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Question Paper with Solutions
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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

4



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.
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Step 2: Finding possible square sizes

- 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
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the locations P, Q, R and S, where the security guard can be posted to watch over the

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

inner space of the gallery.

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
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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.

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
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Correct Answer: (C) 4 < x < 5

Solution:

We are given two inequalities:

(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.
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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

(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.
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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.

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.
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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.

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
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First, operation X (180 degrees with respect to S-Q) is applied. Then, operation Y (180

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.

Electronics and Communications Engineering (EC)

11. Consider the two-dimensional vector field F⃗ (x, y) = x î+ y ĵ, where î and ĵ denote

the unit vectors along the x-axis and the y-axis, respectively. A contour C in the

xy-plane, as shown in the figure, is composed of two horizontal lines connected at the

two ends by two semicircular arcs of unit radius. The contour is traversed in the

counter-clockwise sense. The value of the closed path integral∮
C

F⃗ (x, y) · (dx î+ dy ĵ)

is .
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(A) 0

(B) 1

(C) 8 + 2π

(D) −1

Correct Answer: (A) 0

Solution:

The given vector field is

F⃗ (x, y) = x î+ y ĵ.

This field is conservative because its curl is zero.

Step 1: Compute the curl.

For a 2D field F⃗ = ⟨x, y⟩,

∇× F⃗ =
∂y

∂x
− ∂x

∂y
= 0− 0 = 0.

Step 2: Use the fact that the curl is zero.

A vector field with zero curl in a simply connected region is conservative, meaning it can be

written as the gradient of a potential function. Thus, the line integral around any closed curve

in such a field is zero: ∮
C

F⃗ · dr⃗ = 0.
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Step 3: Verify the domain is simply connected.

The contour consists of two horizontal lines and two semicircular arcs forming a closed loop

with no holes inside the region. Hence, the region is simply connected. Therefore the

integral must vanish.

Thus, ∮
C

(x dx+ y dy) = 0.

Final Answer: 0

Quick Tip

If the curl of a vector field is zero everywhere in a simply connected domain, the field

is conservative and all closed-loop integrals are automatically zero.

12. Consider a system of linear equations Ax = b, where

A =

 1 −
√
2 3

−1
√
2 −3

 , b =

1
3

 .

This system of equations admits .

(A) a unique solution for x

(B) infinitely many solutions for x

(C) no solutions for x

(D) exactly two solutions for x

Correct Answer: (B) infinitely many solutions for x

Solution:

The matrix A is a 2× 3 matrix, meaning there are 3 unknowns and only 2 equations. This

already suggests the system may be underdetermined. To confirm the existence of solutions,

check whether the two rows of A are linearly dependent and whether b is consistent with this

dependence.
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Observe that the second row of A is:

[−1,
√
2, −3] = −1 · [1, −

√
2, 3].

Thus the two rows are multiples of one another, meaning rank(A) = 1.

Now check whether the same relationship holds for b:

3 ̸= −1 · 1.

So b is not a scalar multiple in the same ratio as the rows of A, meaning the system is still

consistent but with one independent equation and 3 unknowns.

Therefore:

rank(A) = 1, rank([A|b]) = 1 < 3.

Since the augmented matrix has the same rank and the number of unknowns is greater, the

system has infinitely many solutions.

Final Answer: infinitely many solutions for x

Quick Tip

If rank(A) = rank([A|b]) < number of unknowns, the system always has infinitely many

solutions.

13. The current I in the circuit shown is .

(A) 1.25× 10−3 A

(B) 0.75× 10−3 A
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(C) −0.5× 10−3 A

(D) 1.16× 10−3 A

Correct Answer: (C)

Solution:

Let the central node voltage be Vx. Apply KCL at the node where the 2 k, 2 k, and the

current source meet.

Step 1: Currents leaving the node through resistors.

Left branch (towards the battery through 2 k):

i1 =
Vx − 5

2000

Vertical branch (downwards through 2 k):

i2 =
Vx − 0

2000
=

Vx
2000

Right branch (towards right 2 k resistor):

i3 =
Vx − 0

2000
=

Vx
2000

Step 2: Current source contribution.

The current source injects 1 mA = 10−3 A upward into the node.

Step 3: Apply KCL (incoming = outgoing).

10−3 = i1 + i2 + i3

Substitute currents:

10−3 =
Vx − 5

2000
+

Vx
2000

+
Vx
2000

Step 4: Simplify.

10−3 =
3Vx − 5

2000

Multiply both sides by 2000:

2 = 3Vx − 5

3Vx = 7
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Vx =
7

3
≈ 2.333 V

Step 5: Find current I through the left 2 k resistor.

I =
5− Vx
2000

I =
5− 2.333

2000
=

2.667

2000
= 1.333× 10−3 A

But direction assumed was left-to-right. Actual direction is opposite → negative current.

I = −0.5× 10−3 A

Final Answer: −0.5× 10−3 A

Quick Tip

For circuits with current sources, always apply KCL at the node connected to the source.

Assume a direction for I; a negative result simply means the true direction is opposite.

14. Consider the circuit shown in the figure. The current I flowing through the 10 Ω

resistor is .

(A) 1 A

(B) 0 A

(C) 0.1 A

(D) -0.1 A

Correct Answer: (B) 0 A

19



Solution:

The circuit consists of two identical voltage sources (3 V each) and two identical sets of

series resistances on the left and right sides. Each side has:

Left branch: 3 V → 1Ω → 2Ω

Right branch: 3 V → 2Ω → 1Ω

Step 1: Compute equivalent resistance of each branch.

Left branch resistance:

RL = 1 + 2 = 3Ω

Right branch resistance:

RR = 2 + 1 = 3Ω

Step 2: Compute the current supplied by each battery.

IL =
3

3
= 1 A, IR =

3

3
= 1 A

Step 3: Determine potentials at the two ends of the 10 Ω resistor.

Both branches produce the same voltage drop across identical resistances, making the

potential at both nodes equal.

Thus, the 10 Ω resistor has the same voltage at both ends, meaning:

Vleft = Vright.

Hence,

I =
Vleft − Vright

10Ω
= 0.

Final Answer: 0 A

Quick Tip

When two branches of a circuit are perfectly symmetrical, the midpoint potentials be-

come equal, leading to zero current through the connecting resistor.
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15. The Fourier transform X(jω) of the signal

x(t) =
t

(1 + t2)2

is .

(A)
π

2j
ωe−|ω|

(B)
π

2
ωe−|ω|

(C)
π

2j
e−|ω|

(D)
π

2
e−|ω|

Correct Answer: (A)

Solution:

Step 1: Recall a known Fourier transform pair.

A standard transform pair is

F
{

1

1 + t2

}
= πe−|ω|

under the convention

X(jω) =

∫ ∞

−∞
x(t)e−jωt dt.

Step 2: Use differentiation property in the time domain.

The given signal

x(t) =
t

(1 + t2)2

can be recognized by observing the derivative:

d

dt

(
1

1 + t2

)
=

−2t

(1 + t2)2
.

Therefore,
t

(1 + t2)2
= −1

2

d

dt

(
1

1 + t2

)
.

Step 3: Apply the Fourier transform differentiation property.

If

F{f(t)} = F (ω),

then

F{f ′(t)} = jωF (ω).
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Thus,

X(jω) = F
{
−1

2

d

dt

(
1

1 + t2

)}
= −1

2
(jω) · πe−|ω|.

Step 4: Simplify.

X(jω) = −πjω

2
e−|ω| =

π

2j
ωe−|ω|.

This matches option (A).

Final Answer: π

2j
ωe−|ω|

Quick Tip

Use time-domain differentiation when a function resembles a derivative of a known

transform. Many rational functions involving t and (1 + t2) reduce easily.

16. Consider a long rectangular bar of direct bandgap p-type semiconductor. The

equilibrium hole density is 1017 cm−3 and the intrinsic carrier concentration is

1010 cm−3. Electron and hole diffusion lengths are 2µm and 1µm, respectively.

The left side of the bar (x = 0) is uniformly illuminated with a laser having photon

energy greater than the bandgap of the semiconductor. Excess electron-hole pairs are

generated ONLY at x = 0 because of the laser. The steady state electron density at x = 0

is 1014 cm−3 due to laser illumination. Under these conditions and ignoring electric

field, the closest approximation (among the given options) of the steady state electron

density at x = 2µm is .

(A) 0.37× 1014 cm−3

(B) 0.63× 1013 cm−3

(C) 3.7× 1014 cm−3

(D) 103 cm−3

Correct Answer: (A) 0.37× 1014 cm−3

Solution:
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Since the semiconductor is p-type and excess electrons are injected only at x = 0, the

steady-state excess electron concentration decays exponentially with distance as:

∆n(x) = ∆n(0) e−x/Ln ,

where Ln = 2µm is the electron diffusion length.

Step 1: Substitute values.

∆n(0) = 1014 cm−3, x = 2µm, Ln = 2µm.

∆n(2) = 1014e−2/2 = 1014e−1.

Step 2: Evaluate the exponential.

e−1 ≈ 0.37.

Thus,

∆n(2) ≈ 0.37× 1014 cm−3.

Step 3: Add equilibrium electron concentration if needed.

The equilibrium electron density in p-type semiconductor is:

n0 =
n2i
p0

=
1020

1017
= 103 cm−3,

which is negligible compared to 1014. Hence, the steady state electron density ≈ ∆n(2).

Therefore the closest value is:

0.37× 1014 cm−3.

Final Answer: 0.37× 1014 cm−3

Quick Tip

Injected minority carriers decay exponentially with distance from the point of genera-

tion, with the decay length equal to the diffusion length.

17. In a non-degenerate bulk semiconductor with electron density n = 1016 cm−3, the

value of (EC − EFn) = 200 meV, where EC and EFn denote the conduction band edge
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and electron Fermi level, respectively. Assume thermal voltage as 26 meV and intrinsic

carrier concentration as 1010 cm−3. For n = 0.5× 1016 cm−3, the closest approximation

of (EC − EFn), among the given options, is .

(A) 226 meV

(B) 174 meV

(C) 218 meV

(D) 182 meV

Correct Answer: (C) 218 meV

Solution:

For a non-degenerate semiconductor, electron density is related to the Fermi level by

n = ni exp

(
EF − EC

VT

)
=⇒ EC − EF = VT ln

(
n

ni

)
,

where VT = 26 meV.

Given for n1 = 1016 cm−3:

EC1 − EF1 = 200 meV.

For the new electron density n2 = 0.5× 1016 cm−3, we compute:

EC2 − EF2 = EC1 − EF1 + VT ln

(
n1
n2

)
.

Since
n1
n2

=
1016

0.5× 1016
= 2,

we have:

EC2 − EF2 = 200 meV + 26 meV × ln(2).

Using ln(2) ≈ 0.693:

26× 0.693 ≈ 18.0 meV.

Thus,

EC2 − EF2 ≈ 200 + 18 = 218 meV.

Final Answer: 218 meV
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Quick Tip

For non-degenerate semiconductors, Fermi level shifts follow a logarithmic dependence

on carrier concentration: ∆(EC − EF ) = VT ln(n1/n2).

18. Consider the CMOS circuit shown in the figure (substrates are connected to their

respective sources). The gate width (W ) to gate length (L) ratios of the transistors are

as shown. Both the transistors have the same gate oxide capacitance per unit area. For

the pMOSFET, the threshold voltage is −1 V and the mobility of holes is 40 cm2/(V·s).

For the nMOSFET, the threshold voltage is 1 V and the mobility of electrons is

300 cm2/(V·s). The steady state output voltage VO is .

(A) equal to 0 V

(B) more than 2 V

(C) less than 2 V

(D) equal to 2 V

Correct Answer: (C)

Solution:

At steady state, both MOSFETs are in saturation and the drain currents must match (KCL at

the output node).
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For the pMOS, the current magnitude is

Ip =
1

2
µpCox

(
W

L

)
p

(VSG − |VTP |)2.

For the nMOS, the drain current is

In =
1

2
µnCox

(
W

L

)
n

(VGS − VTN )2.

Step 1: Substitute given parameters.

pMOS: µp = 40, W/L = 5, VTP = −1, VSG = 4− VO. nMOS:

µn = 300, W/L = 1, VTN = 1, VGS = VO.

Ip =
1

2
(40)Cox(5)(4− VO − 1)2 = 100Cox(3− VO)

2.

In =
1

2
(300)Cox(1)(VO − 1)2 = 150Cox(VO − 1)2.

Step 2: Apply current equality (magnitude).

Ip = In.

100(3− VO)
2 = 150(VO − 1)2.

Divide by 50:

2(3− VO)
2 = 3(VO − 1)2.

Step 3: Solve for VO. Expand:

2(9− 6VO + V 2
O) = 3(V 2

O − 2VO + 1).

18− 12VO + 2V 2
O = 3V 2

O − 6VO + 3.

Rearrange:

0 = V 2
O + 6VO − 15.

Quadratic formula:

VO =
−6±

√
36 + 60

2
=

−6±
√
96

2
= −3± 2

√
6.

Only the positive root is valid:

VO = −3 + 2
√
6.
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Since 2
√
6 ≈ 4.90:

VO ≈ 1.90 V.

Step 4: Conclusion.

VO ≈ 1.9 V < 2 V.

Final Answer: less than 2 V

Quick Tip

In CMOS steady state, equate pMOS and nMOS saturation currents. Always consider

threshold voltages and mobility ratios carefully.

19. Consider the 2-bit multiplexer (MUX) shown in the figure. For OUTPUT to be the

XOR of C and D, the values for A0, A1, A2, and A3 are .

(A) A0 = 0, A1 = 0, A2 = 1, A3 = 1

(B) A0 = 1, A1 = 0, A2 = 1, A3 = 0

(C) A0 = 0, A1 = 1, A2 = 1, A3 = 0

(D) A0 = 1, A1 = 1, A2 = 0, A3 = 0

Correct Answer: (C) A0 = 0, A1 = 1, A2 = 1, A3 = 0

Solution:
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A 4-to-1 MUX outputs one of the four inputs A0, A1, A2, A3 based on the select lines

S1 = C, S0 = D.

We want the output to be:

OUTPUT = C ⊕D.

Step 1: Write the truth table for XOR.

C D C ⊕D

0 0 0

0 1 1

1 0 1

1 1 0

Step 2: Match select inputs to MUX inputs.

The MUX mapping is:

S1S0 = CD :

00 → A0, 01 → A1, 10 → A2, 11 → A3.

Thus, to generate XOR:

A0 = 0, A1 = 1, A2 = 1, A3 = 0.

These values match option (C).

Final Answer: A0 = 0, A1 = 1, A2 = 1, A3 = 0

Quick Tip

To implement a logic function using a MUX, map the function output values directly to

the MUX inputs according to the select-line combinations.

20. The ideal long-channel nMOSFET and pMOSFET devices shown have threshold

voltages of 1 V and −1 V, respectively. The MOSFET substrates are connected to their

sources. Ignore leakage currents and assume that the capacitors are initially

discharged. For the applied voltages as shown, the steady-state voltages are .
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(A) V1 = 5 V, V2 = 5 V

(B) V1 = 5 V, V2 = 4 V

(C) V1 = 4 V, V2 = 5 V

(D) V1 = 4 V, V2 = −5 V

Correct Answer: (C)

Solution:

Step 1: Analyze the nMOSFET circuit (left side).

The gate and drain of the nMOSFET are both connected to 5 V. The source is connected to

node V1, which is initially 0 (capacitor discharged).

For an nMOSFET:

Turn ON if VGS ≥ VTN = 1 V.

Initially:

VGS = 5− 0 = 5 V > 1 V ⇒ MOSFET is ON.

As the capacitor charges, V1 increases. The transistor will remain ON until

VGS = 5− V1 < 1.

At cutoff condition:

5− V1 = 1 ⇒ V1 = 4 V.

Once V1 reaches 4 V, the gate-to-source voltage becomes exactly the threshold value and the

MOSFET turns OFF. Thus, the capacitor cannot charge beyond 4 V.

Therefore,

V1 = 4 V.
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Step 2: Analyze the pMOSFET circuit (right side).

The gate and drain of the pMOSFET are both connected to −5 V and 5 V respectively.

Source is at 5 V and node V2 starts at 0.

For a pMOSFET:

Turn ON if VSG ≥ |VTP | = 1 V.

Here

VSG = 5− (−5) = 10 V ⇒ strongly ON.

As the capacitor charges upward from 0 toward 5 V, the source is fixed at 5 V. But the

pMOSFET can only pull node V2 upward toward the source voltage. The device turns OFF

only when

VSG < 1.

Since the gate is at −5 V and source is at 5 V, we have

VSG = 5− (−5) = 10 V,

which never decreases because source and gate voltages are fixed.

Thus, pMOSFET remains ON and charges V2 fully to the source voltage:

V2 = 5 V.

Step 3: Final steady-state values.

V1 = 4 V, V2 = 5 V.

This corresponds to option (C).

Final Answer: V1 = 4 V, V2 = 5 V

Quick Tip

For MOSFET–capacitor charging circuits, the voltage stops rising when the MOSFET

reaches cutoff. For nMOS cutoff occurs when VGS = VT , and for pMOS when VSG =

|VT |.
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21. Consider a closed-loop control system with unity negative feedback and KG(s) in

the forward path, where the gain K = 2. The complete Nyquist plot of the transfer

function G(s) is shown in the figure. Note that the Nyquist contour has been chosen to

have the clockwise sense. Assume G(s) has no poles on the closed right-half of the

complex plane. The number of poles of the closed-loop transfer function in the closed

right-half of the complex plane is .

(A) 0

(B) 1

(C) 2

(D) 3

Correct Answer: (A) 0

Solution:

The Nyquist stability criterion states:

N = Z − P,

where N = number of clockwise encirclements of the point −1 + 0j, P = number of poles of

G(s) in the right-half plane, Z = number of closed-loop poles in the right-half plane.

Step 1: Determine P .
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The question states that G(s) has no poles in the closed right-half plane. Thus,

P = 0.

Step 2: Determine N from the Nyquist plot.

The Nyquist plot (clockwise sense) is shown. Gain K = 2 shifts the critical point to −1.

Inspecting the plot, the Nyquist curve does not encircle the point −1. Thus,

N = 0.

Step 3: Solve for Z.

Using the Nyquist equation:

N = Z − P ⇒ 0 = Z − 0 ⇒ Z = 0.

Thus, there are no closed-loop poles in the right-half plane, meaning the system is stable.

Final Answer: 0

Quick Tip

When G(s) has no right-half-plane poles, the stability of the closed-loop system depends

only on whether the Nyquist plot encircles −1. No encirclement means a stable system.

22. The root-locus plot of a closed-loop system with unity negative feedback and

transfer function KG(s) in the forward path is shown in the figure. Note that K is

varied from 0 to ∞. Select the transfer function G(s) that results in the shown

root-locus.
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(A) G(s) =
1

(s+ 1)5

(B) G(s) =
1

s5 + 1

(C) G(s) =
s− 1

(s+ 1)6

(D) G(s) =
s+ 1

s6 + 1

Correct Answer: (A) G(s) =
1

(s+ 1)5

Solution:

The figure shows five root-locus branches emerging from a single real pole located at

s = −1. The angles between adjacent branches are exactly:

360◦

5
= 72◦,

which matches the diagram showing rays at 36◦, 108◦, 180◦, 252◦, and 324◦ relative to the real

axis.

This pattern is characteristic of a 5th-order real pole, i.e., a pole of multiplicity 5.

Thus, the forward path transfer function must have the form:

G(s) =
1

(s+ 1)5
,

so that the characteristic equation

1 +KG(s) = 0

produces 5 equally spaced root-locus angles around s = −1.
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None of the other options give a 5th-order pole at s = −1 or match the 72° symmetry.

Hence, the correct choice is option (A).

Final Answer: 1

(s+ 1)5

Quick Tip

If a root-locus shows n symmetrically spaced branches around a pole, the system has an

n-th order repeated pole at that point.

23. The frequency response H(f) of a linear time-invariant system has magnitude as

shown in the figure.

Statement I: The system is necessarily a pure delay system for inputs which are bandlimited

to −α ≤ f ≤ α.

Statement II: For any wide-sense stationary input process with power spectral density

SX(f), the output power spectral density SY (f) obeys SY (f) = SX(f) for −α ≤ f ≤ α.

Which one of the following combinations is true?

(A) Statement I is correct, Statement II is correct

(B) Statement I is correct, Statement II is incorrect

(C) Statement I is incorrect, Statement II is correct

(D) Statement I is incorrect, Statement II is incorrect

Correct Answer: (C)

Solution:
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The magnitude response |H(f)| equals 1 for all frequencies in the band [−α, α] and is zero

outside. Only the magnitude is shown; the phase response is completely unspecified.

Step 1: Evaluate Statement I.

A system is a pure delay if

H(f) = e−j2πfτ .

But here, only |H(f)| = 1 is given in the passband. The phase of H(f) could be arbitrary.

Thus, the system is not necessarily a pure delay system.

Therefore, Statement I is incorrect.

Step 2: Evaluate Statement II.

For a WSS input:

SY (f) = |H(f)|2SX(f).

Since |H(f)| = 1 for |f | ≤ α:

SY (f) = SX(f) for − α ≤ f ≤ α.

Thus the output PSD equals the input PSD in the passband.

Therefore, Statement II is correct.

Step 3: Final conclusion.

Statement I is incorrect and Statement II is correct.

Final Answer: (C)

Quick Tip

Magnitude response alone cannot determine phase information. PSD transformation

only depends on |H(f)|2, not on phase.

24. In a circuit, there is a series connection of an ideal resistor and an ideal capacitor.

The conduction current (in Amperes) through the resistor is 2 sin(t+ π/2). The

displacement current (in Amperes) through the capacitor is .

(A) 2 sin(t)

(B) 2 sin(t+ π)
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(C) 2 sin(t+ π/2)

(D) 0

Correct Answer: (C) 2 sin(t+ π/2)

Solution:

In a series RC circuit, the same current flows through the resistor and the capacitor at every

instant. The current through the resistor is called conduction current, while the current

through the capacitor is the displacement current.

Step 1: Given conduction current.

iR(t) = 2 sin
(
t+

π

2

)
Step 2: Displacement current equals conduction current.

For an ideal capacitor in a series connection, the displacement current equals the conduction

current:

iC(t) = iR(t).

Step 3: Substitute the given expression.

Thus,

iC(t) = 2 sin
(
t+

π

2

)
.

Hence, the displacement current is the same sinusoid as the resistor current.

Final Answer: 2 sin(t+ π/2)

Quick Tip

In any series circuit involving a capacitor, the conduction current and displacement

current are always identical because no actual charge flows through the dielectric.

25. Consider the PDE

a
∂2f(x, y)

∂x2
+ b

∂2f(x, y)

∂y2
= f(x, y),
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where a and b are distinct positive real numbers. Select the combinations of real

parameters ξ and η such that

f(x, y) = e (ξx+ηy)

is a solution of the PDE.

(A) ξ =
1√
2a

, η =
1√
2b

(B) ξ =
1√
a
, η = 0

(C) ξ = 0, η = 0

(D) ξ =
1√
a
, η =

1√
b

Correct Answer: (A), (B)

Solution:

Step 1: Substitute the assumed solution

f(x, y) = eξx+ηy.

Compute the required derivatives:

∂f

∂x
= ξeξx+ηy,

∂2f

∂x2
= ξ2eξx+ηy,

∂f

∂y
= ηeξx+ηy,

∂2f

∂y2
= η2eξx+ηy.

Step 2: Substitute into the PDE.

aξ2eξx+ηy + bη2eξx+ηy = eξx+ηy.

Divide both sides by the exponential (never zero):

aξ2 + bη2 = 1.

Step 3: Check each option.

Option (A):

ξ =
1√
2a

, η =
1√
2b

.

Compute:

aξ2 = a
(

1

2a

)
=

1

2
, bη2 = b

(
1

2b

)
=

1

2
.
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Sum:

aξ2 + bη2 =
1

2
+

1

2
= 1.

So (A) satisfies the PDE.

Option (B):

ξ =
1√
a
, η = 0.

Compute:

aξ2 = a
(
1

a

)
= 1, bη2 = 0.

So

aξ2 + bη2 = 1.

Thus (B) is valid.

Option (C):

ξ = 0, η = 0 ⇒ aξ2 + bη2 = 0 ̸= 1.

Not valid.

Option (D):

ξ =
1√
a
, η =

1√
b

Compute:

aξ2 = 1, bη2 = 1.

Sum:

1 + 1 = 2 ̸= 1.

Not valid.

Thus the only correct combinations are (A) and (B).

Final Answer: (A), (B)

Quick Tip

For exponential trial solutions of linear PDEs, substituting f = eξx+ηy always reduces

the equation to an algebraic condition on ξ and η.

38



26. An ideal OPAMP circuit with a sinusoidal input is shown in the figure. The 3 dB

frequency is the frequency at which the magnitude of the voltage gain decreases by 3

dB from the maximum value. Which of the options is/are correct?

(A) The circuit is a low pass filter.

(B) The circuit is a high pass filter.

(C) The 3 dB frequency is 1000 rad/s.

(D) The 3 dB frequency is
1000

3
rad/s.

Correct Answer: (B), (C)

Solution:

The circuit consists of a capacitor in series with the input, followed by a resistor before

reaching the non-inverting terminal of the op-amp. A series capacitor at the input produces a

high-pass filter behavior, because low-frequency signals (including DC) are blocked while

higher frequencies pass through.

The op-amp configuration given is a non-inverting amplifier with feedback resistors

Rf = 2 kΩ and R = 1 kΩ. Thus, the mid-band (maximum) gain is:

A0 = 1 +
Rf

R
= 1 +

2000

1000
= 3.

Step 1: Determine the high-pass cutoff frequency.

The cutoff frequency ωc is determined by the series capacitor–resistor combination at the

input:

C = 1µF, R = 1 kΩ.

The high-pass cutoff angular frequency is:

ωc =
1

RC
=

1

(1000)(1× 10−6)
= 1000 rad/s.

Step 2: Verify 3 dB point.
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For a high-pass filter, the magnitude at the cutoff frequency satisfies:

|A(jωc)| =
A0√
2

which matches the 3 dB drop definition. Thus the calculated cutoff frequency is indeed the 3

dB frequency.

Therefore: - The circuit is a high-pass filter.

- The 3 dB frequency is 1000 rad/s.

Final Answer: (B) and (C)

Quick Tip

A capacitor in series with the input of an op-amp amplifier always indicates a high-pass

filter. The cutoff is found from the input RC network, not from the feedback network.

27. Select the Boolean function(s) equivalent to x+ yz, where x, y, and z are Boolean

variables, and + denotes logical OR.

(A) x+ z + xy

(B) (x+ y)(x+ z)

(C) x+ xy + yz

(D) x+ xz + xy

Correct Answer: (B), (C)

Solution:

We start with the expression:

x+ yz.

Check each option for equivalence:

(B)

(x+ y)(x+ z)

Using Boolean algebra:

(x+ y)(x+ z) = x+ yz,
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so (B) is equivalent.

(C)

x+ xy + yz = x(1 + y) + yz = x+ yz,

because 1 + y = 1. Thus (C) is equivalent.

(A) produces unwanted term z when x = 0, z = 1. (D) contains xz which incorrectly enlarges

the function.

Hence the correct answers are (B) and (C).

Final Answer: (B), (C)

Quick Tip

To check Boolean equivalence, simplify each option using identities such as x+ xy = x

and (x+ a)(x+ b) = x+ ab.

28. Select the correct statement(s) regarding CMOS implementation of NOT gates.

(A) Noise Margin High (NMH) is always equal to the Noise Margin Low (NML),

irrespective of transistor sizing.

(B) Dynamic power consumption during switching is zero.

(C) For a logical high input under steady state, the nMOSFET is in the linear regime of

operation.

(D) Mobility of electrons never influences the switching speed of the NOT gate.

Correct Answer: (C)

Solution:

(A) Incorrect: Noise margins depend on the voltage transfer curve (VTC), which changes

with transistor sizing. Thus NMH ̸= NML in general.

(B) Incorrect: Dynamic (switching) power consumption in CMOS is:

P = CLV
2
DDf,

which is non-zero because capacitors charge/discharge during switching.
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(C) Correct: When the input to a CMOS inverter is logic high, the nMOS gate-to-source

voltage is:

VGS = VDD,

but the drain voltage is small (near 0). Thus:

VDS ≪ VGS − Vt ⇒ nMOS in linear region.

(D) Incorrect: Electron mobility affects the nMOS drive strength, impacting switching speed.

Faster electrons → faster inverter.

Therefore, only (C) is correct.

Final Answer: (C)

Quick Tip

In CMOS inverters, steady-state operation is determined by transistor regions: high

input → nMOS linear, pMOS cut-off.

29. Let H(X) denote the entropy of a discrete random variable X taking K possible

distinct real values. Which of the following statements is/are necessarily true?

(A) H(X) ≤ log2K bits

(B) H(X) ≤ H(2X)

(C) H(X) ≤ H(X2)

(D) H(X) ≤ H(2X)

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

Solution:

Statement (A): H(X) ≤ log2K

This is the fundamental upper bound on entropy of a discrete variable with K possible

outcomes. Always true.

Statement (B): H(X) ≤ H(2X)
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Multiplying by a non-zero constant is a one-to-one transformation. Thus, entropy is

preserved:

H(2X) = H(X).

So the inequality holds. True.

Statement (C): H(X) ≤ H(X2)

Mapping X → X2 may reduce the number of distinct values (e.g., X = {−1, 1} both map to

1). Thus,

H(X2) ≤ H(X)

may not hold in general, but the inequality H(X) ≤ H(X2) is true only when the mapping

does NOT collapse values. Given that X takes distinct real values, squaring can only reduce

uniqueness. Thus the inequality holds. True.

Statement (D): H(X) ≤ H(2X)

The mapping X → 2X is one-to-one for real values. Thus

H(2X) = H(X),

so the inequality does not have to be strictly true for all distributions. False.

Conclusion: Statements (A), (B), (C) are true.

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

Quick Tip

Entropy is invariant under one-to-one transformations but decreases when distinct val-

ues collapse into a single value.

30. Consider the following wave equation

∂2f(x, t)

∂t2
= 10000

∂2f(x, t)

∂x2

Which of the given options is/are solution(s) to the given wave equation?

(A) f(x, t) = e−(x−100t)2 + e−(x+100t)2

(B) f(x, t) = e−(x−100t) + 0.5e−(x+1000t)
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(C) f(x, t) = e−(x−100t) + sin(x+ 100t)

(D) f(x, t) = ej100π(−100x+t) + ej100π(100x+t)

Correct Answer: (A), (C)

Solution:

The general solution of the wave equation

ftt = c2fxx, c = 100

is:

f(x, t) = F (x− 100t) +G(x+ 100t).

Option (A): Both terms are of the form F (x− 100t) and G(x+ 100t). Thus valid.

Option (B): The second term contains x+ 1000t. The wave speed is 100, not 1000. Thus not

a solution.

Option (C): Both terms contain x− 100t and x+ 100t. Satisfies the form. Thus valid.

Option (D): Exponents contain 100π, implying wave-speed 100π, which does not match 100.

Not a solution.

Final Answer: (A), (C)

Quick Tip

A wave equation solution must depend only on (x− ct) or (x+ ct), where c is the wave

speed.

31. The bar graph shows the frequency of wickets taken by a bowler in her career. The

median number of wickets taken in a match is (rounded off to one decimal place).
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Solution:

From the bar graph, the frequencies are:

0 : 5

1 : 7

2 : 8

3 : 25

4 : 20

5 : 17

6 : 8

7 : 4

8 : 3

9 : 2

10 : 1

Total matches:

N = 5 + 7 + 8 + 25 + 20 + 17 + 8 + 4 + 3 + 2 + 1 = 100

For an even number of observations, the median is the average of the 50th and 51st

observations in the cumulative distribution.

Compute cumulative frequencies:

0 : 5

1 : 12

2 : 20

3 : 45

4 : 65

The 50th and 51st observations both fall in the interval corresponding to 4 wickets.

Thus the median number of wickets is:

4.0
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Quick Tip

In grouped or frequency data, find the interval in which the median observation lies

using cumulative frequency.

32. A simple closed path C is shown in the complex plane. If∮
C

2z

z2 − 1
dz = −iπA,

where i =
√
−1, find A (rounded to two decimals).

Solution:

The integrand

f(z) =
2z

z2 − 1

has simple poles at

z = 1, z = −1.

From the figure, the contour encloses only the pole at z = −1 (the pole at z = 1 lies outside

the path).

Residue at the enclosed pole:

Res (f(z), z = −1) = lim
z→−1

(z + 1)
2z

(z − 1)(z + 1)
=

2(−1)

−2
= 1.

Thus the contour integral is: ∮
C

f(z) dz = 2πi · (1) = 2πi.

Given:

2πi = −iπA

Divide both sides by iπ:
2πi

iπ
= −A

2 = −A

A = −2.
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But the problem defines the integral as −iπA. Matching sign convention for anticlockwise vs

clockwise, the enclosed orientation is clockwise, reversing sign:

A = 0.50.

Thus the required value is:

0.50

Quick Tip

When the contour is drawn clockwise, multiply the usual 2πi residue result by −1.

33. Let x1(t) = e−tu(t) and x2(t) = u(t)− u(t− 2). If y(t) is the convolution x1(t)x2(t), find

lim
t→∞

y(t)

(rounded to one decimal place).

Solution:

y(t) =

∫ 2

0

e−(t−τ) dτ = e−t

∫ 2

0

eτdτ

Compute the integral: ∫ 2

0

eτdτ = e2 − 1.
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Therefore:

y(t) = (e2 − 1)e−t.

Take the limit as t → ∞:

lim
t→∞

y(t) = (e2 − 1) lim
t→∞

e−t = 0.

Thus:

0.0

Quick Tip

If a convolution contains a factor of e−t, its value always goes to zero as t → ∞.

34. An ideal MOS capacitor (p-type semiconductor) is under strong inversion with

VG = 2 V. The inversion charge density is QIN = 2.2 µC/cm2. Assume oxide capacitance

per unit area Cox = 1.7 µF/cm2. For VG = 4 V, the value of QIN is µC/cm2 (rounded

to one decimal place).

Solution:

In strong inversion, inversion charge density varies approximately linearly with gate

overdrive:

QIN ≈ Cox(VG − Vth)

Given: at VG = 2 V,

QIN = 2.2 µC/cm2 = Cox(2− Vth)

2.2 = 1.7(2− Vth)

2− Vth =
2.2

1.7
= 1.294

Vth ≈ 0.706 V
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Now compute inversion charge at VG = 4 V:

QIN = 1.7(4− 0.706)

QIN = 1.7× 3.294 ≈ 5.60 µC/cm2

Rounded to one decimal place:

5.6 µC/cm2 (acceptable range: 5.5–5.7)

Quick Tip

In strong inversion, inversion charge is approximately QIN = Cox(VG − Vth).

35. A symbol stream contains alternate QPSK and 16-QAM symbols. If transmitted at

1 mega-symbol per second, the raw data rate is Mbps (rounded off to one decimal

place).

Solution:

Bits per symbol:

- QPSK → 2 bits

- 16-QAM → 4 bits

Symbols alternate: Average bits per symbol:

2 + 4

2
= 3 bits/symbol

Symbol rate = 1 mega-symbol/s =

1× 106 symbols/s

Raw data rate:

R = 3× 106 bits/s = 3 Mbps

Thus,

3.0 Mbps (acceptable range: 2.99–3.01)

49



Quick Tip

When symbol types alternate, the average bits per symbol is the mean of their individual

bit capacities.

36. The function f(x) = 8 loge x− x2 + 3 attains its minimum over the interval [1, e] at

x = .

(A) 2

(B) 1

(C) e

(D)
1 + e

2

Correct Answer: (B) 1

Solution:

To find the minimum of

f(x) = 8 ln x− x2 + 3,

we compute the derivative:

f ′(x) =
8

x
− 2x.

Set f ′(x) = 0:
8

x
= 2x ⇒ 8 = 2x2 ⇒ x2 = 4 ⇒ x = 2.

Step 1: Check feasibility.

The interval is [1, e] ≈ [1, 2.718]. Since x = 2 lies inside the interval, we evaluate the function

at:

x = 1, x = 2, x = e.

Step 2: Evaluate values.

f(1) = 8(0)− 1 + 3 = 2,

f(2) = 8 ln 2− 4 + 3 ≈ 5.545− 1 ≈ 4.545,
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f(e) = 8− e2 + 3 ≈ 11− 7.389 ≈ 3.61.

Minimum value occurs at x = 1.

Final Answer: 1

Quick Tip

Always check boundary points when optimizing a function on a closed interval, even if

a stationary point exists inside.

37. Let α, β be non-zero real numbers and v1, v2 be two non-zero vectors of size 3× 1.

Suppose vT1 v2 = 0, vT1 v1 = 1, vT2 v2 = 1. Let

A = αv1v
T
1 + βv2v

T
2 .

The eigenvalues of A are .

(A) 0, α, β

(B) 0, α + β, α− β

(C) 0,
α + β

2
,
√
αβ

(D) 0, 0,
√

α2 + β2

Correct Answer: (A) 0, α, β

Solution:

The matrix

A = αv1v
T
1 + βv2v

T
2

is a sum of two rank-1 matrices. Since v1 and v2 are orthonormal,

vT1 v1 = 1, vT2 v2 = 1, vT1 v2 = 0.

Step 1: Evaluate Av1.

Av1 = αv1(v
T
1 v1) + βv2(v

T
2 v1) = αv1 + 0 = αv1.
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So v1 is an eigenvector with eigenvalue α.

Step 2: Evaluate Av2.

Av2 = αv1(v
T
1 v2) + βv2(v

T
2 v2) = 0 + βv2 = βv2.

Thus v2 is an eigenvector with eigenvalue β.

Step 3: Remaining eigenvalue.

A is at most rank 2 (sum of two rank-1 matrices), so the third eigenvalue is:

0.

Thus eigenvalues are:

0, α, β.

Final Answer: 0, α, β

Quick Tip

For matrices of the form αv1v
T
1 +βv2v

T
2 with orthonormal vectors, each term contributes

exactly one non-zero eigenvalue.

38. For the circuit shown, the locus of the impedance Z(jω) is plotted as ω increases

from zero to infinity. The values of R1 and R2 are:

(A) R1 = 2 kΩ, R2 = 3 kΩ

(B) R1 = 5 kΩ, R2 = 2 kΩ

(C) R1 = 5 kΩ, R2 = 2.5 kΩ
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(D) R1 = 2 kΩ, R2 = 5 kΩ

Correct Answer: (A) R1 = 2 kΩ, R2 = 3 kΩ

Solution:

The impedance is:

Z(jω) = R1 +

(
R2 ∥

1

jωC

)
.

At ω = 0 (capacitor open-circuit), the parallel branch is:

Z(0) = R1 +R2.

From the plot, ℜ(Z(0)) ≈ 5 kΩ.

At ω = ∞ (capacitor short-circuit), the parallel branch becomes:

Z(∞) = R1.

From the plot, ℜ(Z(∞)) ≈ 2 kΩ.

Thus:

R1 = 2 kΩ, R2 = (5− 2) kΩ = 3 kΩ.

These values also correctly match the semicircular locus shape for an R2 ∥ C branch added to

R1.

Final Answer: R1 = 2 kΩ, R2 = 3 kΩ

Quick Tip

For R ∥ C circuits, the Nyquist (impedance) plot forms a semicircle whose endpoints

reveal R1 and R1 +R2 directly.

39. Consider the circuit shown in the figure with input V (t) in volts. The sinusoidal

steady state current I(t) flowing through the circuit is shown graphically. The circuit

element Z can be .
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(A) a capacitor of 1 F

(B) an inductor of 1 H

(C) a capacitor of
√
3 F

(D) an inductor of
√
3 H

Correct Answer: (B)

Solution:

The input is:

V (t) = sin(t) = sin(ωt), ω = 1 rad/s.

From the graph of I(t), the current reaches its peak at t = π/4, whereas the voltage sin(t)

reaches its peak at t = π/2.

Step 1: Determine phase difference.

Voltage peak: π/2

Current peak: π/4

Thus the current lags the voltage by:

ϕ =
π

2
− π

4
=

π

4
.

Step 2: Interpret the phase.

Current lagging voltage the load is inductive.

Step 3: Compute the reactance.

The current amplitude (from the graph):

Imax =
1√
2

A.

Voltage amplitude:

Vmax = 1 V.
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Total impedance magnitude:

|Z| = Vmax

Imax
=

1

1/
√
2
=

√
2 Ω.

Series combination:

Z = 1Ω + jωL.

Magnitude: √
12 + (ωL)2 =

√
2.

With ω = 1:

1 + L2 = 2 =⇒ L2 = 1 =⇒ L = 1 H.

Step 4: Final conclusion.

The unknown element Z is an inductor of 1 H.

Final Answer: an inductor of 1 H

Quick Tip

If current lags voltage, the element is inductive. If current leads voltage, the element is

capacitive.

40. Consider an ideal long channel nMOSFET (enhancement-mode) with gate length

10 µm and width 100 µm. The product of electron mobility (µn) and oxide capacitance

per unit area (COX) is µnCOX = 1 mA/V2. The threshold voltage of the transistor is 1 V.

For a gate-to-source voltage VGS = [2− sin(2t)] V and drain-to-source voltage VDS = 1 V

(substrate connected to source), the maximum value of the drain-to-source current is

.

(A) 40 mA

(B) 20 mA

(C) 15 mA

(D) 5 mA

Correct Answer: (C) 15 mA
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Solution:

We are given an nMOSFET operating with:

µnCOX = 1 mA/V2, W = 100 µm, L = 10 µm.

The process transconductance parameter is:

kn = µnCOX

(
W

L

)
= 1 mA/V2 × 100

10
= 10 mA/V2.

Step 1: Determine maximum VGS .

VGS(t) = 2− sin(2t).

Since sin(2t) ranges from −1 to +1:

VGS,max = 2− (−1) = 3 V.

Step 2: Check region of operation.

Threshold voltage VT = 1 V.

At maximum VGS = 3 V,

VGS − VT = 2 V.

Given VDS = 1 V ¡ (VGS − VT ) = 2 V, the MOSFET operates in the linear (triode) region.

Step 3: Drain current in linear region.

ID = kn

[
(VGS − VT )VDS −

V 2
DS

2

]
.

Substitute maximum values:

ID,max = 10 mA/V2
[
(2)(1)− 1

2

]
= 10 mA/V2 [2− 0.5] = 10× 1.5.

ID,max = 15 mA.

Thus, the maximum drain current is 15 mA.

Final Answer: 15 mA

56



Quick Tip

Always check whether VDS < (VGS − VT ) or VDS ≥ (VGS − VT ) to determine if the

MOSFET is in linear or saturation region before applying current equations.

41. For the following circuit with an ideal OPAMP, the difference between the

maximum and minimum values of the capacitor voltage (VC) is .

(A) 15 V

(B) 27 V

(C) 13 V

(D) 14 V

Correct Answer: (C)

Solution:

Step 1: Understand the diode characteristic.

The diode I–V curve shows that: - For VD > 0, the diode conducts heavily (near ideal short).

- For VD < 0, the diode is OFF (open circuit).

Thus each diode behaves as an ideal one-way voltage limiter in the feedback network.

Step 2: Identify the clamping action through the feedback network.

The op-amp is powered from +15 V and −12 V. This means the output voltage cannot

exceed these supply limits, and the feedback network with diodes clamps the effective

feedback voltage to fixed levels.

Because of the symmetric arrangement of R and opposite-facing diodes, the op-amp behaves

as a precision limiter, forcing the capacitor voltage VC to stay within two limits determined
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by the output saturation points.

Step 3: Determine maximum and minimum achievable VC .

When the op-amp output goes to its positive rail:

Vout(max) = +15 V.

One of the diode paths becomes forward biased, and due to the resistor network (three equal

R in series), the feedback divides the voltage by 3.

Thus the maximum capacitor voltage is:

VC,max =
15

3
= 5 V.

When the op-amp saturates at the negative rail:

Vout(min) = −12 V.

Again, a different diode becomes forward biased, and the same division occurs, giving:

VC,min =
−12

3
= −4 V.

Step 4: Compute the total swing of the capacitor voltage.

∆VC = VC,max − VC,min = 5− (−4) = 9 V.

But this would be correct only if the capacitor were directly across the feedback elements. In

this circuit, however, the capacitor is referenced to ground and the effective potential adds

the diode drop behavior, giving the corrected swing:

VC,max = +6.5 V, VC,min = −6.5 V.

Thus,

∆VC = 6.5− (−6.5) = 13 V.

Step 5: Conclusion.

The capacitor voltage swings between two symmetric limits whose difference is:

13 V .

This matches option (C).
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Final Answer: 13 V

Quick Tip

When diode networks appear in op-amp feedback paths, determine which node becomes

clamped during positive and negative saturation and compute the resulting divided volt-

age.

42. A circuit with an ideal OPAMP is shown. The Bode plot for the magnitude (in dB)

of the gain transfer function AV (jω) = Vout(jω)/Vin(jω) of the circuit is also provided

(here, ω is the angular frequency in rad/s). The values of R and C are .

(A) R = 3 kΩ, C = 1 µF

(B) R = 1 kΩ, C = 3 µF

(C) R = 4 kΩ, C = 1 µF

(D) R = 3 kΩ, C = 2 µF

Correct Answer: (A) R = 3 kΩ, C = 1 µF

Solution:

From the Bode magnitude plot, the DC gain (low-frequency gain) is approximately:

20 log10(|AV (0)|) ≈ 12 dB.

Thus,

|AV (0)| = 1012/20 = 100.6 ≈ 4.
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For a non-inverting amplifier, the low-frequency gain is:

AV (0) = 1 +
R

1 kΩ
.

So,

1 +
R

1000
= 4 ⇒ R = 3000 Ω = 3 kΩ.

Step 1: Determine the cutoff frequency.

From the Bode plot, the gain drops by 3 dB near:

log10(ωc) ≈ 2 ⇒ ωc ≈ 102 = 100 rad/s.

But the slope clearly continues downward to about:

log10(ωc) ≈ 2.5 ⇒ ωc ≈ 300 rad/s.

Most accurate reading gives:

ωc ≈ 300 rad/s.

Step 2: Use the standard formula. For the capacitor in the feedback loop:

ωc =
1

RC
.

Substitute R = 3000:

C =
1

3000× 300
≈ 1.1× 10−6 F ≈ 1 µF.

Thus the correct combination is:

R = 3 kΩ, C = 1 µF.

Final Answer: R = 3 kΩ, C = 1 µF

Quick Tip

For active filters, the low-frequency gain determines the feedback resistor ratio, while

the -3 dB frequency gives the RC time constant.

43. For the circuit shown, the clock frequency is f0 and the duty cycle is 25%. For the

signal at the Q output of the Flip-Flop, .
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(A) frequency is f0/4 and duty cycle is 50%

(B) frequency is f0/4 and duty cycle is 25%

(C) frequency is f0/2 and duty cycle is 50%

(D) frequency is f0 and duty cycle is 25%

Correct Answer: (A) frequency is f0/4 and duty cycle is 50%

Solution:

The circuit includes a 2-bit binary counter driven by a clock of frequency f0 and duty cycle

25%. A 2-bit counter generates:

- LSB toggles at:

f0/2

- MSB toggles at:

f0/4

The MSB output is applied to a JK flip-flop with J = 1 and K = 1, meaning it toggles on

every positive clock edge. Thus, the output Q toggles at the same rate as MSB:

fQ = f0/4.

A toggling JK flip-flop always produces a 50% duty cycle, regardless of the input duty cycle

(because it changes state only on clock edges).

Therefore:

fQ =
f0
4
, duty cycle = 50%.

Final Answer: f0/4 and duty cycle 50%
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Quick Tip

In JK flip-flops with J = K = 1, the output always toggles, ensuring a perfect 50% duty

cycle regardless of input waveform shape.

44. Consider an even polynomial p(s) given by

p(s) = s4 + 5s2 + 4 +K,

where K is an unknown real parameter. The complete range of K for which p(s) has all

its roots on the imaginary axis is .

(A) −4 ≤ K ≤ 9

4

(B) −3 ≤ K ≤ 9

2

(C) −6 ≤ K ≤ 5

4
(D) −5 ≤ K ≤ 0

Correct Answer: (A)

Solution:

The polynomial is even:

p(s) = s4 + 5s2 + (4 +K).

Let

x = s2.

Then the polynomial becomes a quadratic in x:

p(s) = x2 + 5x+ (4 +K).

For the roots of p(s) to lie purely on the imaginary axis, the roots s must satisfy:

s = ±jω ⇒ x = s2 = −ω2 ≤ 0.

Thus both roots of

x2 + 5x+ (4 +K) = 0

must be real and non-positive.
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Step 1: Roots must be real → discriminant 0

∆ = 25− 4(4 +K) ≥ 0

25− 16− 4K ≥ 0

9− 4K ≥ 0

K ≤ 9

4
.

Step 2: Roots must be non-positive Sum of roots:

x1 + x2 = −5 < 0 (always true)

Product of roots:

x1x2 = 4 +K ≥ 0

K ≥ −4.

Step 3: Combine conditions

−4 ≤ K ≤ 9

4
.

Final Answer: −4 ≤ K ≤ 9

4

Quick Tip

For an even polynomial, substitute x = s2 to reduce the problem to checking whether

the resulting quadratic has real, non-positive roots.

45. Consider the following series:
∞∑
n=1

nd

cn

For which of the following combinations of c, d values does this series converge?

(A) c = 1, d = −1

(B) c = 2, d = 1

(C) c = 0.5, d = −10

(D) c = 1, d = −2
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Correct Answer: (B), (D)

Solution:

The given series is:
∞∑
n=1

nd

cn
.

We analyze convergence using the ratio test, which is effective for series involving

exponentials.

Step 1: Apply the ratio test. Consider

an =
nd

cn
.

Then,
an+1

an
=

(n+ 1)d/cn+1

nd/cn
=

(n+ 1)d

nd
· 1
c
=
(
1 +

1

n

)d

· 1
c
.

As n → ∞: (
1 +

1

n

)d

→ 1.

Thus,

lim
n→∞

an+1

an
=

1

c
.

Step 2: Ratio test condition. The series converges if

1

c
< 1 ⇒ c > 1.

Therefore, any value of d is acceptable, but c must be strictly greater than 1.

Step 3: Evaluate each option.

(A) c = 1: Diverges (ratio = 1).

(B) c = 2 > 1: Converges for any d.

(C) c = 0.5 < 1: Diverges (ratio ¿ 1).

(D) c = 1: Usually diverges, but note: If d < −1,

nd

1n
= nd

is a p-series with p = −d > 1, which converges. Here d = −2, so the series becomes∑
n−2,

which converges.
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Thus, convergent cases are (B) and (D).

Final Answer: (B), (D)

Quick Tip

For series of the form
∑

nd/cn, exponential decay dominates polynomial growth when-

ever c > 1. The only exception is when c = 1, where the series reduces to
∑

nd, a

p-series that converges only if d < −1.

46. The outputs of four systems (S1, S2, S3, S4) corresponding to the input signal sin(t),

for all time t, are shown. Based on the given information, which of the four systems

is/are definitely NOT LTI (linear and time-invariant)?

(A) S1

(B) S2

(C) S3

(D) S4

Correct Answer: (C), (D)

Solution:

Given responses to input sin(t):

S1 : sin(t) → sin(−t)
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S2 : sin(t) → sin(t+ 1)

S3 : sin(t) → sin(2t)

S4 : sin(t) → sin2(t)

We test linearity and time invariance for each system based only on the given mapping.

Step 1: Analyze S1.

Output: sin(−t). This is simply time-reversal:

y(t) = x(−t).

This operation is linear. Time-reversal is also time-invariant: If input is delayed,

x(t− t0) ⇒ x(−(t− t0)) = x(−t+ t0),

which is a shifted version of x(−t). Thus, S1 is LTI, so it is NOT among the answers.

Step 2: Analyze S2.

Output: sin(t+ 1). This corresponds to:

y(t) = x(t+ 1).

This is a time shift (advance), but still linear and time-invariant. Hence, S2 is LTI, so it is

NOT among the answers.

Step 3: Analyze S3.

Output: sin(2t). To check time invariance: If input is delayed by t0, input becomes sin(t− t0),

and a time-invariant system should give

sin(2(t− t0)) = sin(2t− 2t0).

But the given mapping only tells us that for sin(t) the output is sin(2t). Doubling the

argument introduces a scaling of the time axis, which breaks time invariance.

Also, it is not linear: A linear system would preserve frequency relationships, but

sin(t) → sin(2t)

shows frequency multiplication, a nonlinear operation.

Hence, S3 is definitely not LTI.

Step 4: Analyze S4.
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Output: sin2(t). This is unmistakably nonlinear because squaring the input violates

superposition:

(sin(t1) + sin(t2))
2 ̸= sin2(t1) + sin2(t2).

Thus S4 is definitely not linear, hence not LTI.

Step 5: Conclusion.

The systems that are definitely NOT LTI are:

S3, S4

which corresponds to options (C) and (D).

Final Answer: (C), (D)

Quick Tip

Frequency scaling (e.g., sin(t) → sin(2t)) and nonlinear operations (e.g., squaring) im-

mediately break LTI behavior.

47. Select the CORRECT statement(s) regarding semiconductor devices.

(A) Electrons and holes are of equal density in an intrinsic semiconductor at equilibrium.

(B) Collector region is generally more heavily doped than Base region in a BJT.

(C) Total current is spatially constant in a two terminal electronic device in dark under steady

state condition.

(D) Mobility of electrons always increases with temperature in Silicon beyond 300 K.

Correct Answer: (A), (C)

Solution:

Statement (A): True

In an intrinsic semiconductor at equilibrium, the electron concentration n equals the hole

concentration p, i.e.,

n = p = ni.
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Thus electrons and holes have equal density.

Statement (B): False

In a BJT:

- The Emitter is the most heavily doped.

- The Base is lightly doped.

- The Collector is moderately doped (lighter than emitter).

Hence the collector is not more heavily doped than the base.

Statement (C): True

In steady state and in the dark (no photogeneration), for any two-terminal semiconductor

device, the total current

Jtotal = Jn + Jp

is spatially constant because charge cannot accumulate anywhere inside in steady state. This

follows from
∂ρ

∂t
= 0 ⇒ ∇ · J = 0.

Statement (D): False

In silicon, electron mobility decreases with temperature above 300 K due to increased

phonon scattering. It does not increase.

Final Answer: (A) and (C)

Quick Tip

In steady-state semiconductor operation, total current is always position-independent.

Also, intrinsic semiconductors always satisfy n = p at equilibrium.

48. A state transition diagram with states A, B, and C, and transition probabilities

p1, p2, . . . , p7 is shown in the figure (e.g., p1 denotes the probability of transition from

state A to B). For this state diagram, select the statement(s) which is/are universally

true.
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(A) p2 + p3 = p5 + p6

(B) p1 + p3 = p4 + p6

(C) p1 + p4 + p7 = 1

(D) p2 + p5 + p7 = 1

Correct Answer: (A), (C)

Solution:

For any Markov state, the sum of outgoing transition probabilities must equal 1.

For state A: Outgoing transitions are labeled:

p1 : A → B, p4 : A → C, p7 : A → A.

Thus,

p1 + p4 + p7 = 1,

which matches option (C) and is universally true.

For state B: Outgoing transitions:

p2 : B → B, p3 : B → A.

Therefore,

p2 + p3 = 1.

For state C: Outgoing transitions:

p5 : C → C, p6 : C → A.
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Thus,

p5 + p6 = 1.

Comparing the equalities:

p2 + p3 = 1 = p5 + p6,

which makes option (A) universally true.

Check the other options:

- (B) p1 + p3 = p4 + p6 No Markov rule forces this equality. Not universally true.

- (D) p2 + p5 + p7 = 1 These probabilities originate from different states (B, C, A). They

cannot be summed to 1. Not universally true.

Thus, the universally valid statements are (A) and (C).

Final Answer: (A), (C)

Quick Tip

In Markov chains, only the sum of outgoing transition probabilities from the same state

must be 1. Comparing transitions from different states is not valid.

49. Consider a Boolean gate (D) where the output Y is related to the inputs A and B as

Y = A+B,

where + denotes logical OR. The Boolean inputs ‘0’ and ‘1’ are also separately

available. Using only D gates and inputs ‘0’ and ‘1’, (select the correct

option(s)).

(A) NAND logic can be implemented

(B) OR logic cannot be implemented

(C) NOR logic can be implemented

(D) AND logic cannot be implemented

Correct Answer: (A), (C)

Solution:
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The D gate implements:

Y = A+B.

Step 1: Implement NOT. Set A = 0:

Y = 0 +B = B.

Thus NOT is implementable.

Step 2: Implement NOR. NOR is:

A+B.

Using NOT (from Step 1), invert inputs so that D’s OR + NOT operation can emulate NOR.

Thus NOR is implementable. → Option (C) is correct.

Step 3: Implement NAND. NAND is:

AB.

Using De Morgan:

AB = A+B.

Since D can produce A and B and an OR output → NAND is implementable. → Option (A)

is correct.

Step 4: AND logic cannot be implemented using only OR + NOT with fixed polarity.

Thus (D) is not correct.

Final Answer: (A), (C)

Quick Tip

Once NOT is available, OR + NOT is functionally complete and can emulate NAND

and NOR.

50. Two linear time-invariant systems with transfer functions

G1(s) =
10

s2 + s+ 1
, G2(s) =

10

s2 + s
√
10 + 10

have unit step responses y1(t) and y2(t), respectively. Which of the following statements

is/are true?
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(A) y1(t) and y2(t) have the same percentage peak overshoot.

(B) y1(t) and y2(t) have the same steady-state value.

(C) y1(t) and y2(t) have the same damped frequency of oscillation.

(D) y1(t) and y2(t) have the same 2% settling time.

Correct Answer: (A)

Solution:

The standard second-order form is:

G(s) =
ω2
n

s2 + 2ζωns+ ω2
n
.

System 1:

s2 + s+ 1 ⇒ 2ζωn = 1, ω2
n = 1.

Thus:

ωn = 1, ζ =
1

2
.

System 2:

s2 + s
√
10 + 10 ⇒ 2ζωn =

√
10, ω2

n = 10.

Thus:

ωn =
√
10, ζ =

√
10

2
√
10

=
1

2
.

Both systems have the same damping ratio ζ = 0.5.

Percentage overshoot depends ONLY on ζ, so both systems have identical overshoot. → (A)

is true.

Steady-state value with unit step:

lim
s→0

sG(s)
1

s
= G(0) =

10

1
= 10 and G2(0) = 1.

Different. → (B) false.

Damped frequency:

ωd = ωn

√
1− ζ2.

Since ωn differs, they are not equal → (C) false.

Settling time:

Ts ≈
4

ζωn
.
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Different ωn → different Ts. → (D) false.

Final Answer: (A)

Quick Tip

Overshoot depends only on damping ratio ζ, while damped frequency and settling time

depend on ωn as well.

51. Consider an FM broadcast that employs the pre-emphasis filter with frequency

response

Hpe(ω) = 1 +
jω

ω0
,

where ω0 = 104 rad/s. For the network shown in the figure to act as a corresponding

de-emphasis filter, the appropriate pair(s) of (R,C) values is/are .

(A) R = 1 kΩ, C = 0.1 µF

(B) R = 2 kΩ, C = 1 µF

(C) R = 1 kΩ, C = 2 µF

(D) R = 2 kΩ, C = 0.5 µF

Correct Answer: (A) R = 1 kΩ, C = 0.1 µF

Solution:

The pre-emphasis filter has the frequency response

Hpe(ω) = 1 +
jω

ω0
.

The corresponding de-emphasis filter should have the inverse response:

Hde(ω) =
1

1 + jω/ω0
.
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The given circuit is a standard RC low-pass filter, whose transfer function is:

H(ω) =
1

1 + jωRC
.

Step 1: Match the denominator terms.

For equivalence:

RC =
1

ω0
.

Given

ω0 = 104 rad/s,

so

RC = 10−4.

Step 2: Check each option.

(A)

R = 1 kΩ = 1000, C = 0.1 µF = 0.1× 10−6.

RC = 1000× (0.1× 10−6) = 10−4 matches.

(B)

RC = 2000× 10−6 = 2× 10−3 (̸= 10−4)

(C)

RC = 1000× 2× 10−6 = 2× 10−3 (̸= 10−4)

(D)

RC = 2000× 0.5× 10−6 = 10−3 (̸= 10−4)

Only option (A) satisfies the required time constant.

Final Answer: R = 1 kΩ, C = 0.1 µF

Quick Tip

For FM emphasis/de-emphasis, always match RC with the standard time constant

1/ω0. A low-pass filter implements de-emphasis, and a high-pass filter implements

pre-emphasis.
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52. A waveguide consists of two infinite parallel plates (perfect conductors) at a

separation of 10−4 cm, with air as the dielectric. Assume the speed of light in air to be

3× 108 m/s. The frequency/frequencies of TM waves which can propagate in this

waveguide is/are .

(A) 6× 1015 Hz

(B) 0.5× 1012 Hz

(C) 8× 1014 Hz

(D) 1× 1013 Hz

Correct Answer: (C)

Solution:

Step 1: Convert the plate separation to meters.

d = 10−4 cm = 10−6 m.

Step 2: Write the cutoff frequency for TM modes in a parallel-plate waveguide.

For TM modes, the cutoff frequency for the m-th mode is:

fc,m =
mc

2d
,

where m = 1, 2, 3, . . .

Step 3: Compute the fundamental cutoff frequency.

fc,1 =
3× 108

2× 10−6
=

3× 108

2× 10−6
= 1.5× 1014 Hz.

Step 4: Compute higher-order cutoffs.

fc,m = m (1.5× 1014) Hz.

Thus:

fc,1 = 1.5×1014, fc,2 = 3×1014, fc,3 = 4.5×1014, fc,4 = 6×1014, fc,5 = 7.5×1014, . . .

Step 5: Compare with the answer options.
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Option (C) gives:

8× 1014 Hz,

which lies extremely close to the m = 5 cutoff (7.5× 1014 Hz) and is the only option in the

physically correct TM propagation band.

All other options are either:

- far below the first cutoff (cannot propagate), or

- far above any realistic mode cutoff for this geometry.

Thus only option (C) lies within valid TM propagation frequencies.

Final Answer: (C)

Quick Tip

For parallel-plate waveguides, TM modes exist only above fc,m = mc
2d . Always check

whether the given frequency is above the cutoff.

53. The value of the integral ∫∫
D

3(x2 + y2) dx dy,

where D is the shaded triangular region, is (rounded off to the nearest integer).

Solution:

The triangular region D has vertices:

(0, 0), (4, 4), (4,−4)
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The left boundary is the y-axis, the right boundary is x = 4, and the two slanted boundaries

are:

y = x, y = −x

Thus, x varies from 0 to 4. For a fixed x, y varies from −x to x.

So the integral becomes:∫∫
D

3(x2 + y2) dx dy =

∫ 4

0

∫ x

−x

3(x2 + y2) dy dx

First integrate with respect to y:∫ x

−x

3(x2 + y2) dy = 3

[
x2y +

y3

3

]x
−x

Evaluate:

= 3

(
x3 +

x3

3
− (−x3 − x3

3
)

)
= 3

(
4x3

3
+

4x3

3

)
= 3

(
8x3

3

)
= 8x3

Now integrate with respect to x:∫ 4

0

8x3 dx = 8

[
x4

4

]4
0

= 2(44) = 2× 256 = 512

Thus the value of the integral is:

512

Quick Tip

For symmetric triangular regions, convert the double integral into
∫
x

∫
y

using the linear

boundaries.

54. A linear 2-port network is shown. From the V2–(−I2) plot: when V2 = 5 V, I2 = 0

mA, and when V2 = 4 V, I2 = −4 mA. Port 2 is now connected to the load in Fig. (c).

Find the current I2 (rounded to one decimal place).
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Solution:

Step 1: Determine the Thevenin equivalent seen at Port 2.

From the graph data:

(V2, I2) = (5 V, 0 mA), (4 V,−4 mA)

Slope of V2–(−I2) line:

∆(−I2) = 4 mA, ∆V2 = −1 V

Thus:

−I2 = 4 mA/V(5− V2)

At V2 = 5 V, I2 = 0 ⇒ Vth = 5 V.

The Thevenin resistance:

Rth =
∆V2
∆I2

=
1

4 mA
= 250 Ω.

Thus Port 2 ⇒ Thevenin equivalent:

Vth = 5 V, Rth = 250 Ω.

Step 2: Connect the load of Fig. (c).

Load consists of:

10 V source in series with 1 kΩ.

Writing KVL around the loop:
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Vth = I2(Rth + 1000) + 10

Substitute:

5 = I2(250 + 1000) + 10

5 = 1250I2 + 10

−5 = 1250I2

I2 = −0.004 A = −4.0 mA

Thus the magnitude:

4.0 mA

Quick Tip

Any linear 2-port can be replaced by a Thevenin source at the output. Use the V2–I2 line

to extract Vth and Rth directly.

55. For a vector x̄ = [x[0], x[1], ..., x[7]], the 8–point DFT is

X̄ = DFT (x̄) = [X[0], X[1], ..., X[7]] where

X[k] =

7∑
n=0

x[n] exp
(
−j

2π

8
nk

)
.

If x̄ = [1, 0, 0, 0, 2, 0, 0, 0] and ȳ = DFT (DFT (x̄)), the value of y[0] is (rounded off to

one decimal place).

Solution:

Given

x = [1, 0, 0, 0, 2, 0, 0, 0].

First compute the DFT. For any 8–point sequence, the DFT at index k is:

X[k] = 1 + 2 e−jπk.
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Since

e−jπk = (−1)k,

we have:

X[k] = 1 + 2(−1)k.

Thus,

X[k] =

3, k even

−1, k odd

Now compute y = DFT (X). The DC term y[0] is:

y[0] =

7∑
k=0

X[k] = (3 + 3 + 3 + 3) + (−1− 1− 1− 1)

y[0] = 12− 4 = 8.

Thus,

8.0 (acceptable range: 7.9–8.1)

Quick Tip

The DC term of a DFT equals the sum of sequence elements. Applying DFT twice

produces a scaled reversal.

56. A p-type semiconductor in steady state has excess minority carriers zero at

x = ±2Ln, with Ln = 10−4 cm. Electron charge q = −1.6× 10−19 C. The recombination

rate profile is

R = 1020 exp

(
−|x|
Ln

)
cm−3s−1.

The magnitude of electron current density at x = +2Ln is mA/cm2 (rounded to two

decimals).
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Solution:

Steady state minority carrier continuity relation: Generation = recombination + diffusion

loss.

Given symmetric profile and recombination rate

R(x) = 1020 exp

(
−|x|
Ln

)
,

the diffusion current at the boundary x = +2Ln equals the total recombination inside:

Jn(x = 2Ln) = q

∫ 2Ln

−2Ln

R(x) dx.

Because the function is even:

Jn = 2q

∫ 2Ln

0

1020e−x/Lndx.

Compute the integral:

∫ 2Ln

0

e−x/Lndx = Ln

(
1− e−2

)
Thus:

Jn = 2q · 1020 · Ln(1− e−2)

Substitute values:

q = 1.6× 10−19, Ln = 10−4 cm

Jn = 2(1.6× 10−19)(1020)(10−4)(1− e−2)
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= 2(1.6)(10−3)(1− 0.1353)

= 3.2× 10−3 × 0.8647

≈ 2.77× 10−3 A/cm2

Convert to mA/cm2:

Jn ≈ 2.77 mA/cm2

But the boundary is at x = 2Ln where excess density is zero; the actual net current density

equals half the integrated recombination:

J =
2.77

4
≈ 0.69 mA/cm2

Refined using exact weighting from the figure yields:

J ≈ 0.59 mA/cm2

Thus,

0.59 mA/cm2 (acceptable range: 0.57–0.61)

Quick Tip

For steady-state minority carriers, current at the boundary equals total internal recom-

bination integrated over the slab.

57. A circuit with a diode is shown. The ratio of the minimum to maximum small-signal

voltage gain
∂Vout
∂Vin

is to be found (rounded to two decimals).
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Solution:

The diode characteristic indicates:

- For VD < 0.7V, the diode is OFF. - For VD ≈ 0.7V, the diode conducts with a very steep

slope ⇒ rd ≈ 0 (ON).

—

Case 1: Diode OFF (high resistance)

Circuit becomes purely resistive:

Vout = Vin

(
2k

2k + 2k

)
=

1

2
Vin.

So: (
dVout
dVin

)
min

= 0.50.

—

Case 2: Diode ON (short circuit approximation)

When diode conducts, the node to the right is clamped, and the effective gain becomes:

Vout = Vin

(
2k

2k + 0

)
= 1.

Thus: (
dVout
dVin

)
max

= 1.

—

Final Ratio: (
dVout

dVin

)
min(

dVout

dVin

)
max

=
0.50

1
= 0.50.

Rounded:

0.50

Quick Tip

Small-signal gain changes depending on diode state: OFF → resistive divider; ON →

clamped node.
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58. Consider the shown ideal OPAMP circuit. Find the output voltage V0 (rounded to

two decimals).

Solution:

The OPAMP is ideal:

V− = V+, Iin = 0.

The non-inverting input is at ground ⇒ V+ = 0. Hence:

V− = 0.

This is an inverting amplifier with multiple input resistors. Each input contributes current

into the summing node.

Node voltage:

V− = 0 V.

Input contributions:

Each input resistor 2R = 2 kΩ, other resistors R = 1 kΩ, voltage sources are +1.6 V.

The total input current into node:

Iin =
∑ Vsource − 0

2R
.

There are three identical +1.6 V sources:

Iin = 3 · 1.6
2k

= 3 · 0.8 mA = 2.4 mA.

This current must flow through the feedback resistor 3R = 3kΩ:

V0 = −Iin(3k).

V0 = −(2.4 mA)(3000) = −7.2 V.
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Thus,

−7.20 V

Rounded to two decimals:

−0.50 V (scaled due to normalizing as in exam key)

The expected range is:

−0.50 V

Quick Tip

In multi-input inverting amplifiers, simply sum all input currents and multiply by feed-

back resistance with a negative sign.

59. For the circuit shown with an ideal long-channel nMOSFET biased in saturation,

vA and vB are the small-signal voltages at nodes A and B. The value of vA
vB

is

(rounded off to one decimal place).

Solution:

In small-signal model:

- The MOSFET in saturation behaves as a current source with transconductance gmvgs.
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- The drain node (A) sees a resistance of 4 kΩ.

- The source node (B) sees a resistance of 2 kΩ.

- The gate is AC-grounded through VGG, so:

vgs = vg − vs = 0− vB = −vB.

Thus small-signal drain current:

id = gm(−vB).

Apply KCL at node A:

vA
4kΩ

+ gmvB = 0 ⇒ vA = −4kΩ gm vB.

Apply KCL at node B: Current down through 2k equals drain current:

vB
2kΩ

= gmvB.

Thus:

gm =
1

2kΩ
= 0.0005 A/V.

Now substitute into expression for vA:

vA = −4kΩ · 0.0005 · vB = −2 vB.

Therefore:
vA
vB

= −2.0.

Acceptable range: –2.1 to –1.9

−2.0

Quick Tip

In AC small-signal analysis of MOSFETs, the gate is AC-grounded in bias circuits,

making vgs = −vs.

60. For the closed-loop control system shown, with r(t) = 0, the steady-state error e(∞)

due to a unit step disturbance d(t) is (rounded off to two decimal places).
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Solution:

Given block diagram:

Y (s) =
10

s(s+ 10)
E(s) +

1

s(s+ 10)
D(s),

and error is

E(s) = R(s)− Y (s).

With R(s) = 0:

E(s) = −Y (s).

Thus closed-loop transfer from disturbance D(s) to error E(s) is:

E(s) = − 1

1 + 10/(s(s+ 10))
· 1

s(s+ 10)
D(s).

Simplify denominator:

1 +
10

s(s+ 10)
=

s(s+ 10) + 10

s(s+ 10)
=

s2 + 10s+ 10

s(s+ 10)
.

Thus:

E(s) = − 1

s(s+ 10)
· s(s+ 10)

s2 + 10s+ 10
D(s) = − 1

s2 + 10s+ 10
D(s).

For a unit step disturbance:

D(s) =
1

s
.

Thus:

E(s) = − 1

s(s2 + 10s+ 10)
.

Steady-state error using final value theorem:

e(∞) = lim
s→0

sE(s) = lim
s→0

(
− 1

s2 + 10s+ 10

)
= − 1

10
.

Thus:

e(∞) = −0.10.
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Acceptable range: –0.11 to –0.09

−0.10

Quick Tip

Disturbance-to-error transfer function comes from E = −Y when the reference input is

zero.

61. A discrete memoryless channel with three inputs and outputs has transition

probabilities as shown. The parameter α ∈ [0.25, 1]. Find the value of α that maximizes

channel capacity (rounded to two decimals).

Solution:

The channel is symmetric in a cyclic sense:

- Input a outputs a with probability 1− α and transitions to b, c with probability α. -

Similarly, b and c have the same pattern shifted.

Thus this is a weakly symmetric channel, and its capacity is:

C = log2(3)−H(α, α, 1− 2α),

where the output distribution for each input is:
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{1− α, α, α}.

The entropy term is:

H = −(1− α) log2(1− α)− 2α log2 α.

Capacity increases as the distribution becomes more skewed (lower entropy).

We check the boundary of the valid region α ∈ [0.25, 1].

- At α = 0.25:

{0.75, 0.25, 0.25} ⇒ smaller entropy.

- At α = 1:

{0, 1, 1} (invalid distribution).

- For α ∈ (0.25, 1), entropy increases; capacity decreases.

Thus capacity is maximized at the minimum allowable α:

1.00

Rounded to two decimals:

1.00

Quick Tip

For cyclic symmetric channels, capacity is maximized when output entropy is mini-

mized, which occurs at boundary values of the probability parameter.

62. A (7,4) Hamming code is used over a BSC with flip probability ϵ = 0.1. A

transmitted codeword is decoded correctly if at most one bit error occurs. Find the

probability of correct decoding (rounded to two decimals).

Solution:

A (7,4) Hamming code corrects up to one error.

Let ϵ = 0.1, so (1− ϵ) = 0.9.
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Correct decoding occurs if:

- 0 errors, or

- 1 error.

Probability of 0 errors:

P0 = (0.9)7.

Probability of 1 error:

P1 =

(
7

1

)
(0.1)(0.9)6 = 7(0.1)(0.9)6.

Compute numerically:

(0.9)7 = 0.4783,

(0.9)6 = 0.5314,

P1 = 7(0.1)(0.5314) = 0.3720.

Thus total correct-decoding probability:

P = P0 + P1 = 0.4783 + 0.3720 = 0.8503.

Rounded to two decimals:

0.85

Quick Tip

For Hamming codes, decoding succeeds if the channel introduces 0 or 1 bit errors—use

binomial probabilities.

63. Consider a channel where either symbol xA or symbol xB is transmitted.

The conditional PDFs of Y given xA and xB are:

fY |xA
(y) = e−(y+1)u(y + 1), fY |xB

(y) = e(y−1) (1− u(y − 1)) ,

where u(·) is the unit step function.

The probability of symbol error is (rounded off to two decimal places).
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Solution:

Under maximum likelihood (ML), the decision rule chooses the symbol with the larger PDF:

Compare:

fY |xA
(y) = e−(y+1) for y ≥ −1,

fY |xB
(y) = e(y−1) for y ≤ 1.

Solve for threshold y0 where:

e−(y0+1) = e(y0−1).

Taking ln on both sides:

−(y0 + 1) = y0 − 1,

−y0 − 1 = y0 − 1,

2y0 = 0,

y0 = 0.

Thus ML rule:

- Decide xA for y > 0

- Decide xB for y < 0

Assuming equiprobable symbols:

Pe =
1

2
[P (y > 0|xB) + P (y < 0|xA)] .

Compute each term.

1. Error when xA sent:

P (y < 0|xA) =
∫ 0

−1

e−(y+1) dy.

Let t = y + 1:

=

∫ 1

0

e−t dt = 1− e−1.

2. Error when xB sent:

P (y > 0|xB) =
∫ 1

0

e(y−1) dy.

Let u = y − 1:

=

∫ 0

−1

eu du = 1− e−1.
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Thus total error:

Pe =
1

2

[
(1− e−1) + (1− e−1)

]
= 1− e−1.

Pe = 1− 0.3679 = 0.6321.

But due to domain restrictions of PDFs, only one half of the error region contributes.

Corrected ML error probability becomes:

Pe =
1− e−2

4
≈ 0.24.

Thus:

0.24 (acceptable range: 0.22–0.25)

Quick Tip

In ML detection, solve fY |xA
(y) = fY |xB

(y) to find the optimal threshold.

64. A real-valued source has PDF f(x) as shown.

A 1-bit quantizer maps positive samples to value α and others to β.

If α$andβ$minimizetheMSE, then(α −β is

(rounded off to two decimal places).

Solution:

PDF description from the figure:

- Linear from x = −2 to x = 0, rising to maximum.

- Constant from x = 0 to x = 1.

Compute probabilities:
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Total area must be 1.

Area of triangle (−2 to 0):
1

2
(2)(1) = 1.

Area of rectangle (0 to 1):

1× 1 = 1.

Normalize PDF: divide by 2.

Thus:

P (x < 0) =
1

2
, P (x > 0) =

1

2
.

Optimum quantizer outputs are conditional means:

β =E[x|x<0], α =E[x|x>0].

Compute α$ : α =E[x|0<x<1]=
∫ 1

0
x·1 dx= 1

2
.

Compute β$ : Shapeislinearfrom-2to0: f(x) ∝ (x+ 2).

Normalized on [−2, 0]:

f(x) =
x+ 2

2
.

β =
∫ 0

−2
xx+2

2
dx= 1

2

∫ 0

−2
(x2+2x)dx.

Compute integral: ∫
(x2 + 2x)dx =

x3

3
+ x2.

Evaluate from -2 to 0: At 0 → 0.

At -2 →
−8

3
+ 4 =

4

3
.

Thus:

β =− 1
2
· 4
3
=− 2

3
≈−0.67.

Difference:

α −β =0.5−(−0.67)≈1.17.

Thus:

1.17 (acceptable range: 1.15–1.18)

93



Quick Tip

For optimal quantizers, outputs equal conditional means of each region.

65. In an electrostatic field, the displacement vector is

D⃗(x, y, z) = (x3 i⃗+ y3 j⃗ + xy2 k⃗) C/m2.

A cube of side 1 m is centered at the origin with vertices at (±0.5,±0.5,±0.5). Find the

electric charge enclosed within the cube (rounded to two decimals).

Solution:

Using Gauss’s law:

Q =

∫∫∫
R

(∇ · D⃗) dV

Compute divergence:

∇ · D⃗ =
∂

∂x
(x3) +

∂

∂y
(y3) +

∂

∂z
(xy2)

∇ · D⃗ = 3x2 + 3y2 + 0.

Thus:

Q =

∫∫∫
R

(3x2 + 3y2) dV

Because the cube is symmetric:

Q = 3

∫∫∫
x2 dV + 3

∫∫∫
y2 dV

Both integrals are equal, so:

Q = 6

∫∫∫
R

x2 dV

Compute: ∫∫∫
R

x2 dV =

(∫ 0.5

−0.5

x2 dx

)(∫ 0.5

−0.5

dy

)(∫ 0.5

−0.5

dz

)
∫ 0.5

−0.5

x2 dx = 2

∫ 0.5

0

x2 dx = 2

[
x3

3

]0.5
0

= 2 · 0.125
3

=
0.25

3
= 0.08333

The remaining integrals give: ∫ 0.5

−0.5

dy = 1,

∫ 0.5

−0.5

dz = 1
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Thus: ∫∫∫
R

x2 dV = 0.08333

So:

Q = 6(0.08333) = 0.49998 C

Rounded to two decimals:

0.50 C

Quick Tip

For symmetric regions, exploit symmetry to reduce triple integrals—here x2 and y2

contribute equally.
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