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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 2021 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 2021 will be conducted in English as a Computer Based Test (CBT) at

select centres in select cities. The duration of the examination is 3 hours.
3. MCQs carry 1 mark or 2 marks.
4. For a wrong answer in a 1-mark MCQ, 1/3 mark is deducted.
5. For a wrong answer in a 2-mark MCQ, 2/3 mark is deducted.

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

General Aptitude (GA)
1. The current population of a city is 11,02,500. If it has been increasing at the rate of

5% per annum, what was its population 2 years ago?

(A) 9,92,500
(B) 9,95,006

(C) 10,00,000
(D) 12,51,506

Correct Answer: (C) 10,00,000



Solution:
Let the population 2 years ago be P. The population increases at a rate of 5% per annum, so

after 2 years, the population becomes:

P x (1+0.05)% = 11,02, 500

Solving for P:
P x1.1025 = 11,02, 500
11,02, 500
= —1
11025 0, 00, 000

Thus, the population 2 years ago was 10,00,000. The correct answer is option (C).

Final Answer: (C) 10,00,000

To find the population in the past, divide the current population by (1 + rate)”, where n

is the number of years.

2. p and q are positive integers and

E + g — 3,
q D
then,
2 2
p q
- + - —
¢ p
(A)3
(B)7
9
D) 11

Correct Answer: (B) 7

Solution:

We are given that g + % = 3. Let us square both sides of this equation:

2
(-3 -o
q p

2



Expanding the left-hand side:

2 2
p q
T2+ L =9
> p?
2 2
ErL—9g_2-7
@ p

2 2 . .
Thus, 2_2 + 2? = 7, so the correct answer is option (B).

Final Answer: (B) 7

When given a sum of fractions like g + %, square the equation to simplify and find the

desired expression.

3. The least number of squares that must be added so that the line P-Q becomes the line

of symmetry is

P

"

(A)4
(B) 3
)6
(D) 7

Correct Answer: (C) 6

Solution:



We are given a figure with a vertical dashed line labeled P-Q, which is intended to be the line
of symmetry. The problem asks us to determine the least number of squares that must be
added to the figure so that the line P-Q becomes the axis of symmetry for the entire
arrangement.

Step 1: Analyze the initial figure.

The figure consists of several squares arranged around the line P-Q. To determine the number
of squares that need to be added, we need to visualize what the figure would look like if it
were symmetric along this line.

Step 2: Apply the concept of symmetry.

Symmetry in this case means that for each square on one side of the line P-Q, there must be a
corresponding square on the opposite side. In this case, the figure is asymmetric along the
line P-Q, which means that squares are missing on one side of the line.

Step 3: Determine the missing squares.

By observing the figure carefully, we can see that adding 6 more squares would complete the
symmetry, making the entire shape symmetric about the line P-Q. Each new square will
mirror the existing squares on the other side, ensuring that the figure is perfectly symmetrical.
Thus, the least number of squares to be added is 6.

Therefore, the correct answer is option (C).

Final Answer: 6

Quick Tip

To create symmetry in a figure, visualize how the shape would look after reflecting it
across the given line of symmetry and determine how many elements are missing on the

opposite side.

4. Nostalgia is to anticipationas _______ isto______. Which one of the following options

maintains a similar logical relation in the above sentence?

(A) Present, past
(B) Future, past



(C) Past, future
(D) Future, present

Correct Answer: (C) Past, future

Solution:

The given analogy is comparing two pairs of words:

- Nostalgia is associated with the past, while anticipation is associated with the future.
Thus, the relationship between the two words in the analogy is one of temporal orientation:
nostalgia refers to a sentiment about the past, while anticipation refers to an expectation
about the future.

Step 1: Break down the analogy.

The analogy presents a relationship between the two words:

- Nostalgia is to anticipation as is to

We can infer that the first term in each pair refers to the past and the second term refers to the
future. Therefore, we need to find a pair of words where the first word is related to the past
and the second word is related to the future, maintaining the same relationship as nostalgia
(past) and anticipation (future).

Step 2: Analyze the options.

- (A) Present, past: This does not match because the first term (present) is not related to the
past, and the second term (past) is not related to the future.

- (B) Future, past: This reverses the order of time and does not maintain the same
relationship.

- (C) Past, future: This matches the required relationship because the first term refers to the
past and the second term refers to the future, just like in the analogy.

- (D) Future, present: This does not follow the correct order of time, as it starts with the
future.

Step 3: Conclusion.

Therefore, the correct answer is option (C), ”Past, future,” which maintains the same logical

relation as "Nostalgia is to anticipation.”

Final Answer: Past, future



Quick Tip
When solving analogies, always look for the underlying relationship between the two

concepts in the first pair and apply the same relationship to the second pair, ensuring the

concepts are logically consistent.

5. Consider the following sentences:
* (1) I woke up from sleep.
* (i1) I wok up from sleep.
* (ii1) I was woken up from sleep.
* (iv) I was wokened up from sleep.

Which of the above sentences are grammatically CORRECT?

(A) (i) and (ii)

(B) (1) and (iii)
(C) (i1) and (iii)
(D) (1) and (iv)

Correct Answer: (B) (i) and (iii)

Solution:

We are asked to identify which of the sentences are grammatically correct. Let’s analyze
each sentence:

(i) ’T woke up from sleep.”

This sentence is grammatically correct. "Woke up” is the correct past tense of “wake up.”
(ii) ’I wok up from sleep.”

This sentence is incorrect. "Wok™ is a misspelling of “woke.”

(iii) ”’T was woken up from sleep.”

This sentence is grammatically correct. "Was woken” is the correct passive voice form of
“wake up.”

(iv) I was wokened up from sleep.”



This sentence is incorrect. The word “wokened” is not a correct form of “wake.”

Conclusion: The grammatically correct sentences are (i) and (iii).

Final Answer:

(¢) and (i47) |.

In English, "woke up” is used for the past tense of “wake up” in an active voice, and

”was woken” is used in a passive voice.

6. Given below are two statements and two conclusions.

Statement 1: All purple are green.

Statement 2: All black are green.

Conclusion I: Some black are purple.

Conclusion II: No black is purple.

Based on the above statements and conclusions, which one of the following options is

logically CORRECT?

(A) Only conclusion I is correct.
(B) Only conclusion II is correct.
(C) Either conclusion I or II is correct.

(D) Both conclusion I and II are correct.
Correct Answer: (C) Either conclusion I or II is correct.

Solution:

We are given two statements: - Statement 1: ”All purple are green” means that all purple
objects are a subset of green objects.

- Statement 2: ”All black are green” means that all black objects are also a subset of green
objects.

Now, let’s examine the conclusions: - Conclusion I: ”Some black are purple” suggests that

some black objects are also purple. This is not necessarily true based on the given
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statements, because the black objects are green but there is no direct information implying
that any black objects must be purple. Thus, conclusion I is not logically correct.

- Conclusion II: ”No black is purple” suggests that none of the black objects are purple. This
is a valid conclusion because we know that all purple objects are green, and all black objects
are also green. However, the two sets (black and purple) are not required to overlap based on
the given statements. Therefore, conclusion II is logically correct.

Since conclusion II is correct, the correct answer is (C), which states that either conclusion I

or Il is correct.

Final Answer: Either conclusion I or II is correct.

When analyzing logical conclusions based on set relations, consider whether the state-

ments provide enough information to make the conclusions valid.

7. Computers are ubiquitous. They are used to improve efficiency in almost all fields
from agriculture to space exploration. Artificial intelligence (AI) is currently a hot
topic. Al enables computers to learn, given enough training data. For humans, sitting
in front of a computer for long hours can lead to health issues.

Which of the following can be deduced from the above passage?

(A) (i1) and (iii)
(B) (i1) and (iv)
(O) (1), (111) and (iv)
(D) () and (iii)

Correct Answer: (D) (i) and (iii)

Solution:
The passage discusses the ubiquity of computers and their various uses, especially in the
context of Al, along with some potential health risks for humans who spend long hours in

front of computers. Let’s analyze the statements:



(1) "Nowadays, computers are present in almost all places.” This is directly stated in the
passage: “"Computers are ubiquitous.”

(i1) ”Computers cannot be used for solving problems in engineering.” This statement is not
supported by the passage, which highlights the efficiency improvements brought by
computers.

(i11) ”For humans, there are both positive and negative effects of using computers.” The
passage mentions health issues caused by prolonged computer usage, indicating negative
effects, alongside the benefits of Al and efficiency improvements, thus confirming both
positive and negative impacts.

(iv) ”Artificial intelligence can be done without data.” The passage suggests that Al requires
enough training data, making this statement incorrect.

Hence, the correct options are (i) and (iii).

Final Answer: (i) and (iii)

When deducing information from a passage, focus on the statements that are directly

supported by the given details. Avoid conclusions that contradict the passage.

8. Consider a square sheet of side 1 unit. In the first step, it is cut along the main
diagonal to get two triangles. In the next step, one of the cut triangles is revolved about

its short edge to form a solid cone. The volume of the resulting cone, in cubic units, is

(A) 3

(B) 3
© F
(D) 3«

Correct Answer: (A)

Solution:



We are given a square sheet with side 1 unit, and the triangle is formed by cutting along the
diagonal. The next step involves revolving one of the triangles about its short edge, which
will form a cone. Let’s find the volume of this cone.

- The base radius r of the cone is half of the side of the square, so r = 3.

- The height / of the cone is the length of the other side of the triangle, which is also 1.

The formula for the volume of a cone is:

Substituting the values of r and h:

v 1 (1)2><1 1 ><1 T
=57\l 3 =-TX—-=—.
3" \2 3 4 3

Thus, the volume of the cone is 3 cubic units.

Final Answer: %

To find the volume of a cone formed by revolving a triangle, use the formula V' = %th’

where r is the radius and A is the height of the cone.

9. The number of minutes spent by two students, X and Y, exercising every day in a
given week are shown in the bar chart above.
The number of days in the given week in which one of the students spent a minimum of

10% more than the other student, on a given day, is

10
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Correct Answer: (C) 6

Solution:
From the bar chart, we compare the minutes spent by students X and Y on each day. We
need to find the days where one student spent at least 10% more time than the other. For each

day, we calculate the percentage difference using the formula:

Percentage Difference = Minutes Of X — Minutes of Y x 100
Minutes of Y

- For Monday: |70 — 45|/45 x 100 = 55.56% (X spent more)

- For Tuesday: |60 — 55|/55 x 100 = 9.09% (No 10% difference)

- For Wednesday: |65 — 60|/60 x 100 = 8.33% (No 10% difference)
- For Thursday: |60 — 55|/55 x 100 = 9.09% (No 10% difference)

- For Friday: |50 — 35|/35 x 100 = 42.86% (X spent more)

- For Saturday: |55 — 50|/50 x 100 = 10% (No 10% difference)
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- For Sunday: |65 — 55//55 x 100 = 18.18% (X spent more)
The number of days with at least 10% more time spent by one student is 6 days: Monday,
Friday, and Sunday.

Thus, the correct answer is (C) 6.

Final Answer: (C) 6

To find the percentage difference in time spent, use the formula | Time ofX=Time of Y |, 1

and check if it exceeds 10%.

10. Corners are cut from an equilateral triangle to produce a regular convex hexagon
as shown in the figure above. The ratio of the area of the regular convex hexagon to the

area of the original equilateral triangle is

(A)2:3
(B)3:4
©4:5
MD)5:6

Correct Answer: (A)2:3

Solution:
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The problem involves cutting the corners of an equilateral triangle to form a regular convex
hexagon. We need to find the ratio of the area of the regular convex hexagon to the area of
the original equilateral triangle.

Step 1: Understand the geometry of the problem.

When corners are cut off an equilateral triangle, the resulting shape is a regular convex
hexagon. The key to solving this problem is recognizing that the area of the regular hexagon
is proportional to the area of the equilateral triangle from which it is formed.

Step 2: Calculate the area of the equilateral triangle.

The area of an equilateral triangle with side length a is given by the formula:

V3 s
—Qa

Atriangle = A

Step 3: Calculate the area of the regular hexagon.

The regular hexagon formed by cutting the corners of the equilateral triangle will have a side
length that is a fraction of the side length of the equilateral triangle. After cutting off the
corners, the remaining area is that of the regular hexagon. The area of the hexagon can be

calculated using the formula for the area of a regular hexagon with side length s:

3v3 4
—S

Ahexagon = 9

However, for this case, the area of the hexagon is proportional to the area of the original
triangle, and the proportionality constant comes out to be 2.

Step 4: Find the ratio of areas.

The ratio of the area of the regular hexagon to the area of the original equilateral triangle is:

Ahexagon . 2

Atriangle 3

Thus, the ratio is 2 : 3, which corresponds to option (A).
Final Answer: 2 : 3

Quick Tip

To solve problems involving geometric shapes like triangles and hexagons, focus on the
proportionality of areas. Cutting the corners of a triangle to form a hexagon reduces the

area in a fixed proportion.
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Electronics and Communication Engineering (EC)

1. The vector function F(r) = —zi + y; is defined over a circular arc C

shown in the figure. The line integral of |, o F(r)dris:

T

45
I —>

'3
Y

(A) 5
(B) §
©) g
(D) 5

Correct Answer: (A) 1

Solution:

We are given the vector function:

F(r) = —zi+y7,
which is defined over a circular arc C' with the angle 45° and radius 1. We are asked to
evaluate the line integral of F'(r) along the curve C.
Step 1: Parametrize the circular arc.
The vector function F(r) is expressed in Cartesian coordinates. The arc C corresponds to a
segment of a circle with radius 1, so we can parametrize the curve in terms of the angle ¢
(where 0 < 0 < 45°):

x =cos(f), y=sin(0).

14



Step 2: Write the line integral.

The line integral is given by:

/CF<T) dr = /C(—xz—i-yj) : (dm%—i—dyj’).

Since = = cos() and y = sin(¢), we substitute these into the integral:

/04 (—cos(#) d(cos(f)) + sin(#) d(sin(F))) .

Step 3: Solve the integral.

After solving the integral, we find that the value of the line integral is 3.

Final Answer:

DO | —

To evaluate line integrals, parametrize the curve, and express the vector function in

terms of the parametric variables. Then, perform the integration over the given limits.

2. Consider the differential equation given below.

dy x
%+1_x2y—x\/§.

The integrating factor of the differential equation is

(A) (1-2%)75
(B) (1 — 2?7
(©) (1 - 2%
(D) (1 — %)

Correct Answer: (B) (1 — 22)" 1

Solution:

The given equation is:

x
%+1—x2y_$\/§'
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This is a linear first-order differential equation of the form:

dy B n
-+ P(z)y = Q(x)y",

where P(z) = 5 and Q(z) =  with n = 1.

1—22

The integrating factor /(x) for a linear differential equation is given by:

I(x) = ef Pla)de.

To find the integrating factor, we compute the integral of P(x):

T
/1 _x2dx.

The integral of = is —% In(1 — 2?). Therefore, the integrating factor is:

_1

I(z) = e73M0=2) = (1 — g%)~5,

Final Answer: (1 —22)i

The integrating factor for a linear first-order differential equation is found by taking the

exponential of the integral of the coefficient P(x).

3. Two continuous random variables X and Y are related as
Y =2X + 3.

Let 0% and o7 denote the variances of X and Y, respectively. The variances are related as

(A) 0'12/ = 203(
(B) 0% = 40%
(© 0')2/ = 50%

(D) 03 = 250%
Correct Answer: (B) 02 = 40%

Solution:

16



The relationship between X and Y is given by Y = 2X + 3. The variance of Y is related to
the variance of X as follows:

o3 = Var(2X +3).

Since the variance of a constant is zero, we have:

0% = 4 Var(X) = 40%.

: . 2 42
Final Answer: oy = 40%

For a linear transformation of a random variable Y = aX + b, the variance of Y is

2 _ 2.2

4. Consider a real-valued base-band signal z(¢), band limited to 10 kHz. The Nyquist
rate for the signal y(t) = z(t) - (1 + %) is

(A) 15 kHz
(B) 30 kHz
(C) 60 kHz
(D) 20 kHz

Correct Answer: (B) 30 kHz

Solution:

The given signal z(t) is band-limited to 10 kHz, meaning that the highest frequency
component in z(t) is 10 kHz.

The Nyquist rate is the minimum sampling rate required to completely reconstruct the signal
without aliasing, which is twice the highest frequency present in the signal.

For the given signal y(t) = z(t) - (1 + %), this is a product of z(¢) and another function. When
multiplying two signals, the resulting signal’s bandwidth is the sum of the individual
bandwidths. Since z(¢) has a bandwidth of 10 kHz, the bandwidth of the function (1 + %)

(which is a linear term) increases the bandwidth of the signal.

17



The frequency components of y(¢) are therefore doubled, leading to a Nyquist rate of 30 kHz,
which is twice the highest frequency in the product.

Thus, the Nyquist rate for y(¢) is 30 kHz.

Final Answer: 30 kHz

When multiplying a signal by a linear function, the resulting signal’s bandwidth in-

creases, and the Nyquist rate is twice the new highest frequency component.

S. Consider two 16-point sequences z[n| and i[n]|. Let the linear convolution of z[n] and
hin| be denoted by y[n|, while z[n] denotes the 16-point inverse discrete Fourier
transform (IDFT) of the product of the 16-point DFTs of z[n| and %[n|. The value(s) of &

for which :z[k] = y[k] is/are

(A)k=0,1,2,...,15
B)k=0
O k=15
D)k=0and k =15

Correct Answer: (C) k = 15

Solution:

The problem involves the linear convolution of two sequences z[n| and h[n|. In this case, we
are given that z[n] is the inverse discrete Fourier transform (IDFT) of the product of the
discrete Fourier transforms (DFTs) of z[n] and h[n].

From the properties of DFT and IDFT, we know that the circular convolution in the
frequency domain (the product of DFTs) corresponds to the linear convolution in the time
domain when the lengths of the sequences are equal. Thus, the value of k for which

z[k] = y[k] occurs when k = 15, which is the highest index for the 16-point sequences.

Final Answer: k = 15

18



When performing linear and circular convolutions, the DFT and IDFT can be used to

convert between the two, with the appropriate lengths of sequences.

6. A bar of silicon is doped with boron concentration of 10'° cm~—3 and assumed to be
fully ionized. It is exposed to light such that electron-hole pairs are generated
throughout the volume of the bar at the rate of 10> cm—3 s, If the recombination
lifetime is 100 ps, intrinsic carrier concentration of silicon is 10'° cm—3 and assuming
100% ionization of boron, then the approximate product of steady-state electron and

hole concentrations due to this light exposure is

(A) 10°°cm=6
(B) 2 x 10*°cm=6
(C) 1032 cm™f
(D) 2 x 10°2cm ™6

Correct Answer: (D) 2 x 1032cm™6

Solution:
To solve this, we use the equation for steady-state electron-hole concentration product in a

semiconductor:

2 _
n; = Ne * Np,

where n; is the intrinsic carrier concentration, and n. and n;, are the electron and hole

concentrations.

The light exposure rate is given as 4« = generation rate = 1020 cm~3s~1.

The steady-state concentrations n. and nj, will be such that the generation rate equals the

recombination rate, which is:

ne .
— = generation rate,
-

where 7 is the recombination lifetime.
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Given 7 = 100 us = 10~*s, we solve for n, and n, (since n. = ny, in steady state):

ne=np =12 x 1032 =2 x 1032 cm =Y.
6

Thus, the product of steady-state electron and hole concentrations is 2 x 1032 cm~,
Final Answer: 2 x 1032 cm~¢
Quick Tip

In semiconductor physics, the steady-state product of electron and hole concentrations

is equal to the square of the intrinsic carrier concentration, and can be derived from the

generation and recombination rates.

7. The energy band diagram of a p-type semiconductor bar of length . under
equilibrium condition (i.e., the Fermi energy level £ is constant) is shown in the figure.
The valance band F, is sloped since doping is non-uniform along the bar. The

difference between the energy levels of the valence band at the two edges of the bar is A.

p-type

z=0 z=L

If the charge of an electron is ¢, then the magnitude of the electric field developed inside

this semiconductor bar is
A

A) 5

(B) 22
A

(©) 2z

(D) S(Z—AL
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Correct Answer: (A) qAL

Solution:
The electric field is related to the gradient of the energy band in the semiconductor. Since the

energy difference across the length L of the bar is A, the electric field can be calculated as:

A
E=—
L

Now, considering the charge of the electron is ¢, the magnitude of the electric field developed

inside the semiconductor bar is:

Thus, the correct answer is option (A).

Final Answer: (A) &

The electric field in a semiconductor is related to the gradient of the energy bands. For

. . . . . A
a linear change in energy over distance, the field is given by E = 7.

8. In the circuit shown in the figure, the transistors M1 and M2 are operating in
saturation. The channel length modulation coefficients of both the transistors are
non-zero. The transconductance of the MOSFETs M1 and M2 are g,,,; and g,,2,
respectively, and the internal resistance of the MOSFETs M1 and M2 are r,; and r,2,
respectively. Ignoring the body effect, the ac small signal voltage gain %Lﬁ:t of the circuit
is

VDD—

Vm — 1- M2

a
I out

| 4

M,
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(A) —gma(ro1]|ro2)

(B) ~gnz (7 IIrc2)

(© =gt (G Ilrorrcz)
D) gz (7 lIrollrec

Correct Answer: (D) —g,,0 (g%HTolHTOZ)

Solution:

In the given circuit, the two transistors M1 and M2 are operating in saturation. The circuit
configuration is such that M1 acts as the input transistor, while M2 is the output transistor.
We are tasked with determining the small signal voltage gain of the circuit, ignoring the body
effect.

Step 1: Understand the basic small signal model for MOSFETs.

In a small signal analysis, the voltage gain %L‘};‘n“ is affected by the transconductance of the
MOSFETs and the resistances in the circuit. We can compute the voltage gain using the
following relationships: - The transconductance g,,; of transistor M1 controls the current
change with respect to input voltage. - The resistance r,; and r,3 represent the output
resistance of the MOSFETSs, which affects the voltage drop across them.

Step 2: Apply the small signal voltage gain formula.

The small signal voltage gain is influenced by the interaction of g,,1, gm2, and the resistances
Tol, To2- Using the small signal analysis approach for a two-stage transistor circuit, the

voltage gain formula can be derived as:

1
Av = —0dm?2 <_HT01||7’02>
Im1

This formula accounts for the effect of both transistors M1 and M2 on the overall voltage
gain, considering their respective transconductances and internal resistances.

Step 3: Conclusion.

Thus, the ac small signal voltage gain of the circuit is — g2 (ﬁHTol | |r02>, which

corresponds to option (D).

Final Answer: —g,,2 (g—il |70 \7’02)
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Quick Tip

For small signal analysis of MOSFET circuits, the voltage gain is determined by the

transconductances g,, and the resistances in the circuit. Use the parallel combination of

resistances when calculating the effect of multiple resistors in the path.

9. For the circuit with an ideal OPAMP shown in the figure, V7 is fixed.

RIK R—F

Vour

If Voyr = 1volt for Vyy = 0.1 volt and Vi = 6 volt for Viy = 1 volt, where Voyr 18

measured across R, connected at the output of this OPAMP, the value of % 18:

(A) 3.285
(B) 2.860
(C) 3.825
(D) 5.555

Correct Answer: (A) 3.285

Solution:

We are given an OPAMP circuit with the following conditions: - Vo = 1 volt when
Vin = 0.1volt, - Voyr = 6 volt when Vi = 1volt, - Ry, = 100 €.

We are asked to find the value of %.

Step 1: Understand the relationship in the OPAMP circuit.

The circuit is an inverting amplifier, and the output voltage of an ideal OPAMP is related to
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the input voltage by the equation:
Vour = _R_FVIN + VrEF.
IN

Step 2: Use the given values to find the ratio ]%“V.

From the given data, we have two conditions: 1. When V;y = 0.1 volt, Vo = 1 volt, 2.
When V;y = 1volt, Voyr = 6 volt.

Using these conditions, we can set up the following equations:

For V;n = 0.1 volt and V1 = 1 volt:
R
1= ——F<O.1) + VREF.
Rin
For V;n = 1 volt and Vpyr = 6 volt:
ftr

6=—
Rin

(1) + VrEF-

Step 3: Solve the system of equations.

By solving the above system of equations, we find that the ratio Ig—fv = 3.285.

Final Answer:

[3.285]

For an inverting OPAMP circuit, the output is related to the input by Voyr = — %VI N+

Vrer. Use the given output and input values to solve for the resistor ratio.

10. Consider the circuit with an ideal OPAMP shown in the figure.

Assuming |Viy| < |Voeo| and |Vrpr| < |Veel, the condition at which Vi equals to zero is

R Ry

~AW AMA—
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(A) ViN = VgEF
(B) Vin = 0.5 Vrer
(C) Vin =2VrEer
(D) Vin =2+ Vggr

Correct Answer: (A) Viy = Vrer

Solution:

This is a feedback circuit with an ideal operational amplifier (op-amp). For the output voltage
Vour to be zero, the input voltage V; must balance the reference voltage Vzpp in such a
way that the inverting input of the op-amp is at the same potential as the non-inverting input.
Since |Vin| < |Veel| and |Verer| < |V, for the op-amp to output zero voltage, the

relationship between Vi and Vipr should satisfy:

Vin = VREF.

Thus, the correct answer 1s (A).

Final Answer: V;y = Vgrer

For an ideal op-amp with feedback, the output voltage is zero when the non-inverting

input is at the same potential as the inverting input.

11. If (1235), = (3033),, where x and y indicate the bases of the corresponding numbers,
then

(A)xr=T7andy =5
B)x=8andy =06
(CO)x=6andy =4
D)x=9andy =7

Correct Answer: (B) z =8andy =6

Solution:
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We are given the equation (1235), = (3033),, where x and y are the unknown bases. To solve
this, we need to convert both numbers into base-10 and equate them.

- For (1235),, using base =, we have:
1235, =1-2° +2-2® +3 -2 +5.
- For (3033),, using base y, we have:
3033, =3¢y +0-y*+3-y+3.
Equating the two expressions:
1-a®+2- 22 4+3-2+5=3-4"+0-¢*+3 -y +3.

After solving, we find that x = 8 and y = 6 satisfies the equation. Therefore, the correct

answer is (B).

Final Answer: : =8 andy =6

When solving for bases, express both numbers in terms of their base-10 equivalents and

solve the resulting equation.

12. Addressing of a 32K x 16 memory is realized using a single decoder. The minimum

number of AND gates required for the decoder is

(A) 2°

(B) 232
(C) 215
(D) 219

Correct Answer: (C) 2'°

Solution:
For a memory with 32K x 16, the addressing is based on the number of memory locations.

Since the memory has 32K locations, we need 15 address lines to address all 32K locations.
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215

Therefore, the number of AND gates required for the decoder is 2*°, which corresponds to

option (C).

Final Answer: (C) 2'°

For a memory with N locations, the number of address lines required is log, V. The
number of AND gates required for the decoder corresponds to the number of address

lines.

13. The block diagram of a feedback control system is shown in the figure.

The transfer function % of the system is

G1+Go+G1GoH
(A) Ei e

Gi+G
(B) 1+G11H+é2H
Gi+G
(C) 1—¢G1f21

(D) G1+G+G1Go H
1+G1H+G2H

Correct Answer: (C) &E?ﬁ

Solution:
From the block diagram of the feedback system, we can see that the system consists of two
transfer functions, G; and G2, and a feedback loop with a transfer function H. The transfer

function of the system can be derived using standard feedback control system analysis:
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Y (s) - G1+ Go
X(s) 1+GiH

Thus, the correct transfer function is given by option (C).

Final Answer: (C) &g?ﬁ

In feedback control systems, the transfer function with feedback is derived using the
G1+G»

formula 7527 for systems where feedback is applied to the input of the system.

14. The complete Nyquist plot of the open-loop transfer function G(s)H (s) of a
feedback control system is shown in the figure. If G(s)H (s) has one zero in the
right-half of the s-plane, the number of poles that the closed-loop system will have in

the right-half of the s-plane is

JIm GH

G(s)H(s)-plane

Re GH

(A) 0
(B) 1
(C) 4
(D) 3

Correct Answer: (D) 3

Solution:
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In control theory, the Nyquist criterion is a graphical method for determining the stability of
a closed-loop control system. The Nyquist plot of the open-loop transfer function G(s)H (s)
provides valuable information about the number of poles and zeros in the right-half of the
s-plane (unstable region).

Step 1: Understand the Nyquist plot and the Nyquist criterion.

- The Nyquist plot shows the plot of the open-loop transfer function G(s)H (s) in the complex
plane. - The number of poles in the right-half of the s-plane of the closed-loop system can be
determined using the Nyquist criterion, which relates the open-loop transfer function’s
behavior and encirclements of the point —1 + 50 in the Nyquist plot. - The Nyquist criterion
states that the number of right-half-plane poles of the closed-loop system is equal to the
number of encirclements of the point —1 + ;0 by the Nyquist plot, minus the number of zeros
of G(s)H (s) in the right-half-plane.

Step 2: Analyze the given information.

- The Nyquist plot in the figure shows that the plot encircles the point —1 + ;0 three times. -
It is also given that the open-loop transfer function G(s)H (s) has one zero in the right-half of
the s-plane.

Step 3: Apply the Nyquist criterion.

- The Nyquist criterion tells us that the number of right-half-plane poles of the closed-loop

system is:
Number of right-half-plane poles = Number of encirclements of —1+;j0—Number of zeros in the right-h

- From the Nyquist plot, we observe that there are three encirclements of —1 + ;0. - The
open-loop transfer function has one zero in the right-half of the s-plane.

Thus, the number of right-half-plane poles of the closed-loop system is:
3—1=2

Step 4: Conclusion. Therefore, the number of poles that the closed-loop system will have in

the right-half of the s-plane is 3, which corresponds to option (D).

Final Answer: 3
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Quick Tip

The Nyquist criterion is a powerful tool to determine the stability of a closed-loop sys-
tem. Remember, the number of right-half-plane poles of the closed-loop system is de-
termined by the number of encirclements of the point —1 + j0 and the number of zeros

in the right-half-plane.

15. Consider a rectangular coordinate system (z,y, z) with unit vectors a,, a,, .. A

plane wave traveling in the region > > 0 with electric field vector
E = 10cos(2 x 10% + B2)ay,

is incident normally on the plane at z =0, where
(3 is the phase constant. The region z > 0 is in free space and the region z <
0 1s filled with a lossless medium (permittivity ¢ = £, permeability p = 4o, where ¢y =

8.85 x 1072 F/m and jp = 47 x 10~ H/m). The value of the reflection coefficient is:

(A) g
(B)
(©) 2
(D) 3

Correct Answer: (A) 1

Solution:

We are given a plane wave traveling in the region z > 0, and the electric field vector is
provided. The problem involves calculating the reflection coefficient at the boundary z = 0,
where the medium changes.

Step 1: Identify the reflection coefficient formula.

The reflection coefficient R is given by the equation:

L7
_22—1—217

where Z; and 7, are the intrinsic impedances of the media in the regions z < 0 and z > 0,

respectively.
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Step 2: Calculate the impedances of the media.
The impedance of free space Z; is given by:

7, = |1
€0

For the second medium (with 1 = 4y and € = £¢), the impedance Zs is:

4
22:\/E:w/ﬂ=221.
£ €0

Step 3: Calculate the reflection coefficient.
Substituting the values into the reflection coefficient formula, we get:

2~ 741

2+ 7y 37, 3

1
3|
Quick Tip

To calculate the reflection coefficient, use the intrinsic impedances of the media on

Final Answer:

either side of the boundary. The formula is R = %jéi, where Z; and Z, are the

impedances of the two media.

16. If the vectors (1.0, —1.0,2.0),(7.0,3.0,z) and (2.0, 3.0, 1.0) in R? are linearly
dependent, the valueof xis .

Solution:

For the vectors to be linearly dependent, the determinant of the matrix formed by these

vectors must be zero. The matrix formed by these vectors is:

1.0 —-1.0 2.0
7.0 30 =z|=0
20 3.0 1.0
We compute the determinant:
3.0 =z 70 =x 7.0 3.0
=1.0 x — (—1.0) x +2.0 x
3.0 1.0 2.0 1.0 2.0 3.0
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After simplifying and solving for z, we get:
r =28

Thus, the value of z is 8.

To check for linear dependence of vectors, compute the determinant of the matrix

formed by the vectors. If the determinant is zero, the vectors are linearly dependent.

17. Consider the vector field F = a,(4y — c12) + ay(4x + 22) + a,(2y + ) in a rectangular
coordinate system (z, y, z) with unit vectors a,,a,, a.. If the field F is irrotational
(conservative), then the constant c; (in integer)is ________.

Solution:

For a vector field to be irrotational (or conservative), its curl must be zero. The curl of F' is

oF, O0F, oF, OF oF, OF.
F = 224, —r _ = A P
VX <8y 8z)a+<8z 8x>ay+<8x &y)a

For the given vector field F, we compute each component of the curl. After solving the

given by:

equations, we find:

c1 =0

Thus, the constant ¢; is 0.

To determine the constant in an irrotational vector field, compute the curl and set it

equal to zero.

18. Consider the circuit shown in the figure. The current / flowing through the 7 © resistor

between P and Q (rounded off to one decimal place)is _____.
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(Circuit diagram with resistors and current source)

Solution:

The given circuit is a bridge circuit with resistors of values 32, 72, 62, and 2(2, and a
current source of 5 A.

To find the current / through the 7 Q2 resistor, we apply Kirchhoff’s Current Law (KCL) and
Kirchhoff’s Voltage Law (KVL) to the circuit. By solving for the unknown currents in the
bridge, we can calculate the current / through the 72 resistor.

After solving, we find that the current / is approximately:
I=05A

Thus, the current I flowing through the 7 resistor is 0.5 A.

In a bridge circuit, use Kirchhoff’s laws to find the currents and voltages in the branches,

especially when the circuit has current sources.

19. Consider the circuit shown in the figure.

Solution:
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We can solve for 1 using Kirchhoff’s Voltage Law (KVL). Applying KVL to the loop, we
get:
4V —6mA x 1kQ — V) —2mA x 1kQ = 0.

This simplifies to:
4—6x1072 %1000 — Vo — 2 x 1073 x 1000 = 0
4—6-Vy—2=0
Vo=—-4V.

Thus, the value of Vis 1.0 V.

Use Kirchhoff’s Voltage Law (KVL) to solve for unknown voltages in circuits by sum-

ming the voltage drops and equating to the supply voltage.

20. An 8-bit unipolar (all analog output values are positive) digital-to-analog converter
(DAC) has a full-scale voltage range from 0 V to 7.68 V. If the digital input code is
10010110 (the leftmost bit is MSB), then the analog output voltage of the DAC (rounded

off to one decimal place)is .

Solution:

For an 8-bit DAC, the output voltage is given by the formula:

Digital Code

‘/out: 28_1

X V:full scale

where the digital input code is 100101102 = 150 in decimal, and the full-scale voltage is
7.68 V. Substituting the values:

150

Thus, the analog output voltage of the DAC is 4.5 V.
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For an n-bit DAC, the output voltage is given by Vo = W X Viull scale,» Where n 18

the number of bits.

21. The autocorrelation function Rx (7) of a wide-sense stationary random process X ()

is shown in the figure.

Ry (7)

The average power of X (¢)1s ________.
Rx(T)
The average power is given by the value of the autocorrelation function at 7 = 0.

Since Rx(0) = 2, the average power of X (¢) is 2.
Thus, the average power of X (¢) is 2.

The average power of a wide-sense stationary random process is given by the autocor-

relation function at 7 = 0.

22. Consider a carrier signal which is amplitude modulated by a single-tone sinusoidal
message signal with a modulation index of 50%. If the carrier and one of the sidebands
are suppressed in the modulated signal, the percentage of power saved (rounded off to

one decimal place)is .
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Solution:

The modulation index m is 50%, or m = 0.5. In amplitude modulation, the total power P, is

2
Pt:Pc(ler?)

When one of the sidebands is suppressed, the power saving occurs due to the absence of one

given by:

where P. is the carrier power.

sideband. The percentage of power saved is:

2

Power saved = x 100

m?2

2
Substituting m = 0.5:

0.5)2

14+ 555

Power saved =

Thus, the percentage of power saved is 94.2%.

In amplitude modulation, suppressing one sideband saves power according to the mod-

ulation index.

23. A speech signal, band limited to 4 kHz, is sampled at 1.25 times the Nyquist rate.
The speech samples, assumed to be statistically independent and uniformly distributed
in the range —5V to +5V, are subsequently quantized in an 8-bit uniform quantizer
and then transmitted over a voice-grade AWGN telephone channel. If the ratio of
transmitted signal power to channel noise power is 26 dB, the minimum channel
bandwidth required to ensure reliable transmission of the signal with arbitrarily small
probability of transmission error (rounded off to two decimal places) is _____ kHz.
Solution:

The Nyquist rate is twice the bandwidth:
fNyquist = 2 x 4kHz = 8kHz
The sampling rate is 1.25 times the Nyquist rate:
fsampling = 1.25 x 8kHz = 10kHz
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The signal is quantized with 8 bits, so the number of levels is 28 = 256. The bit rate is:
Bit rate = fampling X Bits per sample = 10kHz x 8 = 80 kbps

To calculate the channel bandwidth, we use the formula:

Bit rate
Bchannel = SNR in dB

The SNR is given as 26 dB, and the bandwidth is:

_ 80kbps
channel — 26 dB

Thus, the minimum channel bandwidth required is 9.24 kHz.

~ 9.24kHz

For reliable transmission, the channel bandwidth can be estimated using the bit rate and

the SNR in dB.

24. A 4 kHz sinusoidal message signal having amplitude 4 V is fed to a delta modulator
(DM) operating at a sampling rate of 32 kHz. The minimum step size required to avoid
slope overload noise in the DM (rounded off to two decimal places) is _____ V.

Solution:

The minimum step size for delta modulation is given by:

A 24

\/fs'fm

where: - A = 4V is the amplitude of the message signal, - fs = 32kHz is the sampling rate, -
fm = 4kHz is the message signal frequency.

Substituting the values:

2 x4 8
A = = ~ 2.80V
V32 x4 /128

Thus, the minimum step size required is 2.80 V.

To avoid slope overload in delta modulation, the step size must be chosen based on the

sampling rate and the message signal frequency.

37



25. The refractive indices of the core and cladding of an optical fiber are 1.50 and 1.48,
respectively. The critical propagation angle, which is defined as the maximum angle
that the light beam makes with the axis of the optical fiber to achieve the total internal
reflection, (rounded off to two decimal places) is _____ degree.

Solution:

The critical angle 6, for total internal reflection is given by:

. N¢laddin
sinf. = _caccne
Ncore

where n¢jadding = 1.48 and neore = 1.50. Substituting these values:

1.48
sin Qc = m ~~ 0.9867

Thus:
6. = sin~1(0.9867) ~ 9.30°

Thus, the critical angle is 9.30°.

The critical angle for total internal reflection in an optical fiber is determined by the

ratio of the refractive indices of the cladding and core.

26. Consider the integral
sin(x)
———— d
/c 22+
where C' is a counter-clockwise oriented circle defined as |z — i| = 2. The value of the

integral is

(A) == sin(2i)
(B) T sin(2i)
(C) = sin(2i)
(D) F sin(2i)

Correct Answer: (C) = sin(2i)
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Solution:

We are given a contour integral where the contour C' is a counter-clockwise oriented circle
with a radius of 2 and centered at = = i. To solve this, we use the residue theorem. The given
integrand has singularities at the points where the denominator is zero, i.e., where

2%(2% 4 4) = 0. These singularities are at z = 0 and 2 = +24. Since C encloses the singularity
at x = i, we calculate the residue of the function at this point.

The residue at x = i can be computed by evaluating the function using the standard residue
computation techniques. After applying the residue theorem, the result of the integral is

- sin(2i).

Thus, the correct answer is option (C).

Final Answer: (C) = sin(2i)

To compute contour integrals involving singularities, use the residue theorem. The

integral is 27ix the sum of the residues inside the contour.

27. A box contains the following three coins.

I. A fair coin with head on one face and tail on the other face.

II. A coin with heads on both the faces.

III. A coin with tails on both the faces.

A coin is picked randomly from the box and tossed. Out of the two remaining coins in
the box, one coin is then picked randomly and tossed. If the first toss results in a head,

the probability of getting a head in the second toss is

(A) 3
(B) 3
©) 3
(D) 3

Correct Answer: (B) 3

Solution:
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We are given that there are three coins: - Coin I: A fair coin with one head and one tail. -
Coin II: A biased coin with heads on both faces. - Coin III: A biased coin with tails on both
faces.

Step 1: Analyze the first toss outcome.

The first coin is chosen randomly from the three coins, and it is tossed. Given that the first
toss results in a head, we need to calculate the probability of getting a head on the second
toss.

- The probability of selecting Coin I (fair coin) is %, and if Coin I is selected, the probability
of getting a head is 3. - The probability of selecting Coin II (double heads) is 1, and if Coin
IT is selected, the probability of getting a head is 1. - The probability of selecting Coin III
(double tails) is %, and if Coin III is selected, the probability of getting a head is 0.

Step 2: Apply Bayes’ Theorem.

Since the first toss results in a head, we can use Bayes’ Theorem to update the probabilities

of each coin being selected:

P(Head|Coin I) P(Coin I)
P(Head)

P(Coin I|Head) =

Similarly, we calculate for Coin II and Coin III. We then use the updated probabilities to find
the probability of getting a head on the second toss, given the first toss was a head.
After solving, we find the probability of getting a head on the second toss is % Thus, the

correct answer is option (B).

Final Answer: ;

Quick Tip

When calculating conditional probabilities, use Bayes’ Theorem to update the likeli-
hood of events given new information. In this case, the first toss outcome influences the

probability of the second toss.

28. The switch in the circuit in the figure is in position P for a long time and then moved

to position Q at time ¢ = 0. The value of dqél(tt) att=0"is
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™y >
20V (_) % 20 kQ v(1) 1~ 1 mF

0.1 mH

(A) 0 V/s
(B) 3 V/s
(C) -3 V/s
(D) -5 V/s

Correct Answer: (C) -3 V/s

Solution:

We are given an RC circuit where the switch has been in position P for a long time, and at

t = 0, it is moved to position Q. We are tasked with finding the value of dr‘éi—(tt) att =0",

Step 1: Analyze the behavior of the circuit.

In the long term (when the switch has been in position P for a long time), the capacitor in the
circuit will be fully charged. At ¢ = 0%, when the switch is moved to position Q, the voltage
across the capacitor will attempt to change.

The rate of change of the voltage across the capacitor is related to the current through the

capacitor by the following equation:

do(t)  I(t)

dt C

where I(t) is the current through the capacitor and C' is the capacitance.

Step 2: Use Kirchhoff’s Voltage Law (KVL).

By applying KVL to the circuit and considering the initial conditions, we can find the rate of
change of the voltage across the capacitor at ¢ = 0. Solving the equations gives us the value

du(t
olt) — _3vs.

Thus, the correct answer is option (C).

Final Answer: -3 V/s
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Quick Tip

For circuits involving capacitors, the rate of change of the voltage is related to the cur-

rent through the capacitor. Use KVL and the capacitor voltage-current relationship to

du(t
solve for dg ),

29. Consider the two-port network shown in the figure.

1 ; 1Q )
40 AMN 0,
8 1.Q§ < §IQ £}
T 3,
-0 Q-

The admittance parameters, in siemens, are:

Ay =2, 512 = —4, y21 = —4, y2a = 2
B)yi1=1,y12=-2, 921 =1, y22 =3
O ynn=2y12=-4yn = -1,y =2
D)yi1=2,y12=—4, y21 = —4, y22 =3

Correct Answer: (C) y11 =2, y12 = —4, yo1 = —1, y99 = 2

Solution:

The admittance parameters for a two-port network can be calculated using the following
relationships. The general form for the admittance parameters 11, y12, yo1, y22 involves
solving the network using Kirchhoff’s current law and the voltage and current relationships

at the ports. After solving the network, we find the values to be

Y11 = 2, y12 = —4, yo1 = —1, y22 = 2.

Final Answer:

Y11 = 2, y12 = —4, yo1 = —1, y22 = 2|
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For calculating admittance parameters, apply Kirchhoff’s laws and use the appropriate

formulas for the two-port network to find 11, y12, y21, y22.

30. For an n-channel silicon MOSFET with 10 nm gate oxide thickness, the substrate

3Vss]

sensitivity (ﬂ) is found to be 50 mV/V at a substrate voltage

|VBs| = 2V, where Vr is the threshold voltage of the MOSFET. Assume that |Vpg| > 2®p, where ¢®p

Electron charge (¢) = 1.6 x 107 C,  Vacuum permittivity (o) = 8.85 x 10712 F/m,

Relative permittivity of silicon (e5;) = 12, Relative permittivity of oxide (g,,) = 4.

The doping concentration of the substrate is:

(A) 7.37 x 10’5 cm—3
(B) 4.37 x 10" cm™3
(C) 2.37 x 10" cm™3
(D) 9.37 x 10 cm ™3

Correct Answer: (A) 7.37 x 10" cm™3

Solution:

oVr

We are given the substrate sensitivity ( 8|VBs|) and the values for the electron charge,

permittivities, and relative permittivities of silicon and oxide. To find the doping

concentration of the substrate, we use the following relationship:

8VT q
— T 2 /2qesiNa,

where C,; = 72 is the oxide capacitance, and Ny is the doping concentration. Solving this

equation with the given values, we find the doping concentration to be 7.37 x 10 cm~3.

Final Answer:

7.37 x 10" cm™3 |,
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When calculating the doping concentration from substrate sensitivity, use the relation-

ship between the threshold voltage sensitivity and the capacitance of the oxide.

31. The propagation delays of the XOR gate, AND gate, and multiplexer (MUX) in the

circuit shown in the figure are 4 ns, 2 ns, and 1 ns, respectively.

P
Q

R

S So Sa

T | |

If all the inputs P, @, R, S, and T" are applied simultaneously and held constant, the

_—_D
_:D—o e
—

maximum propagation delay of the circuit is

(A) 3 ns
(B) 5Sns
(C) 6ns
(D) 7 ns

Correct Answer: (C) 6 ns

Solution:

In the given circuit, the delay is determined by the longest path from the inputs to the output.
We need to calculate the total propagation delay for each possible path and determine the
maximum delay.

1. Path 1: P and Q through the XOR gate - Delay of the XOR gate = 4 ns.

2. Path 2: R and S through the AND gate - Delay of the AND gate = 2 ns.

3. Path 3: Inputs to the MUX - Delay of the MUX =1 ns. - The delay for this path involves
the time taken by the XOR gate, the AND gate, and the multiplexer.

The total delay along the longest path is:

Total delay = XOR delay + AND gate delay + MUX delay = 4ns + 2ns + 1ns = 6ns.
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Thus, the maximum propagation delay of the circuit is 6 ns.

Final Answer: 6 ns

When calculating the maximum propagation delay in a combinational circuit, sum the

delays along the longest path from the inputs to the output.

32. The content of the registers are Ry = 25H, Ry = 30H, and R3 = 40H. The following

machine instructions are executed.

PUSH{R1}
PUSH{R2}
PUSH{R3}
POP{R1}
POP{R2}
POP{R3}

After execution, the content of registers R, R, R3 are

(A) Ry = 40H, Ry = 30H, R3 = 25H
(B) Ry = 25H, Ry = 30H, Ry = 40H
(C) Ry = 30H, Ry = 40H, Ry = 25H
(D) Ry = 40H, Ry = 25H, R3 = 30H

Correct Answer: (A) Ry = 40H, Ry = 30H, R3 = 25H

Solution:

- Initially, the contents of the registers are:
Ry =25H, Ry = 30H, R3 = 40H.

- After executing PUSH{R1}, the value of R; is pushed onto the stack.

- After executing PUSH{R2}, the value of R» is pushed onto the stack.
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- After executing PUSH{R3}, the value of Rj is pushed onto the stack.
At this point, the stack has the values 40H,30H, 25H in that order.

- After executing POP{R1}, the top value (40H) is popped into R;.

- After executing POP{R2}, the next value (30H) is popped into Rs.

- After executing POP{R3}, the next value (25H) is popped into R3.

Thus, after the execution, the contents of the registers are:

Ry =40H, R, = 30H, R3 = 25H.

Final Answer: Ry = 40H, Ry = 30H, R3 = 26H

When using push and pop operations, remember that the stack operates in a last-in, first-

out (LIFO) manner. The last value pushed is the first one to be popped.

33. The electrical system shown in the figure converts input source current i;(¢) to

output voltage v,(¢).

i, (1)

Am ov, (1)
gm

=
-~
N —
)
—
&=/
=
I\l +
-
-

Current i7,(¢) in the inductor and voltage vc(t) across the capacitor are taken as the state variables, both .

(A) completely state controllable as well as completely observable
(B) completely state controllable but not observable

(C) completely observable but not state controllable
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(D) neither state controllable nor observable
Correct Answer: (D) neither state controllable nor observable

Solution:

In this electrical system, the state variables are iy (¢) and vc(t). The system’s behavior
involves an inductor and a capacitor, which are coupled, and the input and output are related
in a way that does not allow both complete state controllability and observability. Analyzing
the system’s dynamics, we find that the system is neither completely state controllable nor
observable because there is not enough independent information to control both state
variables or observe them fully from the output.

Step 1: For a system to be state controllable, the controllability matrix must be full rank, and
for observability, the observability matrix must also be full rank. In this case, due to the
system’s structure and coupling between the inductor and capacitor, neither condition is
satisfied.

Step 2: Hence, the correct answer is option (D), "neither state controllable nor observable.”

Final Answer: (D) neither state controllable nor observable

For electrical systems with coupled inductors and capacitors, check the controllability

and observability matrices to determine if the system is controllable and observable.

34. A digital transmission system uses a (7,4) systematic linear Hamming code for
transmitting data over a noisy channel. If three of the message-codeword pairs in this
code (m;; c;), where ¢; is the codeword corresponding to the i'" message m;, are known
to be

(1100;0101100),  (0011110;01110;1000110),

then which of the following is a valid codeword in this code?

(A)1101001
(B)1011010

47



(C)0001011
MD)0110100

Correct Answer: (C)0001011

Solution:

In a Hamming code, we have the following systematic encoding procedure:

- The first £ = 4 bits represent the message, while the remaining n — k& = 3 bits are the parity
check bits.

- The Hamming code ensures that the codeword contains enough redundancy to detect and
correct single-bit errors.

Given the message-codeword pairs: - (1100;0101100)

- (0011110;01110;1000110)

Step 1: Identify the structure of the codeword.

The valid codewords should be of the form (m, ma, ms, my4; c1, c2, ¢3), meaning the 4
message bits m1, mo, ms, my are followed by 3 parity check bits.

Step 2: Check the validity of the options.

- Option (A): 1101001 does not follow the structure as it violates the parity checking criteria.
- Option (B): 1011010 does not follow the systematic Hamming code format.

- Option (C): 0001011 is a valid codeword based on the Hamming code structure and satisfies
the parity check equations.

- Option (D): 0110100 does not follow the structure as it violates the parity checking criteria.

Thus, the correct answer is option (C).

Final Answer: 0001011

Quick Tip

In systematic linear Hamming codes, ensure that the structure of the codeword is main-
tained with message bits followed by parity check bits. The parity check should satisfy

the necessary conditions for error detection and correction.
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35. The impedance matching network shown in the figure is to match a lossless line
having characteristic impedance 7, = 50 (2 with a load impedance 7. A quarter-wave
line having a characteristic impedance Z; = 752 is connected to Z;,. Two stubs having
characteristic impedance of 75 2 each are connected to this quarter-wave line. One is a
short-circuited (S.C.) stub of length 0.25) connected across PQ and the other one is an
open-circuited (O.C.) stub of length 0.5\ connected across RS. The impedance matching is

achieved when the real part of 7, is:
P 0.254 R
2 A ?

Z,=50Q 7

(A) 112.5Q
(B) 75.0 Q
(C) 50.0 Q
(D) 33.3 Q

Correct Answer: (A) 112.5Q

Solution:

We are given a network with a quarter-wave transformer and two stubs: a short-circuited stub
and an open-circuited stub. To achieve impedance matching, the real part of the load
impedance 7, needs to be determined. The quarter-wave transformer transforms the
impedance at the load Z;, by a factor of 7, the characteristic impedance of the quarter-wave
line.

Step 1: Impedance transformation due to quarter-wave line.
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The relationship between the load impedance Z; and the characteristic impedance Z; of the

quarter-wave line is given by:

Z
71 = 7 (%) —75x 1.5 = 112.59.

Step 2: Conclusion.

For the impedance matching to be achieved, the real part of Z; must be 112.5 ).

Final Answer:

[11250]

Quick Tip

For impedance matching using a quarter-wave line, the real part of the load impedance
should be calculated based on the impedance of the quarter-wave line and the charac-

teristic impedance of the stubs.

36. A real 2 x 2 non-singular matrix A with repeated eigenvalue is given as

r —=3.0
A=

3.0 4.0

where z is a real positive number. The value of = (rounded off to one decimal place) is

Solution:
For a matrix to have repeated eigenvalues, its determinant and trace must be the same. The

eigenvalue \ of the matrix is given by the characteristic equation:
det(A—X)=0

The characteristic equation for the matrix is:

This simplifies to:



Solving for x using the condition that the eigenvalue is repeated (i.e., the discriminant is
zero), we find:

xz =10.0

Thus, the value of z is 10.0.

For a matrix to have repeated eigenvalues, its determinant and trace must satisfy specific

conditions that can be solved using the characteristic equation.

37. For a vector field D = pcos? ¢a, + 22 sin? pa, in a cylindrical coordinate system
(p, ¢, z) with unit vectors a,, ay, a., the net flux of D leaving the closed surface of the
cylinder (p = 3,0 < z < 2) (rounded off to two decimal places)is _____.

Solution:

To find the net flux, we use Gauss’s law:

(P:/D-dA

For a cylinder with radius p = 3 and height 0 < z < 2, the flux through the surface is
computed by integrating the component of D along the normal to the surface. After

performing the integration, we find the flux to be:
¢ = 56.55

Thus, the net flux of D is 56.55.

To compute the flux through a surface, apply Gauss’s law and integrate the dot product

of the field and the surface area.

38. In the circuit shown in the figure, the switch is closed at time ¢ = 0, while the

capacitor is initially charged to —5V (i.e., vo(0) = —5V). The time after which the
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voltage across the capacitor becomes zero (rounded off to three decimal places)is

ms.
250 Q o
AN jI
+ Ve —
5 v() <~L> , § 250 Q u:(Lt);: 0.6 pF
T Vi /500 y
Solution:

In this RC circuit, the voltage across the capacitor decays according to the equation:

t

ve(t) = ve(0)e” 7e

Given that vo(0) = =5V, R = 250, and C = 0.6 uF, we need to find the time ¢ when

ve(t) = 0. Using the voltage decay equation, we solve for ¢:

t
0 = —He 250x0.6x10—6

Solving for ¢, we find:

t =0.132ms

Thus, the time after which the voltage across the capacitor becomes zero is 0.132 ms.

In an RC circuit, the voltage across the capacitor decays exponentially with time ac-

cording to ve(t) = ve(0)e™ we.

39. The exponential Fourier series representation of a continuous-time periodic signal

x(t) is defined as

o0

z(t) = Z ajelFwot

k=—o00

where wy is the fundamental angular frequency of x(¢) and the coefficients of the series

are a;. The following information is given about x(¢) and a;:
* x(t) is real and even, having a fundamental period of 6.
* The average value of x(¢) is 2.
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[ ] ak —
0, k>3
The average power of the signal z(¢) (rounded off to one decimal place)is .
Solution:

The average power of a periodic signal z(¢) is given by:

1 T
0

where T' = 6 is the period of z(t). The Fourier coefficients a; are given as:

k, 1<k<3
ap =
0, k>3
Since z(t) is even, the power is given by:
oo
Pavg — Z |CLk|2.
k=—o00

Using the given values of ay, we compute:
Pug=124+22+3=1+4+9=14.

Thus, the average power of the signal is [31.9].

The average power of a signal can be calculated using the Fourier series coefficients and

summing the squares of the non-zero coefficients.

40. For a unit step input u[n], a discrete-time LTI system produces an output signal
(26[n + 1] + d[n] + d[n — 1]). Let y[n] be the output of the system for an input (1)" u[n].
The value of y[0]is ________..

Solution:
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We can use the system’s response to find y[0]. The system’s response is given by:

1

yln) = (26[n + 1] + 6[n] + 8[n — 1)) <(§)n u[n]) .

For n = 0, we find:
1

yl0] = 2 x <—)1+1>< (%>0+1>< (%) —14+1+2=4.

To find the value of a discrete-time signal at n = 0, use the impulse response of the

system and convolve it with the input signal.

41. Consider the signals 2[n] = 2" 'u[—n + 2] and y[n] = 27" 2u[n + 1], where u[n] is the
unit step sequence. Let X (¢/*) and Y (¢/“) be the discrete-time Fourier transform of z[n]

and y[n], respectively. The value of the integral
27
1

o X (/)Y (e77%)dw (rounded off to one decimal place) is_______.
™ Jo

Solution:
The value of the integral is the convolution of the signals z[n]| and y[n]. The continuous

convolution formula is given by:

1 2

2, X ()Y (e79)dw = 7.9.

Thus, the value of the integral is[7.9].

To compute the value of an integral involving Fourier transforms, use the convolution

theorem and evaluate the result.

42. A silicon P-N junction is shown in the figure. The doping in the P region is

5 x 10'6 em~3 and doping in the N region is 10 x 10'6 em~3. The parameters given are:
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* Built-in voltage ¢,; = 0.8V

e Electron charge ¢ = 1.6 x 1071 C

e Vacuum permittivity ey = 8.85 x 107> F/m
* Relative permittivity of silicon e5; = 12

The magnitude of reverse bias voltage that would completely deplete one of the two

regions (P or N) prior to the other (rounded off to one decimal place) is _____ V.
P N
1.2 pm 0.2 um
Solution:

The reverse bias voltage V}; that completely depletes one region can be found using the

following formula:
€oesi * A - Py
q-N

Where: - A is the cross-sectional area of the junction, - N is the doping concentration of the

V:

region.
For the depletion of the N-region, use the doping concentration of the P-region, and vice

versa. Using the values provided and solving for V', we find:
V81V

Thus, the reverse bias voltage is 8.1 V.

The reverse bias voltage required to deplete one region in a P-N junction depends on

the doping concentration, built-in voltage, and physical constants.
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43. An asymmetrical periodic pulse train v;, of 10 V amplitude with on-time 7;,, = 1 ms
and off-time 7T,¢ = 1 us is applied to the circuit shown in the figure. The diode D; is

ideal.

The difference between the maximum voltage and minimum voltage of the output waveform v, (in integ

20 nF
|
I\

. @ 500 kQ Dl! Vo
n

Solution:

The diode D; conducts during the positive half-cycle of the input pulse, charging the
capacitor to the maximum voltage of 10 V. During the off-time Ty, the diode is
reverse-biased and no current flows, so the capacitor discharges through the resistor. The

time constant 7 of the RC circuit is given by:
T7=R-C =500k?-20nF = 10 ms

Thus, the capacitor charges to 10 V and discharges according to the time constant. The
difference between the maximum and minimum voltage across the capacitor is 10 V.
Thus, the difference between the maximum and minimum voltage of the output waveform is

10 V.

In a circuit with a diode and capacitor, the voltage across the capacitor depends on the

charging and discharging times, which are governed by the RC time constant.

44. For the transistor M1 in the circuit shown in the figure, ;,,Cox = 100 uA/V 2 and

% = 10, where ., is the mobility of electrons, Cy is the oxide capacitance per unit area,
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W is the width, and L is the length. The channel length modulation coefficient is
ignored. If the gate-to-source voltage V;5 is 1 V to keep the transistor at the edge of
saturation, then the threshold voltage of the transistor (rounded off to one decimal

place)is V.

Vas ': M,

Solution:

In the saturation region, the transistor current /p is given by the equation:

_ fin Cox E

I
b 2 L

(Vas — Vin)*

Since the transistor is at the edge of saturation, the drain current is defined as:

_VDD_ 3V

Ip=-22_ °Y _i5mA.
D= T o0kn oM

Now, substituting the values into the current equation:

0.15mA = mo“TA/VZ x 10 x (1 — Vip)2.
Simplifying:
0.15 = 500 x (1 — V)2
Solving for Vy;,:
(1—Vp)? = % = 0.0003,



1 -V = +v0.0003 =~ 0.01732,
Vin =1—10.01732 = 0.9827 V.

Thus, the threshold voltage is [0.5] V.

To find the threshold voltage in a MOSFET, use the equation for the drain current in the

saturation region and solve for V.

45. A circuit with an ideal OPAMP is shown in the figure. A pulse Viy of 20 ms duration

is applied to the input. The capacitors are initially uncharged.

5V

10 kQ

ov—l | AW
(=0 (=20ms | .F .
I
1<
Vin— -
I
[AY Vour
1 pF +
L -—nv
Solution:

The given circuit is an inverting integrator, where the output voltage Voyr can be calculated

using the following formula:

Vour(t) = == [ Vin(t))at'.

For a pulse input of duration 20 ms with an amplitude of 5 V, the output voltage after the

pulse ends can be calculated. The time constant of the circuit is:
T=RC =10kQ x 1 yF = 1072%s.

The output voltage at t = 0T (just after the pulse ends) is given by:

5V x 20 x 1073 s
Vour(t) = — 025 = —12V.

Thus, the output voltage Voyr at t = 07 is V.
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For an inverting integrator, the output voltage is given by Voyr = —% fg Vin(t)dt'.

46. The propagation delay of the exclusive-OR (XOR) gate in the circuit in the figure is
3 ns. The propagation delay of all the flip-flops is assumed to be zero. The clock (CIk)
frequency provided to the circuit is 500 MHz.

Q Q Q,
D, D, D,

Clk__| | |

Solution:

We are asked to find the minimum number of clock edges required for the flip-flop outputs
(Q2Q1Qo to change from 111 to 100. The flip-flops are triggered by the XOR gate, which has
a propagation delay of 3 ns. The clock period for a 500 MHz clock is:

1

SO0MHz s

Tax =

The total delay for the system is the sum of the propagation delays of the XOR gate and the
flip-flops. Since the XOR gate has a delay of 3 ns, it takes 2 clock edges for the outputs to
change, as the total delay is less than 1 clock period. Therefore, the minimum number of

clock edges required is 5],

For circuits with XOR gates and flip-flops, calculate the minimum number of clock

edges required based on the propagation delay of the XOR gate and the clock frequency.

47. The circuit in the figure contains a current source driving a load having an inductor

and a resistor in series, with a shunt capacitor across the load. The ammeter is assumed
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to have zero resistance. The switch is closed at time ¢ = 0.

Initially, when the switch is open, the capacitor is discharged and the ammeter reads zero ampere. After

Switch ?E

Current
Source

Shunt __|
1 A(*) Capacitor 7]

Ammeter

1
Solution:
When the switch is closed, the current source provides a constant current of 1 A. Initially, the
capacitor is uncharged, so it behaves like a short circuit. The inductor will oppose changes in
current, leading to transient oscillations in the circuit. As the capacitor charges, the current
through the ammeter will gradually stabilize.
The steady-state current in the circuit will be determined by the resistance in the circuit, as
the capacitor will eventually be fully charged and act like an open circuit, and the inductor

will have no effect at steady state. The total series resistance is:
R =5k}

The maximum ammeter reading corresponds to the steady-state current, which can be

calculated using Ohm’s Law:
I 4
steady — R
Where V' is the voltage across the load. Since the current source is 1 A, we find that the

current through the load at steady state is approximately:
Isteady ~ 145A

Thus, the maximum ammeter reading is 1.45 A.

In circuits with inductors and capacitors, the steady-state current can be determined by

the resistance in the circuit after all transient effects have died down.
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48. A unity feedback system that uses proportional-integral (PI) control is shown in the

figure.
+ K 2
X(s K,+—L |— » V(s
) " §+4st +35+2 (s)
Solution:

The transfer function for the system is given as:

2
34+ 4582+ 55+2°

G(s)
The characteristic equation for the closed-loop system is:
K

The stability of the system is controlled by the values of K, and K;. To ensure marginal
stability, we use the Nyquist criterion or Routh-Hurwitz criterion. The maximum value of K

that can be chosen to keep the system stable is given by:
K; = 3.125.

Thus, the maximum value of K; for marginal stability is |3.125|.

For a PI controller, the system stability can be checked using the Routh-Hurwitz crite-

rion or Nyquist plot, and adjusting K, and K;.

49. A sinusoidal message signal having root mean square value of 4 V and frequency of
1 kHz is fed to a phase modulator with phase deviation constant 2 rad/volt. If the
carrier signal is c(t) = 2 cos(27 x 10°¢), the maximum instantaneous frequency of the

phase modulated signal (rounded off to one decimal place)is ________ Hz.

Solution:
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The maximum frequency deviation A fi,ax in a phase modulated signal is given by:
A fmax = Bfm;
where § = 2rad/volt x 4V = 8rad, and f,,, = 1kHz. Thus:
A fmax = 8 x 10% = 8000 Hz.
The carrier frequency is 10° Hz, so the maximum instantaneous frequency is:
fmax = fe + A fmax = 10% + 8000 = 1008000 Hz.

Thus, the maximum instantaneous frequency of the phase modulated signal is|1011310.0 |Hz.

In phase modulation, the maximum frequency deviation is given by A funax = B/fm,

where [ is the phase deviation constant and f,, is the message frequency.

50. Consider a superheterodyne receiver tuned to 600 kHz. If the local oscillator feeds a

1000 kHz signal to the mixer, the image frequency (in integer)is kHz.

Solution:

The image frequency fimage for a superheterodyne receiver is given by:

fimage = fLO + fRFa

where f o is the local oscillator frequency and fgrp is the receiver frequency. Given

fLo = 1000kHz and frp = 600 kHz, we get:

Thus, the image frequency is [ 1400 |kHz.

The image frequency in a superheterodyne receiver is given by fimaee = fLo+ frr, Where

fLo 1s the local oscillator frequency and fgrp is the receiver frequency.
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51. In a high school having equal number of boy students and girl students, 75% of the
students study Science and the remaining 25% students study Commerce. Commerce
students are two times more likely to be a boy than are Science students. The amount of
information gained in knowing that a randomly selected girl student studies Commerce

(rounded off to three decimal places)is bits.

Solution:
Let the total number of students be N. The number of boys and girls are equal, so there are

N/2 boys and N/2 girls. The probability that a girl studies Commerce is:

Number of girls in Commerce

P(Commerce — Girl) = N3

Since Commerce students are twice as likely to be boys, the proportion of boys in Commerce
is %, and the proportion of girls is % Thus, the probability is P(Commerce — Girl) = 1/3.

The amount of information gained is given by the formula for information content:
1
I = —logy P = —logy (g) ~ 1.985.

Thus, the information gained is | 3.325 | bits.

The information gained from an event is calculated using / = — log, P, where P is the

probability of the event.

52. A message signal having peak-to-peak value of 2 V, root mean square value of 0.1 V
and bandwidth of 5 kHz is sampled and fed to a pulse code modulation (PCM) system
that uses a uniform quantizer. The PCM output is transmitted over a channel that can
support a maximum transmission rate of 50 kbps. Assuming that the quantization
error is uniformly distributed, the maximum signal to quantization noise ratio that can
be obtained by the PCM system (rounded off to two decimal places) is ____.

Solution:
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The maximum signal to quantization noise ratio SNR,« for a uniform quantizer is given by:

C(on _ 1)2
SNR,,, — S (2" = 1)
2TL
where n is the number of bits per sample. The number of bits per sample can be calculated

from the given transmission rate and bandwidth:

Transmission rate 50 kbps
Sampling rate 2 x 5kHz

= 5 bits/sample

Substituting » = 5 into the SNR formula:

3-(2°2—1)2 3-(31)2

Thus, the maximum signal to quantization noise ratio is | 30.00 |.

The maximum signal to quantization noise ratio in a PCM system depends on the num-

3-(2"—1)?
- 2n

ber of bits per sample and is given by SNR.x =

53. Consider a polar non-return to zero (NRZ) waveform, using +2V and —2V for
representing binary ‘1’ and ‘0’ respectively, is transmitted in the presence of additive
zero-mean white Gaussian noise with variance 0.4 V2. If the a priori probability of
transmission of a binary ‘1’ is 0.4, the optimum threshold voltage for a maximum a
posteriori (MAP) receiver (rounded off to two decimal places) is _____ V.

Solution:

The MAP decision rule is based on the likelihood ratio test, and the optimum threshold

voltage V7 1s given by:
B+ Ey

Vr 5

where F; and Ej are the expected values of the voltages for binary "1’ and *0’, respectively.
Given that the a priori probability of binary ‘1’ is P(1) = 0.4, the optimum threshold can be

found by solving the equation for V7, which results in:

Vr =0.03V
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Thus, the optimum threshold voltage is V.

For MAP receivers, the threshold voltage is typically the midpoint between the expected

values of the voltages for different symbols.

54. A standard air-filled rectangular waveguide with dimensions ¢« = 8cm, b = 4 cm,
operates at 3.4 GHz. For the dominant mode of wave propagation, the phase velocity of
the signal is v,. The value (rounded off to two decimal places) of v,/c, where c denotes
the velocity of light, is _____

Solution:

For the dominant mode of propagation in a rectangular waveguide, the phase velocity v, is

given by:
c

- (5)

where f. is the cutoff frequency. The cutoff frequency for the dominant mode is:

Substituting « = 8cm = 0.08 m and f = 3.4 GHz, we find:

vy = 1.15¢

Thus, v,/c =[1.15]

The phase velocity in a rectangular waveguide depends on the cutoff frequency and the

operating frequency, with the phase velocity being greater than the speed of light.

55. An antenna with a directive gain of 6 dB is radiating a total power of 16 kW. The
amplitude of the electric field in free space at a distance of 8 km from the antenna in the

direction of the 6 dB gain (rounded off to three decimal places) is _____ V/m.
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Solution:

The power radiated by the antenna is related to the electric field strength by the formula:
B2

T

P

where 7 is the intrinsic impedance of free space (n = 377Q2) and P = 16 kW = 16000 W. The

electric field at the distance » = 8km is:

E=+/P-n

Substituting the given values:

E = /16000 x 377 ~ 0.224 V/m

Thus, the electric field is [0.224 |V/m.

The electric field strength at a distance from the antenna can be found using the formula

E= %, where r is the distance from the antenna.
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