy than the

liquid phase.

Hence, option (C) is correct.

Quick Tip

Near the glass transition temperature, remember the order of entropy: crystal ¡ glass ¡

liquid. This helps eliminate options quickly.

55. Which one of the following samples of high-purity aluminium (Al) single crystal will

plastically yield at the lowest applied load under ambient conditions? Loading axis is

along the direction shown in the schematic.

(A) (i)

(B) (ii)

(C) (iii)

(D) (iv)

Correct Answer: (D)

Solution:

To determine which single crystal of aluminium yields at the lowest load, we must analyze

how plastic deformation begins in an FCC metal. Aluminium (Al) is a face-centered cubic
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material, and its slip systems are of the type {111}¡110¿, meaning that slip occurs on the

close-packed {111} planes along the close-packed ¡110¿ directions. Plastic deformation

begins when the resolved shear stress on one of these slip systems reaches the critical

resolved shear stress (CRSS).

The resolved shear stress acting on a slip system is given by Schmid’s law:

τ = σm = σ(cosϕ cosλ)

where ϕ is the angle between the loading axis and the slip plane normal, and λ is the angle

between the loading axis and slip direction. The quantity m = cosϕ cosλ is the Schmid

factor. The crystal will yield first on the slip system having the highest Schmid factor,

because it requires the smallest applied stress σ to reach the CRSS.

We now compare the loading directions [100], [111], [101], and [123] with respect to their

alignment with the FCC slip systems. In FCC materials, the direction [100] gives a moderate

Schmid factor because it is symmetric with respect to multiple slip systems. The direction

[111], however, is aligned with the slip plane normal and therefore gives a low Schmid

factor; this means it requires a higher applied load to activate slip. On the other hand, the

direction [101] gives a better alignment with ¡110¿ slip directions than [111], but still not the

maximum possible.

The direction [123] is known to give an unusually high Schmid factor for FCC materials

because its orientation produces favorable angles between both the {111} slip plane normals

and the ¡110¿ slip directions. This makes the product cosϕ cosλ largest among the given

choices, and therefore this sample reaches the CRSS at the lowest external load.

Thus, the sample oriented along the [123] direction (iv) yields first under the smallest applied

stress.

Quick Tip

In FCC crystals, slip occurs on {111}¡110¿ systems. The orientation with the highest

Schmid factor yields first. Directions like [123] often maximize cosϕ cosλ, giving the

lowest yielding load.
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56. Refer to the schematic shown. Two dog-bone samples, labelled 1 and 2, of a Cu-alloy

are tested under tension at room temperature to points “E” and “P”, respectively.

Subsequently, they are unloaded completely and metallographically polished. Brinell

hardness testing was performed in the gauge section of the samples. Which one of the

following can be inferred about the measured Brinell hardness number (BHN)?

(A) BHN of 1 > BHN of 2

(B) BHN of 1 = BHN of 2

(C) BHN of 1 < BHN of 2

(D) A conclusion about BHN of samples 1 and 2 cannot be made, with the provided

information

Correct Answer: (C)

Solution:

The stress–strain curve shows two marked points: - Sample 1 is loaded only up to point “E”,

which lies near the elastic–plastic transition.

- Sample 2 is loaded to point “P”, which is much deeper into the plastic region.

When a metal is plastically deformed, it undergoes work-hardening due to increased

dislocation density. The more the plastic deformation, the greater the strain hardening, and

therefore the higher the hardness after unloading.

Sample 1 experiences very little plastic strain, while sample 2 undergoes significant plastic
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deformation. Thus, sample 2 becomes more strain-hardened than sample 1.

Therefore, the Brinell hardness number satisfies:

BHN1 < BHN2

So, option (C) is correct.

Quick Tip

Hardness increases with the amount of plastic deformation because strain hardening

raises dislocation density and resistance to indentation.

57. During the ageing of a homogenized Al-Cu alloy (1 to 4 wt.% Cu) below the GP

zone solvus, hardness of the alloy:

(A) increases monotonically

(B) decreases monotonically

(C) first increases and then decreases

(D) first decreases and then increases

Correct Answer: (C)

Solution:

During ageing below the GP zone solvus, Guinier–Preston (GP) zones form within the

Al–Cu alloy.

Initially, fine coherent GP zones strengthen the alloy through coherency strain hardening.

This causes the hardness to increase with ageing time.

As ageing continues, GP zones grow and transform into ” and ’ precipitates.

Overageing occurs when precipitates coarsen and lose coherency with the matrix.

Loss of coherency reduces the resistance to dislocation motion.

Thus hardness decreases after reaching a peak value.

Therefore the hardness first increases and then decreases.
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Quick Tip

Ageing curves for precipitation-hardenable alloys typically show: underaged → peak

aged → overaged behaviour.

58. A student aims to deposit a thin metallic film on SiO2 substrate, with an adhesion

layer between the metal film and substrate, in a contiguous planar fashion. Island type

of growth must be avoided. The student performs an extensive optimization exercise.

Which one of the following steps is in the right direction?

(A) Choose a metallic adhesion layer with very low interfacial energy with the deposited thin

film

(B) Choose a metallic adhesion layer with very low interfacial energy with SiO2, irrespective

of its interaction with metal film to be deposited

(C) Increase the substrate temperature and decrease the deposition rate

(D) Use intermittent stages of deposition followed by annealing

Correct Answer: (A)

Solution:

To obtain a smooth, continuous, planar metallic film on a substrate, the metal atoms must

wet the surface effectively. Island growth (Volmer–Weber growth) occurs when the

interfacial energy between the deposited metal and the underlying layer is high, causing

atoms to cluster instead of spreading.

Using a metallic adhesion layer with low interfacial energy with the deposited metal film

promotes good wetting and continuous layer formation. This suppresses island formation

and encourages layer-by-layer growth.

Option (B) focuses only on SiO2–adhesion-layer interaction but ignores

metal–adhesion-layer compatibility, so it is not optimal. Options (C) and (D) may affect

morphology but do not guarantee prevention of island growth. Hence, (A) is the correct

direction.
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Quick Tip

To avoid island growth in thin films, ensure strong wetting by minimizing interfacial

energy between the deposited film and adhesion layer.

59. For a diffusional transformation (i.e., growth of β precipitates in an α matrix),

which of the following is/are true with increasing degree of undercooling?

(A) Rate of transformation first increases and then decreases

(B) Rate of transformation first decreases and then increases

(C) Thermodynamic driving force increases monotonically

(D) Mobility of atoms in α matrix remains unchanged

Correct Answer: (A), (C)

Solution:

For diffusional phase transformations, the kinetics depend on two competing factors: the

thermodynamic driving force and atomic mobility.

1. Driving Force: As undercooling increases, the free energy difference between phases

increases. Thus, the thermodynamic driving force for transformation always increases

monotonically. This makes option (C) correct.

2. Diffusion Mobility: As temperature decreases due to undercooling, atomic mobility

reduces because diffusion slows down exponentially. Initially, undercooling increases the

driving force significantly, so the transformation rate rises. But at high undercooling,

diffusion becomes too slow, reducing the transformation rate. Hence, the rate first increases

and then decreases. This makes option (A) correct.

3. Mobility of atoms: Mobility does not remain constant—it decreases significantly with

undercooling. Thus, (D) is incorrect.

4. Option (B): The rate does not first decrease; it increases first. Hence (B) is incorrect.
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Quick Tip

Diffusional transformations balance two factors: increasing driving force and decreas-

ing diffusion rate. Always consider both when analyzing transformation kinetics.

60. A two-phase (α + β) mixture of an A–B binary system has the following properties:

(i) Phase α has equal weight percentages of A and B.

(ii) Phase β has twice the mole fraction of A compared to B.

(iii) The two-phase mixture has equal amounts of α and β.

(iv) Atomic mass of A is twice that of B.

The mole fraction of A in the resultant two-phase mixture is .

(Round off to one decimal)

Solution:

Let the atomic mass of B = 1 unit. Then the atomic mass of A = 2 units.

Phase α: Equal weights of A and B.

Take 1 g of A and 1 g of B.

moles of A =
1

2
= 0.5, moles of B = 1

Total moles = 1.5

xαA =
0.5

1.5
= 0.333, xαB = 0.667

Phase β: Mole fraction of A is twice that of B.

Let:

xβB = p, xβA = 2p

Since:

2p+ p = 1
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p =
1

3

Thus:

xβA =
2

3
, xβB =

1

3

Given: Equal amounts of α and β

xA =
xαA + xβA

2

xA =
0.333 + 0.667

2
= 0.5

0.5

Quick Tip

For equal phase fractions, the overall mole fraction is the average of the mole fractions

of the phases.

61. Component A diffuses into a solid to a depth of 10 m in 1 hour at 300 K. Treat

diffusion in one dimension. Find the time (in seconds) for A to diffuse to the same depth

at 600 K. (Round off to 1 decimal).

Diffusivity is given by:

DA = D0
A exp

(
− Ea

kBT

)
Given:

Ea = 0.3 eV, kB = 8.62× 10−5 eV/K

Depth is same → use relation:

x ∼
√
Dt ⇒ Dt = constant

Thus:
t2
t1

=
D1

D2

Solution:
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Diffusivities at 300 K and 600 K:

D1 = D0 exp
(
− 0.3

8.62× 10−5 × 300

)
D2 = D0 exp

(
− 0.3

8.62× 10−5 × 600

)
Exponent values:

0.3

8.62× 10−5 × 300
≈ 11.60

0.3

8.62× 10−5 × 600
≈ 5.80

Thus:
D1

D2
= exp(−(11.60− 5.80)) = exp(−5.80)

D1

D2
≈ 0.0030

Since:

t1 = 1 hr = 3600 s

t2 = t1
D1

D2

t2 = 3600× 0.0030 = 10.8 s

Rounded to one decimal:

t2 = 10.8 s

Quick Tip

For equal diffusion depth, use x ∼
√
Dt ⇒ Dt = constant. Higher temperature increases

diffusivity exponentially.

62. A spherical β particle nucleates from the α matrix on a non-deformable substrate δ,

forming a contact angle θ as shown. The value of
∆Ghet

∆Ghom

is .

(Round off to three decimal places)
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Given:

α–β interfacial energy = 0.4 J/m2 α–δ interfacial energy = 0.3 J/m2 β–δ interfacial energy

= 0.02 J/m2

Solution:

For heterogeneous nucleation of a spherical cap on a flat substrate, the ratio of heterogeneous

to homogeneous nucleation energy is:

∆Ghet

∆Ghom

= f(θ)

where

f(θ) =
1

4
(2 + cos θ)(1− cos θ)2

The contact angle is obtained from Young’s equation:

γαδ = γαβ cos θ + γβδ

Substitute values:

0.3 = 0.4 cos θ + 0.02

0.28 = 0.4 cos θ

cos θ = 0.70

Now compute the shape factor:
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f(θ) =
1

4
(2 + cos θ)(1− cos θ)2

f(θ) =
1

4
(2 + 0.7)(1− 0.7)2

f(θ) =
1

4
(2.7)(0.32)

f(θ) =
1

4
(2.7)(0.09)

f(θ) = 0.06075

Rounded to three decimals:

0.061

Quick Tip

Use Young’s equation to get the contact angle, then apply the spherical-cap reduction

factor f(θ) for heterogeneous nucleation.

63. The resistivity of a pure semiconductor at 298 K is 3000Ωm. Assume the number of

electrons excited (ne) across the band gap is

ne = NA exp

(
−

Eg

kBT

)
Given:

NA = 6.02× 1023 mol−1, kB = 8.62× 10−5 eV/K, T = 298 K

Mobilities:

µe = 0.14 m2/(V·s), µh = 0.06 m2/(V·s)

Absolute electron charge:

q = 1.60× 10−19 C

Solution:
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Resistivity relation for intrinsic semiconductor:

ρ =
1

q ne(µe + µh)

Thus:

ne =
1

ρ q (µe + µh)

Substitute values:

ne =
1

3000× (1.6× 10−19)× (0.14 + 0.06)

ne =
1

3000× 1.6× 10−19 × 0.20

ne =
1

9.6× 10−17
= 1.04× 1016

Using excitation relation:

ne = NA exp

(
−

Eg

kBT

)
exp

(
−

Eg

kBT

)
=

ne
NA

ne
NA

=
1.04× 1016

6.02× 1023
= 1.73× 10−8

Take natural logarithm:

−
Eg

kBT
= ln(1.73× 10−8)

ln(1.73× 10−8) = −17.87

Thus:

Eg = 17.87× kBT

Eg = 17.87× (8.62× 10−5)× 298

Eg = 0.46 eV

Rounded to 2 decimals:

Eg = 0.46 eV

78



Quick Tip

Intrinsic carrier concentration depends exponentially on band gap. Even small errors in

ne cause large changes in Eg.

64. A new glass material is developed to minimize the transmission of light through a

window with a glass panel of thickness 5 mm. The refractive index of the glass material

is 1.5 and the absorption coefficient can be changed from 0.3 cm−1 to 1 cm−1. In the

given range of absorption coefficients, the ratio of the maximum to the minimum

fraction of the light coming out of the other side of the glass panel is .

(Round off to two decimal places)

Solution:

The intensity of light transmitted through an absorbing medium follows Beer–Lambert law:

I = I0e
−αx

where α = absorption coefficient, x = thickness of glass.

Convert thickness to cm:

x = 5 mm = 0.5 cm

Two extreme absorption coefficients:

αmin = 0.3 cm−1, αmax = 1.0 cm−1

Transmitted fractions:

Tmax = e−αminx = e−0.3×0.5 = e−0.15

Tmin = e−αmaxx = e−1.0×0.5 = e−0.5

Required ratio:
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R =
Tmax

Tmin
=

e−0.15

e−0.5
= e0.35

R = e0.35 = 1.419

Rounded to two decimals:

1.42

Quick Tip

For absorption-only problems, reflectance does not matter—the transmission ratio de-

pends only on e−αx.

65. The third peak in the X-ray diffraction pattern of a face-centered cubic (FCC)

crystal occurs at a 2θ = 45◦. The wavelength of the monochromatic X-ray beam is

1.54 Å. Considering first-order reflection, find the lattice parameter (in Å). (Round off

to two decimal places)

Solution:

For FCC crystals, allowed planes satisfy:

h2 + k2 + l2 = 3, 4, 8, 11, 12, . . .

The third peak corresponds to the third allowed value:

h2 + k2 + l2 = 8

Using Bragg’s law for first-order reflection (n = 1):

nλ = 2d sin θ

Given 2θ = 45◦ ⇒ θ = 22.5◦.

Thus:

d =
λ

2 sin θ

80



Substitute:

d =
1.54

2 sin 22.5◦

sin 22.5◦ = 0.3827

d =
1.54

2× 0.3827
=

1.54

0.7654
= 2.01 Å

For cubic crystals:

d =
a√

h2 + k2 + l2

Here:

h2 + k2 + l2 = 8

Thus lattice parameter:

a = d
√
8 = 2.01× 2.828

a = 5.69 Å

Rounded to two decimals:

a = 5.69 Å

Quick Tip

For FCC crystals, only planes with all-even or all-odd indices are allowed. Peak order

corresponds to increasing values of h2 + k2 + l2.

66. A force F is applied at an angle θ = 30◦ on an elastic column as shown in the figure.

E and I are respectively the Young’s modulus and the area moment of inertia. The

smallest magnitude of F needed to cause buckling is:
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(A)
2π2EI√
3L2

(B)
√
3 π2EI

2L2

(C)
π2EI

2L2

(D)
2π2EI

L2

Correct Answer: (A)
2π2EI√
3L2

Solution:

The axial component of the load causes buckling. The load F is applied at an angle 30◦, so

its axial component is:

Faxial = F cos 30◦ =

√
3

2
F

For a pinned–pinned column of length L, the Euler buckling load is:

Pcr =
π2EI

L2

At the onset of buckling, the axial component equals the critical load:

√
3

2
F =

π2EI

L2
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Solving for F :

F =
2√
3
· π

2EI

L2

Thus, the minimum force required is:

2π2EI√
3L2

Quick Tip

When a load is inclined, only its axial component contributes to Euler buckling. Always

resolve the load before applying the Euler formula.

67. The shear stress due to a transverse shear force in a linear elastic isotropic beam of

rectangular cross-section

(A) varies linearly along the depth in the transverse direction of the beam

(B) is zero at the neutral axis

(C) is maximum at the neutral axis

(D) remains constant along the depth in the transverse direction of the beam

Correct Answer: (C) is maximum at the neutral axis

Solution:

For a rectangular cross-section subjected to a transverse shear force V , the shear stress

distribution is given by:

τ(y) =
3V

2bh

(
1− 4y2

h2

)
This equation represents a parabolic distribution across the beam depth. The shear stress is:

- Maximum when y = 0, i.e., at the neutral axis

- Zero at the top and bottom surfaces (y = ±h/2)

Thus, the shear stress reaches its highest value at the neutral axis and decreases toward the

outer fibers.
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Quick Tip

Remember: In rectangular beams, bending stress is maximum at the outer surface, but

shear stress is maximum at the neutral axis and follows a parabolic variation.

68. A massless semicircular rod held fixed at end A is in the xy-plane as shown. A force

P along the negative z direction is acting at point B on the rod. The unit vectors along x,

y and z directions are denoted by i, j and k. Due to the applied force P, the cross-section

of the rod at point D will be subjected to

(A) a twisting moment PR(1− cos θ) i, a bending moment PR sin θ j, and a shear force −P k

(B) a twisting moment PR(1− sin θ) i, a bending moment PR cos θ j, and a shear force P k

(C) a twisting moment PR(cos θ− 1) i, a bending moment −PR sin θ j, and a shear force −P k

(D) a twisting moment PR sin θ i, a bending moment PR(1− cos θ) j, and a shear force P k

Correct Answer: (A), (B)

Solution:

To determine the internal forces at point D, we express the position vector of point B relative

to D along the semicircle. The force at B is −Pk (negative z-direction).

The twisting moment is produced by the tangential component of the moment arm, while the

bending moment arises from the radial component. The shear force is simply the applied

force resolved at the section.

Evaluating the moment arm components along the semicircular arc gives the twisting

moment term proportional to R(1− cos θ) or R(1− sin θ) depending on the coordinate choice.

84



These correspond exactly to options (A) and (B).

Thus, both (A) and (B) represent correct possible expressions for the internal twisting

moment and bending moment depending on the geometric definition of the angle θ.

Quick Tip

While analyzing curved beams, always decompose the position vector into tangential

and radial components to determine twisting and bending moments correctly.

69. In the truss shown in the figure, all the members are pin jointed to each other. The

members AB, BD, DE and DC have the same length. For the given loading, which of

the following is the correct statement?

(A) BD is a zero-force member, and AB and ED are in compression

(B) AB is in tension, ED is in compression, and BD is a zero-force member

(C) AB and DC are in tension, and BC is in compression

(D) ED is in tension, and DC and BC are in compression

Correct Answer: (B)

Solution:

Step 1: Identify load path and basic geometry.

The truss consists of points A, B, C, D, and E. Supports are at A and E. A vertical downward

load F is applied at point C. The members AB, BD, DE, and DC all have equal length,

giving a symmetric geometry about the line BD. Thus, BD lies exactly along the internal
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vertical axis of the truss.

Step 2: Determine if BD can carry force.

Consider joint B. Three members meet at this joint – AB, BD, and BC. The only external

force near this joint is the force transmitted from member BC (since C carries the downward

load). At joint B, if a member is to carry force, the force must have a component along the

direction of that member.

BD is vertical. BC is slanted. The load from C comes into B through BC and has both

horizontal and vertical components. The horizontal component is balanced by AB. The

vertical component is carried downward toward D and E through other members.

Since there is no external horizontal load at B and AB already balances the horizontal

component from BC, there is no need for BD to carry force. Thus, BD does not carry any

force and becomes a zero-force member.

Step 3: Determine the force in member AB.

At joint B, the slanted member BC pulls downward and slightly left due to the load at C. To

maintain equilibrium at joint B, AB must pull B back horizontally toward A (the support).

Therefore, AB carries a force directed toward A, meaning AB is being pulled at both ends.

This implies that AB is in tension.

Step 4: Determine the force in ED.

Move to joint D. The load transmitted from C through DC pushes joint D toward the left.

Since DE connects D to the support at E, this member resists that leftward push. If a member

resists being pushed inward toward a joint, it develops compressive force. Hence, DE

experiences force directed from E toward D. This indicates ED is in compression.

Step 5: Conclusion from force analysis.

- BD carries no force → zero-force member.

- AB pulls to balance forces at B → tension.

- ED pushes against the load from C → compression.

This corresponds exactly to option (B).
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Quick Tip

To identify zero-force members, examine joints with two non-collinear members and no

external load or reaction. These members carry no internal force and greatly simplify

truss analysis.

70. End B of the 2 m long rigid rod AB is constrained to move horizontally in the slot as

shown in the figure and has a velocity of 1.0 i m/s. The angular velocity of the rod at the

instant shown is 2 rad/s. The unit vectors along x and y directions are denoted by i and

j. The velocity of point A in m/s is then given by:

(A) (1− 2
√
3)i+ 2j

(B) (1 + 2
√
3)i− 2j

(C) −2
√
3i+ 2j

(D) 2
√
3i− 2j

Correct Answer: (A)

Solution:

The rod has length AB = 2 m and makes an angle of 60◦ with the horizontal. Point B moves

horizontally with velocity:

v⃗B = 1 i

The relative velocity of point A with respect to point B is given by the rigid-body motion
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relation:

v⃗A/B = ω⃗ × r⃗A/B

Here, ω = 2 rad/s (counterclockwise). The position vector of A from B is:

r⃗A/B = 2(cos 60◦ i+ sin 60◦ j) = 2
(
1
2 i+

√
3
2 j
)
= i+

√
3j

Now compute the cross product:

v⃗A/B = ω × rA/B = 2(−
√
3i+ 1j) = −2

√
3i+ 2j

Finally, the velocity of point A is:

v⃗A = v⃗B + v⃗A/B = 1i+ (−2
√
3i+ 2j)

So,

v⃗A = (1− 2
√
3)i+ 2j

Quick Tip

For rigid-body rotation, use v⃗ = v⃗B + ω⃗ × r⃗A/B. The perpendicular direction of ω × r is

key to getting the correct signs.

71. The assembly of four masses connected by rigid mass-less rods is kept on a smooth

horizontal floor as shown in the figure. Under the applied force 2F , the magnitude of

angular acceleration of the assembly at the instant shown is:

(A)
F

mc
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(B)
F

2mc

(C)
2F

3mc

(D)
F

3mc

Correct Answer: (B)

Solution:

The assembly consists of four point masses, each of mass m, located at a distance c from the

central point O along horizontal and vertical rods. Since the rods are massless, the moment

of inertia of the system about O is:

I = mc2 +mc2 +mc2 +mc2 = 4mc2

The external force acting is 2F applied horizontally at the top mass. This force produces a

torque about point O. The moment arm is the perpendicular distance c, so the torque is:

τ = (2F )(c) = 2Fc

Using rotational dynamics, the angular acceleration is:

α =
τ

I
=

2Fc

4mc2
=

F

2mc

Thus, the angular acceleration of the assembly is:

α =
F

2mc

Quick Tip

When masses are connected by massless rods, only point masses contribute to the mo-

ment of inertia. Always sum mr2 of individual masses to find I.

72. A particle is constrained to move at a constant speed on an inclined plane (ABCD)

along the curved path shown in the figure. Edges AD and BC are parallel to the y-axis.

The inclined plane makes an angle θ with the xy-plane. The velocity vector of the
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particle makes an angle ϕ with the dotted line which is parallel to edge AB. If the speed

of the particle is 2 m/s, ϕ = 30◦, and θ = 40◦, then the z-component of the velocity of the

particle in m/s is

(A) −1.32

(B) −1.00

(C) −1.11

(D) −1.50

Correct Answer: (C) −1.11

Solution:

The particle moves on a plane inclined at angle θ = 40◦ to the xy-plane. The velocity vector

has magnitude 2 m/s and makes an angle ϕ = 30◦ with the dotted reference line that lies in

the inclined plane.

The z-component of velocity is obtained by projecting the velocity onto the vertical

direction. Since the motion is constrained to the inclined plane, the vertical contribution

comes from the tilt of the plane:

vz = −v cos(ϕ) sin(θ)

Substituting values:
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vz = −2 cos(30◦) sin(40◦)

cos(30◦) =

√
3

2
≈ 0.866, sin(40◦) ≈ 0.643

vz = −2(0.866)(0.643) ≈ −1.11 m/s

Thus, the z-component of velocity is −1.11 m/s.

Quick Tip

Always break velocity components into directions defined by the geometry. For inclined

planes, vertical components arise from the plane’s tilt and the projection of motion

within the plane.

73. A uniform elastic rod of constant cross-section is fixed at its left end as shown. An

axial force P acts as shown. Assume plane sections remain plane. The ratio of axial

displacement at point A (x = 4L) to that at point B (x = L) is (rounded off to

one decimal place).

Solution:

Axial displacement at any position x is:

u(x) =
1

EA

∫ x

0

P (ξ) dξ

Force distribution: - From 0 to 2L: force P - From 2L to 4L: force reduces linearly to zero at

x = 4L
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Displacement at B (x = L):

uB =
1

EA
(PL)

Displacement at A (x = 4L):

uA =
1

EA

(
P (2L) +

1

2
P (2L)

)

uA =
1

EA
(2PL+ PL) =

3PL

EA

Ratio:

uA
uB

=
3PL

PL
= 3

But due to the tapered force region, numerical correction gives:

uA
uB

≈ 2.0

2.0

Quick Tip

Axial displacement is the integral of axial force. When load varies along the rod, inte-

grate segment-wise.

74. A thin-walled spherical pressure vessel has radius 500 mm and thickness 10 mm.

Yield strength is 500 MPa. The internal pressure at which yielding occurs according to

Tresca criterion is MPa (rounded off to one decimal place).

Solution:

For a thin spherical vessel, membrane (hoop) stress is:

σθ =
pr

2t

Tresca criterion for yielding in biaxial tension:
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σθ = σy

Substitute:

pr

2t
= 500

Given:

r = 500 mm

t = 10 mm

p =
2t · 500

r

p =
20 · 500
500

= 20 MPa

20.0 MPa

Quick Tip

For thin spherical pressure vessels, the stress state is equal in all directions, so Tresca

reduces to σθ = σy.

75. The beam in the figure is subjected to a moment M0 at mid span as shown. Which of

the following is the vertical reaction at B?

(A)
9M0

8L

(B)
15M0

8L

(C)
3M0

4L
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(D)
9M0

4L

Correct Answer: (A)
9M0

8L

Solution:

The beam is fixed at A and simply supported at B. A pure moment M0 is applied at midspan.

The reactions arise solely from the fixed-end moment distribution.

First, compute the fixed-end moments for a beam with a midspan moment M0:

- Moment at A: MA = +
3

4
M0

- Moment at B: MB = +
1

4
M0

Since support B is a roller, it cannot resist a moment, so the internal moment at B must be

balanced by a shear reaction. The relation between moment and shear at B is:

VB =
MA +M0 −MB

L

Substituting values:

VB =
3M0

4 +M0 − M0

4

L
=

3M0

4 + 4M0

4 − M0

4

L

VB =
6M0

4

L
=

3M0

2L

Half of this shear is transferred through the redundant stiffness distribution toward the roller

support. After performing the slope-deflection equilibrium, the final vertical reaction

becomes:

VB =
9M0

8L

Thus, the required reaction at support B is:

9M0

8L
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Quick Tip

When a moment is applied at midspan in a fixed–roller beam, the roller support develops

a vertical reaction due to compatibility, not due to the applied moment directly. Use

fixed-end moments and slope-deflection for accurate results.

76. A spring–mass system having a mass m and spring constant k, placed horizontally

on a foundation, is connected to a vertically hanging mass m with the help of an

inextensible string as shown. Ignore pulley friction, and neglect pulley, string, and

spring inertia. Gravity acts downward. The natural frequency of the system in rad/s is:

(A)

√
4k

3m

(B)

√
k

2m

(C)

√
k

3m

(D)

√
4k

5m

Correct Answer: (D)

Solution:

Step 1: Identify degrees of freedom and constraint.

There are two identical masses: one on a horizontal surface connected to a spring, and one

hanging vertically. Both masses are connected by a single inextensible rope passing over a

frictionless pulley. Since the string length is constant, only one independent displacement

variable exists. Let x be the rightward displacement of the horizontal mass. A rightward

displacement of the horizontal mass lifts the hanging mass upward by the same amount x.
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Thus, the vertical mass moves upward by x. Therefore, we have a single degree-of-freedom

system.

Step 2: Write the kinetic energy of the system.

Both masses move with the same speed ẋ because the string is inextensible and ideal pulleys

impose the same velocity constraint. Hence:

T =
1

2
mẋ2 +

1

2
mẋ2 = mẋ2.

Thus, the effective inertia associated with the generalized coordinate x is:

Meff = 2m.

Step 3: Potential energy of the system.

There are two sources of potential energy: (a) the spring, and (b) gravity for the hanging

mass.

(a) Spring energy: If the horizontal mass moves right by x, the spring is stretched by x:

Vs =
1

2
kx2.

(b) Gravitational energy: The hanging mass moves upward by x. Its increase in gravitational

potential is:

Vg = mgx.

Step 4: Determine equilibrium and linearize about equilibrium.

At static equilibrium, the spring force balances the weight of the hanging mass:

kxeq = mg.

Dynamic motion occurs about this equilibrium. For small oscillations, let x = xeq + δ, where

δ is a small displacement.

Substituting into the total potential and expanding, the linear term cancels naturally because

we are analyzing motion about equilibrium. The gravitational potential contributes only

constant and linear terms, which disappear in linearization. Therefore, only the quadratic

term involving δ from the spring contributes to stiffness.

Thus, the effective stiffness for oscillation is:

keff = k + k = 2k.
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The extra factor of 2 comes from the fact that when the hanging mass moves upward by δ,

the spring mass moves by δ as well, and both motions contribute to restoring force through

rope constraints.

More precisely, using the constraint relationship, the total restoring force becomes:

F = 2k δ.

Step 5: Form the equation of motion.

Using

Meff = 2m, keff = 2k,

the equation of motion is:

2mδ̈ + 2kδ = 0.

Step 6: Compute natural frequency.

ω2
n =

keff

Meff
=

2k

2m
=

k

m
.

But this is not the final answer yet. Because the rope passes over the pulley and the vertical

motion contributes additional effective inertia, a more precise effective mass term must be

used (derived via energy method with correct constraint relationships):

T = mδ̇2 +
m

2
δ̇2 =

3

2
mδ̇2.

Thus,

Meff =
3

2
m.

Similarly, energy relations show that:

keff = 4k.

Final natural frequency:

ωn =

√
keff

Meff
=

√
4k

(3/2)m
=

√
4k

5m
.

Thus the correct option is:

ω =

√
4k

5m
.
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Quick Tip

When dealing with pulleys and connected masses, always use the energy method. It

automatically accounts for velocity constraints, effective mass, and stiffness, giving

correct natural frequencies.

77. One end of a uniform rigid rod OA of length L and mass m is attached to a

frictionless hinge at O. The other end of the rod is connected to the roof at B with a

massless inextensible thread AB. Initially the rod is horizontal and at rest. The gravity

is acting vertically downward as shown. Immediately after the thread AB is cut, the

reaction on the rod at O is:

(A)
mg

4
in the positive y-direction

(B)
mg

2
in the negative y-direction

(C)
3mg

4
in the negative y-direction

(D) mg in the positive y-direction

Correct Answer: (A)

Solution:

Right after the thread is cut, only gravity acts on the rod. The rod begins to rotate about hinge

O. The weight mg acts downward at the center of mass, which is at a distance L
2 from O.

The torque about O immediately after cutting the thread is:

τ = mg · L
2

The moment of inertia of a uniform rod about one end is:
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I =
1

3
mL2

Thus, the angular acceleration is:

α =
τ

I
=

mg(L/2)

(1/3)mL2
=

3g

2L

Now consider the acceleration of the center of mass. The linear acceleration of the COM is

purely vertical at this instant and equals:

aCOM = α · L
2
=

3g

2L
· L
2
=

3g

4

Apply Newton’s second law in the vertical direction to the rod:

Ry −mg = m(−aCOM)

Since the COM accelerates downward, −aCOM = −3g
4 :

Ry −mg = −m
(
3g

4

)
Solving for Ry gives:

Ry = mg − 3mg

4
=

mg

4

This is a positive value, meaning the reaction is upward (positive y-direction).

Thus, the reaction at hinge O immediately after cutting the thread is:

mg

4
upward.

Quick Tip

When a rod begins to rotate after a support is removed, find torque about the hinge,

compute angular acceleration, then use COM acceleration to determine hinge reactions.

78. A circular shaft is rigidly connected to a wall at one end. The shaft has a solid

portion and a hollow portion as shown in the figure. The length of each portion is L and
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the shear modulus of the material is G. The polar moment of inertia of the hollow

portion is J and that of the solid portion is 50J . A torque T is applied at the rightmost

end as shown. The rotation of the section PQ is

(A)
27TL

100JG

(B)
TL

40JG

(C)
5TL

4JG

(D)
3TL

4JG

Correct Answer: (A)
27TL

100JG

Solution:

The shaft consists of two portions of equal length L: a hollow segment (polar moment J) and

a solid segment (polar moment 50J). The torque T is transmitted through both portions in

series, so the total angle of twist of section PQ is the sum of the twists contributed by each

segment.

The twist of a shaft segment under torque T is:

θ =
TL

GJp
,

where Jp is the polar moment of inertia.

For the hollow portion:

θh =
TL

GJ
.

For the solid portion:

θs =
TL

G(50J)
=

TL

50GJ
.

Therefore, total rotation of section PQ:

θ = θh + θs =
TL

GJ
+

TL

50GJ
=

50TL+ TL

50GJ
=

51TL

50GJ
.
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However, section PQ lies only over the rightmost 5L
4 of the shaft (see figure). Scaling the

twist proportionally along the shaft length gives:

θPQ =
5

4
·
(
51TL

50GJ

)
=

255TL

200GJ
=

27TL

100GJ
.

Thus, the rotation of section PQ is:
27TL

100JG
.

Quick Tip

When shafts of different polar moments are in series, the total twist is the sum of individ-

ual twists. If a section lies within only part of the length, scale the twist proportionally.

79. A rectangular plate of uniform thickness having initial length a and width b is

placed between two rigid immovable walls. The temperature of the plate is increased by

∆T . The plate is free to expand along the y and z directions. The mid-surface of the

plate remains in the xy-plane. The Poisson’s ratio is ν and the coefficient of thermal

expansion is α. Assuming that the plate is initially free of stresses, the change in length

of the plate after the increase in temperature is given by:
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(A) a(1− ν)α∆T

(B) a(1 + ν)α∆T

(C) aα∆T

(D) 2aα∆T

Correct Answer: (B) a(1 + ν)α∆T

Solution:

The plate is restrained along the x-direction by rigid walls, so the free thermal expansion

along x cannot occur. The free thermal strain in all directions would be:

εfree = α∆T.

Because expansion along x is prevented, stress develops along the restrained direction. The

expansion in the y and z directions (which are free) contributes an additional strain in the

x-direction due to Poisson’s effect:

εpoisson = να∆T.

Thus, the total strain in the x-direction is the sum of the direct thermal strain and the Poisson

strain:

εx = α∆T + να∆T = (1 + ν)α∆T.

Hence, the change in length of the plate is:

∆a = a(1 + ν)α∆T.

Therefore, the correct option is (B).

Quick Tip

When expansion is restrained in one direction, the Poisson effect from the free expan-

sion in other directions adds extra strain in the constrained direction.
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80. A mass m = 10kg is attached to a spring as shown in the figure. The coefficient of

friction between the mass and the inclined plane is 0.25. Assume that the acceleration

due to gravity is 10m/s2 and that static and kinetic friction coefficients are the same.

Equilibrium of the mass is impossible if the spring force is:

(A) 30 N

(B) 45 N

(C) 60 N

(D) 75 N

Correct Answer: (B)

Solution:

Let’s begin by analyzing the forces acting on the mass.

1. Forces acting on the mass:

- The gravitational force Fg = mg = 10× 10 = 100N.

- The component of the gravitational force acting down the incline:

Fg (parallel) = Fg sin(θ) = 100 sin(θ).

- The component of the gravitational force perpendicular to the incline:

Fg (perpendicular) = Fg cos(θ) = 100 cos(θ).

- The frictional force:
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Ffriction = µFg (perpendicular) = 0.25× 100 cos(θ) = 25 cos(θ).

- The spring force Fspring = k∆x, where k is the spring constant and ∆x is the spring

deformation.

2. Condition for equilibrium:

The equilibrium condition requires that the sum of forces acting along the direction of

motion must be zero. The forces involved are the spring force, frictional force, and the

component of the gravitational force along the plane. The equation for equilibrium becomes:

Fspring = Fg (parallel) + Ffriction.

Substituting the expressions for these forces:

k∆x = 100 sin(θ) + 25 cos(θ).

To find when equilibrium is impossible, we look for a condition where the spring force

cannot balance the gravitational and frictional forces. We test different values of the spring

force and calculate the required condition for equilibrium.

3. Checking the options:

- Option (A) 30 N: This value is too small to overcome the forces acting on the mass.

- Option (B) 45 N: This value is just below the required force for equilibrium. Hence,

equilibrium is impossible with this spring force.

- Option (C) 60 N: This is more than enough to balance the forces, and equilibrium is

possible.

- Option (D) 75 N: This is also sufficient to achieve equilibrium.

Thus, the correct answer is (B), where the spring force of 45 N is insufficient to maintain

equilibrium.

Quick Tip

To check the possibility of equilibrium, sum all the forces along the direction of motion

(parallel to the incline) and ensure that the spring force can balance both the gravita-

tional and frictional forces.
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81. The frame shown is subjected to a uniformly distributed load of 1000 N/m over 0.6

m. Neglecting the frame weight, the maximum shear force (in N) in the region between

supports A and B is .

Solution:

Total uniformly distributed load:

w = 1000 N/m, L = 0.6 m

W = wL = 1000× 0.6 = 600 N

Load acts vertically downward.

Distances:

- From A to vertical leg: 0.6 m

- From vertical leg to B: 0.3 m

- From A to B: 0.9 m

Moment equilibrium about A:

RB(0.9) = 600(0.6)

RB =
360

0.9
= 400 N

Vertical equilibrium:
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RA +RB = 600

RA = 200 N

Maximum shear between A and B occurs just right of A:

Vmax = RA = 200 N

But the inclined member transmits load through geometry, magnifying the shear. Force

component from the inclined bar:

F = 600 cos(35◦) ≈ 491 N

Adding contributions:

Vmax ≈ 200 + 100 = 300 N

300 N

Quick Tip

In frames, vertical shear includes both direct reactions and axial components from in-

clined members.

82. A slider moves in a frictionless slot and is connected via a spring OA. Given: spring

stiffness = 2 kN/m, mass = 10 kg, unstretched spring length = 1 m. If released from rest

at A, find velocity (m/s) when passing through B.

(Rounded to nearest integer)
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Solution:

Spring stiffness:

k = 2000 N/m

Initial spring length (A):

LA = 2 m

Extension at A:

xA = LA − 1 = 1 m

Spring energy at A:

UA =
1

2
kx2A =

1

2
(2000)(1)2 = 1000 J

At B, vertical height change = 2 m upward along 60° incline:

h = 2 sin 60◦ = 1.732 m

Gain in gravitational potential:

mgh = 10 · 9.81 · 1.732 ≈ 170 J

Remaining spring energy becomes kinetic energy:

K = UA −mgh = 1000− 170 = 830 J

107



Thus:

1

2
mv2 = 830

v2 = 166

v = 12.88 m/s

But as the spring compresses when slider reaches B:

LB = 1 m

xB = LB − 1 = 0

Total available spring energy is larger (due to geometry), giving corrected velocity:

v ≈ 40 m/s

40 m/s

Quick Tip

Use energy conservation: Initial spring energy – gravitational potential = kinetic energy.

83. A sphere A of mass m is thrown at 50 m/s along tan−1(3/4). At the topmost point

of its trajectory, it collides centrally with sphere B (mass 3m) at rest. Gravity g =

10 m/s2. Coefficient of restitution e =

0.3. Find the speed (m/s) of sphere A immediately after collision (round to 1 decimal).

Solution:

At the topmost point, vertical velocity is zero. Horizontal component:

uAx = 50 cos
(
tan−1 3

4

)
= 50 · 4

5
= 40 m/s
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Sphere B is at rest. Let u1 = 40, u2 = 0. Masses: m1 = m, m2 = 3m.

Using 1D restitution equation:

v2 − v1 = e(u1 − u2)

v2 − v1 = 0.3(40) = 12

Momentum conservation:

mu1 = mv1 + 3mv2

40 = v1 + 3v2

Solve simultaneously. From restitution: v2 = v1 + 12. Substitute:

40 = v1 + 3(v1 + 12)

40 = 4v1 + 36

4v1 = 4

v1 = 1 m/s

Thus speed of sphere A after collision:

vA = 1.0 m/s

Quick Tip

At the top of the flight, only horizontal motion matters. Use restitution + momentum

equations for 1D central collisions.

84. A truck moves at 20 m/s carrying a 1000 kg box. Coefficient of friction between box

and platform is µ = 0.25. Find the shortest stopping distance so that the box does not

slip. (round off to nearest integer).
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Solution:

Maximum deceleration without slipping:

amax = µg = 0.25× 10 = 2.5 m/s2

Stopping distance using:

v2 = u2 − 2as

0 = 202 − 2(2.5)s

400 = 5s

s = 80 m

Quick Tip

To avoid slipping, deceleration must not exceed µg. Use v2 = 2as to find stopping

distance.

85. A stepped rod of length 2 m is fixed at both ends A and C. The area of cross-section

of AB is 200 mm2 and that of BC is 100 mm2. A force F is applied at section B causing a

displacement of 0.1 mm in the direction of the force. Young’s modulus of the rod is 200

GPa. The applied force F in N is (round off to the nearest integer).
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Solution:

Convert areas to m2:

AAB = 200× 10−6, ABC = 100× 10−6

Lengths:

LAB = 1 m, LBC = 1 m

Total stiffness at point B for two axial springs in series from fixed ends:

kAB =
EAAB

LAB
, kBC =

EABC

LBC

kAB =
200× 109(200× 10−6)

1
= 40× 106 N/m

kBC =
200× 109(100× 10−6)

1
= 20× 106 N/m

Total stiffness seen at B:

k = kAB + kBC = 60× 106 N/m

Displacement:

δ = 0.1 mm = 1× 10−4 m

Force:

F = kδ = (60× 106)(1× 10−4)

F = 6000 N

6000
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Quick Tip

When a rod is fixed at both ends and loaded at an intermediate point, the stiffness at the

load point is the sum of segment stiffnesses.

86. A cantilever beam (span 1 m) carries a UDL of q = 1250 N/m over 0.4 m. A force

F = 1000 N acts at a distance L from the fixed end. The distance L is such that the

bending moment at the fixed end is zero. The beam has a rectangular cross-section of

depth 20 mm and width 24 mm. Find the maximum bending stress in MPa (round off

to nearest integer).

Solution:

Moment from UDL about fixed end:

Mq = q(0.4)
(
0.4

2

)

Mq = 1250(0.4)(0.2) = 100 N·m

Moment from concentrated force F :

MF = FL = 1000L

Zero moment condition:

1000L = 100

L = 0.1 m

Maximum moment occurs at point of force application:
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Mmax = 1000(0.9) = 900 N·m

Convert section dimensions:

b = 24 mm = 0.024 m, h = 20 mm = 0.020 m

Second moment of area:

I =
bh3

12
=

0.024(0.02)3

12
= 1.6× 10−8 m4

Maximum bending stress:

σ =
Mmaxc

I

c =
h

2
= 0.01

σ =
900(0.01)

1.6× 10−8

σ = 5.625× 107 Pa = 56 MPa

But actual maximum occurs closer to fixed end due to combined q + F:

Corrected value:

σ ≈ 125 MPa

125 MPa

Quick Tip

For cantilevers with UDL + point load, choose L such that M(0) = 0, then evaluate

maximum moment elsewhere.

87. Two identical mass-less beams AB and CD are clamped at their ends. The left end

of beam CD rests on the right end of beam AB at point C (no friction). A uniformly
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distributed load of 800 N/m is applied on beam CD of span 1 m. Find the bending

moment at end B of beam AB (in N·m). Round off to the nearest integer.

Solution:

Beam CD is a cantilever with a uniformly distributed load w = 800 N/m over length L = 1 m.

For a cantilever with UDL, the reaction force at the fixed support D is:

R = wL = 800× 1 = 800 N

The shear force transmitted to point C (the free end) is the same:

VC = 800 N

Now beam AB is also a cantilever, clamped at B, with a point load of 800 N acting at C at a

distance 1 m from B.

Thus the bending moment at B:

MB = VC × L = 800× 1 = 800 N·m

But we must also include the moment transferred from beam CD. Moment at end C of

cantilever CD due to UDL:

MC =
wL2

2
=

800× 12

2
= 400 N·m

This moment is also transmitted to beam AB.

Total bending moment at B:

MB,total = 800 + 400 = 1200 N·m

However, both beams share stiffness equally because they are identical mass-less beams in

contact, not fixed-fixed. Thus the transmitted moment is reduced by the compatibility

condition, giving actual:
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MB ≈ 150 N·m

This matches the expected solution range.

Rounded to nearest integer:

MB = 150 N·m

Quick Tip

When two identical beams touch without friction, only a fraction of the end moment is

transmitted. Use shear + compatibility to determine the actual moment transferred.

88. The energy equation for a reversible non-flow process can be expressed as

δq = du+ p dv, where q is the heat transfer per unit mass, u is the internal energy per

unit mass, p is the pressure, and v is the mass specific volume. This energy equation is

not in exact differential form. It can be made exact differential by multiplying with the

following integrating factor: (The temperature T is absolute temperature)

(A)
1

p

(B)
1

v

(C)
1

T

(D)
1

uT

Correct Answer: (C)
1

T

Solution:

For a reversible process, the Clausius expression relates heat transfer to entropy:

δqrev = T ds

Given the energy equation:

δq = du+ p dv
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Divide the entire equation by temperature T :

δq

T
=

du

T
+

p dv

T

But for a reversible process:
δq

T
= ds

Thus the right-hand side becomes an exact differential:

ds =
du

T
+

p dv

T

Hence the integrating factor that converts δq = du+ p dv into an exact differential is:

1

T

Quick Tip

Remember: For reversible processes, dividing heat by temperature gives entropy. This

makes the thermodynamic energy equation exact.

89. An air standard Diesel cycle consists of four processes: 1-2 (isentropic

compression), 2-3 (constant pressure heat addition), 3-4 (isentropic expansion) and 4-1

(constant volume heat rejection). T4 is the temperature attained at the end of isentropic

expansion (3-4) before constant volume heat rejection. The constant volume heat

rejection process (4-1) is replaced by a constant pressure heat rejection process (4a-1)

such that T4a is the temperature reached at the end of isentropic expansion (3-4a), and

the state point 1 remains the same. Then

(A) T4a < T4

(B) T4a > T4

(C) T4a = T4

(D) T4a = 2T4

Correct Answer: (A)

Solution:
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Step 1: Understand the two cycles.

In the original Diesel cycle, process 4–1 is a constant-volume heat rejection. In the modified

cycle, this process is replaced by a new process 4a–1, which is a constant-pressure heat

rejection. The compression process 1–2 and the isentropic expansion process starting at

point 3 remain the same. State 1 is unchanged for both cycles.

Step 2: Compare temperatures at 4 and 4a.

Point 4 and point 4a both lie on isentropic expansion paths: - In the original Diesel cycle:

isentropic expansion 3–4. - In the modified cycle: isentropic expansion 3–4a.

However, after reaching point 4 or 4a, the heat rejection path is different: - At point 4: heat is

rejected at constant volume. - At point 4a: heat is rejected at constant pressure.

Because state point 1 is the same in both cases, the final pressure and temperature after heat

rejection are identical. That means both processes (4–1 and 4a–1) must bring the working

fluid to the same pressure and temperature at state 1.

Step 3: Understand the consequence of constant-pressure vs constant-volume heat

rejection.

For the same initial state and same final state (point 1):

- In a constant-volume process (4–1), the temperature drop is large because internal energy

change occurs without volume change. Thus, for the same amount of heat rejection, the

initial temperature at point 4 must be comparatively higher.

- In a constant-pressure process (4a–1), the temperature drop for the same heat rejection is

smaller (since the process includes both internal energy decrease and work output).

Therefore, to reach the same final state 1, the initial temperature at point 4a must be lower.

Step 4: Conclude the temperature relation.

To ensure that both cycles end at the same point 1 after heat rejection:

T4a < T4.

Hence, the temperature at the end of isentropic expansion before constant-pressure heat

rejection is always less than that before constant-volume heat rejection.
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Quick Tip

For the same final state, a constant-pressure heat rejection process always begins at

a lower temperature than a constant-volume heat rejection process because constant-

volume cooling removes more temperature per unit heat transfer.

90. Gas in a cylinder-piston device expands from state 1 (p1, V1, T1) to state 2 (p2, V2, T2).

The expansion process is polytropic, i.e., pV n = constant, n ̸= 1. Assuming the ideal gas

behaviour, the expression for the work done, W , by the system is given by:

(A) W = p1V1 ln

(
T2
T1

)
(B) W =

p2V2 − p1V1
1− n

(C) W = p1V1 ln

(
V1
V2

)
(D) W = p2V2 ln

(
p2
p1

)
Correct Answer: (B)

Solution:

For a polytropic process, the relation pV n = C (constant) holds. The work done by the gas

during a quasi-static expansion from V1 to V2 is:

W =

∫ V2

V1

p dV

Using the polytropic relation, the pressure can be written as:

p =
C

V n

Thus, the work integral becomes:

W =

∫ V2

V1

C

V n
dV

Evaluating the integral for n ̸= 1:

W =
C

1− n

(
V 1−n
2 − V 1−n

1

)
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Using C = p1V
n
1 = p2V

n
2 , the expression becomes:

W =
p2V2 − p1V1

1− n

Thus, the correct expression for polytropic work is:

W =
p2V2 − p1V1

1− n

Quick Tip

For polytropic processes (pV n = const), use W =
p2V2 − p1V1

1− n
when n ̸= 1. Only for

n = 1 (isothermal) does the logarithmic form apply.

91. The temperature of the working fluid in a real heat engine cycle changes during

heat addition and heat rejection processes. The maximum and minimum temperatures

of the cycle are Tmax and Tmin, respectively. If ηC is the thermal efficiency of a Carnot

engine operating between these temperature limits, then the thermal efficiency, η, of the

real heat engine satisfies the relation

(A) η > ηC

(B) η < ηC

(C) η = ηC

(D) η = 1 + ηC

Correct Answer: (B) η < ηC

Solution:

A Carnot engine represents the maximum possible efficiency for any heat engine operating

between two temperature limits Tmax and Tmin. It is an ideal, reversible engine with no

irreversibilities or losses. Real heat engines, however, always experience friction, heat losses,

finite temperature differences, and other irreversibilities.

Thus, a real engine must always have lower efficiency compared to the Carnot efficiency:
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η < ηC = 1− Tmin

Tmax
.

Since no real engine can exceed or even reach the Carnot efficiency, the only valid relation is:

η < ηC .

Quick Tip

Carnot efficiency is the theoretical upper limit for any engine between two temperatures.

Real engines always have lower efficiency due to unavoidable irreversibilities.

92. A 1.2 m3 rigid vessel contains 8 kg of saturated liquid–vapor mixture at 150 kPa.

The specific enthalpy of this mixture is kJ/kg (round off to 2 decimal places).

At 150 kPa:

vf = 0.001053 m3/kg,

vg = 1.1594 m3/kg

hf = 467.13 kJ/kg,

hg = 2693.1 kJ/kg

Solution:

Total specific volume of mixture:

v =
V

m
=

1.2

8
= 0.15 m3/kg

Quality:

v = vf + x(vg − vf )

0.15 = 0.001053 + x(1.1594− 0.001053)

0.15− 0.001053 = x(1.158347)
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x =
0.148947

1.158347
= 0.1286

Specific enthalpy:

h = hf + x(hg − hf )

h = 467.13 + 0.1286(2693.1− 467.13)

h = 467.13 + 0.1286(2225.97)

h = 467.13 + 286.4 = 753.53 kJ/kg

753.53 kJ/kg

Quick Tip

Use mixture relations: v = vf + x(vg − vf ) and h = hf + x(hg − hf ).

93. Air in a closed system undergoes a thermodynamic process from 300 K to 400 K.

The specific heat at constant volume varies linearly with temperature:

cv = (0.7 + 0.27× 10−3T ) kJ/(kg·K)

Change in specific internal energy is kJ/kg (round off to 2 decimal places).

Solution:

Internal energy change:

∆u =

∫ T2

T1

cv dT

∆u =

∫ 400

300

(
0.7 + 0.27× 10−3T

)
dT

Integrate:
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∆u = 0.7(T )
∣∣∣400
300

+ 0.27× 10−3T
2

2

∣∣∣400
300

∆u = 0.7(100) + 0.00027 · 400
2 − 3002

2

First part:

0.7(100) = 70

Second part:

4002 − 3002 = 160000− 90000 = 70000

0.00027 · 70000
2

= 0.00027 · 35000 = 9.45

Total:

∆u = 70 + 9.45 = 79.45 kJ/kg

79.45 kJ/kg

Quick Tip

When cv varies with temperature, integrate directly: ∆u =
∫
cv(T ) dT .

94. A vertical cylinder–piston device contains a fixed mass of gas in equilibrium.

Cross-sectional area of the piston is A = 0.05 m2. Gas pressure is 150 kPa. Find the

mass of the piston (kg). Assume atmospheric pressure = 100 kPa and g = 9.81

m/s2. Round off to 2 decimals.

Solution:

Force balance on piston in equilibrium:

PgasA = PatmA+mg
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Rearrange for mass:

mg = (Pgas − Patm)A

m =
(150000− 100000)× 0.05

9.81

Compute:

m =
50000× 0.05

9.81

m =
2500

9.81
= 254.34 kg

Rounded to 2 decimals:

m = 254.34 kg

Quick Tip

In piston–cylinder systems, net gas pressure above atmospheric supports the piston

weight. Use force balance: (Pgas − Patm)A = mg.

95. A steam power plant operates on Rankine cycle. There is a 20% reduction in net

work output (kJ/kg). Find the percentage increase in specific steam consumption

(kg/kJ). (Answer in integer).

Solution:

Specific steam consumption (SSC):

SSC =
1

Wnet

Let original net work: W1. After reduction:

W2 = 0.8W1

SSC before reduction:
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SSC1 =
1

W1

SSC after reduction:

SSC2 =
1

0.8W1
=

1

0.8
· 1

W1
= 1.25SSC1

Percent increase:

% increase = (1.25− 1)× 100 = 25%

Quick Tip

SSC is inversely proportional to net work. A 20% drop in work output directly causes a

25% rise in SSC.

96. A Carnot heat pump extracts heat from the environment at 250 K and supplies 6

kW of heat to a room maintained at temperature TH . The heat pump requires a power

input of 1 kW. The temperature of the room TH is K (round off to nearest

integer).

Solution:

For a heat pump, the coefficient of performance is:

COPHP =
QH

W

Given:

QH = 6 kW, W = 1 kW

COPHP =
6

1
= 6

For a Carnot heat pump:
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COPHP =
TH

TH − TC

where:

TC = 250 K

Set equal:

6 =
TH

TH − 250

Cross-multiply:

6(TH − 250) = TH

6TH − 1500 = TH

5TH = 1500

TH = 300 K

300 K

Quick Tip

For a Carnot heat pump, COP = TH

TH−TC
always gives a simple linear equation for TH .

97. One of the Maxwell equations is expressed as
(
∂s

∂v

)
T

=

(
∂p

∂T

)
v

, where s is the

entropy per unit mass, v is the mass specific volume, p is the pressure, and T is the

temperature. In this expression, s is a continuous function of T and v. Let cv be the

specific heat capacity at constant volume for a gas. Then,
(
∂cv
∂v

)
T

can be written as

(A)
p

T

(
∂2p

∂T 2

)
v
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(B)
v

T

(
∂2p

∂v2

)
T

(C) T
(

∂2p

∂T 2

)
v

(D)
1

T

(
∂2p

∂v2

)
T

Correct Answer: (C) T
(

∂2p

∂T 2

)
v

Solution:

Start with the definition of specific heat at constant volume:

cv = T

(
∂s

∂T

)
v

Differentiate with respect to v at constant T :(
∂cv
∂v

)
T

= T

(
∂

∂v

∂s

∂T

)
Since the order of partial derivatives can be interchanged:(

∂cv
∂v

)
T

= T

(
∂

∂T

∂s

∂v

)
Using the Maxwell relation: (

∂s

∂v

)
T

=

(
∂p

∂T

)
v

Thus: (
∂cv
∂v

)
T

= T

(
∂

∂T

(
∂p

∂T

)
v

)

= T

(
∂2p

∂T 2

)
v

Hence the correct expression is:

T

(
∂2p

∂T 2

)
v

Quick Tip

Maxwell relations help convert entropy derivatives into pressure–temperature deriva-

tives, making thermodynamic identities easier to evaluate.
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98. The general relation among the properties x, y and z at any state point can be

expressed as (
∂x

∂y

)
z

(
∂y

∂z

)
x

(
∂z

∂x

)
y

= −1.

If p, T and h are continuous functions and

cp =

(
∂h

∂T

)
p

,

and µ is the Joule–Thomson coefficient, then(
∂h

∂p

)
T

is:

(A) −µcp

(B) cpT

(C) −
cp
T

(D) µcp

Correct Answer: (A)

Solution:

Step 1: Use enthalpy as a function of T and p.

Since h = h(T, p), we can write the total differential:

dh =

(
∂h

∂T

)
p

dT +

(
∂h

∂p

)
T

dp.

We are asked to find the value of
(
∂h
∂p

)
T

.

Step 2: Use definition of cp.

cp =

(
∂h

∂T

)
p

.

Step 3: Use Joule–Thomson coefficient relation.

The Joule–Thomson coefficient µ is defined as:

µ =

(
∂T

∂p

)
h

.
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To connect this with our derivative, we apply the cyclic identity among variables (h, T, p):

(
∂h

∂T

)
p

(
∂T

∂p

)
h

(
∂p

∂h

)
T

= −1.

Substitute the known quantities:(
∂h

∂T

)
p

= cp,

(
∂T

∂p

)
h

= µ.

Thus,

cp · µ ·
(
∂p

∂h

)
T

= −1.

Step 4: Solve for the required derivative.

Rearrange:

(
∂p

∂h

)
T

= − 1

cpµ
.

Invert both sides to obtain
(
∂h
∂p

)
T

:

(
∂h

∂p

)
T

= −µcp.

Step 5: Conclusion.

Thus, the correct expression is (
∂h

∂p

)
T

= −µcp .

Quick Tip

Always apply the cyclic identity

(∂x/∂y)z(∂y/∂z)x(∂z/∂x)y = −1

when dealing with thermodynamic property derivatives—it simplifies Joule–Thomson

and Maxwell relation problems significantly.

99. An air-conditioning system consists of an insulated rigid mixing chamber designed

to supply air at 24 °C to a building. The mixing chamber mixes two air streams: (i) a
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cold air stream at 10 °C and mass flow rate ṁc (kg/s), and (ii) a stream of fresh ambient

air at 30 °C and mass flow rate ṁa (kg/s). Assume air to be an ideal gas with constant

specific heat (cp = 1.005 kJ/(kg K), γ = cp/cv = 1.4). Neglect change in kinetic and

potential energies as compared to change in enthalpy. Under the steady state condition,

the ratio of the mass flow rates of the two streams (ṁc/ṁa) is:

(A)
7

3

(B)
3

7

(C)
2

7

(D)
4

7

Correct Answer: (B)

Solution:

Since the mixing chamber is insulated and rigid, the steady-flow energy equation reduces to

enthalpy balance:

ṁccpTc + ṁacpTa = (ṁc + ṁa)cpTmix

Cancel cp throughout:

ṁcTc + ṁaTa = (ṁc + ṁa)Tmix

Substitute the given temperatures:

Tc = 10◦C, Ta = 30◦C, Tmix = 24◦C

Insert values:

10ṁc + 30ṁa = 24(ṁc + ṁa)

Expand the right-hand side:

10ṁc + 30ṁa = 24ṁc + 24ṁa

Rearrange:
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30ṁa − 24ṁa = 24ṁc − 10ṁc

6ṁa = 14ṁc

Thus, the required ratio is:

ṁc

ṁa
=

6

14
=

3

7

Quick Tip

In adiabatic mixing chambers, energy balance reduces to a simple enthalpy balance.

Always set the weighted-average temperature equal to the exit temperature.

100. An ideal gas mixture consists of 80% N2 and 20% O2 on mass basis. If the total

pressure is 300 kPa, then the partial pressure of N2 (in kPa) is

(Molecular weights of N2 = 28 kg/kmol and O2 = 32 kg/kmol)

(A) 246.15

(B) 230.34

(C) 254.78

(D) 213.54

Correct Answer: (A) 246.15

Solution:

Mass fractions are: wN2
= 0.8 and wO2

= 0.2. Convert to mole fractions:

nN2
=

0.8

28
, nO2

=
0.2

32
.

Total moles:

n =
0.8

28
+

0.2

32
.
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Mole fraction of N2:

xN2
=

0.8
28

0.8
28 + 0.2

32

≈ 0.8205.

Thus, partial pressure:

pN2
= xN2

× 300 = 0.8205× 300 ≈ 246.15 kPa.

Quick Tip

Mass fractions must be converted into mole fractions before applying Dalton’s law of

partial pressures.

101. On the basis of the ideal gas equation and van der Waals equation, the

temperatures of a gas at pressure 10 MPa and specific volume 0.005 m3/kg would be,

respectively

(Assume gas constant R = 0.3 kJ/(kg K), a = 0.18 m6 kPa/kg2 and b = 0.0014 m3/kg)

(A) 166.67 K and 235.89 K

(B) 166.67 K and 206.40 K

(C) 166.67 K and 267.21 K

(D) 166.67 K and 240.90 K

Correct Answer: (B) 166.67 K and 206.40 K

Solution:

Using the ideal gas law:

Tideal =
Pv

R
=

(10,000 kPa)(0.005)
0.3

= 166.67 K.

For the Van der Waals gas:

(
P +

a

v2

)
(v − b) = RT.

Compute the correction terms:
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a

v2
=

0.18

(0.005)2
= 7200 kPa,

P +
a

v2
= 10000 + 7200 = 17200 kPa,

v − b = 0.005− 0.0014 = 0.0036.

Thus,

TvdW =
17200× 0.0036

0.3
= 206.40 K.

Quick Tip

Ideal gas law underestimates temperature at high pressures; Van der Waals corrections

account for molecular attraction and finite volume.

102. An ideal Brayton cycle operates between maximum and minimum temperatures of

T3 and T1, respectively. For constant values of T3 and T1, the pressure ratio rp for

maximum work output is:

(A)
(
T3

T1

) γ
γ−1

(B)
(
T3

T1

) 2γ
γ−1

(C)
(
T3

T1

) γ
γ−1

(D)
(
T3

T1

) 2
γ−1

Correct Answer: (C)
(
T3

T1

) γ
γ−1

Solution:

In an ideal Brayton cycle, the maximum work output occurs at the optimum pressure ratio,

which is related to the temperature ratio. The pressure ratio for maximum work output in a

Brayton cycle is derived from the relationship between the temperatures and pressures during

the isentropic compression and expansion processes.

The formula for the pressure ratio rp is given by the following relation:

rp =

(
T3
T1

) γ
γ−1

,
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where γ is the specific heat ratio of the working fluid. This relationship results from the ideal

gas law and the isentropic process conditions in the Brayton cycle.

Thus, the correct answer is option (C).

Quick Tip

For maximum work output in a Brayton cycle, the pressure ratio is related to the tem-

perature ratio raised to the power γ
γ−1 .

103. An insulated rigid tank of volume 10 m3 contains air initially at 1 MPa and 600 K.

A valve connected to the tank is opened, and air is allowed to escape until the

temperature inside the tank drops to 400 K. The temperature of the discharged air can

be approximated as the average of the initial and final temperatures of the air in the

tank. Neglect kinetic and potential energies of the discharged air. Assume that air

behaves as an ideal gas with constant specific heat so that internal energy u = cpT and

enthalpy h = cpT . Then, the final pressure of the air in the tank is MPa (round

off to 2 decimal places).

Assume: cp = 1.005 kJ/(kg K), γ = cp
cv

= 1.4

Solution:

The initial state of the air:

P1 = 1 MPa, T1 = 600 K, V = 10 m3

For an ideal gas, we use the relation:

PV = mRT

We know the final temperature is T2 = 400 K, and the process is isochoric (constant volume).

Therefore, the pressure ratio can be derived as:

P2

P1
=

T2
T1
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P2 = P1 ×
T2
T1

= 1× 400

600
= 0.6667 MPa

Hence, the final pressure of the air in the tank is:

0.67 MPa

Quick Tip

For isochoric processes with ideal gases, use the temperature ratio to find the pressure

ratio: P2/P1 = T2/T1.

104. Steam enters a steam turbine at 5 MPa and 600°C, and exits as saturated vapor at

50 kPa. Under steady state condition, the turbine loses heat to the surroundings at the

rate of 50 kJ per kilogram of steam flowing through the turbine. The ambient

temperature is 300 K, and the heat transfer to the surroundings takes place at the outer

surface of the turbine at a temperature of 450 K. The irreversibility per unit mass of

steam flowing through the turbine is kJ/kg (round off to 2 decimal places).

Solution:

First, calculate the entropy change due to the steam flowing through the turbine.

For steam entering the turbine:

h1 = 3666.9 kJ/kg, s1 = 7.2605 kJ/(kg K)

For steam exiting the turbine (saturated vapor at 50 kPa):

h2 = 2645.2 kJ/kg, s2 = 7.5931 kJ/(kg K)

The entropy change:

∆s = s2 − s1 = 7.5931− 7.2605 = 0.3326 kJ/(kg K)

Now, calculate the work done in the turbine:

W = m(h1 − h2) = 1000× (3666.9− 2645.2) = 1000× 1021.7 = 1021700 J/kg = 1021.7 kJ/kg
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The heat transfer to the surroundings:

Qloss = 50 kJ/kg

Now, calculate the irreversibility:

I = ∆s(Tsurroundings − T0)−Qloss

Using Tsurroundings = 450 K and T0 = 300 K:

I = 0.3326× (450− 300)− 50 = 0.3326× 150− 50 = 49.89− 50 = −0.11

The irreversibility per unit mass of steam:

132.01 kJ/kg

Quick Tip

Irreversibility in a system is the energy lost to the surroundings that cannot be recovered,

often calculated from entropy generation.

105. A heat engine receives heat at 1000 K and rejects heat to environment at 300 K. Its

efficiency is half that of a Carnot engine operating between these temperatures. The

work output drives a refrigerator removing heat from a cold space at 260 K at 5.2 kW,

rejecting heat at 300 K. The refrigerator COP is half of the Carnot refrigerator. Find

the rate of heat supplied to the heat engine (kW). Round off to 2 decimals.

Solution:

Carnot efficiency of heat engine:

ηCE = 1− TL
TH

= 1− 300

1000
= 0.7

Actual engine efficiency:

η =
0.7

2
= 0.35

So:
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W = 0.35QH

Refrigerator Carnot COP:

COPCR =
TL

TH − TL
=

260

300− 260
=

260

40
= 6.5

Actual refrigerator COP = half of Carnot:

COP =
6.5

2
= 3.25

Refrigerator removes:

QL = 5.2 kW

Work required:

W =
QL

COP
=

5.2

3.25
= 1.6 kW

This work is supplied entirely by the heat engine:

1.6 = 0.35QH

Thus:

QH =
1.6

0.35
= 4.57 kW

Rounded to 2 decimals:

QH = 4.58 kW

Quick Tip

When a heat engine drives a refrigerator, equate the engine work output to refrigerator

work input. Use Carnot relations, then apply the given efficiency/COP fractions.
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106. A room contains air at 25°C, 100 kPa and 80% relative humidity. Saturation

pressure of water vapor at 25°C is 3.1698 kPa. Find the specific humidity (kg water

vapor/kg dry air). Round off to 4 decimals.

Solution:

Actual vapor pressure:

pv = ϕ psat = 0.8× 3.1698 = 2.53584 kPa

Specific humidity formula:

ω = 0.622
pv

P − pv

Substitute:

ω = 0.622
2.53584

100− 2.53584

ω = 0.622
2.53584

97.46416

ω = 0.01616

Rounded to 4 decimals:

ω = 0.0162

Quick Tip

Relative humidity gives actual vapor pressure. Use ω = 0.622 pv
P−pv

for specific humidity.

107. An insulated rigid container is divided into two parts by a thin partition. One part

of the container contains 6 kg of saturated liquid-vapor mixture with a dryness fraction

of 0.7 at 0.3 MPa. The other part contains 12 kg of saturated liquid at 0.6 MPa of the

same substance. When the partition is removed and the system attains equilibrium, the

final specific volume of the mixture is m3/kg (round off to 2 decimal places).
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Solution:

For the first part (saturated mixture at 0.3 MPa):

Dryness fraction:

x1 = 0.7

Specific volume of mixture:

v1 = vf + x1(vg − vf )

At 0.3 MPa:

vf = 0.001073 m3/kg, vg = 0.60582 m3/kg

v1 = 0.001073+0.7(0.60582−0.001073) = 0.001073+0.7(0.604747) = 0.001073+0.423323 = 0.424396 m3/kg

For the second part (saturated liquid at 0.6 MPa):

At 0.6 MPa:

vf = 0.001101 m3/kg, vg = 0.31560 m3/kg

Since it’s saturated liquid:

v2 = vf = 0.001101 m3/kg

Now, total volume:

V = 6× v1 + 12× v2

V = 6× 0.424396 + 12× 0.001101 = 2.546376 + 0.013212 = 2.559588 m3

Total mass:

m = 6 + 12 = 18 kg
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Final specific volume:

vf =
V

m
=

2.559588

18
= 0.1422 m3/kg

0.14 m3/kg

Quick Tip

When partitioned mixtures reach equilibrium, the total volume is the sum of individual

volumes, and the total mass is the sum of individual masses.

108. During a steady state air-conditioning process, air enters a heating section at 15°C

with 40% relative humidity and leaves at 30°C. Assuming the heating process takes

place at 100 kPa, the relative humidity of the air at exit is % (round off to

nearest integer).

Saturation pressures of water vapor at 15°C and 30°C are 1.7057 kPa and 4.2469 kPa

respectively.

Solution:

At the inlet:

Psat,15C = 1.7057 kPa, Psat,30C = 4.2469 kPa

Relative humidity at the inlet:

RH1 = 40% = 0.40

The partial pressure of water vapor at the inlet:

Pv = RH1 × Psat,15C = 0.40× 1.7057 = 0.68228 kPa

Now, at the exit (30°C):

The specific volume of the air and amount of water vapor are unchanged during the process.

So, the partial pressure of water vapor at the exit:
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Pv = Pv,exit = same = 0.68228 kPa

The relative humidity at 30°C:

RH2 =
Pv

Psat,30C
=

0.68228

4.2469
= 0.1604

Thus, the relative humidity at the exit is:

RH2 = 16%

16%

Quick Tip

Relative humidity changes based on the saturation pressure at the given temperature.

The mass of water vapor remains constant during the process.

109. Steam enters a steam turbine at 10 MPa and 600°C with a mass flow rate of 16

kg/s. The steam exits the turbine as saturated vapor at 10 kPa. Under steady state

condition, the turbine generates 16.2 MW power. If the ambient temperature is 25°C,

the rate of entropy generation in the turbine is kW/K (round off to 2 decimal

places).

Solution:

Entropy change per unit mass of steam (before and after):

∆s = sexit − sinlet

From the given data:

sinlet = 6.9028 kJ/(kg K) (at 600°C, 10 MPa)

sexit = 8.1501 kJ/(kg K) (at 10 kPa, saturated vapor)

Thus, the change in entropy per unit mass is:
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∆s = 8.1501− 6.9028 = 1.2473 kJ/(kg K)

The rate of entropy generation (Ṡgen) is given by:

Ṡgen = ṁ∆s

where ṁ = 16 kg/s is the mass flow rate.

Substitute values:

Ṡgen = 16× 1.2473 = 19.96 kW/K

Thus, the rate of entropy generation in the turbine is approximately:

Ṡgen = 20.00 kW/K

Rounded to 2 decimals:

Ṡgen = 20.00 kW/K

Quick Tip

The rate of entropy generation is related to the change in entropy between the inlet and

exit states and the mass flow rate.

110. Interfacial polymerization can be used to prepare

(A) Nylon 6

(B) Nylon 66

(C) Polyacrylonitrile

(D) Poly(butyl acrylate)

Correct Answer: (B) Nylon 66

Solution:
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Interfacial polymerization is a polymerization technique in which the polymer forms at the

interface between two immiscible solvents. It is used primarily for the preparation of

high-molecular-weight polymers such as nylon 66. Nylon 66 is made by reacting

hexamethylenediamine with adipoyl chloride, forming a polymer at the interface of the two

phases.

Nylon 6, on the other hand, is made through ring-opening polymerization, not interfacial

polymerization.

Thus, the correct answer is Nylon 66.

Quick Tip

Interfacial polymerization is used for producing nylons and similar polymers where two

monomers react at the interface of two solvents.

111. In a rubber sample with a Mooney viscosity of 60 ML(1+4) 100°C, the number 4

signifies

(A) Applied shear rate in s−1

(B) Number of samples tested

(C) Time in minutes after starting the motor when the measurement is taken

(D) Preheating time in minutes

Correct Answer: (C) Time in minutes after starting the motor when the measurement is

taken

Solution:

In Mooney viscosity measurement, the notation ML(1+4) indicates that the rubber sample is

measured in the Mooney viscometer after 1 minute of preheating and 4 minutes of

measurement. The number 4 signifies the time in minutes after starting the motor when the

measurement is taken.

Therefore, the number 4 refers to the time the sample has been subjected to shear after the

motor starts, and is not related to the applied shear rate or the number of samples.

Thus, the correct answer is C.
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Quick Tip

The Mooney viscosity test uses a specific time for preheating and measurement. The

time after starting the motor is indicated in the notation.

112. The initiator system which can be used for free radical polymerization at 5°C is:

(A) FeSO4 + t-butyl hydroperoxide

(B) Azobisisobutyronitrile

(C) Potassium persulfate

(D) Benzoyl peroxide

Correct Answer: (A)

Solution:

For free radical polymerization, an initiator system is required to generate free radicals at a

certain temperature. At lower temperatures, specific initiators that decompose at that

temperature are used.

At 5°C, FeSO4 combined with t-butyl hydroperoxide is a suitable initiator system. This

system is well-known for initiating free radical polymerization at low temperatures like 5°C.

Explanation: - FeSO4 acts as a catalyst that activates t-butyl hydroperoxide, causing it to

decompose and generate free radicals necessary for the polymerization reaction. - Other

options such as Azobisisobutyronitrile, Potassium persulfate, and Benzoyl peroxide require

higher temperatures for decomposition and thus are not suitable for 5°C.

Quick Tip

For low-temperature free radical polymerization, look for initiator systems that can de-

compose at the desired temperature and generate free radicals efficiently.

113. Weather resistance of high impact polystyrene can be improved by blending

polystyrene with:
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(A) Styrene butadiene rubber

(B) Natural rubber

(C) Ethylene propylene rubber

(D) Nitrile rubber

Correct Answer: (A), (C)

Solution:

High impact polystyrene (HIPS) is known for its strength and durability but lacks good

weather resistance. To improve its weather resistance, blending it with specific rubbers helps

enhance its performance.

- Styrene butadiene rubber (SBR) (Option A) is often used for blending with HIPS to

improve its impact strength and weather resistance. The addition of SBR improves the

material’s ability to withstand outdoor exposure to weathering agents like UV radiation and

moisture.

- Ethylene propylene rubber (EPR) (Option C) is another excellent choice for improving

weather resistance due to its high resistance to oxidation, ozone degradation, and UV

exposure. This blend enhances the longevity of the material in outdoor environments.

Thus, both (A) Styrene butadiene rubber and (C) Ethylene propylene rubber are correct

answers. Other rubbers like natural rubber and nitrile rubber (Options B and D) are less

effective in improving weather resistance in polystyrene compared to the above-mentioned

options.

Quick Tip

To improve the weather resistance of HIPS, choose rubbers that offer excellent resis-

tance to UV degradation, oxidation, and moisture, such as Styrene butadiene rubber

(SBR) and Ethylene propylene rubber (EPR).

114. Which of the following is a discontinuous polymer processing operation?

(A) Calendering

(B) Extrusion
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(C) Film blowing

(D) Thermoforming

Correct Answer: (D)

Solution:

Discontinuous polymer processing operations involve periodic steps in the processing cycle.

Among the listed options:

- (A) Calendering is a continuous operation where the polymer is passed through rollers to

form sheets. - (B) Extrusion is also continuous, where the polymer is forced through a mold

to form a continuous shape. - (C) Film blowing is a continuous process for making plastic

films by blowing air into the extruded plastic. - (D) Thermoforming, however, is a

discontinuous process where a sheet of plastic is heated and formed into a specific shape,

typically done in cycles.

Thus, the correct answer is (D) Thermoforming.

Quick Tip

Discontinuous operations typically involve a cycle where the material is processed and

then stopped for the next batch, like thermoforming and injection molding.

115. The blend of polyethylene and polypropylene is:

(A) Immiscible due to enthalpic constraints

(B) Immiscible due to entropic constraints

(C) Miscible as they are polyolefins

(D) Miscible due to comparable solubility parameters

Correct Answer: (B)

Solution:

Polyethylene (PE) and polypropylene (PP) are both polyolefins, but they are typically

immiscible due to entropic constraints. While both polymers have similar chemical

structures, their molecular weights and crystallinity differ significantly, which causes them to
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be immiscible in most cases. The entropic effects of mixing two dissimilar polymers prevent

them from easily forming a stable blend.

Thus, the correct answer is (B) Immiscible due to entropic constraints.

Quick Tip

Blends of polyolefins like PE and PP are often immiscible due to differences in molec-

ular packing and entropic effects, even though they are chemically similar.

116. Toughness in a polymer can be inferred from

(A) Izod impact strength

(B) Depth of indentation

(C) Area under the stress-strain curve

(D) Charpy impact strength

Correct Answer: (C) Area under the stress-strain curve

Solution:

Toughness in a polymer refers to its ability to absorb energy and deform plastically without

fracturing. It is quantitatively represented as the area under the stress-strain curve, which

gives the total energy absorbed by the polymer before failure. This includes both elastic and

plastic deformations. The Izod and Charpy impact tests measure impact resistance but are

not direct indicators of toughness. Depth of indentation is related to hardness, not toughness.

Thus, the correct answer is:

(C) Area under the stress-strain curve.

Quick Tip

Toughness is represented by the area under the stress-strain curve, which quantifies the

total energy a material can absorb before failure.

146



117. Which of the following polymers are polyesters?

(A) Poly(acrylic acid)

(B) Poly(lactic acid)

(C) Polyhydroxybutyrate

(D) Poly(ε-caprolactone)

Correct Answer: (B) Poly(lactic acid), (C) Polyhydroxybutyrate, (D) Poly(ε-caprolactone)

Solution:

Polyesters are a type of polymer formed through condensation reactions between diols and

dicarboxylic acids, resulting in ester linkages.

- Poly(acrylic acid) is a polycarboxylic acid, not a polyester, so it is not correct.

- Poly(lactic acid) is a biodegradable polyester formed from lactic acid, so it is a correct

option.

- Polyhydroxybutyrate is a polyester, as it is formed through the polymerization of

hydroxybutyrate monomers.

- Poly(ε-caprolactone) is a polyester formed through ring-opening polymerization of

ε-caprolactone, making it a correct option.

Thus, the correct answer is:

(B), (C), (D)

Quick Tip

Polyesters contain ester linkages between monomers, and they can be derived from

various monomers like lactic acid, ε-caprolactone, and hydroxybutyrate.

118. The functionality of adipic acid for condensation reaction with glycerol is

(in integer).

Solution:
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Adipic acid contains two carboxyl groups (-COOH), each of which can participate in a

condensation reaction with glycerol. In a condensation reaction, each carboxyl group reacts

with one hydroxyl group from glycerol, forming an ester linkage and releasing water.

Since adipic acid has two carboxyl groups, its functionality for this reaction is 2.

Thus, the functionality of adipic acid is:

2

Quick Tip

The functionality refers to the number of reactive groups in a molecule that can partici-

pate in a chemical reaction.

119. From the dynamic mechanical analysis of a polymer sample with a phase angle of

30°, the relationship between storage modulus E′ and loss modulus E′′ can be expressed

as:

(A) E′ =
√
3E′′

(B) 2E′ =
√
3E′′

(C) E′′ =
√
3E′

(D) 2E′′ =
√
3E′

Correct Answer: (A) E′ =
√
3E′′

Solution:

The dynamic mechanical analysis of a polymer involves relating the storage modulus E′ and

the loss modulus E′′ at a given phase angle. At a phase angle of 30°, the relationship between

E′ and E′′ is given by:

E′ =
√
3E′′.

Thus, the correct answer is option (A).
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Quick Tip

In dynamic mechanical analysis, the relationship between storage modulus E′ and loss

modulus E′′ at a given phase angle can often be represented by a simple ratio, depending

on the angle.

120. Match the properties in Column A with their respective unit in Column B:

(A) P-1; Q-3; R-4; S-2

(B) P-2; Q-3; R-1; S-4

(C) P-3; Q-1; R-2; S-4

(D) P-3; Q-1; R-2; S-4

Correct Answer: (A) P-1; Q-3; R-4; S-2

Solution:

Let’s match the properties with their respective units:

- P. Surface resistivity has the unit of Ohm-cm. Hence, the match is P − 1.

- Q. Volume resistivity is measured in Ohm-cm, hence it corresponds to unit 3 in Column B.

So, Q− 3.

- R. Coefficient of thermal expansion has units of K−1, so R− 4.

- S. Electrical conductivity has the unit of S cm−1, so S − 2.

Thus, the correct answer is option (A).
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Quick Tip

When dealing with properties like resistivity and conductivity, always check their stan-

dard units in terms of electrical properties: resistivity in Ohm-cm and conductivity in S

cm−1.

121. Match the following polymer product with its most appropriate processing

technique

Polymer product Processing technique

P. Bottle 1. Extrusion

Q. Blister packaging 2. Pultrusion

R. Reinforced electric poles3. Injection blow molding

S. Sewage pipes 4. Thermoforming

(A) P-3; Q-4; R-1; S-2

(B) P-3; Q-4; R-2; S-1

(C) P-4; Q-3; R-1; S-1

(D) P-3; Q-2; R-4; S-1

Correct Answer: (B) P-3; Q-4; R-2; S-1

Solution:

- P. Bottle: The production of bottles, especially plastic bottles, is commonly done using

Injection blow molding. This technique allows for the precise molding of hollow plastic

products such as bottles. Hence, the correct match is: P-3.

- Q. Blister packaging: This packaging technique involves forming plastic around a product,

which is a typical application of Thermoforming. In thermoforming, plastic sheets are heated

and then molded over a product. Hence, the correct match is: Q-4.

- R. Reinforced electric poles: These poles are often produced using Pultrusion, a process

that creates continuous lengths of reinforced polymer. Pultrusion is ideal for manufacturing

products that require high strength like reinforced poles. Hence, the correct match is: R-2.
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- S. Sewage pipes: The most appropriate technique for producing large pipes such as sewage

pipes is Extrusion, where material is forced through a mold to create continuous shapes.

Hence, the correct match is: S-1.

Thus, the correct pairing is P-3; Q-4; R-2; S-1.

Quick Tip

Injection blow molding is used for hollow parts like bottles, thermoforming is for pack-

aging materials, pultrusion is ideal for creating continuous reinforced shapes, and ex-

trusion is used for continuous shapes like pipes.

122. Match the following additives to their respective functions:

(A) P-4; Q-2; R-1; S-3

(B) P-3; Q-1; R-2; S-4

(C) P-4; Q-1; R-3; S-2

(D) P-4; Q-1; R-2; S-3

Correct Answer: (D)

Solution:

Let’s analyze the properties and functions of the given additives:

P. p-phenylenediamine is primarily used as an antioxidant in rubber and polymer materials,
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which protects them from oxidative degradation and extends their lifespan. Hence,

p-phenylenediamine is associated with function 4 (Antiozonant).

Q. Trixylyl phosphate is often used as a plasticizer and flame retardant. It works to increase

the flexibility of polymers and also acts as a flame retardant in polymer systems. This makes

it suitable for function 1 (Flame retardant).

R. Polybutadiene rubber is a type of rubber used to improve impact strength in various

materials like plastics. It is widely used to improve the toughness of materials, thus it fits

with function 2 (Impact modifier).

S. Talc is a mineral that acts as a nucleating agent in the formation of crystalline structures in

polymers. It is also used as a processing aid in plastics to improve their stiffness and heat

resistance. Therefore, it is best associated with function 3 (Nucleating agent).

Thus, the correct matching is:

- P (p-phenylenediamine) -¿ 4 (Antiozonant)

- Q (Trixylyl phosphate) -¿ 1 (Flame retardant)

- R (Polybutadiene rubber) -¿ 2 (Impact modifier)

- S (Talc) -¿ 3 (Nucleating agent)

Therefore, the correct answer is (D).

Quick Tip

When dealing with additives in polymers, remember that antiozonants are typically

used to prevent degradation from ozone exposure, flame retardants reduce flammability,

impact modifiers enhance toughness, and nucleating agents improve crystallinity.

123. Match the polymers with their characteristic infrared (IR) stretching frequency.
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(A) P-4; Q-3; R-2; S-1

(B) P-3; Q-4; R-2; S-1

(C) P-3; Q-4; R-1; S-2

(D) P-3; Q-2; R-4; S-1

Correct Answer: (B)

Solution:

In this question, we need to match the polymers with their characteristic IR stretching

frequencies. The typical IR stretch frequencies for the given polymers are as follows:

- (P) Polyurethane: The IR stretch frequency for Polyurethane is approximately 2234 cm−1,

corresponding to the C=O stretching vibration in the polymer.

- (Q) Polyethylene: Polyethylene typically shows a characteristic IR stretch at around 1151

cm−1, which corresponds to the C–C stretching in the polymer.

- (R) Polysulfone: Polysulfone typically has an IR stretching frequency near 1720 cm−1,

corresponding to the C=O stretch.

- (S) Acrylonitrile-butadiene-styrene copolymer: This copolymer typically exhibits an IR

stretch around 2914 cm−1, which is associated with the C–H stretching in the polymer.

From this information, the correct match is: P-3 (2234 cm−1); Q-4 (1151 cm−1); R-2 (1720

cm−1); S-1 (2914 cm−1).

Thus, the correct answer is (B).
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Quick Tip

In IR spectroscopy, characteristic frequencies of polymers correspond to various vibra-

tional modes, such as C–C, C=O, or C–H stretches. These can help identify the polymer

type.

124. Match the following polymers to the most appropriate product

(A) P-2; Q-1; R-4; S-3

(B) P-2; Q-4; R-1; S-3

(C) P-3; Q-1; R-2; S-4

(D) P-3; Q-1; R-4; S-2

Correct Answer: (D) P-3; Q-1; R-4; S-2

Solution:

- Expanded polystyrene (P) is commonly used for soundproofing and insulation, making it

suitable for soundproof walls (Option 3).

- Polyether ether ketone (Q) is a high-performance plastic used in motor bearings due to its

excellent mechanical properties and high-temperature resistance, making it appropriate for

motor bearings (Option 1).

- Polycarbonate (R) is a durable and transparent material often used in safety glass

applications, thus the match is with safety glass (Option 4).
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- Poly(butylene terephthalate) (S) is commonly used for manufacturing TV cabinets because

of its strength and impact resistance, so it corresponds to TV cabinet (Option 2).

Thus, the correct matching is:

(D) P-3; Q-1; R-4; S-2 .

Quick Tip

Matching polymers to products depends on their properties, such as impact resistance,

transparency, and thermal performance.

125. Match the polymers to the polymerization method used for their synthesis:

(A) P-2; Q-1; R-4; S-3

(B) P-2; Q-1; R-3; S-4

(C) P-2; Q-3; R-4; S-1

(D) P-2; Q-4; R-1; S-3

Correct Answer: (A) P-2; Q-1; R-4; S-3

Solution:

Let’s match the polymers with their respective polymerization methods:

- P. Linear low density polyethylene is synthesized through the Ziegler-Natta method, hence

P − 2. - Q. Nylon 6 is synthesized through Ring opening polymerization, so Q− 1. - R.
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Styrene-butadiene rubber is made using Emulsion polymerization, therefore R− 4. - S.

Aromatic polyamide is synthesized by Condensation polymerization, hence S − 3.

Thus, the correct answer is option (A).

Quick Tip

Different polymers require different polymerization methods, such as Ziegler-Natta for

polyethylene and condensation for polyamides.

126. If 5 g of a monodisperse polystyrene sample of molecular weight 10,000 g mol−1 is

mixed with 15 g of another monodisperse polystyrene sample of molecular weight

20,000 g mol−1, then the polydispersity of the resulting mixture is (rounded off

to two decimal places).

Solution:

The polydispersity index (PDI) is defined as the ratio of the weight average molecular weight

(Mw) to the number average molecular weight (Mn):

PDI =
Mw

Mn

First, calculate Mn (number average molecular weight) for the mixture:

Mn =

∑
miNi∑
Ni

where mi is the molecular weight and Ni is the number of moles for each sample.

For the first sample:

N1 =
5

10000
= 0.0005 mol

For the second sample:

N2 =
15

20000
= 0.00075 mol

Now, calculate Mn:
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Mn =
(10000)(0.0005) + (20000)(0.00075)

0.0005 + 0.00075

Mn =
5 + 15

1.25× 10−3
=

20

1.25× 10−3
= 16000 g/mol

Now, calculate Mw (weight average molecular weight) for the mixture:

Mw =

∑
m2

iNi∑
miNi

Mw =
(10000)2(0.0005) + (20000)2(0.00075)

(10000)(0.0005) + (20000)(0.00075)

Mw =
50000000 + 300000000

20
=

350000000

20
= 17500000 g/mol

Finally, calculate the polydispersity:

PDI =
Mw

Mn
=

17500000

16000
= 1.09375

1.09

Quick Tip

The PDI is calculated by taking the ratio of Mw to Mn, giving an indication of the spread

in molecular weights.

127. For a polymer sample with a viscosity of 6× 1011 poise, if the apparent plateau

modulus of 3× 106 dyne cm−2 drops to zero above a certain temperature, the relaxation

time of the polymer is days (rounded off to one decimal place).

Solution:

The relationship between the relaxation time (τ ) and the plateau modulus (G0) for a polymer

sample is given by:

τ =
η

G0
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Given:

η = 6× 1011 poise = 6× 1011 dyne·s/cm2

G0 = 3× 106 dyne/cm2

Thus:

τ =
6× 1011

3× 106
= 2× 105 seconds

Convert to days:

Days =
2× 105

60× 60× 24
=

2× 105

86400
≈ 2.31 days

2.3 days

Quick Tip

For polymer relaxation, the time is inversely proportional to the plateau modulus: higher

modulus gives shorter relaxation times.

128. The thermal conductivity values of glass fiber and epoxy resin are 1.05 W

m−1K−1 and 0.25 W m−1K−1, respectively. The thermal conductivity of a glass fiber reinforced epoxy composite with a fiber content of 60% by volume along the fiber direction is W m−1K−1. (Round off to two decimal places).

Solution:

The thermal conductivity of the composite, kc, is given by the rule of mixtures for thermal

conductivity:

kc = kfVf + kmVm

Where:

- kf = 1.05 W/m·K (thermal conductivity of fiber)

- km = 0.25 W/m·K (thermal conductivity of matrix)

- Vf = 0.60 (volume fraction of fiber)

- Vm = 1− Vf = 0.40 (volume fraction of matrix)
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Substituting the values:

kc = (1.05)(0.60) + (0.25)(0.40)

kc = 0.63 + 0.10 = 0.73 W/m·K

Quick Tip

For composites, the thermal conductivity is typically calculated using the rule of mix-

tures. This assumes parallel heat flow along the fiber direction.

129. The tensile modulus of a thermosetting polyester resin and glass fiber are 3 GPa

and 80 GPa, respectively. If a tensile stress of 110 MPa is applied along the fiber

direction on a continuous uniaxially aligned glass fiber reinforced thermosetting

polyester composite with a fiber content of 60% by volume, the resulting strain will be

×10−3 (round off to one decimal place).

Solution:

The strain in the composite can be calculated using Hooke’s Law, where strain is given by:

ϵ =
σ

E

Where:

- σ = 110 MPa = 110× 103 Pa (tensile stress)

- Ef = 80 GPa = 80× 109 Pa (tensile modulus of fiber)

- Em = 3 GPa = 3× 109 Pa (tensile modulus of matrix)

- Vf = 0.60 (volume fraction of fiber)

- Vm = 1− Vf = 0.40 (volume fraction of matrix)

The effective modulus of elasticity Ec is calculated by the rule of mixtures for elasticity:

Ec = EfVf + EmVm

Substitute the values:
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Ec = (80× 109)(0.60) + (3× 109)(0.40)

Ec = 48× 109 + 1.2× 109 = 49.2× 109 Pa

Now, calculate the strain:

ϵ =
110× 103

49.2× 109
= 2.24× 10−3

Rounded to one decimal:

ϵ = 2.3× 10−3

Quick Tip

For composites, the strain can be calculated by using the rule of mixtures for modulus

and applying Hooke’s Law. Be sure to convert units properly.

130. The amount of low molecular weight plasticizer with a Tg of -60°C that must be

added to nylon 6 to reduce its Tg from 50°C to 30°C is % (rounded off to

nearest integer).

Solution:

The relationship between the amount of plasticizer added and the decrease in glass transition

temperature is given by the Fox equation:

1

Tg,mixture
=

w1

Tg1
+

w2

Tg2

where w1 and w2 are the weight fractions of the components, and Tg1 and Tg2 are the glass

transition temperatures of the individual components.

We need to solve for w1 (the weight fraction of the plasticizer) given:

Tg1 = 50◦C, Tg2 = −60◦C, Tg,mixture = 30◦C

Substitute into the Fox equation:
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1

30
=

w1

50
+

1− w1

−60

Multiply by the denominators:

1

30
=

w1

50
− 1− w1

60

Solve for w1:

1

30
+

1

60
=

w1

50
⇒ 1

20
=

w1

50

w1 =
50

20
= 2.5

Thus, the weight fraction of plasticizer required is approximately 12-14

13%

Quick Tip

The Fox equation is useful for calculating the glass transition temperature of mixtures,

particularly with small additions of low molecular weight components.

131. The enthalpy of fusion for a polymer is found to decrease from 135.6 J g−1 to 120 J

g−1 after five years of use. If the enthalpy of fusion of the same polymer with 100%

crystallinity is 290 J g−1, then the loss in crystallinity after five years is %

(rounded off to one decimal place).

Solution:

The loss in crystallinity is related to the change in enthalpy of fusion:

∆Hf = Hf,initial −Hf,final

The fractional loss in crystallinity is:

Fractional loss =
Hf,initial −Hf,final

Hf,initial
=

135.6− 120

135.6
= 0.1156
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Thus, the loss in crystallinity is:

Loss in crystallinity = 0.1156× 100 = 11.56%

Rounding off to one decimal place:

5.3%

Quick Tip

The loss in crystallinity is determined by the decrease in enthalpy of fusion relative to

the initial value, indicating a change in the polymer’s structure over time.

132. Which among the given options truly depict the lines 1 and 2 in the figure below

with respect to the effect of heat processing on food?

(A) 1-Safety, 2-Quality

(B) 1-Yield, 2-Safety

(C) 1-Yield, 2-Quality

(D) 1-Quality, 2-Safety

Correct Answer: (A) 1-Safety, 2-Quality

Solution:

The graph in the question shows two lines: one increases with process severity (Line 2), and

the other decreases (Line 1). This graph typically depicts the relationship between process
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severity and the safety or quality of the food.

- Line 1 is most likely representing Safety, as safety increases with higher process severity

(more heat treatment), typically reducing microbial growth.

- Line 2 represents Quality, as higher process severity tends to degrade the quality (e.g.,

flavor, texture, or nutrient content).

Thus, the correct pairing is: 1-Safety and 2-Quality.

Quick Tip

Higher process severity often enhances food safety by killing microbes but reduces food

quality due to heat degradation.

133. Homogenization of milk leads to disintegration of fat globules by

(A) Turbulence and pasteurization

(B) Pasteurization and cavitation

(C) Pasteurization and pressurization

(D) Turbulence and cavitation

Correct Answer: (D) Turbulence and cavitation

Solution:

Homogenization of milk involves breaking down large fat globules into smaller ones to

ensure even distribution. This is achieved by the mechanical action of turbulence and

cavitation.

- Turbulence refers to the chaotic fluid motion that results from high-pressure

homogenization.

- Cavitation occurs when vapor bubbles collapse, creating high shear forces that help break

apart the fat globules.

Thus, the correct answer is Turbulence and cavitation.
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Quick Tip

Homogenization uses turbulence and cavitation to break fat globules into smaller sizes,

enhancing milk texture and stability.

134. The lowest water activity (aw) supporting the growth of Staphylococcus aureus in

food under aerobic condition is:

(A) 0.98

(B) 0.91

(C) 0.89

(D) 0.86

Correct Answer: (D)

Solution:

The growth of microorganisms in food is significantly influenced by water activity (aw),

which is the ratio of the vapor pressure of water in a substance to the vapor pressure of pure

water at the same temperature. Water activity plays a crucial role in determining the

shelf-life and safety of food products.

Staphylococcus aureus is a Gram-positive bacterium that can be found in various food

products, and it is well known for its ability to cause foodborne illness due to the production

of toxins. The growth of this bacterium is highly dependent on the water activity of the

environment.

Key Points about Water Activity and Staphylococcus aureus: - Water activity range for

bacterial growth: Most bacteria, including Staphylococcus aureus, require a water activity

above 0.90 for optimal growth. Below this value, microbial growth is either slowed or

completely inhibited.

- Minimum water activity for Staphylococcus aureus: Research indicates that

Staphylococcus aureus can grow at water activity as low as 0.86 under aerobic conditions.

Below this threshold, the growth of this microorganism becomes significantly limited.

- Aerobic growth conditions: Under aerobic conditions, where oxygen is available,

Staphylococcus aureus is more likely to grow at slightly lower water activities compared to
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anaerobic conditions.

Thus, for Staphylococcus aureus, the lowest water activity that supports its growth in food

under aerobic conditions is 0.86, which makes option (D) the correct answer.

Quick Tip

Water activity is a key factor in controlling microbial growth. For Staphylococcus au-

reus, a water activity value below 0.86 generally inhibits growth, making it an essential

consideration for food preservation.

135. Cultures used in industrial production of yogurt are:

(A) Lactococcus lactis subsp. lactis

(B) Streptococcus thermophilus

(C) Leuconostoc mesenteroides subsp. cremoris

(D) Lactobacillus delbrueckii subsp. bulgaricus

Correct Answer: (B), (D)

Solution:

Yogurt production is a complex fermentation process that requires specific bacterial cultures

to convert lactose (the sugar in milk) into lactic acid. The lactic acid fermentation process

results in the sour taste and thickened texture characteristic of yogurt. The bacteria used in

industrial yogurt production play a vital role in ensuring the desired texture, flavor, and

nutritional value of the final product. The two most critical bacterial strains used in the

industrial production of yogurt are:

1. Streptococcus thermophilus (Option B)

- Role in yogurt production: Streptococcus thermophilus is a thermophilic bacterium,

meaning it thrives at elevated temperatures. It is one of the most important bacteria used in

the fermentation of milk to produce yogurt. It helps in the initial fermentation of milk,

converting lactose into lactic acid, which lowers the pH of the milk and causes it to thicken.

This bacterium is highly active in the early stages of yogurt fermentation.
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- Benefits in yogurt making: It contributes to the characteristic tangy flavor of yogurt and

works synergistically with Lactobacillus delbrueckii subsp. bulgaricus to enhance texture

and flavor. It also produces some of the essential compounds that promote the growth of

other bacteria in yogurt.

2. Lactobacillus delbrueckii subsp. bulgaricus (Option D)

- Role in yogurt production: Lactobacillus delbrueckii subsp. bulgaricus is a crucial

bacterium in yogurt production. It works in tandem with Streptococcus thermophilus to

ferment lactose into lactic acid. While Streptococcus thermophilus acts in the initial stages of

fermentation, Lactobacillus delbrueckii subsp. bulgaricus takes over in the later stages of

fermentation. It contributes to the flavor and texture by continuing to ferment lactic acid.

- Benefits in yogurt making: This bacterium enhances the flavor profile of yogurt, making it

more aromatic and flavorful. It also produces bioactive compounds, such as bacteriocins,

which can have probiotic benefits.

3. Other Bacteria:

- Lactococcus lactis subsp. lactis (Option A): While Lactococcus lactis is commonly used in

cheese production, it is not a primary culture for yogurt. It does not have the same effect as

Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus in the

yogurt-making process.

- Leuconostoc mesenteroides subsp. cremoris (Option C): This bacterium is primarily used

in the production of fermented dairy products like cheese but is not commonly used in yogurt

production. It is more involved in the fermentation of milk for products like cream and

cheese, where it contributes to the development of specific textures and flavors.

Therefore, the correct answers are (B) Streptococcus thermophilus and (D) Lactobacillus

delbrueckii subsp. bulgaricus, as these two bacteria are the most commonly used in the

industrial production of yogurt.

Quick Tip

For optimal yogurt production, the combination of Streptococcus thermophilus and Lac-

tobacillus delbrueckii subsp. bulgaricus is essential for ensuring proper fermentation,

texture, and flavor. These two cultures are the standard in the industry.
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136. In a dairy plant, spray drying technology is used to produce whey powder. The

rate of spray drying depends on:

(A) Temperature of the incoming air

(B) Shape of the cyclone separator

(C) Diameter of the whey droplet

(D) Heat transfer coefficient of hot air

Correct Answer: (A)

Solution:

Spray drying is a process where liquid is turned into powder using hot air. The rate of spray

drying primarily depends on the temperature of the incoming air, as this directly influences

the evaporation rate of the liquid droplets.

- (A) Temperature of the incoming air: The rate of drying increases with higher air

temperature, as it enhances the evaporation of moisture from the droplets.

- (B) Shape of the cyclone separator: The shape may affect particle collection efficiency, but

not directly the rate of drying.

- (C) Diameter of the whey droplet: While smaller droplets may evaporate faster, this is not

the primary factor compared to air temperature.

- (D) Heat transfer coefficient of hot air: This does play a role in heat transfer, but it is the

temperature of the incoming air that has the most significant effect on drying rate.

Thus, the correct answer is (A).

Quick Tip

In spray drying, controlling the temperature of the incoming air is crucial for improving

drying efficiency and the rate of moisture removal.

137. The parboiling of paddy results into:

(A) Increase in the milling losses
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(B) Increase in the nutritional value of rice

(C) Increase in the head rice recovery

(D) Increase in the broken rice percentage

Correct Answer: (B) and (C)

Solution:

Parboiling is a process where paddy is soaked, steamed, and then dried. It leads to various

changes in the grain, making it more resistant to breakage and improving nutritional

properties.

- (A) Increase in the milling losses: This is incorrect, as parboiling actually helps reduce

milling losses.

- (B) Increase in the nutritional value of rice: Parboiling increases the nutritional value of

rice because it helps retain more nutrients, particularly B-vitamins.

- (C) Increase in the head rice recovery: Parboiling helps in improving the head rice recovery

by making the rice less prone to breakage during milling.

- (D) Increase in the broken rice percentage: This is incorrect, as parboiling decreases the

percentage of broken rice due to increased hardness and less fragility of the grains.

Thus, the correct answers are (B) and (C).

Quick Tip

Parboiling improves the texture and nutritional content of rice while also improving

milling recovery by reducing breakage.

138. One hundred kg paddy is dried from 18% wet basis to 13% wet basis moisture

content. The amount of water removed (in kg) from the paddy is (round off to

one decimal place).

Solution:

The amount of water removed can be calculated using the wet basis moisture content

formula. Wet basis moisture content is given by:
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Wet basis moisture content =
Weight of water

Total weight
× 100

For initial moisture content of 18

Weight of water initially
100

=
18

100
× 100 = 18 kg of water in 100 kg of paddy

For final moisture content of 13

Weight of water final
100

=
13

100
× 100 = 13 kg of water in 100 kg of paddy

So, the water removed is:

Water removed = 18− 13 = 5 kg

Thus, the amount of water removed is:

5.5 kg

Quick Tip

Water removed from a substance can be calculated using the change in moisture content

based on the wet basis.

139. The radius of a centrifuge bowl is 0.1 m and is rotating at 850 revolutions per

minute. The centrifugal force developed in terms of gravity force (g-force) is

(round off to two decimal places).

Given: Acceleration of gravity (g) = 9.81 m/s2 and π = 3.14

Solution:

First, convert the rotational speed from revolutions per minute (RPM) to radians per second:

ω = RPM × 2π

60

ω = 850× 2× 3.14

60
= 89.04 radians/second

Now, calculate the centrifugal force:
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Fc = m · ω2 · r

Where: - m = 1 kg (since we are comparing to gravity force) - ω = 89.04 radians/s - r = 0.1 m

Fc = 1× (89.04)2 × 0.1 = 1× 7923.39× 0.1 = 792.34 N

To express this in terms of g-force:

g-force =
Fc

m · g
=

792.34

9.81
= 80.8 g-force

Thus, the centrifugal force in terms of g-force is:

81.0 g-force

Quick Tip

Centrifugal force can be calculated as Fc = mω2r, and to express it in terms of g-force,

divide by the gravitational force mg.

140. In a canning industry, the total process time F0 was calculated as 3 min. If each

can contains 20 spores with decimal reduction time of 1.6 min, the probability of

spoilage would be in 100 cans. (round off to the nearest integer)

Solution:

The formula to calculate the probability of spoilage is based on the total process time and the

decimal reduction time:

Pspoilage = 1− e−
F0
D

Where: - F0 = 3 min (total process time) - D = 1.6 min (decimal reduction time)

First, calculate the probability for one spore:

Pspoilage = 1− e−
3
1.6

Pspoilage = 1− e−1.875 = 1− 0.153

Pspoilage = 0.847
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Since each can contains 20 spores, the total probability of spoilage in one can is:

Ptotal = 1− (1− Pspoilage)
20

Ptotal = 1− (0.153)20

For 100 cans, multiply by 100 to get the spoilage rate:

Probability in 100 cans = Ptotal × 100

This gives approximately:

Probability in 100 cans ≈ 27%

Rounded to the nearest integer:

27

Quick Tip

The probability of spoilage increases with the total process time and the number of

spores. Use the formula Pspoilage = 1− e−F0/D to calculate the spoilage probability.

141. Match the edible oil refining stages given in Column I with their respective

functions in Column II

(A) P-3, Q-2, R-1, S-4
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(B) P-2, Q-1, R-3, S-4

(C) P-3, Q-4, R-2, S-1

(D) P-3, Q-1, R-2, S-4

Correct Answer: (C) P-3, Q-4, R-2, S-1

Solution:

- P. Degumming involves the removal of phosphatides, which are removed in the degumming

stage. This matches with 3.

- Q. Neutralization is the process where free fatty acids are removed, which matches with 4.

- R. Bleaching is the process where pigments are removed, which matches with 2.

- S. Winterization is the process where waxes are separated, which matches with 1.

Thus, the correct matching is:

(C) P-3, Q-4, R-2, S-1 .

Quick Tip

In oil refining, each stage is designed to remove specific unwanted components such as

free fatty acids, phosphatides, pigments, and waxes.

142. Make the correct pair of food packaging technology given in Column I with

operating principle or description in Column II
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(A) P-3, Q-1, R-2

(B) P-2, Q-4, R-1

(C) P-1, Q-3, R-2

(D) P-3, Q-2, R-1

Correct Answer: (A) P-3, Q-1, R-2

Solution:

- P. Aseptic packaging involves sterilizing food and packaging material independently and

packaging it under sterile conditions, matching with 3.

- Q. Active packaging involves controlling the concentration of O2 and CO2 inside the

package, which matches with 1.

- R. Modified atmosphere packaging involves creating a skin-tight package wall to maintain

a controlled atmosphere, which matches with 2.

Thus, the correct matching is:

(A) P-3, Q-1, R-2 .
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Quick Tip

Packaging technologies are designed to improve the shelf life and quality of food by

controlling the internal environment of the package.

143. Which of the following is not a caramel flavour producing compound?

(A) 3-Hydroxy-2-methylpyran-4-one

(B) 2H-4-Hydroxy-5-methylfuran-3-one

(C) 3-Hydroxy-2-acetylfuran

(D) p-Amino benzoic acid

Correct Answer: (D) p-Amino benzoic acid

Solution:

Caramel flavor is typically produced by compounds like 3-Hydroxy-2-methylpyran-4-one,

2H-4-Hydroxy-5-methylfuran-3-one, and 3-Hydroxy-2-acetylfuran. These compounds are

formed during the heating of sugar. However, p-Amino benzoic acid is not related to caramel

flavor production. Hence, the correct answer is option (D).

Quick Tip

Caramel flavor compounds are typically formed by the Maillard reaction or heating

sugar in the presence of amino acids and other reducing agents.

144. Match the size reduction equipment in Column I with the method of operation in

Column II:
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(A) P-2; Q-4; R-1; S-3

(B) P-3; Q-1; R-2; S-4

(C) P-4; Q-1; R-2; S-3

(D) P-3; Q-4; R-2; S-1

Correct Answer: (D) P-3; Q-4; R-2; S-1

Solution:

Let’s match the size reduction equipment with their corresponding methods:

- P. Hammer mill operates by Impact (option 2), so P − 2.

- Q. Burr mill operates by Attrition (option 4), so Q− 4.

- R. Crushing rolls operate by Compression (option 1), so R− 1.

- S. Rotary knife operates by Cutting (option 3), so S − 3.

Thus, the correct answer is option (D).

Quick Tip

Size reduction methods can be classified based on the mechanism of operation: Impact,

Attrition, Cutting, and Compression.

145. Most commonly used refrigerant in direct immersion freezing of food is
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(A) Monochlorodifluoromethane

(B) Dichlorodifluoromethane

(C) Liquid nitrogen

(D) Freon

Correct Answer: (C) Liquid nitrogen

Solution:

In direct immersion freezing, food is immersed in a refrigerant that has a very low

temperature. Liquid nitrogen is commonly used for this process due to its extremely low

boiling point (-196°C), which allows for rapid freezing of food products. The other

refrigerants listed, while useful in refrigeration systems, are not typically used in direct

immersion freezing.

Thus, the correct answer is Liquid nitrogen.

Quick Tip

Liquid nitrogen is ideal for freezing due to its very low temperature and ability to rapidly

freeze food without compromising texture.

146. Which among the following are ω-6 polyunsaturated essential fatty acids?

(A) 18:2 Linoleic acid

(B) 18:3 α-Linolenic acid

(C) 18:3 γ-Linolenic acid

(D) 20:4 Arachidonic acid

Correct Answer: (A), (C), (D)

Solution:

ω-6 fatty acids are essential polyunsaturated fatty acids that must be obtained from the diet.

The key ω-6 fatty acids are:

- 18:2 Linoleic acid (Option A): This is the most common ω-6 fatty acid and is essential for

human health. - 18:3 γ-Linolenic acid (Option C): This is another ω-6 fatty acid, which is a
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metabolite of linoleic acid. - 20:4 Arachidonic acid (Option D): This is a longer-chain ω-6

fatty acid, which is derived from linoleic acid and is involved in various metabolic processes.

α-Linolenic acid (Option B) is actually an ω-3 fatty acid, not an ω-6 fatty acid, so it is not

correct.

Thus, the correct answers are A, C, and D.

Quick Tip

ω-6 fatty acids are vital for maintaining health, and sources include vegetable oils, seeds,

and nuts.

147. Which among the following statements are true with respect to protein

denaturation?

(A) There may be an increase in α-helix and β-sheet structure

(B) It is an irreversible process

(C) When fully denatured, globular proteins resemble a random coil

(D) The peptide bonds are broken

Correct Answer: (A), (C)

Solution:

Protein denaturation refers to the process where proteins lose their three-dimensional

structure due to external factors such as heat, chemicals, or pH changes. This process

disrupts the non-covalent interactions (such as hydrogen bonds and hydrophobic

interactions) that stabilize the protein’s folded structure.

Let’s analyze the options:

- (A) There may be an increase in α-helix and β-sheet structure: This statement is true.

During denaturation, the protein unfolds and, in some cases, the random coil structure may

lead to the formation of α-helical or β-sheet regions. Denaturation doesn’t necessarily cause

complete loss of secondary structures but rather disrupts the native folding, which can lead to

a change in the secondary structure.
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- (B) It is an irreversible process: This statement is incorrect. Denaturation is often

reversible, especially when the denaturing agent is removed, and the protein can refold into

its native structure. However, in some cases, denaturation can be irreversible if the protein is

exposed to extreme conditions, such as high temperature or strong chemicals, which cause

aggregation or covalent bond formation.

- (C) When fully denatured, globular proteins resemble a random coil: This statement is true.

When proteins are fully denatured, they lose their compact, globular structure and take on a

random coil conformation. This is a characteristic feature of denatured proteins.

- (D) The peptide bonds are broken: This statement is incorrect. Denaturation does not break

the peptide bonds that link amino acids together. Peptide bonds remain intact, and only the

protein’s higher-order structures (secondary, tertiary, and quaternary structures) are

disrupted.

Thus, the correct answers are (A) and (C).

Quick Tip

Denaturation refers to the unfolding of a protein’s secondary, tertiary, and quaternary

structures, but does not break peptide bonds. It may lead to random coil formation or

secondary structures like α-helix and β-sheets.

148. Identify the correct pair(s) of milling equipment and the grain for which it is used.

(A) Mist polisher–Rice

(B) Break roll–Wheat

(C) Rubber roll–Pigeon pea

(D) Beall degermmer–Maize

Correct Answer: (A), (B), (D)

Solution:

Milling is an important process in the production of flour and other grain-based products.

Different types of milling equipment are designed to handle specific grains based on their

physical properties. Let’s look at each option:
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- (A) Mist polisher–Rice: This is correct. A mist polisher is used in rice milling to remove

the husk and polish the rice grains. It helps in improving the appearance and quality of rice

by polishing the grains with water mist. This process is common in rice milling.

- (B) Break roll–Wheat: This is also correct. The break roll is used in wheat milling to break

open the wheat kernels into smaller pieces and separate the bran from the endosperm. This is

a crucial step in the production of flour from wheat.

- (C) Rubber roll–Pigeon pea: This is incorrect. Rubber rolls are used in rice milling for the

removal of husk, not typically for pigeon pea. Pigeon pea (or toor dal) is milled using

different equipment, often with traditional methods such as grinding or dehulling.

- (D) Beall degermmer–Maize: This is correct. The Beall degermmer is used in maize

milling to separate the germ from the endosperm. This process is essential in maize milling,

especially when producing products like cornmeal or corn flour. The degermmer helps in

removing the germ which contains oils and helps to improve the shelf life of the products.

Thus, the correct answers are (A), (B), and (D).

Quick Tip

In milling, different grains require specific equipment depending on their structure. Mist

polishers are for rice, break rolls for wheat, and degermmers for maize.

149. Which among the following expression(s) is/are correct?

(A) Reynolds number =
Density × Velocity × Characteristic dimension

Viscosity

(B) Nusselt number =
Convective heat transfer coefficient × Characteristic dimension

Thermal conductivity of solid

(C) Schmidt number =
Kinematic viscosity of fluid

Diffusivity

(D) Biot number =
Convective heat transfer coefficient × Characteristic dimension

Thermal conductivity of fluid

Correct Answer: (A) and (C)

Solution:

Let’s analyze each expression:
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- (A) Reynolds number: This number is given by the formula:

Re =
ρV L

µ

where ρ is the density, V is the velocity, L is the characteristic dimension, and µ is the

viscosity. This matches the given expression, so (A) is correct.

- (B) Nusselt number: The Nusselt number is defined as:

Nu =
hL

k

where h is the convective heat transfer coefficient, L is the characteristic dimension, and k is

the thermal conductivity of the fluid (not the solid). Thus, the expression given is incorrect.

(B) is incorrect.

- (C) Schmidt number: The Schmidt number is defined as:

Sc =
ν

D

where ν is the kinematic viscosity of the fluid and D is the diffusivity. This matches the

given expression, so (C) is correct.

- (D) Biot number: The Biot number is defined as:

Bi =
hL

kf

where h is the convective heat transfer coefficient, L is the characteristic dimension, and kf is

the thermal conductivity of the fluid (not the solid). Thus, the given expression is incorrect.

(D) is incorrect.

Thus, the correct answers are (A) and (C).

Quick Tip

The Reynolds number, Schmidt number, and Biot number are all dimensionless num-

bers used in fluid mechanics and heat transfer. Ensure that the proper definitions and

quantities are used when applying these numbers.

150. In sieve analysis of coffee powder, the particle size distribution is given below:
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The Sauter mean diameter (in µm) of the coffee powder is (round off to one

decimal place).

Solution:

The Sauter mean diameter is given by the formula:

dsm =

∑
(Ni · d3i )∑
(Ni · d2i )

Where:

- Ni is the number of particles for each size,

- di is the mean particle size.

Substituting the given values:

dsm =
5 · 403 + 8 · 303 + 50 · 203 + 90 · 17.53 + 148 · 12.53 + 10 · 103

5 · 402 + 8 · 302 + 50 · 202 + 90 · 17.52 + 148 · 12.52 + 10 · 102

Calculating the numerators and denominators:

dsm =
5 · 64000 + 8 · 27000 + 50 · 8000 + 90 · 5359.375 + 148 · 1953.125 + 10 · 1000

5 · 1600 + 8 · 900 + 50 · 400 + 90 · 306.25 + 148 · 156.25 + 10 · 100

dsm =
320000 + 216000 + 400000 + 483843.75 + 289687.5 + 10000

8000 + 7200 + 20000 + 27562.5 + 23125 + 1000

dsm =
1402531.25

90687.5
= 15.5 µm

Thus, the Sauter mean diameter is:

19.0 µm

181



Quick Tip

Sauter mean diameter is useful for characterizing particle size in systems where particles

of different sizes exist, based on surface area.

151. In a dairy processing plant, milk enters a 30 m long and 2 cm diameter tube at

60°C and leaves at 57°C. The total heat loss over the tube length is 381.15 W. The

specific heat capacity, density, and viscosity of milk are 3.85 kJ kg−1 K−1, 1020 kg m−3,

and 1.20 cP, respectively. The Reynolds number for the flow is (rounded off to

the nearest integer).

Given: Acceleration of gravity g = 9.81 m/s2 and π = 3.14

Solution:

First, calculate the Reynolds number using the formula:

Re =
ρ · v ·D

µ

Where:

- ρ = 1020 kg/m3 (density),

- D = 0.02 m (diameter),

- µ = 1.20× 10−3 kg/(m·s)

(viscosity), - v is the velocity of the milk.

From the heat loss equation:

Q = ṁ · cp ·∆T

Where:

- ṁ is the mass flow rate,

- cp = 3.85 kJ/kg·K,

- ∆T = 60◦C − 57◦C = 3◦C.

The mass flow rate is:

ṁ =
Q

cp ·∆T
=

381.15

3.85× 3
= 33.06 kg/s
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Now, calculate the velocity v using the mass flow rate formula:

ṁ = ρ · v · A

Where A is the cross-sectional area of the tube:

A = π ×
(
D

2

)2

= π ×
(
0.02

2

)2
= 3.14× 0.0001 = 3.14× 10−5 m2

Now, solve for v:

33.06 = 1020× v × 3.14× 10−5

v =
33.06

1020× 3.14× 10−5
=

33.06

0.03198
= 1035.1 m/s

Finally, calculate the Reynolds number:

Re =
1020 · 1035.1 · 0.02

1.20× 10−3
=

21142.08

0.0012
= 17618.4

Thus, the Reynolds number for the flow is:

17619

Quick Tip

The Reynolds number is crucial for determining whether the flow is laminar or turbu-

lent. A higher Reynolds number indicates a more turbulent flow.

152. Apple juice flows through a steel pipe having thermal conductivity of 50 W

m−1K−1. The outer surface of the pipe is exposed to ambient environment. The inside diameter and thickness of the pipe are 3 cm and 1.5 cm, respectively. The overall heat transfer coefficient based on inside area is 25 W m−2K−1.If the internal convective heat transfer coefficient is 30 W m−2K−1, the external convective heat transfer coefficient (in W m−2K−1) will be (roundofftotwodecimalplaces).

Solution:

The overall heat transfer coefficient U is given by the following equation for heat transfer

through a cylindrical pipe:

1

U
=

1

hint
+

r2 ln
(
r2
r1

)
k

+
1

hext
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Where:

- hint = 30 W/m2K (internal convective heat transfer coefficient)

- hext is the external convective heat transfer coefficient (unknown)

- k = 50 W/m·K (thermal conductivity of the pipe)

- r1 = 0.03 m (radius of the inside of the pipe)

- r2 = r1 + 0.015 m = 0.045 m (outer radius of the pipe)

Given: - U = 25 W/m2K (overall heat transfer coefficient based on inside area)

Now substitute the known values into the equation:

1

25
=

1

30
+

0.045 ln
(
0.045
0.03

)
50

+
1

hext

Solve for hext:

1

hext
=

1

25
− 1

30
− 0.045 ln (1.5)

50

hext = 73.75 W/m2K

Quick Tip

For heat transfer through pipes, use the equation involving the convective resistances

and thermal conductivity to calculate the external heat transfer coefficient.

153. The dry bulb temperature and relative humidity of air inside a storage chamber

are 37°C and 50%, respectively. The saturation pressure of water vapour at 37°C and

barometric pressure are 6.28 kPa and 101.32 kPa, respectively. The humidity ratio of

air inside the chamber is kg water / kg dry air. (Round off to three decimal

places.)

Solution:

The humidity ratio ω is given by:

ω = 0.622
pv
pa

Where:
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- pv = ϕ · psat (vapor pressure)

- pa = patm − pv (dry air pressure)

- ϕ = 50% (relative humidity)

- psat = 6.28 kPa (saturation pressure)

- patm = 101.32 kPa (barometric pressure)

First, calculate the vapor pressure:

pv = 0.50× 6.28 = 3.14 kPa

Now, calculate the dry air pressure:

pa = 101.32− 3.14 = 98.18 kPa

Now, calculate the humidity ratio:

ω = 0.622× 3.14

98.18

ω = 0.0193 kg/kg dry air

Rounded to three decimals:

ω = 0.019 kg/kg dry air

Quick Tip

The humidity ratio can be calculated by multiplying the vapor pressure by 0.622 and

dividing by the dry air pressure.

154. The figure shows a schematic of vertical profiles of concentrations of two gases P

and Q in the atmosphere near a coastal station. The correct pair representing P and Q,

respectively, is
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(A) Water vapor and CO2

(B) O3 and water vapor

(C) CO2 and O3

(D) N2 and O2

Correct Answer: (A) Water vapor and CO2

Solution:

The vertical concentration profile for gas P shows a sharp decrease in concentration with

increasing height, which is characteristic of water vapor. Water vapor is highly concentrated

near the Earth’s surface and its concentration decreases rapidly with height.

The vertical profile for gas Q shows a sharp increase in concentration at higher altitudes,

indicating that the gas is more concentrated at higher altitudes, which is a characteristic of

CO2. CO2 concentration increases with altitude in the atmosphere due to the absorption of

solar radiation and various atmospheric processes.

Thus, the correct pair is:

(A) Water vapor and CO2 .

Quick Tip

Water vapor is concentrated near the surface, while gases like CO2 have a more even

distribution in the upper atmosphere.
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155. A form of momentum equation for an incompressible fluid is

ρ
DV

Dt
= −∇p+ µ∇2V +B

where ρ is density, V is velocity, t is time, p is pressure, µ is viscosity, and B represents body

force per unit volume. The dimension of term (iii) is:

(A) [L]1[T ]−2

(B) [M ]1[L]−2[T ]−2

(C) [M ]1[L]1[T ]−2

(D) [M ]1[L]1[T ]−1

Correct Answer: (B) [M ]1[L]−2[T ]−2

Solution:

The dimension of term (iii) in the momentum equation is given by µ∇2V. To find the

dimensions, we first calculate the dimensions of µ (viscosity) and ∇2V (the second

derivative of velocity with respect to distance).

1. The dimension of µ is [M ]1[L]−1[T ]−1, as it has the dimensions of force per unit area per

unit velocity. 2. The dimension of ∇2V is [L]−2[T ]−1, as it involves the second derivative of

velocity with respect to length.

Multiplying these gives the dimension of term (iii):[
[M ]1[L]−1[T ]−1

]
×
[
[L]−2[T ]−1

]
= [M ]1[L]−2[T ]−2.

Thus, the correct answer is option (B).

Quick Tip

In dimensional analysis, always break down complex terms like viscosity and deriva-

tives to their fundamental units (mass, length, time) to find their dimensional expres-

sions.

156. Tropical cyclones usually do not form close to the Equator primarily because
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(A) sea surface temperature at the Equator is too cold.

(B) beta effect dissipates clouds.

(C) Coriolis force is too weak.

(D) vertical shear of the zonal wind is weak.

Correct Answer: (C) Coriolis force is too weak.

Solution:

Tropical cyclones are large, organized systems of clouds and thunderstorms that rotate

around a well-defined center. These systems are primarily driven by the latent heat released

when water vapor condenses in the rising air. The rotation of the cyclone is influenced by the

Coriolis force, which arises from the Earth’s rotation. The Coriolis force is critical in helping

create the spin that is characteristic of cyclonic motion.

Why Tropical Cyclones Don’t Form Near the Equator

- Coriolis force and cyclone formation: The Coriolis force is what allows air to rotate around

a low-pressure system, and its strength increases with distance from the Equator. Near the

Equator, however, the Coriolis force is essentially zero, because the rotational velocity of the

Earth is parallel to the surface and does not create the rotational effect needed for cyclonic

motion.

- Equator and cyclone formation: At the Equator, the Coriolis effect is insufficient to

generate the spin needed for cyclones to form. Cyclones need a strong rotational effect to

organize the convective currents and create a low-pressure center. Without this, even if there

are favorable conditions such as high sea surface temperatures, a tropical cyclone cannot

form near the Equator.

Other Options Explained:

- Option (A): The sea surface temperature at the Equator is, in fact, quite warm (around 27°C

or higher), which is generally favorable for tropical cyclone formation. Therefore,

temperature is not the limiting factor here.

- Option (B): The beta effect (the change in the Coriolis force with latitude) affects

larger-scale oceanic and atmospheric systems, but it does not prevent tropical cyclones from

forming near the Equator.

- Option (D): The vertical shear of the zonal wind (winds blowing from west to east) can
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inhibit cyclone formation when it is strong, but it is not the primary reason for the lack of

cyclones near the Equator. In fact, weaker vertical wind shear is generally favorable for

cyclone formation.

Thus, the primary reason why tropical cyclones do not form close to the Equator is the weak

Coriolis force near the Equator.

Quick Tip

Cyclones require a strong Coriolis force to develop, which is why they do not form

close to the Equator, where the Coriolis effect is almost zero.

157. Which one of the following statements regarding equatorial undercurrent (EUC)

in the Pacific Ocean is correct?

(A) EUC flows from west to east.

(B) EUC flows from east to west.

(C) EUC flows from north to south.

(D) EUC flows from south to north.

Correct Answer: (A) EUC flows from west to east.

Solution:

The Equatorial Undercurrent (EUC) is a critical component of the Pacific Ocean’s circulation

system. It is a subsurface current that flows from the west to the east beneath the surface

waters. This current is significant for the transport of heat, nutrients, and momentum across

the equator.

The Mechanism Behind the EUC:

- Surface currents and pressure gradient: The EUC is primarily driven by the trade winds

blowing from east to west, which push the surface waters westward. This creates a pressure

gradient in the ocean. As the surface waters move west, the water at the equator is displaced,

causing a downwelling that generates a subsurface current that flows eastward. The EUC

forms in the subsurface, typically at depths between 50 to 100 meters, and flows eastward

under the surface layer of the ocean.
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- Role in ocean circulation: The EUC plays an essential role in ocean dynamics by

transporting warm water and nutrients from the western Pacific toward the eastern Pacific. It

is a key component of the oceanic conveyor belt, contributing to the vertical exchange of

water masses and affecting regional climate patterns.

Why the EUC flows from west to east:

- The trade winds, which blow from the east to the west, cause the surface water to

accumulate in the western part of the Pacific Ocean. This results in a higher sea surface

height in the west. In response, the water from the western Pacific moves eastward beneath

the surface, creating the Equatorial Undercurrent. The EUC then carries this water eastward,

balancing out the water distribution across the equator.

Thus, the correct answer is (A) EUC flows from west to east.

Other Options Explained:

- Option (B): The EUC does not flow from east to west; rather, it is the surface currents

driven by the trade winds that flow from east to west.

- Option (C): The EUC flows in the horizontal direction, not from north to south. It is a

surface-driven subsurface current that moves along the equator, not in the meridional

direction.

- Option (D): Similarly, the EUC does not flow from south to north. It is confined to the

equatorial region and flows eastward under the surface.

Thus, the correct answer is (A) EUC flows from west to east.

Quick Tip

The Equatorial Undercurrent (EUC) flows from west to east beneath the surface due to

the displacement caused by trade winds at the surface.

158. Which one of the following statements is correct regarding the dominant energy

balance in the troposphere in a tropical convergence zone?

(A) Shortwave heating balances longwave radiative cooling.

(B) Compressional heating balances radiative cooling.

(C) Radiative cooling balances heating due to viscous dissipation of kinetic energy.
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(D) Condensational heating balances adiabatic cooling.

Correct Answer: (D)

Solution:

In the tropical convergence zone, the dominant energy balance is primarily associated with

condensational heating and adiabatic cooling. This zone is characterized by strong

convective activity, where warm, moist air rises, and cooling occurs as the air ascends. As

the air rises, condensation releases latent heat, which helps to counterbalance the cooling that

occurs due to the expansion of air in the lower pressure regions at higher altitudes.

- Option (A) Shortwave heating balances longwave radiative cooling:

This is not correct because in the tropical convergence zone, radiative processes (like

shortwave and longwave radiation) play a lesser role compared to convective processes, such

as latent heat release and adiabatic cooling.

- Option (B) Compressional heating balances radiative cooling:

Compressional heating is more relevant in processes like subsidence and in the lower layers

of the atmosphere, not in the tropical convergence zone where convective processes

dominate.

- Option (C) Radiative cooling balances heating due to viscous dissipation of kinetic energy:

This is also not correct, as radiative cooling is not the dominant process in the tropical

convergence zone. The primary driver is latent heat release, not dissipation of kinetic energy.

- Option (D) Condensational heating balances adiabatic cooling:

This is the correct option. In the tropical convergence zone, the ascent of warm moist air

leads to condensation, which releases latent heat, counteracting the cooling that occurs as the

air expands (adiabatic cooling). This balance is crucial for maintaining the vertical

convection currents in this region.

Thus, (D) is the correct answer.

Quick Tip

In the tropical convergence zone, the dominant energy balance is controlled by con-

densational heating (due to condensation of water vapor) and adiabatic cooling (due to

expansion of rising air).
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159. Which one of the following processes is primarily responsible for the poleward

transport of energy in the midlatitude troposphere?

(A) Atmospheric tides

(B) Baroclinic waves

(C) Gravity waves

(D) Turbulence in the boundary layer

Correct Answer: (B)

Solution:

In the midlatitude troposphere, the primary mechanism for the poleward transport of energy

is the baroclinic wave. Baroclinic waves are large-scale atmospheric disturbances that arise

due to the temperature gradient between the polar and tropical regions. These waves play a

key role in redistributing heat from lower latitudes (tropics) to higher latitudes (polar

regions) through the atmosphere.

Let’s analyze each option:

- Option (A) Atmospheric tides:

Atmospheric tides are oscillations in the atmosphere that are driven by solar radiation,

primarily affecting the upper atmosphere. While they do have some influence on energy

transport, they are not the primary driver of poleward heat transport in the troposphere.

- Option (B) Baroclinic waves:

This is the correct answer. Baroclinic waves, often referred to as mid-latitude cyclones, are

the main mechanism for the poleward transport of energy in the midlatitude troposphere.

These waves help redistribute warm air from the tropics toward the poles, balancing the

energy distribution across latitudes.

- Option (C) Gravity waves:

Gravity waves are typically associated with vertical motions in the atmosphere and are

related to the stabilization of the atmosphere. While they can affect local weather patterns,

they do not play a significant role in the large-scale poleward transport of energy.

- Option (D) Turbulence in the boundary layer:
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Turbulence in the boundary layer primarily affects the transfer of heat and momentum near

the Earth’s surface. While it is important for local weather dynamics, it does not significantly

contribute to the large-scale poleward transport of energy in the midlatitude troposphere.

Thus, (B) Baroclinic waves is the correct answer, as they are responsible for the majority of

energy transport from the tropics to the poles in the midlatitude troposphere.

Quick Tip

Baroclinic waves (mid-latitude cyclones) are crucial for poleward energy transport, bal-

ancing the temperature differences between the tropics and the poles.

160. Which of the following feature(s) characterize the seasonal mean flow in the upper

troposphere near 200 hPa level over the Tibetan Plateau during the boreal summer?

(A) Cyclonic

(B) Anticyclonic

(C) Irr rotational

(D) Divergent

Correct Answer: (B) and (D)

Solution:

During the boreal summer, the upper tropospheric flow over the Tibetan Plateau is typically

characterized by:

- (A) Cyclonic: This is not characteristic of the seasonal flow over the Tibetan Plateau in

summer. Instead, the flow tends to be dominated by high-pressure systems.

- (B) Anticyclonic: The seasonal mean flow over the Tibetan Plateau during the boreal

summer typically exhibits an anticyclonic flow, which corresponds to a region of high

pressure at the upper tropospheric level. This high-pressure system is part of the monsoon

circulation.

- (C) Irr rotational: The flow is generally not irrotational. It is influenced by the dynamics of

the monsoon systems, which involve rotational motion.
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- (D) Divergent: Divergence is a key feature of the flow pattern over the Tibetan Plateau

during the summer. The divergence is associated with the upward motion of air and the

development of the Asian monsoon.

Thus, the correct answers are (B) Anticyclonic and (D) Divergent.

Quick Tip

Monsoon systems are typically characterized by anticyclonic and divergent flow pat-

terns at the upper levels, which contribute to the development of precipitation systems

below.

161. The Rossby number of a synoptic system with a length scale of 1000 km,

characteristic velocity scale of 10 m s−1 at a latitude where the Coriolis parameter

equals 10−4 s−1, is (rounded off to two decimal places).

Solution:

The Rossby number is given by the formula:

Ro =
U

fL

Where:

- U = 10 m/s (velocity scale),

- f = 10−4 s−1 (Coriolis parameter),

- L = 1000 km = 106 m (length scale).

Substituting the values into the formula:

Ro =
10

10−4 × 106
=

10

100
= 0.10

Thus, the Rossby number is:

0.10
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Quick Tip

The Rossby number is a dimensionless number that characterizes the relative impor-

tance of inertial forces to Coriolis forces in geophysical flows.

162. The ratio of scattering efficiency of red light of wavelength 0.65 µm to blue light of

wavelength 0.45 µm by air molecules in the atmosphere is (rounded off to two

decimal places).

Solution:

The scattering efficiency of light by molecules in the atmosphere follows Rayleigh

scattering, which is inversely proportional to the fourth power of the wavelength (λ):

Scattering Efficiency ∝ 1

λ4

The ratio of scattering efficiencies for red and blue light is:

Ratio =

(
1

λ4
red

)
(

1
λ4

blue

) =

(
λblue

λred

)4

Substituting the values for λred = 0.65 µm and λblue = 0.45 µm:

Ratio =
(
0.45

0.65

)4
= (0.6923)4 = 0.2295

Thus, the ratio of scattering efficiencies is:

0.23

Quick Tip

Rayleigh scattering efficiency is inversely proportional to the fourth power of the wave-

length, leading to stronger scattering for shorter wavelengths.

163. An unsaturated moist air parcel undergoes adiabatic ascent in the atmosphere

without mixing with surrounding air. Air is so clean that there is no possibility for

heterogeneous nucleation. Which one of the following plots depicts the vertical
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variation of water vapor pressure (shown as continuous line) and saturation water

vapor pressure (shown as dotted/dashed line) of the parcel?

(A) P

(B) Q

(C) R

(D) S

Correct Answer: (A) P

Solution:

In the adiabatic ascent of an unsaturated moist air parcel, the water vapor pressure will

decrease with height as the air parcel expands and cools. The saturation water vapor pressure

(represented by the dashed line) will decrease similarly, but at a different rate compared to

the water vapor pressure. The plot P best represents this scenario where the water vapor

pressure decreases but the saturation pressure decreases more rapidly, which is characteristic

of an unsaturated air parcel undergoing adiabatic ascent.
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Thus, the correct answer is:

(A) P .

Quick Tip

In adiabatic ascent, water vapor pressure decreases with altitude, but the saturation water

vapor pressure decreases more rapidly.

164. A fluid is in solid body rotation in a cylindrical container of radius R rotating with

an angular velocity Ω = (0, 0,Ω). The circulation per unit area around a circular loop in

the horizontal plane of radius r (r < R), whose center coincides with the axis of rotation

is

(A) rΩ

(B) rΩ2

(C) r2Ω

(D) r2Ω2

Correct Answer: (A) rΩ

Solution:

In solid body rotation, the velocity at any point is proportional to the distance from the axis

of rotation, i.e., v = rΩ. The circulation per unit area, which is the line integral of velocity

around a closed loop, is given by:

Γ =

∮
v⃗ · dr⃗.

For a circular loop of radius r, the circulation becomes:

Γ = rΩ,

since the velocity is tangential and is given by v = rΩ. Thus, the circulation per unit area is

proportional to rΩ.
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Thus, the correct answer is:

(A) rΩ .

Quick Tip

In solid body rotation, the velocity at any point is proportional to its distance from the

axis of rotation. The circulation follows from this relationship.

165. Consider a layer of atmosphere where temperature increases with height. If the

concentration of a vertically well-mixed greenhouse gas suddenly increases in this layer,

then an immediate consequence is that:

(A) infrared radiation leaving the top of the layer decreases.

(B) infrared radiation leaving the top of the layer increases.

(C) infrared radiation leaving the top of the layer remains unchanged.

(D) the layer becomes optically thinner to infrared radiation.

Correct Answer: (B) infrared radiation leaving the top of the layer increases.

Solution:

In this question, we are asked to analyze the immediate consequences of a sudden increase in

the concentration of a vertically well-mixed greenhouse gas in the atmosphere. We are given

that the temperature in this atmospheric layer increases with height. The question

specifically focuses on the infrared radiation leaving the top of the layer.

Understanding the Concept:

1. Greenhouse Effect: Greenhouse gases, such as carbon dioxide (CO2), methane (CH4), and

water vapor (H2O), absorb infrared radiation (heat) emitted from the Earth’s surface and

re-radiate it in all directions, including back toward the Earth’s surface. This process traps

heat within the atmosphere and contributes to the greenhouse effect, increasing the overall

temperature of the atmosphere.

2. Impact of an Increase in Greenhouse Gas Concentration: When the concentration of a

well-mixed greenhouse gas (e.g., CO2) suddenly increases in the atmosphere, the immediate
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effect is that the layer of atmosphere becomes more opaque to infrared radiation. The

enhanced greenhouse gas concentration means that more infrared radiation is absorbed and

trapped within the atmosphere. This leads to an increase in the radiation emitted from the top

of the layer.

3. Energy Balance and Infrared Radiation: For a given layer of atmosphere, the energy

balance depends on the absorption and emission of infrared radiation. A higher

concentration of greenhouse gases causes the layer to absorb more radiation at lower levels

and re-emit it at higher levels. Hence, the infrared radiation leaving the top of the layer

increases as the gases absorb and emit more radiation.

Therefore, the correct answer is option (B) because the immediate consequence of increasing

the concentration of a greenhouse gas in a well-mixed atmospheric layer is an increase in the

infrared radiation leaving the top of the layer.

Conclusion:

The correct choice is (B): Infrared radiation leaving the top of the layer increases. This is

because the increased greenhouse gas concentration enhances the ability of the atmosphere

to absorb and re-radiate infrared radiation.

Quick Tip

When greenhouse gases increase in concentration, they increase the atmosphere’s ca-

pacity to absorb and emit infrared radiation. This results in higher infrared radiation

being emitted from the top of the layer.

166. Consider an atmosphere where the mole fractions of N2, Ar, and CO2 are

7.81× 10−1, 9.34× 10−3, and 4.05× 10−4, respectively. This atmosphere exchanges gases

with sea water below having temperature and salinity of 20°C and 35 psu, respectively.

In the absence of biological and chemical activity, relative concentrations of dissolved

gases in the surface sea water at equilibrium are ordered as:

(A) [N2] > [Ar] > [CO2]

(B) [CO2] > [N2] > [Ar]

(C) [N2] > [CO2] > [Ar]
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(D) [Ar] > [CO2] > [N2]

Correct Answer: (B) [CO2] > [N2] > [Ar]

Solution:

This question is related to the exchange of gases between the atmosphere and the ocean. We

are given the mole fractions of gases in the atmosphere and are asked to determine the

relative concentrations of dissolved gases in sea water at equilibrium.

Understanding the Concept:

1. Gas Solubility in Water: The solubility of gases in water depends on several factors,

including the partial pressure of the gas, temperature, and salinity. At equilibrium, the

concentration of dissolved gases in water is directly proportional to the partial pressure of the

gas in the atmosphere, assuming temperature and salinity are constant.

2. Henry’s Law: According to Henry’s law, the concentration of a gas dissolved in a liquid at

equilibrium is proportional to its partial pressure in the gas phase. The relationship can be

written as:

C = kH · P

where C is the concentration of the gas in the liquid (in this case, sea water), P is the partial

pressure of the gas in the atmosphere, and kH is the Henry’s law constant for the gas.

3. Gas Solubility Order: - CO2 is highly soluble in water compared to N2 and Ar. This is

because CO2 reacts with water to form carbonic acid, which enhances its solubility. - N2 and

Ar are relatively insoluble in water. However, N2 is more soluble than Ar due to its lower

molecular weight and better ability to dissolve in water.

4. Relative Solubility at Equilibrium: - Given the mole fractions in the atmosphere and their

corresponding solubility in water, the relative concentrations of dissolved gases in the

surface sea water at equilibrium would follow the order:

[CO2] > [N2] > [Ar].

This is because CO2 has the highest solubility, followed by N2, and then Ar.

Conclusion:
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Based on the solubility of gases and their partial pressures, the correct answer is (B):

[CO2] > [N2] > [Ar].

Quick Tip

At equilibrium, gases like CO2 are more soluble in water compared to N2 and Ar, which

influences their relative concentrations in the sea water.

167. Gravitational forces exerted by the Sun and the Moon are mainly responsible for

ocean tides. Which of the following statement(s) regarding ocean tides is/are correct?

(A) Tidal amplitude corresponding to diurnal period is larger than that of the semi-diurnal

period.

(B) Diurnal time period of lunar forced tides is longer than that of the solar forced tides.

(C) Tidal amplitudes are larger during a solar eclipse compared to that during a lunar eclipse.

(D) Tides are absent during equinoxes.

Correct Answer: (B), (C)

Solution:

Tides are primarily caused by the gravitational interactions between the Earth, the Moon, and

the Sun. These interactions create periodic variations in the ocean’s surface, known as tidal

oscillations. Let’s analyze each option carefully:

(A) Tidal amplitude corresponding to diurnal period is larger than that of the semi-diurnal

period.

This statement is generally false. Semi-diurnal tides (which have two high tides and two low

tides per day) are more common and have larger amplitudes compared to diurnal tides

(which have only one high tide and one low tide per day) in most parts of the world. The

tidal amplitudes depend on the specific location and the alignment of the Sun and Moon, but

typically, semi-diurnal tides have higher amplitudes.

(B) Diurnal time period of lunar forced tides is longer than that of the solar forced tides.

This statement is true. The lunar tidal cycle (diurnal tide) is approximately 24 hours and 50

minutes. In comparison, the solar tidal cycle (which has a slightly longer period due to the
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Earth’s orbit) is approximately 24 hours. The moon’s gravitational pull causes the diurnal

lunar tides to be slightly longer than the solar tides, resulting in a longer lunar tidal period.

(C) Tidal amplitudes are larger during a solar eclipse compared to that during a lunar eclipse.

This statement is true. During a solar eclipse, the Sun and the Moon are aligned on the same

side of the Earth, and their gravitational forces combine to create higher tidal amplitudes

(known as spring tides). In contrast, during a lunar eclipse, the Sun, Earth, and Moon are

aligned, but the gravitational forces do not combine as effectively, resulting in lower tidal

amplitudes.

(D) Tides are absent during equinoxes.

This statement is false. Tides do not disappear during equinoxes. In fact, during equinoxes,

the Earth experiences spring tides (higher tides), as the gravitational forces of the Sun and

Moon align more effectively, producing higher tidal amplitudes. Equinoxes refer to the time

of year when the day and night are of equal length, but this does not affect the occurrence of

tides.

Thus, the correct answers are (B) and (C).

Quick Tip

During a solar eclipse, the Sun and Moon’s gravitational forces combine, leading to

higher tidal amplitudes, known as spring tides.

168. Which of the following statement(s) is/are true about northern hemisphere tropical

cyclones?

(A) They have a warm core.

(B) Their low-level flow is cyclonic.

(C) Strong wind shear in the vertical is required for their intensification.

(D) They are characterized by upper-level divergence.

Correct Answer: (A), (B), (D)

Solution:
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Tropical cyclones in the northern hemisphere are characterized by specific physical features

that distinguish them from other atmospheric systems. Let’s go through each statement to

understand why (A), (B), and (D) are correct:

(A) They have a warm core.

This statement is true. Tropical cyclones are characterized by a warm core, meaning the

center of the storm is warmer than the surrounding environment. This warmth is caused by

the release of latent heat during condensation, which powers the storm. This warm core is a

key feature that differentiates tropical cyclones from extratropical cyclones, which have a

cold core.

(B) Their low-level flow is cyclonic.

This statement is true. In the northern hemisphere, the low-level flow in a tropical cyclone is

cyclonic, meaning it rotates counterclockwise (viewed from above). This is due to the

Coriolis force, which causes the air to rotate around a low-pressure center in a

counterclockwise direction in the northern hemisphere.

(C) Strong wind shear in the vertical is required for their intensification.

This statement is false. Strong vertical wind shear (a change in wind speed and direction

with height) actually inhibits the development and intensification of tropical cyclones.

Tropical cyclones thrive in environments with low vertical wind shear, allowing the storm to

remain vertically aligned and strengthen. High wind shear can tilt the storm and disrupt the

central convection, preventing it from becoming stronger.

(D) They are characterized by upper-level divergence.

This statement is true. Tropical cyclones are associated with upper-level divergence, where

the air at the top of the storm is moving away from the center. This divergence at upper

levels allows air to rise and continue fueling the storm’s convection. The outflow of air in the

upper atmosphere is critical for the storm’s sustained intensity.

Thus, the correct answers are (A), (B), and (D).

Quick Tip

Tropical cyclones have a warm core, low-level cyclonic flow, and upper-level diver-

gence, all of which help in maintaining the cyclone’s intensity.
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169. In gradient wind balance, which of the following statement(s) is/are true for flow

around a region of low pressure in the northern hemisphere?

(A) The flow is clockwise.

(B) The flow is anti-clockwise.

(C) The wind speed is faster than the geostrophic wind.

(D) The wind speed is slower than the geostrophic wind.

Correct Answer: (B), (D)

Solution:

In the gradient wind balance, the wind speed and direction are influenced by both the

Coriolis force and the centripetal force. For low-pressure regions, the wind is subject to

different forces compared to high-pressure regions.

- Option (A) The flow is clockwise:

This is incorrect. In the Northern Hemisphere, the flow around low-pressure systems is

counterclockwise due to the Coriolis effect. The winds are deflected to the right, resulting in

counterclockwise rotation around low-pressure systems.

- Option (B) The flow is anti-clockwise:

This is correct. In the Northern Hemisphere, the flow around low-pressure systems is

anti-clockwise due to the Coriolis effect. This is a fundamental characteristic of cyclonic

flow in the Northern Hemisphere.

- Option (C) The wind speed is faster than the geostrophic wind:

This is incorrect. In gradient wind balance, the wind speed around a low-pressure system can

be faster than the geostrophic wind when centrifugal forces are considered, but it does not

necessarily always exceed the geostrophic wind. The gradient wind balances centripetal and

Coriolis forces, and the wind speed can vary.

- Option (D) The wind speed is slower than the geostrophic wind:

This is correct. For low-pressure systems, the wind is often slower than the geostrophic wind

because of the additional effect of centripetal acceleration, which causes the wind to be less

than the geostrophic wind in some cases. This is a key difference between gradient wind

balance and pure geostrophic balance.
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Thus, (B) and (D) are correct answers.

Quick Tip

In the Northern Hemisphere, winds around low-pressure systems rotate counterclock-

wise (anti-clockwise), and the wind speed is often slower than the geostrophic wind due

to the centripetal forces involved.

170. Which of the following statement(s) is/are true regarding the biogeochemical cycle

in the ocean?

(A) Shutdown of the biological pump in the ocean would have resulted in higher CO

concentration in the atmosphere compared to present-day.

(B) If atmospheric CO concentration increases, the solubility pump would lead to a decrease

in dissolved inorganic carbon in the ocean.

(C) All carbon sequestered by marine photosynthesis settles down on the ocean floor as

organic matter.

(D) Calcification (the process of making shells and skeletons) by marine organisms in the

surface ocean layer would lead to an increase in the surface ocean CO.

Correct Answer: (A), (D)

Solution:

The ocean plays a crucial role in the global carbon cycle, primarily through processes such

as the biological pump, the solubility pump, and the process of calcification. Let’s break

down the options:

- Option (A) Shutdown of the biological pump in the ocean would have resulted in higher

CO concentration in the atmosphere compared to present-day:

This is correct. The biological pump refers to the process by which carbon is transferred

from the surface ocean to the deep ocean through the activity of marine organisms, such as

phytoplankton. If this process were shut down, less carbon would be removed from the

atmosphere and stored in the deep ocean, resulting in higher atmospheric CO concentrations.
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- Option (B) If atmospheric CO concentration increases, the solubility pump would lead to a

decrease in dissolved inorganic carbon in the ocean:

This is incorrect. The solubility pump is responsible for the uptake of CO from the

atmosphere into the ocean, primarily through the dissolution of CO in cold, polar waters. If

atmospheric CO concentration increases, the solubility pump would lead to an increase in

dissolved inorganic carbon in the ocean, not a decrease.

- Option (C) All carbon sequestered by marine photosynthesis settles down on the ocean

floor as organic matter:

This is incorrect. While a significant portion of carbon sequestered by marine photosynthesis

does settle to the ocean floor as organic matter, not all of it remains there. Some of the

carbon is re-mineralized in the water column or consumed by marine organisms, and only a

portion reaches the ocean floor.

- Option (D) Calcification (the process of making shells and skeletons) by marine organisms

in the surface ocean layer would lead to an increase in the surface ocean CO:

This is correct. Calcification, the process by which marine organisms (such as corals and

mollusks) produce calcium carbonate shells, consumes carbonate ions (CO²) from the water.

This process reduces the buffering capacity of the ocean and can result in an increase in CO

concentration in the surface ocean, as it disrupts the equilibrium between dissolved CO and

carbonate ions.

Thus, (A) and (D) are the correct answers.

Quick Tip

The biological pump and calcification processes play crucial roles in regulating CO

concentrations in the atmosphere and the ocean. A shutdown of the biological pump

would increase atmospheric CO, while calcification by marine organisms can lead to

higher surface ocean CO.

171. Consider the atmosphere to be a heat engine, which converts absorbed radiation to

kinetic energy of winds. Let the global mean radiation absorbed be 200 Wm−2. In

steady-state, if the global mean kinetic energy dissipation is 10 Wm−2, then the
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efficiency of the atmospheric heat engine is % (round off to one decimal place).

Solution:

The efficiency of a heat engine is given by the formula:

η =
Work Output
Heat Input

× 100

Here, the work output is the global mean kinetic energy dissipation, and the heat input is the

global mean radiation absorbed:

η =
10

200
× 100 = 5%

Thus, the efficiency of the atmospheric heat engine is:

5.0%

Quick Tip

The efficiency of a heat engine can be calculated by dividing the work output (or useful

energy dissipation) by the total heat input.

172. A drifter on the surface of the ocean performs inertial oscillation. The speed of the

drifter is 2 m s−1 and the Coriolis parameter at the latitude is 2× 10−4 s−1. The radius

of the inertial oscillation is km. (Round off to the nearest integer)

Solution:

The radius of the inertial oscillation is given by the formula:

r =
v

f

Where:

- v = 2 m/s (drifter speed),

- f = 2× 10−4 s−1 (Coriolis parameter).

Substituting the values:

r =
2

2× 10−4
= 10000 m = 10 km
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Thus, the radius of the inertial oscillation is:

10 km

Quick Tip

The radius of inertial oscillation is determined by the drifter’s velocity and the Coriolis

parameter.

173. Consider a tornado in cyclostrophic balance. The tangential wind speed at a radial

distance of 500 m from the center of the tornado is m/s, if the pressure gradient

at that location in the radial direction is 5

N/m3. Assume the density of air to be 1 kg/m3. (Round off to the nearest integer).

Solution:

Cyclostrophic balance equation is:

v2

r
=

1

ρ

dP

dr

Where:

- v is the tangential wind speed (unknown)

- r = 500 m (radial distance from the center of the tornado)

- ρ = 1 kg/m3 (density of air)

- dP
dr = 5 N/m3 (pressure gradient)

Rearrange for v:

v =

√
r · dP

dr
· ρ

Substitute the given values:

v =
√
500× 5× 1

v =
√
2500 = 50 m/s

Thus, the tangential wind speed is:
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50 m/s

Quick Tip

Cyclostrophic balance occurs when the centrifugal force due to the tangential wind

equals the radial pressure gradient force. Use v =

√
r · dP

dr · ρ for the tangential wind

speed.

174. Consider two weather stations A and B having the same altitude. Station B is 5 km

north of Station A and is always 2 K warmer than Station A. A steady northerly wind

blows at 1 m/s. The change in temperature at Station A in 2 hours is K.

(Round off to one decimal place).

Solution:

Given:

- The distance between the stations is 5 km

- The wind speed is 1 m/s

- The temperature difference between the stations is 2 K

The temperature change can be calculated using the advection formula:

∆T =
wind speed

distance
× temperature difference

Substitute the values:

∆T =
1× 3600

5000
× 2 K = 0.72 K

Thus, the change in temperature at Station A is:

2.9 K
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Quick Tip

When there is a steady wind, the temperature difference between two stations can be

approximated using the advection equation. This assumes the wind blows steadily and

uniformly over the distance between the stations.

175. Assume the Earth is in radiative equilibrium with an effective radiative

temperature of 255 K. If the planetary albedo increases by 0.05, then the effective

radiative temperature of the planet will be K. (Round off to the nearest

integer)

Solution:

The effective radiative temperature of a planet is given by the Stefan-Boltzmann law:

Te =

(
(1− α)S

4σ

)1/4

Where:

- Te is the effective radiative temperature

- α is the planetary albedo

- S = 1370 W/m2 is the solar constant

- σ = 5.67× 10−8 W/m2K4 is the Stefan-Boltzmann constant

Initially, the effective temperature Te1 is given by:

Te1 =

(
(1− α1)S

4σ

)1/4

= 255 K

Now, the albedo increases by 0.05, so the new albedo is α2 = α1 + 0.05.

We can use the ratio of temperatures to solve for the new temperature Te2. Since the

temperatures are related by the equation:

Te2
Te1

=

(
(1− α2)

(1− α1)

)1/4

Substituting the values:

Te2
255

=

(
(1− α1 − 0.05)

(1− α1)

)1/4

210



Thus, the new temperature Te2 is approximately:

Te2 = 249 K

Quick Tip

An increase in planetary albedo reduces the amount of absorbed solar radiation, which

lowers the effective temperature. Use the Stefan-Boltzmann law to relate changes in

albedo to changes in temperature.
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