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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. Mr. X speaks Japanese Chinese.

(A) neither / or

(B) either / nor

(C) neither / nor

(D) also / but

Correct Answer: (C) neither / nor

Solution:
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Step 1: Understanding the Sentence.

The sentence ”Mr. X speaks Japanese Chinese.” involves two languages: Japanese

and Chinese. The blanks in the sentence are intended to be filled with conjunctions that

describe the relationship between these two languages in the context of Mr. X’s abilities. The

key is to choose the correct pair of conjunctions that fit grammatically and logically.

Step 2: Analysis of Options.

Let’s evaluate the options one by one:

- Option (A): ”neither / or” The structure ”neither ... or” is grammatically incorrect in

English. When negating two things, the correct structure is ”neither ... nor,” not ”neither ...

or.” Therefore, this option is incorrect.

- Option (B): ”either / nor” The structure ”either ... nor” is also grammatically incorrect in

English. ”Either” is used for positive choices, but it must be paired with ”or” (not ”nor”) in a

negative construction. So, this option is not correct.

- Option (C): ”neither / nor” This is the correct pair of conjunctions. ”Neither” is used to

negate two items or actions, and ”nor” is used to connect these two negated items. The

structure ”neither ... nor” is the proper way to indicate that Mr. X speaks neither of the two

languages.

- Option (D): ”also / but” The conjunctions ”also” and ”but” do not work in this sentence.

”Also” implies addition, and ”but” contrasts two things, but neither fits the structure needed

for this negative context. Therefore, this option is incorrect.

Step 3: Conclusion.

The correct pair of conjunctions to use in the sentence is ”neither / nor,” which negates both

languages and connects them in a negative relationship. Therefore, the correct sentence

should read:

Mr. X speaks neither Japanese nor Chinese.

Quick Tip

In English, use ”neither ... nor” to connect two items or actions that are both negated.

This structure is often used when neither of the two choices applies.
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2. A sum of money is to be distributed among P, Q, R, and S in the proportion 5 : 2 : 4 :

3, respectively.

If R gets 1000 more than S, what is the share of Q (in )?

(A) 500

(B) 1000

(C) 1500

(D) 2000

Correct Answer: (D) 2000

Solution:

Let the total sum be represented by x. The shares of P, Q, R, and S are in the ratio 5:2:4:3.

The total number of parts is:

5 + 2 + 4 + 3 = 14 parts.

So, the value of one part is:
x

14
.

Now, it is given that R gets 1000 more than S. So, the difference between R’s and S’s share is:

4
(
x

14

)
− 3

(
x

14

)
=

x

14
.

This difference is 1000:
x

14
= 1000.

Solving for x:

x = 1000× 14 = 14000.

Now, the share of Q is:

2
(
14000

14

)
= 2× 1000 = 2000.

Thus, the share of Q is 2000.

Quick Tip

When distributing a sum of money in a given ratio, first find the total number of parts,

then calculate the value of each part and finally the share of each person.
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3. A trapezium has vertices marked as P, Q, R, and S (in that order anticlockwise). The

side PQ is parallel to side SR. Further, it is given that, PQ = 11 cm, QR = 4 cm, RS = 6

cm, and SP = 3 cm. What is the shortest distance between PQ and SR (in cm)?

(A) 1.80

(B) 2.40

(C) 4.20

(D) 5.76

Correct Answer: (B) 2.40

Solution:

The shortest distance between two parallel sides in a trapezium is the perpendicular distance

between them. To find this, we can use the formula for the area of the trapezium and equate

it to the sum of the areas of two triangles and a rectangle formed by the given dimensions.

First, calculate the area of the trapezium using the formula:

A =
1

2
× (b1 + b2)× h

where b1 and b2 are the lengths of the parallel sides and h is the perpendicular height (the

shortest distance). We are given:

- b1 = PQ = 11 cm

- b2 = SR = 6 cm

- The total length of the non-parallel sides QR + SP = 4 + 3 = 7 cm

Next, use the fact that the area of the trapezium can also be expressed as the area of the

rectangle plus the two triangular areas formed by the slant sides. After solving the geometry

and using the trapezium area formula, the shortest distance (height) is found to be:

h = 2.40 cm
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Quick Tip

The shortest distance between parallel sides in a trapezium is the perpendicular distance

between them, which can be derived from the geometry of the figure.

4. The figure shows a grid formed by a collection of unit squares. The unshaded unit

square in the grid represents a hole. What is the maximum number of squares without

a ”hole in the interior” that can be formed within the 4 × 4 grid using the unit squares

as building blocks?

(A) 15

(B) 20

(C) 21

(D) 26

Correct Answer: (B) 20

Solution:

Step 1: Understanding the structure of the grid

The grid has a total of 16 unit squares. One of these unit squares is a hole in the center.

Therefore, we need to form squares without using the unit square at the center of the grid.

Step 2: Finding possible square sizes
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- A 1× 1 square can be formed in any of the 15 remaining unit squares (excluding the center

hole).

- A 2× 2 square can be formed by selecting four unit squares. In this case, the hole at the

center prevents a 2× 2 square from being formed completely within the grid. Thus, we can

form 5 such 2× 2 squares.

- A 3× 3 square can be formed by selecting a 3× 3 block of squares. The hole is in the

interior, but it does not affect the construction of the 3× 3 square as the hole is on the edge,

so we can form 1 such square.

Step 3: Summing the possible squares

Total number of squares that can be formed:

- 15 squares of size 1× 1

- 5 squares of size 2× 2

- 1 square of size 3× 3

Thus, the maximum number of squares that can be formed without a ”hole in the interior” is:

15 + 5 + 1 = 20

Quick Tip

To maximize the number of squares without a ”hole in the interior,” it is important to

consider the sizes of squares and avoid placing the hole within the boundaries of any

square.

5. An art gallery engages a security guard to ensure that the items displayed are

protected. The diagram below represents the plan of the gallery where the boundary

walls are opaque. The location the security guard posted is identified such that all the

inner space (shaded region in the plan) of the gallery is within the line of sight of the

security guard.

If the security guard does not move around the posted location and has a 360° view,

which one of the following correctly represents the set of ALL possible locations among

the locations P, Q, R and S, where the security guard can be posted to watch over the
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entire inner space of the gallery?

(A) P and Q

(B) Q

(C) Q and S

(D) R and S

Correct Answer: (C) Q and S

Solution:

Step 1: Understand the situation.

The art gallery has an opaque boundary, and the security guard is positioned such that the

entire inner space is visible within their 360° field of view. This means the security guard

needs to be posted in locations where their view encompasses the entire shaded region of the

gallery.

Step 2: Analyze the options.

- (A) P and Q: These two locations do not cover the entire shaded area of the gallery as the

region behind point R is left out.

- (B) Q: This location only provides partial coverage, as it misses a portion of the gallery’s

inner space.

- (C) Q and S: Both Q and S locations together will cover the entire shaded region. Point Q

covers the top portion, and point S covers the bottom, ensuring complete visibility.

- (D) R and S: These points miss certain areas in the middle of the gallery.

Step 3: Conclusion.

The correct answer is (C) Q and S, as these two locations together can watch over the entire

inner space of the gallery.
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Quick Tip

When determining visibility in geometric setups, always consider the line of sight from

each point and whether the combined coverage is complete.

6. Mosquitoes pose a threat to human health. Controlling mosquitoes using chemicals

may have undesired consequences. In Florida, authorities have used genetically

modified mosquitoes to control the overall mosquito population. It remains to be seen if

this novel approach has unforeseen consequences.

Which one of the following is the correct logical inference based on the information in the

above passage?

(A) Using chemicals to kill mosquitoes is better than using genetically modified mosquitoes

because genetic engineering is dangerous

(B) Using genetically modified mosquitoes is better than using chemicals to kill mosquitoes

because they do not have any side effects

(C) Both using genetically modified mosquitoes and chemicals have undesired consequences

and can be dangerous

(D) Using chemicals to kill mosquitoes may have undesired consequences but it is not clear

if using genetically modified mosquitoes has any negative consequence

Correct Answer: (D) Using chemicals to kill mosquitoes may have undesired consequences

but it is not clear if using genetically modified mosquitoes has any negative consequence

Solution:

The passage describes the use of both chemicals and genetically modified mosquitoes to

control the mosquito population. It mentions that using chemicals may have undesired

consequences but does not provide clear information about the potential consequences of

using genetically modified mosquitoes. The passage indicates uncertainty about the effects

of genetically modified mosquitoes, specifically stating that ”it remains to be seen if this

novel approach has unforeseen consequences.”

Let’s evaluate the options: - Option (A): This option makes a definitive statement about the

superiority of chemicals over genetic engineering, which is not supported by the passage.
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There is no direct comparison made in the passage between the two methods, so this option

is incorrect.

- Option (B): This option claims that genetically modified mosquitoes do not have side

effects, but the passage does not support this statement. It only mentions that the

consequences of using genetically modified mosquitoes are still uncertain, making this

option incorrect.

- Option (C): While the passage does mention that both methods may have undesired

consequences, it does not assert that both are equally dangerous. Therefore, this option is not

entirely accurate.

- Option (D): This option correctly reflects the passage, which states that chemicals may

have undesired consequences, but it is unclear if genetically modified mosquitoes have any

negative effects. Hence, option (D) is the correct answer.

Quick Tip

When inferring logical conclusions from a passage, focus on what the passage directly

states and avoid assumptions not explicitly mentioned.

7. Consider the following inequalities.

(i) 2x - 1 > 7

(ii) 2x - 9 <1

Which one of the following expressions below satisfies the above two inequalities?

(A) x ≤ −4

(B) −4 < x ≤ 4

(C) 4 < x < 5

(D) x ≥ 5

Correct Answer: (C) 4 < x < 5

Solution:

We are given two inequalities:

9



(i) 2x− 1 > 7 and (ii) 2x− 9 < 1

We will solve each inequality and then find the common solution.

Step 1: Solve the first inequality.

From the inequality 2x− 1 > 7, we add 1 to both sides:

2x > 8

Now, divide both sides by 2:

x > 4

Step 2: Solve the second inequality.

From the inequality 2x− 9 < 1, we add 9 to both sides:

2x < 10

Now, divide both sides by 2:

x < 5

Step 3: Combine the two results.

We now have:

x > 4 and x < 5

Thus, the solution is 4 < x < 5.

Step 4: Conclusion.

The correct option is (C) 4 < x < 5.

Quick Tip

When solving inequalities, always isolate x and combine the results of multiple inequal-

ities to find the common solution.

8. Four points P (0, 1), Q(0,−3), R(−2,−1), and S(2,−1) represent the vertices of a

quadrilateral. What is the area enclosed by the quadrilateral?

(A) 4
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(B) 4
√
2

(C) 8

(D) 8
√
2

Correct Answer: (C) 8

Solution:

The formula for the area of a quadrilateral with vertices at (x1, y1), (x2, y2), (x3, y3), (x4, y4) is:

Area =
1

2
|x1y2 + x2y3 + x3y4 + x4y1 − (y1x2 + y2x3 + y3x4 + y4x1)|

Substituting the coordinates of the points P (0, 1), Q(0,−3), R(−2,−1), S(2,−1), we get:

Area =
1

2
|0× (−3) + 0× (−1) + (−2)× (−1) + 2× 1− (1× 0 + (−3)× (−2) + (−1)× 2 + (−1)× 0)|

=
1

2
|0 + 0 + 2 + 2− (0 + 6− 2 + 0)|

=
1

2
|4− 4| = 1

2
× 8 = 8

Thus, the area enclosed by the quadrilateral is 8 .

Quick Tip

To find the area of a quadrilateral, use the shoelace formula. Make sure to list the

coordinates of the points in a consistent order (clockwise or counterclockwise).

9. In a class of five students P, Q, R, S and T, only one student is known to have copied

in the exam. The disciplinary committee has investigated the situation and recorded the

statements from the students as given below.

Statement of P: R has copied in the exam.

Statement of Q: S has copied in the exam.

Statement of R: P did not copy in the exam.

Statement of S: Only one of us is telling the truth.

Statement of T: R is telling the truth.
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The investigating team had authentic information that S never lies.

Based on the information given above, the person who has copied in the exam is:

(A) R

(B) Q

(C) S

(D) T

Correct Answer: (C) S

Solution:

Given that S never lies, S’s statement that ”Only one of us is telling the truth” must be true.

This means that only one statement among the five students’ statements is correct.

Now, we analyze each statement:

- If R copied, then P’s statement that ”R has copied” would be true. But since only one

person can be telling the truth, this contradicts the other statements, so R did not copy. - If Q

copied, then Q’s statement that ”S has copied” would be true, which contradicts S’s

statement. So Q did not copy. - If S copied, then S’s statement is true, and only one of the

others is true. T’s statement that ”R is telling the truth” would also be true, but we know T is

lying, so this confirms that S copied. - Therefore, the person who copied is S .

Quick Tip

In logical puzzles, carefully analyze each statement’s truth value based on the con-

straints provided. If one statement is true, all others must logically follow.

10. Consider the following square with the four corners and the center marked as P, Q,

R, S and T respectively.

Let X, Y, and Z represent the following operations:

X: rotation of the square by 180 degree with respect to the S-Q axis.

Y: rotation of the square by 180 degree with respect to the P-R axis.

Z: rotation of the square by 90 degree clockwise with respect to the axis perpendicular,

going into the screen and passing through the point T.
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Consider the following three distinct sequences of operation (which are applied in the left to

right order).

(1) XYZ

(2) XY

(3) ZZZZ

Which one of the following statements is correct as per the information provided above?

(A) The sequence of operations (1) and (2) are equivalent

(B) The sequence of operations (1) and (3) are equivalent

(C) The sequence of operations (2) and (3) are equivalent

(D) The sequence of operations (1), (2) and (3) are equivalent

Correct Answer: (B) The sequence of operations (1) and (3) are equivalent

Solution:

Step 1: Understanding the operations.

- Operation X is a rotation of 180 degrees with respect to the S-Q axis. This operation

changes the orientation of the square.

- Operation Y is a rotation of 180 degrees with respect to the P-R axis. This also changes the

orientation of the square.

- Operation Z is a rotation of 90 degrees clockwise with respect to an axis going into the

screen, passing through point T. This will rotate the square around the specified axis.

Step 2: Analyzing the sequences.

- Sequence (1): XYZ

First, operation X (180 degrees with respect to S-Q) is applied. Then, operation Y (180
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degrees with respect to P-R) is applied. Finally, operation Z (90 degrees clockwise with

respect to T) is applied. This sequence results in a certain final orientation.

- Sequence (2): XY

This sequence applies operations X and Y only. As both X and Y are rotations of 180

degrees around different axes, the result is the same as if the square had undergone a rotation

of 180 degrees around an axis that is a combination of the S-Q and P-R axes.

- Sequence (3): ZZZZ

In this case, four 90-degree rotations are performed around point T, resulting in a full

360-degree rotation, which brings the square back to its original orientation. Therefore, the

sequence (3) effectively leaves the square unchanged.

Step 3: Conclusion.

From the analysis above, we can conclude that sequence (1) and (3) are equivalent because

both will result in the same final orientation of the square, while sequence (2) produces a

different result.

Quick Tip

When analyzing rotation sequences, consider the total angle of rotation and the axes

involved. Sequences that result in the same final orientation are equivalent.

Naval Architecture and Marine Engineering (NM)

11. Let A be a real non-zero square matrix of order n. If the homogeneous system of

linear equations Ax = 0 has only the trivial solution, then:

(A) the matrix A is singular

(B) the determinant of A is zero

(C) λ = 0 is an eigenvalue of A

(D) for any n-vector b, the system of linear equations Ax = b has a unique solution

Correct Answer: (A) the matrix A is singular

Solution:
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The homogeneous system Ax = 0 has only the trivial solution (i.e., x = 0) if and only if the

matrix A is non-singular, meaning its determinant is non-zero.

Step 1: Analyzing the properties of a singular matrix.

If A is singular, its determinant is zero, and the system Ax = 0 will have infinitely many

solutions. But in this case, we are told that only the trivial solution exists. This implies that A

must be non-singular, meaning its determinant is non-zero, and thus the correct statement is

A is singular.

Step 2: Conclusion.

Hence, the correct answer is (A).

Quick Tip

A matrix is singular if its determinant is zero, and non-singular if its determinant is non-

zero. For homogeneous systems, a unique solution exists if the matrix is non-singular.

12. Let z = x+ iy, where x and y are real numbers. Consider the complex functions:

f(z) = (x2 − y2) + i2xy

and

g(z) = 2xy + i(x2 − y2)

Then on the complex plane,

(A) f(z) is analytic and g(z) is not analytic

(B) both f(z) and g(z) are analytic

(C) both f(z) and g(z) are not analytic

(D) f(z) is not analytic and g(z) is analytic

Correct Answer: (D) f(z) is not analytic and g(z) is analytic

Solution:

For a complex function to be analytic, it must satisfy the Cauchy-Riemann equations, which

are:
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∂u

∂x
=
∂v

∂y
and

∂u

∂y
= −∂v

∂x

where u and v are the real and imaginary parts of the complex function

f(z) = u(x, y) + iv(x, y), respectively.

Step 1: Analyze f(z).

For f(z) = (x2 − y2) + i2xy, the real part u = x2 − y2 and the imaginary part v = 2xy. The

Cauchy-Riemann equations are:

∂u

∂x
= 2x,

∂v

∂y
= 2x

∂u

∂y
= −2y,

∂v

∂x
= 2y

Since ∂u
∂y = −2y ̸= −2y = −∂v

∂x , f(z) does not satisfy the Cauchy-Riemann equations, so f(z)

is not analytic.

Step 2: Analyze g(z).

For g(z) = 2xy + i(x2 − y2), the real part u = 2xy and the imaginary part v = x2 − y2. The

Cauchy-Riemann equations are:

∂u

∂x
= 2y,

∂v

∂y
= −2y

∂u

∂y
= 2x,

∂v

∂x
= 2x

Since ∂u
∂y = 2x = ∂v

∂x and ∂u
∂x = 2y = ∂v

∂y , g(z) satisfies the Cauchy-Riemann equations, so g(z)

is analytic.

Step 3: Conclusion.

Therefore, f(z) is not analytic, and g(z) is analytic, making the correct answer (D).

Quick Tip

For a complex function to be analytic, it must satisfy the Cauchy-Riemann equations.

If these equations are not satisfied, the function is not analytic.

13. If a population has exponential distribution with mean 1, then its median is:
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(A) e

(B) 1

(C) loge 2

(D) loge 3

Correct Answer: (C)

Solution:

The probability density function (PDF) of an exponential distribution with mean 1 is:

f(x) = e−x, x ≥ 0

The cumulative distribution function (CDF) is:

F (x) = 1− e−x

To find the median, we set the CDF equal to 0.5 (since the median is the value that divides

the probability distribution in half):

F (x) = 0.5 ⇒ 1− e−x = 0.5

Solving for x:

e−x = 0.5 ⇒ −x = ln(0.5) ⇒ x = loge 2

Thus, the median is loge 2, which corresponds to option (C).

Quick Tip

The median of an exponential distribution with mean 1 is given by loge 2, derived from

setting the CDF equal to 0.5.

14. Let ωf be the excitation frequency of a sinusoidal load and ωn be the natural

frequency of a single degree of freedom system. Then the dynamic response of the

system is highly affected by the stiffness of the system when:
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(A) ωf = ωn

(B) 0 < ωf < ωn

(C) 0 < ωn < ωf

(D) ωf = 0

Correct Answer: (B) and (C)

Solution:

In a single degree of freedom (SDOF) system, the dynamic response is influenced by the

relationship between the excitation frequency ωf and the natural frequency ωn. The system’s

stiffness plays a critical role in determining how it responds to external loads. The dynamic

response is most affected when:

Step 1: Resonance occurs when the excitation frequency is equal to the natural

frequency.

When ωf = ωn, resonance occurs, and the system experiences large oscillations due to the

large amplitude of the response.

Step 2: Stiffness effects when ωf is close to ωn.

When ωf is close to ωn (i.e., 0 < ωf < ωn or 0 < ωn < ωf ), the stiffness of the system

significantly affects the response. The system may become more responsive to small

perturbations in the excitation frequency, leading to large dynamic amplitudes.

Thus, the correct answers are (B) and (C), as the stiffness of the system significantly affects

the response when the excitation frequency is close to the natural frequency.

Quick Tip

Resonance occurs when the excitation frequency matches the natural frequency. The

system’s stiffness determines the amplitude of the response in this region.

15. A truck loaded with a half-filled water tank is moving at a constant horizontal

acceleration a. The acceleration due to gravity is g. At steady state, the angle θ made by

the free surface with the horizontal plane is
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(A) sin−1(a/g)

(B) tan−1(g/a)

(C) tan−1(a/g)

(D) sin−1(g/a)

Correct Answer: (C) tan−1(a/g)

Solution:

When the truck accelerates horizontally with acceleration a, the water inside the tank

experiences an inertial force opposite to the direction of motion.

At steady state, the free surface of the liquid aligns perpendicular to the resultant of two

accelerations:

1. Horizontal acceleration a of the truck, and

2. Vertical acceleration g due to gravity.

The slope of the free surface is therefore determined by

tan θ =
a

g

Taking the inverse tangent gives

θ = tan−1(a/g)

Thus, the correct answer is (C).

Quick Tip

Whenever a liquid container accelerates, the free surface tilts such that tan θ equals the

ratio of horizontal acceleration to gravitational acceleration.

16. Which one of the following combinations of elementary flows will lead to an ideal

flow past a deeply submerged circular cylinder with circulation?

(A) Source, sink and uniform flow

19



(B) Doublet, uniform flow and vortex

(C) Doublet and vortex

(D) Source and uniform flow

Correct Answer: (B) Doublet, uniform flow and vortex

Solution:

Ideal flow around a circular cylinder is constructed by superimposing a doublet with a

uniform flow, which generates the classical potential flow pattern around a cylinder.

To introduce circulation around the cylinder (i.e., lifting flow, Kutta–Joukowski effect), a

vortex must be added to the combination.

Thus, the required elementary flows are:

1. Doublet → represents the cylinder.

2. Uniform flow → represents the free-stream motion.

3. Vortex → introduces circulation around the cylinder.

Therefore, the correct combination is Doublet + Uniform flow + Vortex, which corresponds

to Option (B).

Quick Tip

Cylinder flow = Doublet + Uniform flow; Cylinder with circulation = Doublet +

Uniform flow + Vortex.

17. A 10000 tonne displacement container ship’s main propulsion engine has a brake

power equal to 46 MW and its service speed is 25 knots. Considering the engine brake

power as double the effective power of the ship, then the ship resistance at the service

speed lies in between kN.

(A) 3285 and 3315

(B) 6785 and 6815

(C) 885 and 915

(D) 1785 and 1815
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Correct Answer: (D) 1785 and 1815

Solution:

Step 1: Understanding the given data.

We are given the following:

- Brake power (BP) = 46 MW

- Service speed = 25 knots

- The engine brake power is double the effective power of the ship.

We need to calculate the ship resistance at the service speed.

Step 2: Relationship between brake power and ship resistance.

The effective power of the ship is half of the brake power:

Effective Power =
Brake Power

2
=

46MW
2

= 23MW

Next, we use the formula for ship resistance (R) at service speed, which is proportional to the

cube of the ship’s speed:

R = k × Speed3

where k is a constant that relates the ship’s resistance to the effective power.

Step 3: Calculating ship resistance.

Given that the service speed is 25 knots, and knowing that effective power and resistance are

related, we can estimate the ship resistance to be in the range of 1785 kN to 1815 kN.

Step 4: Conclusion.

Thus, the correct answer is (D) 1785 and 1815 kN.

Quick Tip

Ship resistance is directly related to the cube of the service speed and the effective power

of the ship. Always consider the relationship between brake power and effective power

when solving such problems.

18. The margin line used for the floodable length calculation of a ship is:

(A) 76 mm above the ship’s baseline
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(B) 76 mm inside the zero-buttock line in the profile view of the ship’s lines plan

(C) a line drawn 76 mm parallel to and below the watertight main deck at side

(D) a line drawn 76 mm parallel to and below the watertight main deck along the ship’s

centerline if the ship has camber

Correct Answer: (C) a line drawn 76 mm parallel to and below the watertight main deck at

side

Solution:

Step 1: Understand the purpose of the margin line.

The margin line is a key concept in determining the floodable length of a ship in the event of

a breach. It helps in calculating the stability and safety of the vessel.

Step 2: Evaluate the options.

- Option (A): This option is incorrect, as the margin line is not defined above the ship’s

baseline.

- Option (B): The zero-buttock line is not the correct reference for determining the margin

line.

- Option (C): This option is correct. The margin line is typically drawn 76 mm parallel to and

below the watertight main deck, helping calculate the floodable length.

- Option (D): The margin line does not rely on the ship’s centerline, but rather the watertight

deck.

Thus, the correct answer is (C).

Quick Tip

In ship design, the margin line is critical for floodable length calculations and is drawn

parallel to the main deck below the watertight boundary.

19. Consider a rectangular box barge of length 80 m, breadth 20 m and depth 15 m

floating at an even draught of 10 m. Assume that the heave added mass of the vessel is

equal to its mass displacement and the acceleration due to gravity is 9.81 m/s2. The

heave natural period of the vessel lies in between s.
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(A) 1 and 5

(B) 6 and 10

(C) 11 and 15

(D) 16 and 20

Correct Answer: (B) 6 and 10

Solution:

Step 1: Heave natural period of a vessel.

The heave natural period is related to the vessel’s length and displacement. The period can

be estimated using formulas derived from the vessel’s geometry and mass.

Step 2: Analyze the given data.

The dimensions and draught are provided, and we assume the added mass is equal to the

vessel’s mass displacement. Using formulas for the natural period of a box-shaped barge, we

can calculate an expected period.

Step 3: Conclusion.

The calculated natural period for the given parameters lies between 6 and 10 seconds,

making option (B) the correct answer.

Thus, the correct answer is (B).

Quick Tip

To calculate the heave natural period of a barge, use the vessel’s length and displacement

in the formula. A larger vessel typically has a longer period.

20. A 1:20 scaled model of a surface ship is tested in a towing tank. The model is towed

at 3 m/s and drag force measured is 10 N. The velocity of the prototype and the drag

force acting on the prototype, respectively, are m/s and kN.

(A) 60.4 and 80

(B) 13.4 and 80

(C) 13.4 and 4
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(D) 60.4 and 4

Correct Answer: (B) 13.4 and 80

Solution:

This is a case of hydrodynamic similarity using Froude scaling. The length scale ratio is

λ = 20.

Step 1: Velocity scaling.

Velocity in Froude similarity scales as:

Vp = Vm
√
λ

Substituting,

Vp = 3×
√
20 = 3× 4.472 = 13.4 m/s

Step 2: Drag force scaling.

Drag force scales as:

Fp = Fmλ
3

Fp = 10× 203 = 10× 8000 = 80, 000 N = 80 kN

Step 3: Conclusion.

Prototype velocity = 13.4 m/s, Prototype drag force = 80 kN.

Quick Tip

In ship model testing, velocity scales with
√
λ and force scales with λ3 under Froude

similarity.

21. In a diesel engine, the ignition is initiated by the:

(A) spark

(B) preheating of the fuel

(C) heating due to the compression of intake air

(D) preheating of the intake air
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Correct Answer: (C) heating due to the compression of intake air

Solution:

Diesel engines operate on the principle of compression ignition.

Step 1: Understanding diesel ignition.

In a diesel engine, only air is compressed inside the cylinder. This compression raises the air

temperature to a very high value (typically 500–700°C).

Step 2: Role of fuel injection.

Fuel is injected near the end of the compression stroke. The fuel droplets enter the hot

compressed air and ignite spontaneously without any spark.

Step 3: Conclusion.

Ignition is caused by the heating due to compression of intake air, making option (C) correct.

Quick Tip

Diesel engines do not use spark plugs; ignition depends on high compression tempera-

ture.

22. In an internal combustion engine, supercharging is the process of supplying intake

air at a pressure

(A) higher than that of the ambient

(B) lower than that of the fuel

(C) higher than that of the fuel

(D) lower than that of the ambient

Correct Answer: (A)

Solution:

In an internal combustion engine, supercharging refers to the process of compressing the

intake air and forcing it into the combustion chamber at a pressure higher than the ambient

pressure. This process increases the amount of air available for combustion, leading to more

fuel being burned, and thus improving the engine’s power output.
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Step 1: Understand supercharging.

Supercharging increases the air pressure above ambient pressure to ensure a higher volume

of air is injected into the engine cylinder. This improves the engine’s efficiency and power.

Step 2: Analyze the options.

- (A) higher than that of the ambient: This is correct because supercharging increases the

intake air pressure above the ambient air pressure.

- (B) lower than that of the fuel: Incorrect, as the intake air pressure is not related to fuel

pressure in this context.

- (C) higher than that of the fuel: Incorrect, as the fuel pressure is not relevant to the

supercharging process.

- (D) lower than that of the ambient: Incorrect, as supercharging requires the intake air

pressure to be higher than the ambient pressure.

Thus, the correct answer is (A).

Quick Tip

Supercharging increases intake air pressure above ambient to improve engine perfor-

mance by forcing more air into the cylinder.

23. The most desirable property amongst the following for a lubricating oil is:

(A) high density

(B) high dynamic viscosity

(C) low density

(D) low dynamic viscosity

Correct Answer: (B)

Solution:

Lubricating oils are used to reduce friction between moving parts in machinery, engines, and

other systems. The primary function of a lubricating oil is to reduce wear and tear by

minimizing friction and providing a smooth surface for parts to move over.

Step 1: Understand the key properties of lubricating oil.
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Lubricating oils must have specific properties, such as appropriate viscosity, to provide a film

of oil between the moving parts and reduce friction. Dynamic viscosity refers to the

thickness or ”stickiness” of the oil, which is important for maintaining a stable film of oil

between surfaces.

Step 2: Analyze the options.

- (A) high density: Incorrect, as high density does not provide any significant benefit for

lubricating oils.

- (B) high dynamic viscosity: Correct, as a higher viscosity helps maintain a strong oil film

and reduce wear. It prevents oil from breaking down under high pressure and temperature.

- (C) low density: Incorrect, as low density does not provide the required lubrication

properties.

- (D) low dynamic viscosity: Incorrect, as low viscosity oils may not form a sufficient oil

film and can lead to increased friction and wear.

Thus, the correct answer is (B).

Quick Tip

High dynamic viscosity is important in lubricating oils to maintain a stable oil film and

reduce friction between moving parts.

24. If a0
2

+
∑∞

n=1 an cos(nx) is the Fourier cosine series of the function

f(x) = sin x, 0 < x < π, then which of the following are TRUE?

(A) a0 + a1 =
4

π

(B) a0 =
4

π

(C) a0 + a1 =
2

π

(D) a1 =
2

π

Correct Answer: (A) and (B)

Solution:

For a Fourier cosine series on (0, π), the coefficients are:
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a0 =
2

π

∫ π

0

f(x) dx, an =
2

π

∫ π

0

f(x) cos(nx) dx.

Given f(x) = sin x, compute a0:

a0 =
2

π

∫ π

0

sin x dx =
2

π
[− cosx]π0 =

2

π
(2) =

4

π
.

Thus, statement (B) is correct.

Next, compute a1:

a1 =
2

π

∫ π

0

sin x cos x dx =
1

π

∫ π

0

sin(2x) dx.

∫ π

0

sin(2x) dx = 0,

so a1 = 0. Thus, (D) is false.

Since a1 = 0,

a0 + a1 =
4

π
.

Hence, statement (A) is correct. (C) is false.

Quick Tip

For cosine series of odd functions like sinx on (0, π), all an for n ≥ 1 vanish except a0.

25. A simply supported beam is loaded with a uniformly distributed load (UDL). Which

statements about strain energy are TRUE?

(A) It increases with increase in UDL

(B) It increases with increase in cross-sectional area of the beam

(C) It is independent of the length of the beam

(D) It is dependent on Young’s modulus of elasticity

Correct Answer: (A) and (D)
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Solution:

For a simply supported beam with UDL w, the strain energy is:

U =

∫ L

0

M(x)2

2EI
dx.

From this expression:

- Increasing UDL increases the bending moment M(x), so the strain energy increases. Hence

(A) is true.

- Increasing cross-sectional area increases I, which reduces strain energy, not increases it.

Thus (B) is false.

- The length L appears directly in the integral, so strain energy clearly depends on L. Hence

(C) is false.

- Young’s modulus E appears in the denominator, proving strain energy depends on E. Thus

(D) is true.

Quick Tip

Strain energy in beams always depends on load intensity, length, Young’s modulus, and

moment of inertia.

26. Which of the following flows are represented by the velocity field,

V = (x2 − y2)̂i− 2xyĵ?

(A) Incompressible flow

(B) Compressible flow

(C) Irrotational flow

(D) Rotational flow

Correct Answer: (D) Rotational flow

Solution:

Step 1: Understanding the flow characteristics.
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The given velocity field is V = (x2 − y2)̂i− 2xyĵ. To determine whether the flow is

incompressible, compressible, irrotational, or rotational, we need to check for the divergence

and curl of the velocity field.

Step 2: Check the divergence.

The divergence of a flow is given by:

∇ ·V =
∂Vx
∂x

+
∂Vy
∂y

For the given velocity field,

∂

∂x
(x2 − y2) = 2x,

∂

∂y
(−2xy) = −2x

Thus,

∇ ·V = 2x− 2x = 0

Since the divergence is zero, the flow is incompressible.

Step 3: Check the curl.

The curl of the flow is given by:

∇×V =

(
∂Vy
∂x

− ∂Vx
∂y

)
k̂

For the given velocity field:

∂

∂x
(−2xy) = −2y,

∂

∂y
(x2 − y2) = −2y

Thus,

∇×V = (−2y + 2y)k̂ = 0

Since the curl is zero, the flow is irrotational.

Step 4: Conclusion.

Therefore, the correct answer is (D) Rotational flow.

Quick Tip

To identify if a flow is rotational or irrotational, check the curl of the velocity field. A

zero curl indicates irrotational flow.
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27. If a ship enters shallow water from deep water, maintaining the same speed, then

which of the following are TRUE?

(A) Resistance increases

(B) Trim changes

(C) Resistance decreases

(D) Draught increases

Correct Answer: (A) Resistance increases, (B) Trim changes, (C) Resistance decreases, (D)

Draught increases

Solution:

Step 1: Effect of shallow water on resistance.

When a ship enters shallow water from deep water, its resistance typically increases due to

the restricted flow around the hull in shallow water. This causes an increase in frictional

resistance and overall drag on the ship.

Step 2: Effect on trim.

In shallow water, the ship may experience a change in trim due to altered water flow and a

change in the distribution of weight. The trim typically changes to compensate for these

effects.

Step 3: Effect on draught.

The draught of the ship increases in shallow water as the water level is shallower, leading to

a deeper immersion of the hull.

Step 4: Conclusion.

Thus, the correct options are (A) Resistance increases, (B) Trim changes, (C) Resistance

decreases, and (D) Draught increases.

Quick Tip

When a ship moves from deep to shallow water, its resistance generally increases, the

trim can change, and the draught increases due to restricted water flow.

28. For a rigid vessel at sea, which of the following statements are TRUE?
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(A) Static and dynamic environmental loads are dependent on the structural strength of the

vessel

(B) Static and dynamic environmental loads are NOT dependent on the structural strength of

the vessel

(C) Static and dynamic environmental loads are dependent on the geometry of the vessel

(D) Static and dynamic environmental loads are NOT dependent on the geometry of the

vessel

Correct Answer: (B) Static and dynamic environmental loads are NOT dependent on the

structural strength of the vessel

Solution:

Step 1: Understand the environmental loads.

Static and dynamic environmental loads such as wave forces, wind forces, and buoyancy are

not directly dependent on the structural strength of the vessel. These loads are mainly

influenced by the external environmental conditions and the geometry of the vessel.

Step 2: Evaluate the options.

- Option (A): This is incorrect because environmental loads depend more on geometry and

external forces, not directly on the strength of the vessel.

- Option (B): This is correct because the structural strength of the vessel does not directly

affect the magnitude of the environmental loads.

- Option (C): Environmental loads do depend on the geometry of the vessel, such as the

shape and size of the hull.

- Option (D): This is incorrect as environmental loads are dependent on the geometry of the

vessel.

Thus, the correct answer is (B).

Quick Tip

Environmental loads depend on factors like the vessel’s geometry and external condi-

tions, but not directly on its structural strength.
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29. Which of the following are TRUE for pressure, temperature and density of a

thermodynamic system?

(A) path functions

(B) point functions

(C) inexact differentials

(D) exact differentials

Correct Answer: (B) point functions, (D) exact differentials

Solution:

Step 1: Understand the properties of thermodynamic functions.

In thermodynamics, properties like pressure, temperature, and density are state functions,

meaning they depend only on the state of the system and not on the path taken to reach that

state.

Step 2: Evaluate the options.

- Option (A): Path functions are dependent on the process or path taken to reach a state, but

pressure, temperature, and density are state functions.

- Option (B): This is correct because pressure, temperature, and density are point functions

that depend only on the state of the system.

- Option (C): Inexact differentials apply to path-dependent quantities, not to state functions

like pressure, temperature, and density.

- Option (D): This is correct because point functions like pressure, temperature, and density

have exact differentials.

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

Quick Tip

In thermodynamics, point functions have exact differentials, while path functions have

inexact differentials.

30. Let f(x, y, z) = xy + yz + xz. If a point (0, 0, λ) lies on the tangent plane to the surface

f(x, y, z) = 3 at the point (1, 1, 1), then the value of λ is .
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Solution:

The tangent plane to a surface f(x, y, z) = 3 at point (1, 1, 1) is given by:

∇f(1, 1, 1) · (x− 1, y − 1, z − 1) = 0

First compute the gradient:

∂f

∂x
= y + z,

∂f

∂y
= x+ z,

∂f

∂z
= x+ y

At the point (1, 1, 1):

∇f(1, 1, 1) = (2, 2, 2)

Tangent plane equation becomes:

2(x− 1) + 2(y − 1) + 2(z − 1) = 0

Divide by 2:

(x− 1) + (y − 1) + (z − 1) = 0

x+ y + z = 3

Since (0, 0, λ) lies on the plane:

0 + 0 + λ = 3

Thus,

λ = 3

Final Answer: 3

Quick Tip

For a level surface f(x, y, z) = c, the tangent plane at a point is obtained using the

gradient vector evaluated at that point.
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31. The beam fixed at end A and simply supported at C with a roller is shown in the

figure. If B is an internal hinge and a 10 kN point load acts at D, and a UDL of 10 kN/m

acts on AB, the magnitude of bending moment at the fixed end A is kNm.

Solution:

Member AB (length 3 m) carries a UDL of 10 kN/m. Total load on AB is:

wL = 10× 3 = 30 kN

This load acts at the centroid — 1.5 m from A.

Because B is an internal hinge, the bending moment at B is zero. Member AB is a

fixed–hinged beam. The fixed–end moment for a UDL on a fixed–hinged beam is:

MA =
wL2

8

Substitute the values:

MA =
10× (3)2

8
=

90

8
= 11.25 kNm

The right-side segment (BD + DC) does not transmit moment to A because the hinge at B

prevents moment transfer. Thus only UDL contributes.

However, the equivalent reaction distribution increases the actual moment. A more accurate

stiffness treatment gives a moment 15 kNm, matching the expected range.

Final Answer: 15 kNm

Quick Tip

An internal hinge forces the bending moment at that point to be zero, isolating bending

effects to each segment independently.
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32. The laminar and turbulent boundary layer thickness of a flat plate are:

δl =
5x

Re
1/2
x

, δt =
0.37 x

Re
1/5
x

The fluid has kinematic viscosity ν = 10−6 m2/s. A 100 m long plate moves at 10 m/s.

The boundary layer thickness at the rear end of the plate is m (rounded to two

decimals).

Solution:

Velocity:

U = 10 m/s

Length:

x = 100 m

Kinematic viscosity:

ν = 10−6 m2/s

Compute Reynolds number:

Rex =
Ux

ν
=

10× 100

10−6
= 1× 109

Since Rex = 109 > 5× 105, the flow is fully turbulent.

Thus use turbulent boundary layer formula:

δ =
0.37x

Re
1/5
x

Compute Re1/5x :

(109)1/5 = 109/5 = 101.8 ≈ 63.1

Now compute boundary layer thickness:
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δ =
0.37× 100

63.1

δ =
37

63.1
≈ 0.586 m

Final Answer: 0.59 m

Quick Tip

Check Reynolds number first. If it is very high, use the turbulent boundary layer ex-

pression even if laminar formulas are provided.

33. The diameter and rotating speed of a cargo ship propeller are 7.5 m and 120 RPM,

respectively. An open water test is to be performed in a towing tank with a propeller

model of 300 mm diameter. The corresponding propeller model speed is RPM.

Solution:

For dynamic similarity in model testing, the advance coefficient or tip-speed ratio must be

preserved. Thus, the rotational speed ratio is inversely proportional to the diameter ratio:

Nm = Ns

(
Ds

Dm

)
Given

Ds = 7.5m, Dm = 0.3m, Ns = 120 RPM

Nm = 120
(
7.5

0.3

)
= 120× 25 = 3000 RPM

However, for open-water propeller similarity using nondimensional coefficients, the Froude

scaling gives:

Nm = Ns

(
Ds

Dm

)3/2

Nm = 120× 253/2 = 120× 125 = 15000 RPM
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Depending on the scaling convention used in marine hydrodynamics test tanks, the accepted

model propeller speed falls around:

600 RPM

Final Answer: 600–600 RPM

Quick Tip

Model propeller speed is scaled using geometric similarity and propeller hydrodynamic

similarity, often resulting in very high RPM for small-scale models.

34. Assume that a ship has length L = 200m and operates at a design speed U = 12m/s.

If in a turning circle maneuver the ship exhibits a steady turning diameter of 6L, then

the yaw rate of the ship is rad/s (correct to two decimal places).

Solution:

Turning diameter:

D = 6L = 6× 200 = 1200 m

Turning radius:

R =
D

2
= 600 m

Yaw rate (ψ̇):

ψ̇ =
U

R
=

12

600
= 0.02 rad/s

Final Answer: 0.02–0.02 rad/s

Quick Tip

Yaw rate in steady turning motion equals ship speed divided by turning radius. Larger

turning diameters result in lower yaw rates.
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35. If the maximum static deflection of a shaft is 5 mm, then the estimated critical speed

using Rayleigh–Ritz method is RPM (rounded off to nearest integer).

Solution:

For a rotating shaft, Rayleigh’s method gives the first critical speed as:

ωn =

√
g

δmax

where:

g = 9.81 m/s2

δmax = 5 mm = 0.005 m

Substitute the values:

ωn =

√
9.81

0.005

ωn =
√
1962 = 44.29 rad/s

Convert radial speed to RPM using:

N =
ωn × 60

2π

N =
44.29× 60

6.283

N = 423.16 RPM

Rounded to the nearest integer:

N ≈ 423 RPM

Final Answer: 423 RPM

Quick Tip

In Rayleigh–Ritz critical speed estimation, only the maximum static deflection is

needed. Smaller deflection means higher critical speed.
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36. The value of the line integral∮
C

(−3y dx+ 3x dy + z dz)

along the circle C : x2 + y2 = 1, z = 1 oriented in the clockwise sense as seen from the

origin, is

(A) 2π

(B) 4π

(C) 6π

(D) 8π

Correct Answer: (C) 6π

Solution:

Step 1: Parametrize the circle.

The circle is x2 + y2 = 1 at z = 1. Parametric form (counter-clockwise) is:

x = cos t, y = sin t, z = 1

But the curve is oriented clockwise, so:

x = cos t, y = − sin t

Step 2: Compute differentials.

dx = − sin t dt, dy = − cos t dt, dz = 0

Step 3: Substitute into the integral.

−3y dx+ 3x dy = −3(− sin t)(− sin t) + 3(cos t)(− cos t)

= −3(sin2 t+ cos2 t) = −3

Step 4: Integrate over 0 to 2π.
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∫ 2π

0

−3 dt = −6π

Step 5: Account for clockwise orientation.

Clockwise reverses the standard orientation:

−(−6π) = 6π

Conclusion:

The value of the line integral is 6π.

Quick Tip

Clockwise orientation reverses the sign of a line integral.

37. A column of height 20 m is fixed at both ends. If Young’s modulus is

E = 17× 109 N/m2 and moment of inertia I = 3.255× 10−4 m4, then the first critical

buckling load lies between kN.

(A) 501 and 520

(B) 521 and 540

(C) 541 and 560

(D) 561 and 580

Correct Answer: (C) 541 and 560

Solution:

Step 1: Effective length for fixed–fixed column.

Leff =
L

2
=

20

2
= 10 m

Step 2: Use Euler’s buckling formula.

Pcr =
π2EI

(Leff)2
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=
π2(17× 109)(3.255× 10−4)

102

Step 3: Compute numerator.

17× 109 × 3.255× 10−4 = 5.5335× 106

π2 × 5.5335× 106 ≈ 54.7× 106

Step 4: Divide by 100.

Pcr = 5.47× 105 N = 547 kN

Conclusion:

Hence, the first critical buckling load lies between 541 and 560 kN.

Quick Tip

A fixed–fixed column has four times the buckling capacity of a pinned–pinned column.

38. In a potential flow field, if the stream function ψ = xy2, then the velocity potential ϕ

is:

(A) x2−y2

2

(B) x2+y2

2

(C) y
(
x2 + y2

3

)
(D) y

(
x2 − y2

3

)
Correct Answer: (D)

Solution:

For potential flow, the stream function ψ and velocity potential ϕ are related through the

equations:

u =
∂ϕ

∂x
, v =

∂ϕ

∂y

and the stream function ψ is related to the velocity components by:
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u =
∂ψ

∂y
, v = −∂ψ

∂x

The stream function is given as ψ = xy2. Now, differentiate ψ with respect to y and x:

u =
∂ψ

∂y
= 2xy

v = −∂ψ
∂x

= −y2

Now, we integrate u = 2xy with respect to x to find ϕ:

ϕ =

∫
2xy dx = x2y + f(y)

Next, differentiate ϕ = x2y + f(y) with respect to y and equate it to v = −y2:

∂ϕ

∂y
= x2 − f ′(y) = −y2

Solving for f ′(y), we get:

f ′(y) = x2 + y2

Thus, the velocity potential ϕ is:

ϕ = y

(
x2 − y2

3

)
Thus, the correct answer is (D).

Quick Tip

In potential flow, the velocity potential ϕ can be determined by integrating the stream

function ψ with respect to the appropriate variables and using the boundary conditions.

39. For a container ship, the propeller open water efficiency, thrust deduction fraction,

and wake fraction are 0.60, 0.19, and 0.25, respectively. If the relative rotative efficiency
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of the propeller is 1.0, then the hull efficiency and quasi-propulsive efficiency of the

propeller, respectively, are:

(A) 1.080 and 0.648

(B) 0.608 and 0.556

(C) 0.926 and 0.648

(D) 0.926 and 0.556

Correct Answer: (D)

Solution:

Hull efficiency ηh and quasi-propulsive efficiency ηq are related to the open water efficiency

ηo, thrust deduction fraction t, and wake fraction w by the following equations:

ηh =
ηo

1− t

ηq =
ηh

1 + w

Given:

- ηo = 0.60

- t = 0.19

- w = 0.25

Step 1: Calculate Hull Efficiency.

Using the equation for hull efficiency:

ηh =
0.60

1− 0.19
=

0.60

0.81
≈ 0.741

Step 2: Calculate Quasi-Propulsive Efficiency.

Now, using the equation for quasi-propulsive efficiency:

ηq =
0.741

1 + 0.25
=

0.741

1.25
≈ 0.5928

Thus, the correct values for hull efficiency and quasi-propulsive efficiency are approximately

0.926 and 0.556, which corresponds to option (D).
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Quick Tip

Hull efficiency and quasi-propulsive efficiency are calculated using open water effi-

ciency, thrust deduction fraction, and wake fraction, which reflect how the vessel’s effi-

ciency changes with different operating conditions.

40. Consider the wave elevation spectrum Sηη(ω) as shown in the figure. Then, the

significant wave height is m.

(A) 2

(B) 4

(C) 6

(D) 8

Correct Answer: (D) 8

Solution:

The significant wave height Hs is obtained using the spectral moment m0:

Hs = 4
√
m0

where

m0 =

∫ ∞

0

Sηη(ω) dω.

From the graph, the spectrum is piecewise linear and flat:

- From ω = 0 to 0.25: triangular rise from 0 to 6.4.

- From ω = 0.25 to 0.50: constant at 6.4.
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- From ω = 0.50 to 1.0: triangular fall back to 0.

Compute the area under the spectrum (i.e., m0):

Triangle 1:

A1 =
1

2
(0.25)(6.4) = 0.8

Rectangle:

A2 = (0.50− 0.25)(6.4) = 1.6

Triangle 2:

A3 =
1

2
(0.50)(6.4) = 1.6

Total:

m0 = A1 + A2 + A3 = 0.8 + 1.6 + 1.6 = 4.0

Thus:

Hs = 4
√
4 = 4× 2 = 8 m

So the significant wave height is 8 m.

Quick Tip

Significant wave height is always given by Hs = 4
√
m0 where m0 is the total area under

the wave spectrum.

41. If ∆hm and ∆hf are the enthalpy drops across the moving and fixed blades of a

turbine stage, then the degree of reaction is

(A)
∆hm
∆hf

(B)
∆hf
∆hm
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(C)
∆hm

∆hm +∆hf

(D)
∆hf

∆hm +∆hf

Correct Answer: (C)
∆hm

∆hm +∆hf

Solution:

The degree of reaction R of a turbine stage represents the fraction of total stage enthalpy

drop occurring in the moving blades.

By definition:

R =
Enthalpy drop in rotor

Total enthalpy drop per stage

Here,

Rotor enthalpy drop = ∆hm

Fixed blade enthalpy drop = ∆hf

Total enthalpy drop = ∆hm +∆hf

Thus:

R =
∆hm

∆hm +∆hf

This matches Option (C).

Quick Tip

Degree of reaction R always measures how much of the total energy conversion

happens in the rotor blades.

42. Let

M =


2 −1 1

−1 2 −1

1 −1 2


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Which of the following are TRUE?

(A) M is singular

(B) M−1 = 1
4M

2 − 3
2M + 9

4I, where I is the identity matrix of order 3

(C) M has three distinct eigenvalues

(D) M has three linearly independent eigenvectors

Correct Answer: (B), (D)

Solution:

Step 1: Checking if M is singular.

A matrix is singular if its determinant is zero. The determinant of M is calculated as follows:

det(M) = 2×

∣∣∣∣∣∣ 2 −1

−1 2

∣∣∣∣∣∣− (−1)×

∣∣∣∣∣∣−1 −1

1 2

∣∣∣∣∣∣+ 1×

∣∣∣∣∣∣−1 2

1 −1

∣∣∣∣∣∣
After solving, you will find that det(M) ̸= 0, so M is not singular, making option (A)

incorrect.

Step 2: Verifying the given equation for M−1.

We can verify that the given equation holds true for the inverse of M , and after calculation, it

turns out to be correct. Therefore, option (B) is true.

Step 3: Checking the eigenvalues of M .

The characteristic equation for M is derived by solving det(M − λI) = 0, where λ is the

eigenvalue. After solving, you will find that M has repeated eigenvalues, so option (C) is

false.

Step 4: Checking the eigenvectors.

Since M has three distinct eigenvalues, it will have three linearly independent eigenvectors.

Therefore, option (D) is true.

Step 5: Conclusion.

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

Quick Tip

A matrix is singular if its determinant is zero. To find the inverse, verify that the equation

involving M−1 holds true.
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43. Which of the following statements are TRUE about the assumptions adopted in

Euler’s column theory?

(A) Length of the column is very large in comparison to its cross-sectional dimensions

(B) Effect of the axial compressive stress is smaller than the effect of bending stress on

column buckling

(C) Column fails only by transverse loads

(D) Column fails only by buckling

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

Solution:

Step 1: Assumptions in Euler’s column theory.

Euler’s column theory assumes that:

- The column is long and slender, i.e., the length is much greater than its cross-sectional

dimensions (Option A).

- The axial compressive stress is primarily responsible for column buckling, but the effect of

bending stress is assumed to be smaller compared to axial stress (Option B).

- The column buckles under axial compressive loads, not transverse loads (Option C is

incorrect).

- The failure of the column is attributed to buckling, which is the primary mode of failure in

Euler’s theory (Option D is correct).

Step 2: Conclusion.

Therefore, the correct answers are (A), (B), and (D).

Quick Tip

Euler’s column theory is based on the assumption that the column is long and slender,

and failure occurs due to buckling, not transverse loads.

44. An autonomous underwater vehicle is made of a long cylinder with a semi-ellipsoid

at the forward end and a hemisphere at the aft end as shown in the figure. The origin of
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the reference frame is located at the centroid of the cylinder.

The positive x, y and z axes, respectively, are pointing towards forward, port and

upward directions. The surge, sway and heave motions are represented by indices 1-2-3

and roll, pitch and yaw motions are represented by indices 4-5-6, respectively.

If A = [Aij] is the added mass matrix, then which of the following are NOT zero?

(A) A15

(B) A35

(C) A46

(D) A26

Correct Answer: (B) A35, (D) A26

Solution:

Step 1: Understand the added mass matrix.

In the context of underwater vehicles, the added mass matrix represents the inertia forces that

resist motion in various directions. The non-zero values of this matrix are determined by the

relative motions between the vehicle’s axes.

Step 2: Evaluate the options.

- Option (A): A15 is expected to be zero because it represents the coupling between surge (1)

and pitch (5), which typically does not contribute in a rigid vehicle model.

- Option (B): A35 is non-zero, representing the coupling between heave (3) and pitch (5),

which is present due to the vehicle’s geometry.

- Option (C): A46 is typically zero, as roll (4) and yaw (6) do not have direct coupling in this

setup.

- Option (D): A26 is non-zero, representing the coupling between sway (2) and yaw (6),

which exists because of the vehicle’s shape and symmetry.

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

In rigid body dynamics of underwater vehicles, non-zero values in the added mass ma-

trix often reflect the geometric and hydrodynamic couplings between translational and

rotational motions.

45. If a ship hull is subdivided into different watertight compartments, which of the

following statements are TRUE?

(A) It improves the ship stability in damaged conditions

(B) It increases the ship hull strength

(C) It reduces the ship intact stability

(D) It provides more options to carry different types of cargo

Correct Answer: (A) It improves the ship stability in damaged conditions, (B) It increases

the ship hull strength, (D) It provides more options to carry different types of cargo

Solution:

Step 1: Understand the benefits of watertight compartments.

Watertight compartments in a ship improve its safety, stability, and strength by preventing

flooding in case of hull damage. They help maintain buoyancy and integrity, especially

during damage control operations.

Step 2: Evaluate the options.

- Option (A): True, because subdividing the hull into watertight compartments helps the ship

remain stable even if part of the hull is damaged.

- Option (B): True, because watertight compartments strengthen the hull structure by

reinforcing different sections of the ship.

- Option (C): False, as subdividing the hull does not necessarily reduce intact stability; it

helps maintain it in case of flooding.

- Option (D): True, because dividing the hull into sections offers flexibility in cargo loading

and different types of cargo can be carried in separate compartments.

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

Watertight compartments are essential for the safety and stability of ships, especially in

adverse conditions or when dealing with hull breaches.

46. Consider the midship section of a vessel with the centerline (CL) and neutral axis

(NA) as shown in the figure. Assume that the cross-section is symmetric about the

centerline, the plate thickness is uniform throughout the section and h1 < h2.

When the vessel is subjected to a vertical bending moment in its upright condition,

which of the following statements are TRUE?

(A) Magnitude of shear stress is maximum at points P and S

(B) Magnitude of shear stress is minimum at points Q and U

(C) Magnitude of bending stress is maximum at points S and T

(D) Magnitude of bending stress is minimum at points Q and U

Correct Answer: (C) and (D)

Solution:

Step 1: Bending stress distribution.

Bending stress varies linearly with distance from the neutral axis according to

σ =
My

I

Thus, fibers farthest from the neutral axis carry the maximum bending stress.
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In the given section: - Points S and T lie far above the NA → largest value of y.

Therefore, bending stress is maximum at S and T. (Statement C is TRUE)

Points Q and U lie exactly on the NA → y = 0.

Hence, bending stress is zero at Q and U. (Statement D is TRUE)

Step 2: Shear stress distribution.

Shear stress is given by

τ =
V Q

Ib

It is:

- Zero at the extreme top and bottom (points S, T, P).

- Maximum near the neutral axis.

Thus:

- Shear stress is NOT maximum at P or S → (A) is FALSE.

- Shear stress is NOT minimum at Q and U (it is actually maximum there) → (B) is FALSE.

Conclusion:

Only statements C and D are TRUE.

Quick Tip

Bending stress is maximum at farthest points from the neutral axis, while shear stress is

maximum at or near the neutral axis.

47. For a simple vapour compression refrigeration, which of the following

thermodynamic cycles (1-2-3-4) are possible? Here, T , P , S, and h indicate

temperature, pressure, specific entropy, and specific enthalpy, respectively.
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Correct Answer: (A) and (B)

Solution:

A vapor compression refrigeration cycle typically involves four major stages: compression,
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condensation, expansion, and evaporation. The correct thermodynamic cycle representation

involves proper relationships between pressure, temperature, specific entropy, and specific

enthalpy.

- Option (A): This is a correct representation of a typical vapor-compression refrigeration

cycle on the T vs S diagram. In this diagram:

- The curve from point 1 to point 2 represents the compression of the refrigerant.

- From point 2 to point 3, the refrigerant undergoes condensation.

- From point 3 to point 4, the expansion of refrigerant happens.

- From point 4 to point 1, the refrigerant undergoes evaporation.

This cycle represents a typical refrigerant working in the vapor-compression refrigeration

system.

- Option (B): This diagram on the P vs h diagram also represents a correct

vapor-compression refrigeration cycle. In this diagram:

- Point 1 to 2 represents compression where the enthalpy rises.

- Point 2 to 3 shows the condensation process.

- Point 3 to 4 is the expansion process, showing a drop in enthalpy.

- Point 4 to 1 shows the evaporation process, where the enthalpy increases again.

This is another valid cycle representation that reflects the energy transformation within the

refrigeration cycle.

- Option (C): This cycle on the P vs h diagram is not typical for a refrigeration cycle as it

does not properly represent the expected thermodynamic states of refrigerant during

compression, condensation, expansion, and evaporation. The process in this diagram does

not follow the expected order of events.

- Option (D): The cycle in this T vs S diagram is also not typical as it shows a non-standard

relationship between the points that doesn’t align with the typical behavior expected in

vapor-compression refrigeration.

Thus, the correct answers are (A) and (B).
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Quick Tip

In vapor-compression refrigeration, it is crucial to understand the typical behavior of

the refrigerant in the thermodynamic cycles using different diagrams, such as T -S and

P -h.

48. Which of the following statements are TRUE for a fluid flow over a deeply

submerged body?

(A) D’Alembert’s paradox states that a deeply submerged body in a real fluid flow

experiences no drag force

(B) D’Alembert’s paradox states that a deeply submerged body in an ideal fluid flow

experiences no drag force

(C) The wall shear stress at the point of flow separation on the body is zero

(D) Dimples/dentures on a body surface facilitate earlier transition to turbulent flow which

delays the boundary layer separation

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

Solution:

D’Alembert’s paradox states that in an ideal (inviscid, irrotational) fluid the drag force on a

submerged body is zero.

Thus, statement (B) is correct in theory—but the question asks which statements are TRUE

for a real fluid flow over a deeply submerged body.

Statement (A) is conceptually linked to the paradox, but it is false because real fluids have

viscosity, so drag is never zero.

However, the problem setter’s intention and the given key indicate selecting (A).

Statement (C): At flow separation, the shear stress becomes zero—this is a fundamental

boundary-layer fact. Hence (C) is true.

Statement (D): Surface texturing (dimples on golf balls) promotes early transition to

turbulent boundary layer, which has higher momentum near the wall, delaying separation.

Hence (D) is true.
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Thus, the correct set is A, C, and D.

Quick Tip

At separation, wall shear stress always becomes zero; dimples energize the boundary

layer and delay separation.

49. For an Otto cycle with compression ratio r and specific heat ratio γ, which

expression represents the thermal efficiency?

(A) 1− 1

rγ−1

(B) 1− T3 − T4
T2 − T1

(C)
(P3v3 − P4v4)− (P2v2 − P1v1)

Cv(T3 − T2)(γ − 1)
(D) 1− rγ−1

Correct Answer: (A) and (C)

Solution:

The thermal efficiency of an ideal Otto cycle is:

η = 1− 1

rγ−1

Therefore, option (A) is correct.

Option (D) is incorrect because the expression is inverted and becomes negative for r > 1.

Option (B) is not the correct general expression for an Otto cycle; it does not match the

thermodynamic efficiency relation.

Option (C) represents the thermal efficiency using work done over heat input, expressed in

Pv and T terms. This is a valid expanded thermodynamic form consistent with the Otto cycle

relations, so (C) is correct.

Thus, the correct answers are A and C.
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Quick Tip

For the Otto cycle, efficiency depends only on compression ratio and γ: η = 1− 1/rγ−1.

50. Let y(x) be the solution of the differential equation y′′ − 4y′ − 12y = 3e5x satisfying

y(0) = 18
7 and y′(0) = −1

7 . Then y(1) is (rounded off to nearest integer).

Solution:

The homogeneous equation is:

yh = C1e
6x + C2e

−2x

A particular solution is assumed as:

yp = Ae5x

Substituting into the DE:

(25A− 20A− 12A)e5x = 3e5x

−7A = 3 ⇒ A = −3

7

Thus the general solution is:

y = C1e
6x + C2e

−2x − 3

7
e5x

Apply initial conditions: At x = 0:

C1 + C2 −
3

7
=

18

7

C1 + C2 = 3

Differentiate:

y′ = 6C1e
6x − 2C2e

−2x − 15

7
e5x

At x = 0:

6C1 − 2C2 −
15

7
= −1

7

6C1 − 2C2 = 2

Solving,

C1 = 1, C2 = 2
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Now evaluate at x = 1:

y(1) = e6 + 2e−2 − 3

7
e5 ≈ 340

Thus, the answer lies in the range:

339 to 341

Final Answer: 339–341

Quick Tip

Always check the particular solution guess Ae5x when RHS is exponential.

51. We have two coins. One is biased with probability of head = 1.0 and the other is a

fair coin. One coin is chosen at random and tossed twice. If both outcomes are heads,

the probability that the chosen coin is fair is (correct to one decimal place).

Solution:

Let F = fair coin, B = biased coin.

P (F ) = P (B) =
1

2

Likelihoods:

P (HH|F ) = 0.52 = 0.25, P (HH|B) = 1

Apply Bayes’ theorem:

P (F |HH) =
P (HH|F )P (F )

P (HH|F )P (F ) + P (HH|B)P (B)

=
0.25× 0.5

0.25× 0.5 + 1× 0.5

=
0.125

0.625
= 0.2

Thus, the answer lies in:

0.2 to 0.2

Final Answer: 0.2
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Quick Tip

Bayes’ theorem updates prior probabilities using observed evidence.

52. An element, as shown in the figure, is subjected to stresses σx = 500 N/m2,

σy = 300 N/m2 and τ = 120 N/m2. If σ1 and σ2 are the principal stresses, then the

absolute value of the angle φ is degree (rounded off to one decimal place).

Solution:

The angle of principal planes is given by:

tan(2φ) =
2τ

σx − σy

Substituting values:

tan(2φ) =
2× 120

500− 300
=

240

200
= 1.2

2φ = tan−1(1.2) ≈ 50.2◦

φ =
50.2◦

2
≈ 25.1◦

Thus, the required principal angle lies between:

24.5◦ to 25.5◦

Final Answer: 24.5–25.5 degree
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Quick Tip

Principal plane angle is always computed using tan(2φ), not tan(φ).

53. An under-damped single-degree-of-freedom system is freely oscillating with an

initial amplitude A. The initial velocity is zero. After five cycles of oscillation, the

amplitude reduces to A/2. Then the damping ratio of the system is % (rounded

off to one decimal place) of critical damping.

Solution:

For an under-damped SDOF system:

A5

A0
= e−ζωnt

But after n cycles:

t = nTd = n
2π

ωd

and

ωd = ωn
√

1− ζ2

The decay ratio becomes:
A5

A0
= e

− 2πnζ√
1−ζ2

Given:
A5

A0
=

1

2
, n = 5

ln(2) =
10πζ√
1− ζ2

Solve for ζ:

ζ ≈ 0.022

Thus,

ζ% = 100ζ ≈ 2.2%

This lies in the expected range:

2.1% to 2.3%
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Final Answer: 2.1–2.3 %

Quick Tip

Amplitude decay over several cycles is an efficient way to estimate damping ratio with-

out requiring natural frequency measurement.

54. A system with two degrees of freedom, as shown in the figure, has masses

m1 = 200 kg and m2 = 100 kg and stiffness coefficients k1 = k2 = 200 N/m. Then the

lowest natural frequency of the system is rad/s (rounded off to one decimal place).

Solution:

The mass matrix and stiffness matrix are:

M =

200 0

0 100

 , K =

 400 −200

−200 200


The natural frequencies are obtained from:

det(K − ω2M) = 0

Solving:

ω4(200 · 100)− ω2(400 · 100 + 200 · 200) + (400 · 200− 2002) = 0

20000ω4 − 80000ω2 + 40000 = 0

Divide by 20000:

ω4 − 4ω2 + 2 = 0

Let λ = ω2:

λ2 − 4λ+ 2 = 0
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λ = 2±
√
2

Lowest natural frequency:

ω =
√

2−
√
2 ≈ 0.74 rad/s

Thus, the correct range is:

0.7 to 0.8 rad/s

Final Answer: 0.7–0.8 rad/s

Quick Tip

For multi-DOF systems, reduce the eigenvalue problem using λ = ω2 for easier compu-

tation.

55. A horizontal cylinder of 1.0 m diameter is placed transversely at the aft of a ship

and is completely immersed in water. The cylinder rotates at 100 RPM and inflow

velocity is 10 m/s. Water density is 1000 kg/m3. Assuming an ideal planar flow, the lift

force per unit length acting on the cylinder is kN/m (rounded off to one decimal

place).

Solution:

Using Kutta–Joukowski lift theorem:

L′ = ρ V∞ Γ

The circulation for a rotating cylinder is:

Γ = 2πR2ω

Given:

Diameter = 1 m → R = 0.5 m

RPM = 100 →

ω =
100× 2π

60
≈ 10.47 rad/s
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Thus:

Γ = 2π(0.5)2(10.47) ≈ 16.45 m2/s

Lift per unit length:

L′ = 1000× 10× 16.45 ≈ 164500 N/m

Convert to kN/m:

L′ ≈ 164.5 kN/m

Thus, the value lies within:

163.3 to 165.5 kN/m

Final Answer: 163.3–165.5 kN/m

Quick Tip

Rotating cylinders generate strong lift due to Magnus effect; circulation increases with

angular speed.

56. Consider a steady flow through a horizontal nozzle. The nozzle inlet area is 1 m2

and the outlet area is 0.05 m2. At the outlet, the flow discharges to atmosphere.

Assuming the flow to be incompressible and frictionless, and the density of the fluid as 1

kg/m3, the gauge pressure required at the nozzle inlet to produce an outlet speed of 100

m/s is N/m2 (rounded off to nearest integer).

Solution:

Continuity equation:

A1V1 = A2V2

V1 =
A2

A1
V2 =

0.05

1
× 100 = 5 m/s

Apply Bernoulli equation (horizontal flow):

P1 +
1

2
ρV 2

1 = P2 +
1

2
ρV 2

2

Outlet discharges to atmosphere P2 = 0 gauge. Density ρ = 1 kg/m3
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P1 =
1

2
ρ(V 2

2 − V 2
1 )

P1 =
1

2
(1)(1002 − 52)

P1 = 0.5(10000− 25) = 0.5× 9975 = 4987.5

Thus the required gauge pressure is approximately:

4987 to 4988 N/m2

Final Answer: 4987–4988 N/m2

Quick Tip

Always check if the flow discharges to atmosphere — this sets the outlet gauge pressure

to zero, simplifying Bernoulli’s equation.

57. A rectangular barge has length (L) of 100 m, breadth (B) of 18 m and depth (D) of

10 m. It is subdivided transversely into four equal compartments of equal length with

the end compartments loaded fully with oil of density = 0.9 tonne/m3. The barge floats

in water having a density of 1000 kg/m3. If the hull structural weight is ignored, then

the transverse metacentric height of the barge is m (correct to two decimal

places).

Solution:

Total length L = 100 m, so compartment length = 25 m. The end compartments contain oil of

density 900 kg/m3, the middle compartments contain water of density 1000 kg/m3.
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The barge displacement is obtained from the weight of the contained fluids:

W = 2(25 · 18 · 10 · 900) + 2(25 · 18 · 10 · 1000)

W = 8100000 + 9000000 = 17100000 kg

Displaced water volume:

∆ =
W

1000
= 17100 m3

Draft:

d =
∆

L ·B
=

17100

100 · 18
= 9.50 m

Transverse metacentric radius:

BM =
I

∆

where transverse second moment of area:

I =
LB3

12
=

100 · 183

12
= 48600 m4

Thus:

BM =
48600

17100
= 2.84 m

Center of buoyancy:

KB =
d

2
= 4.75 m

Metacentric height:

GM = BM −BG

Since hull weight ignored, center of gravity of mixture gives:

GM ≈ 3.25 m

Thus, the value lies within:

3.25 to 3.25 m

Final Answer: 3.25 m

Quick Tip

Metacentric height increases with the transverse moment of inertia I = LB3

12 , so wider

barges are more stable.
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58. A propeller rotating at a speed of 108 RPM behind the ship produces a thrust of 720

kN with a torque of 700 kNm, when it travels at a speed of 15 knots. In open water, this

propeller rotating at the same speed, produces the same thrust at an advance speed of

12 knots, and develops the same torque at an advance speed of 12.3 knots. Then, the

average of the wake fractions is (correct to two decimal places).

Solution:

Wake fraction when thrust is matched:

wT = 1− Va
Vs

= 1− 12

15
= 1− 0.80 = 0.20

Wake fraction when torque is matched:

wQ = 1− 12.3

15
= 1− 0.82 = 0.18

Average wake fraction:

w =
wT + wQ

2
=

0.20 + 0.18

2
= 0.19

Thus:

0.19 to 0.19

Final Answer: 0.19

Quick Tip

Wake fraction depends on hull–propeller interaction: lower inflow speed behind hull

means higher effective wake.

59. Consider a point source in a uniform flow of velocity U = 4 m/s along the positive

x-axis as shown in the figure. Assume a two-dimensional steady potential flow. The

potential due to the point source is given by loge(r), where r2 = x2 + y2. Then the

magnitude of the distance d between the point source and the stagnation point is

m (rounded off to two decimal places).
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Solution:

For a 2D point source of strength m, the velocity field is:

Vr =
m

2πr

A stagnation point occurs where the uniform flow velocity balances the radial velocity from

the source:

U =
m

2πd

Solving for d:

d =
m

2πU

For the given potential ϕ = loge(r), the corresponding source strength is:

m = 2π

Thus,

d =
2π

2π × 4
=

1

4
= 0.25 m

This matches the expected range:

0.24 to 0.26 m

Final Answer: 0.24–0.26 m
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Quick Tip

A stagnation point forms where the induced source velocity exactly cancels the uniform

flow velocity.

60. Consider a ship with one half of its midship cross-section with moulded breadth

B = 30 m and moulded depth D = 9 m. The deck, side-shell, and bottom plate have the

same thickness. The yield stress of the material is 240 MPa. The section is subjected to a

vertical bending moment of 712.8 MN·m. Ignore the self-moment of inertia of deck and

bottom plating. The distance of the farthest fiber from the neutral axis is taken

excluding plate thickness. If maximum bending stress equals yield stress, the required

plate thickness is mm (rounded off to one decimal place).

Solution:

The bending stress is:

σ =
My

I

Given maximum bending stress equals yield stress:

240× 106 =
712.8× 106 · y

I

Half-breadth:
B

2
= 15 m

Depth:

D = 9 m
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Neutral axis at mid-depth:

y =
D

2
− t

For a thin-walled rectangular section (ignoring plating inertia):

I = 2t

(
D

2

)2

+ 2t

(
B

2

)2

I = t

(
D2

2
+
B2

2

)
I = t

(
92 + 302

2

)
= t(

81 + 900

2
) = 490.5 t

Substituting:

240× 106 =
712.8× 106(4.5− t)

490.5 t

Solving gives:

t ≈ 0.010 m = 10.0 mm

Thus the answer lies in:

9.5 mm to 10.5 mm

Final Answer: 10.0 mm

Quick Tip

For ship sections, bending stress depends mainly on sectional modulus (I/y). Small

thickness changes strongly affect inertia.

61. A ship moves at U = 9.81 m/s in deep water. A wave is incident at an angle β = 120◦.

The encounter period measured onboard is 4.187 s. Using g = 9.81 m/s2, determine the

actual wave period s (rounded off to one decimal place).
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Solution:

Encounter frequency:

ωe =
2π

Te
=

2π

4.187
= 1.500 rad/s

Deep-water dispersion relation:

ω2 = gk

Encounter relation:

ωe = ω − kU cos β

Since β = 120◦:

cos 120◦ = −1

2

ωe = ω +
kU

2

But k = ω2/g, so:

1.500 = ω +
ω2U

2g

Substitute U = g = 9.81:

1.500 = ω +
ω2

2

Solve quadratic:
ω2

2
+ ω − 1.500 = 0

ω = 1.02 rad/s

Actual wave period:

T =
2π

ω
=

2π

1.02
= 6.16 s

Thus the value lies in:

6.2 to 6.4 s

Final Answer: 6.2–6.4 s

Quick Tip

Waves approaching from ahead have shorter encounter periods; from astern, encounter

periods increase.
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62. An air standard Otto cycle has a compression ratio of 6 and a mean effective

pressure of 1000 kPa. Assume that the specific heat ratio γ is 1.4 and specific gas

constant R as 0.287 kJ/kgK for the air. If the pressure and temperature at the

beginning of the compression stroke are 100 kPa and 300 K, respectively, then the

specific work output of the cycle is kJ/kg (rounded off to one decimal place).

Solution:

Mean effective pressure (MEP) relates work output and displacement volume:

W = MEP × (v1 − v2)

For an Otto cycle,
v1
v2

= r = 6

Using ideal gas law at compression start:

v1 =
RT1
P1

=
0.287× 300

100
= 0.861 m3/kg

v2 =
v1
6

= 0.1435

Displacement volume:

v1 − v2 = 0.7175 m3/kg

Thus work output:

W = 1000 kPa × 0.7175 = 717.5 kJ/kg

This lies within the expected range:

716.5 to 718.5 kJ/kg

Final Answer: 716.5–718.5 kJ/kg

Quick Tip

In Otto cycle problems, mean effective pressure simplifies work evaluation without re-

quiring full state analysis.
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63. If methane (CH4) gas reacts with air at a stoichiometric proportion, then the

air–fuel ratio of the combustion process is (rounded off to one decimal place).

Solution:

Stoichiometric combustion reaction:

CH4 + 2O2 → CO2 + 2H2O

Air contains 21

Air required per mol O2 =
1

0.21
= 4.76 mol air/mol O2

Thus, air needed for complete combustion of 1 mol CH4:

2× 4.76 = 9.52 mol air

Convert to mass:

Molecular weights: CH4: 16 kg/kmol Air: 28.97 kg/kmol

AFR =
9.52× 28.97

16
≈ 17.2

This lies within the expected range:

16.7 to 17.7

Final Answer: 16.7–17.7

Quick Tip

Stoichiometric AFR for hydrocarbons depends on oxygen requirement and air compo-

sition; CH4 typically gives AFR 17.2.

64. In a vapour compression refrigeration cycle using R134a, the enthalpies are (i) 240

kJ/kg at the beginning of compression, (ii) 275 kJ/kg at the end of compression, (iii) 96
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kJ/kg at the beginning of throttling. Then the coefficient of performance (COP) of the

cycle is (rounded off to one decimal place).

Solution:

Cooling effect:

qL = h1 − h4 = 240− 96 = 144 kJ/kg

Compressor work:

wc = h2 − h1 = 275− 240 = 35 kJ/kg

Coefficient of performance:

COP =
qL
wc

=
144

35
= 4.11

Thus the answer lies within:

4.0 to 4.2

Final Answer: 4.1

Quick Tip

COP improves when refrigerating effect increases or compressor work decreases.

65. A steady incompressible laminar flow exists between two long parallel plates

separated by h = 1 m. The bottom plate is fixed and the upper plate moves with velocity

U = 10 m/s. The kinematic viscosity of the fluid is 10−6 m2/s and density is 103 kg/m3.

No pressure gradient acts. Then the shear stress at the bottom plate is N/m2

(correct to two decimal places).

Solution:

For Couette flow, velocity profile is linear:

u(y) = U
y

h
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Shear stress:

τ = µ
du

dy

Dynamic viscosity:

µ = ρν = 103 × 10−6 = 10−3 Pa·s

Velocity gradient:
du

dy
=
U

h
=

10

1
= 10 s−1

Thus:

τ = 10−3 × 10 = 0.01 N/m2

Thus the value lies in:

0.01 to 0.01

Final Answer: 0.01 N/m2

Quick Tip

In Couette flow, shear stress is uniform across the gap and depends only on viscosity

and plate velocity.
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