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|_Q.1 to Q.5 Carry One Mark Each |
Question 1
The village was nested in a green spot, the ocean and the hills.
(A) through (B) in
(C) at (D) between
Ans. (D)
Sol. The village was nested in a green spot, between the ocean and the hills.
Hence, the correct option is (D).
Question 2
Disagree : Protest :: Agree :
(By word meaning)
(A) Refuse (B) Pretext
(C) Recommend (D) Refute
Ans. (C)
Sol. Given : disagree is related with protest in a special manner, as disagree is feeling of our choice and

protest is resultant action as when we disagree with something we protest against it. In the same
relationship agree will be related to recommend.

Here, agree is our internal feeling and recommend is external resultant action as when we are agreed
with something we do recommend.

Hence, the correct option is (C).

Question 3

Ans.

A ‘frabjous’ number is defined as a 3 digit number with all digits odd, and no two adjacent digits being
the same. For example, 137 is a frabjous number, while 133 is not. How many such frabjous numbers
exist?

(D) 125 (B) 720
(C) 60 (D) 80
(D)

Question 4

Ans.

Which one among the following statements must be TRUE about the mean and the median of the scores
of all candidates appearing for GATE 2023?

(A) The median is at least as large as the mean.

(B) The mean is at least as large as the median.

(C) At most half the candidates have score that is larger than the median.

(D) At most half the candidates have a score that is larger than the mean.

(©)

Question 5

© Copyright

Head Office : Street 04, Narsingh Vihar, Katulbod, Bhilai 490022 (C.G.), Contact : 97131-13156, 6266202387 WWW. gateacademy_co,in

Branch Office : Raj Tower 3" Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 ~WWW. &iacebook.com/gateacademy




GATE 2023 [Forenoon Session]

. [Forenoon 45 GATEACADEMY
2 Instrumentation Englneerlng oleps to duccedd. .
In the given diagram, ovals are marked at different heights (h) of a hill. Which one of the following
options P, Q, R and S depicts the top view of the hill?
081 Hill i
= 06F S .
5 M; 05l Horizontal cross-sections |
; = L at various altitudes (/)
S5 04 i
25 o3l :
2 ]
=2 0ot -
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€ R (D) S

Ans. (B)

Sol. Given : In the diagram ovals (contour lines) are marked at different heights (h) of a hill. The top view of
the hill is best depicts by option Q from the figure we can see AB is perpendicular to CD and the slop of
the hill is divided in PQ and QR in two parts.

Slop QR is stretching linearly as it down wards and the ovals are widening from line AB towards slop
QP, which we can clearly see in the top view diagram of the hill in figure Q.
Hence, the correct option is (B).

| Q.6 to Q.10 Carry Two Marks Each |

Question 6
Residency is a famous housing complex with many well-established individuals among its residents. A
recent survey conducted among the residents of the complex revealed that all of those residents who are
well established in their respective fields happen to be academicians. The survey also revealed that most
of these academicians are authors of some best-selling books.

Based only on the information provided above, which one of the following statements can be logically

inferred with certainty?

(A) Some residents of the complex who are well established in their fields are also authors of some
best-selling books.

(B) All academicians residing in the complex are well established in their fields

(C) Some authors of best-selling books are residents of the complex who are well-established in their
fields
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(D) Some academicians residing in the complex are well established in their fields.

Ans. (D)

Sol. Residency is a famous housing complex with many well-established individuals among its residents. A
recent survey conducted among the residents of the complex revealed that all of those residents who are
well established in their respective fields happen to be academicians. From this information we can
easily inferred that “Some academicians residing in the complex are well established in their fields”
option (D) is correct.

Option (C) cannot be inferred with certainty as it is not a necessary condition some residents who are
established in their field cannot be the authors of any book.

Option (B) can also not be inferred as it is clearly mention in the passage, all those residents who are
well established in their respective field are academicians and vice-versa cannot be certainly inferred.
Option (A) can also not be inferred as “some authors of bestselling books are residents of the complex
who are wells established in their fields.” Are academicians which is not mention in option.

Hence, the correct option is (D).

Question 7
Ankita has to climb 5 stairs starting at the ground, while respecting the following rules :

1. Atany stage, Ankita can move either one or two stairs up.
2. Atany stage, Ankita cannot move to a lower step.
Let F(N) denote the number of possible ways in which Ankita can reach the N'" stair.

For example, F() =1 F(2)=2,F(3)=3.
The value of F(5) is .

(A) 8 B|) 7
(C) 6 (D) 5
Ans. (A)
Question 8

The information contained in DNA is used to synthesize proteins that are necessary for the functioning
of life. DNA is composed of four nucleotides: Adenine (A), Thymine (T), Cytosine (C), and Guanine
(G). The information contained in DNA can then be thought of as a sequence of these four nucleotides:
A, T, C, and G. DNA has coding and non-coding regions. Coding regions where the sequence of these
nucleotides are read in groups of three to produce individual amino acids—constitute only about 2% of
human DNA. For example, the triplet of nucleotides CCG codes for the amino acid glycine, while the
triplet GGA codes for the amino acid proline. Multiple amino acids are then assembled to form a
protein.

Based only on the information provided above, which of the following statements can be logically
inferred with certainty?

(i)  The majority of human DNA has no role in the synthesis of proteins.

(i)  The function of about 98% of human DNA is not understood.

(A) only (i) (B) only (ii)
(C) both (i) and (ii) (D) neither (i) nor (ii)

Ans. (C)
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Sol. (i) The majority of human DNA has no rule in the synthesis of proteins can be inferred with certainty,
as “the information contained in DNA is used to synthesis proteins is given in the passage. Apart
from this there in no information in passage that how much part of human DNA has role in the
synthesis of proteins.

(i)  The function of about 98% of human DNA is not understood can be inferred with certainty as
“DNA has coding and non-coding regions. Coding regions constitute only about 2% of human
DNA” is given in the passage and we have no information about non-coding region of DNA in the
passage.
Hence, the correct option is (D).
Question 9

Which one of the given figures P, Q, R and S represents the graph of the following function?
f (%) =|x+2-[x-1]
'y s

4._

-4 2 0 2 4 -4 -2 0 2 4

(A) P B) Q
€ R (D) S
Ans. (A)
Question 10

An opaque cylinder (shown below) is suspended in the path of a parallel beam of light, such that its
shadow is cast on a screen oriented perpendicular to the direction of the light beam. The cylinder can be
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reoriented in any direction within the light beam, Under these conditions, which one of the shadows P,

Q, Rand S is NOT possible?
Opaque

cylind
O e
R YA

(A) P B) Q
©€) R (D) S
Ans. (D)

Sol. Given : An opaque cylinder is suspended in the path of a parallel beam of light such that its shadow is
cast on a screen oriented perpendicular to the direction of light beam.
The cylinder can be reoriented in any direction within the light beam. Under these conditions shadow S
is not possible.
Hence, the correct option is (D).

Technical Part

| Q.11 to Q.35 Carry One Mark Each |

Question 11 [Engineering Mathematics, Linear Algebra]
Choose solution set S corresponding to the systems of two equations
X—2y+z=0
Xx—2=0
Note : R denotes the set of real numbers
1 1 1
(A) S=4qa|l|aeR (B) S=qal|l|+B|0]la,B,eR
1 1 1
2 1
(C) S=jall|+B|1|a,B,eR (D) S=<:a|0|laeR
2 1
Ans. (A)

Sol. Given : System of equations are : x—2y+z=0 and x—z=0
The equations can be written in matrix form as,
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1 -2 1 X 0
(RN
z
On applying the row operation R, <~ R, —R,, we get
1 -2 1 X 0
o7 )
z
The modified equations are,
X—2y+z2=0 ...(1)
2y—-2z2=0 ....(11)
At z=o,
2y—2a=0
y=a
X—2a+a=0=X=a
X a 1
yi=la|=a|l
z a 1
Hence, the correct option is (A).
Question 12 [Measurement]

Inductance of a coil is measured as 10 mH, using an LCR meter, when no other objects are present near
the coil. The LCR meter uses a sinusoidal excitation at 10 kHz. If a pure copper sheet is brought near the
coil, the same LCR meter will read
(A) Lessthan 10 mH
(B) 10 mH
(C) More than 10 mH
(D) Less than 10 mH initially and then stabilizes to more than 10 mH
Ans. (A)
Question 13 [Measurement]
Which of the following flow meters offers the lowest resistance to the flow?
(A) Turbine flow meter (B) Orifice flow meter
(C) Venturi meter (D) Electromagnetic flow meter
Ans. (D)
Question 14
Pair the quantities (p) to (s) with the measuring devices (i) to (iv)
(i) Linear Variable Differential (p) | Torque
Transformer (LVDT)
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(if) | Thermistor (g) | Pressure
(iii) | Strain gauge () | Linear position
(iv) | Diaphragm (S) | Temperature
(A)  (i)-(r), (ii)-(s), (iii)-(a), (iv)-(p) (B)  ()-(p). (i)-(s), (iii)~(r), (iv)-(q)
(C)  (i)-(r), (ii)-(s), (iii)-(p). (iv)-(q) (D) (i)-(a), (ii)-(s), (iii)-(p), (iv)-(r)
Ans. (C)
Question 15

. . €,€ A .
Capacitance ‘C’ of a parallel plate structure is calculated as 20 pF using C =-—2"—, g, 1S the

permittivity of free space, ¢, is the relative permittivity of the dielectric, A is the overlapping area of the

electrodes and d is the distance between them. The value of C is then measured using an LCR meter. If
the meter is assumed to be ideal and in produces no error due to cable capacitance, which one of the
following needing is likely to be correct?

(A) 20.5pF (B) 20pF
(C 195pF (D) 10pF

Ans. (A)

Question 16 (Digital Electronics)
The table shows the present state Q(t), next state Q(t+1), and the control input in a flip flop. Identify
the flip-flop.

Q(t) | Q(t+1) | Input
0 0 0
0 1 1
1 0 1
1 1 0
(A) T flip-flop (B) D flip-flop
(C) SR flip-flop (D) JK flip-flop
Ans. (A)
Sol. Given : Table of present state Q(t), next state Q(t+1) and control input is shown below,
Q(t) | Q(t+1) | Input
0 0 0
0 1 1
1 0 1
1 1 0
From the given table, Q(t +1) =Q(t) @ Input ..(1)

Comparing equation (i) with characteristics equation of T-flip-flop.
Qt+)=Q)®T
Hence, itisa T flip-flop.
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Hence, the correct option is (A).
Question 17 (Digital Electronics)

Match the Exclusive-OR (XOR) operations (i) to (iv) with the results (p) to (s), where X is a Boolean
input.

i) XeX (p) 1
iy X@eXx (9 O
(iii) X @0 n X
(iv) Xl (s) X
(A)  (i)-(a), (ii)-(r), (iii)-(s), (iv)-(p) (B) ()-(a), (ii)-(r), (iii)-(p). (iv)-(s)
(C)  ()-(p). (i))-(s), (iii)~(a), (iv)-(r) (D) (i)-(a), (ii)-(p), (iii)-(s), (iv)-(r)
Ans. (D)
Sol. For XOR gate, we know that,
A®B=AB+AB
Solving all the given equations using this result of XOR gate,
X®X=XX+XX=0+0=0
XOX=XX+XX=X+X=1
X ®0=X0+X0=X
X ®1=X1+X1=X
So, (i)-q, (ii)-p, (iii)-s, (iv)-r.
Hence, the correct option is (D).
Question 18
A light emitting diode (LED) emits light when it is __ biased. A photodiode provides maximum
sensitivity to light whenitis __ biased.
(A) forward, forward (B) forward, reverse
(C) reverse, reverse (D) reverse, forward
Ans. (B)
Sol. LED emits light in the forward biased.
Photodiode provides maximum sensitivity to light in reverse biased.
Hence, the correct option is (B).
Question 19

1 0
F(z) = 17 when expanded as a power series around Z =2, would result in F(z) = Zak(z —2), with
— k=0

the region of convergence (ROC) |z—-2/<1. The coefficients a,,k>0, are given by the

expression :

(A) (D" (B) (=)
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(€) (

Ans. (B)
Sol. Given: F(z):i
1-z
Letz—-2=t
Z=2+t
1 -1
F — =
= 1- 2t —1—t 1+t
F@t)=(D)L-t+t* —t°+......)

F(t)=-1+t—t*+t°
F(2)=-1+(2-2)-(z-2%+(z-2)° +

F@)=Y (-9 (2-2)

— (_l)k+l
Hence, the correct option is (B).

A GATEACADEMY

e o ducceds. .

[Engineering Mathematics, Differential Equation]

The solution x(t), t>0,to the differential equation X =—kx, k >0 with initial condition x(0) = 1 and

Question 20
x(0)=0is
(A) x(t)=2e™+2kt-1
©) x@®=1

Ans. (C)

Sol. Method 1:

Given : Differential equation is, X =—kx
Initial conditions, x(0)=1, x'(0)=0

d>x(t) dx(t)

=k
dt dt

Taking Laplace transform on both sides,

sX (s)—sx(0) —x'(0) =—Kk[sX (s) —x'(0)]

SX(s) —sx1—0=—k[sX (s)-1]

$?X(s)—s=—ksX (s)+k

[s* +ks]X (s) =s+k

X (s) = s+k 1

s(s+k) s

Taking inverse Laplace transform,

(B) x(t)=2e™
(D) x(t)=2e™

-1
—kt-1
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Question 21 (Signals & Systems)
A system has the transfer function j(((z)) :;—z Let u(t) be the unit step function. The input x(t) that
results in a steady-state output y(t) =sinntis
(B) x(t) =sin(rt)u(t) (B) x(t) :sin(nt+gju(t)
) x(t) =sin(nt—gju(t) (D) x(t) = cos( ju(t)
Ans. (C)
Sol. Given : Transfer function of system is, ((S)) :—z

GATE 2023 [Forenoon Session] ‘%k GATE ACADEMY
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x(t) =1
Hence, the correct option is (C).
Method 2:
Given : Differential equation is, X =—kx

D*=-kD

D(D+k)=0

D=0, D=-k

x(t)=C,+C,e ™ ...(4)
Initial condition, x(0) =1

1=C,+C, ...(1i)
X(t) =0+C,(-k)e™

Also, x(0)=0=0=C,e°=C, =0

From equation (ii), C, =1

From equation (i), x(t) =1

Hence, the correct option is (C).

Steady state output, y(t) =sinnt (Here, o= rad/sec)

Transfer function, H(s) = >—
S+
Put s= jo,
= H(jo) =1
jo+m

= |H(jo)|= —W
Vo' + 1

/H(jo)=180°—2tan" —
T

=1
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ZH(jo)|,_ =180-2tan*1=90"

Since, given output, Yy(t) =sinmxt
Therefore, input x(t) is,
x(t) =sin(rt —90°)

. X(t) =sin (nt —gju(t)

Hence, the correct option is (C).

Question 22 (Digital Electronics)
Choose the fastest logic family among the following :
(A) Transistor-Transistor Logic (B) Emitter-Coupled Logic
(C) CMOS Logic (D) Resistor-Transistor Logic

Ans. (B)

Sol. Emitter coupled Logic is the fastest Logic family among the given options.
Hence, the correct option is (B).

Question 23 [Engineering Mathematics, Limit & Series]

What is lim f (x), where f(x)=xsin%?

(A) 0 B|) 1
(C) o (D) Limit does not exist
Ans. (A)

Sol. Given: f(x):xsin1
X

lim f (x) =lim xsinl
x—0 X

x—0

Range of sin function will always be[-1,1].
lim xsin 1 =0x[-1,1]=0
x—0 X

Hence, the correct option is (A).

Question 24 [Control System, Routh’s Array]
The number of zeros of the polynomial P(s) =s®+2s* +5s+80 in the right half plane is

Ans. 2 (2to2)

Sol. Given : Polynomial, P(s) =s®+2s® +55+80
Routh tabulation of P(s),
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T 5

s° 2 80

1l .35 2 sign changes

s 80
Since, there are 2 sign changes in the first column of Routh tabulation. The number of zeros in the right

half of s-plane will be 2.
Hence, the correct answer is 2.
[Control System]

Question 25
1(s-1(s—-2)

The number of times the Nyquist plot of G(s)H (s) = =-—————= encircles the origin is
2 (s+1(s+2)

Ans. 2 (2to 2)
Sol. Given: G(s)H(s) = (-1(s-2)
(s+1)(s+2)

Number of encirclement about origin
N (0,0) =open loop poles in the right half of s-plane open loop zero’s in the right half of s-plane

=0-2 =-2 =2[in clockwise direction]

Hence, the correct answer is 2.
[Analog Electronics, Op-Amp]

Question 26
The op-amp in the circuit shown is ideal, except that it has an input bias current of 1 nA and an input

offset voltage of 10uV . The resulting worst-case output voltage will be * uV (rounded off to

the nearest integer).
100 kQ

1 kQ

Ans. 1110 (1110 to 1110)
Sol. Given : Input bias current = 1 nA
Input offset voltage =10 uVv
Given circuit can be drawn as shown below,
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1o ke
vl B
J:_ wW—L—>—= .
= [+
10 pv

Applying KCL at inverting terminal,
10x10° -0 +10><1o-6 Vo,
1kQ 100 kQ
1000x10° +10x10° -V, 107
100 kQ

V, =1010x10° +10° x10™° x10°
V, =1110 pV

Hence, the correct answer is 1110.

Question 27

The force per unit length between two infinitely long parallel conductors, with a gap of 2 cm between
them is 10 uN/m. When the gap is doubled, the force per unit length will be _ uN/m (rounded off to
one decimal place).

Ans. 5 (4.9 to 5.1)

Sol. Given : Gap =2 cm and Force per unit length F =10 uN/m
For two infinitely long,

10°=0

Parallel conductors, F oc 1

gap
R _ (9ap),
F, (gap),
= gzg (.. Gap is doubled)

= FZ=?=5 uN/m.

Hence, the correct answer is 5.
Question 28 (Signals & Systems)
,n>0
Consider the discrete time signal x[n] =u[-n+5]—u[n+3], where u[n] = {0 n<0’
;n<

The smallest n for which x[n]=0 is
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Ans. -3 (-3to-3)
Sol. Given: X(n)=u(-n+5)-u(n+3)

The signal x(n) can be plotted as shown below,
x(n)

-6 -5-4-3-2-1 101 2 3 45
So, the smallest value of n is -3 for x(n) to be zero.
Hence, the correct answer is — 3.

Question 29 [Signal & System, Basic of Signal]
Let y(t) = x(4t), where x(t) is a continuous-time periodic signal with fundamental period of 100 s. The
fundamental period of y(t) is____s. (rounded off to the nearest integer)

Ans. 25 (25 to 25)

Sol. Given: y(t) = x(4t)

Fundamental period of x(t) =100 s

If X(t) has time period T, then x(at) will have the time period Tg .

. Time period of y(t) will be, T, = ? = 25sec.

Hence, the correct answer is 25.
Question 30 [Network Theory]

When the bridge given below is balanced, the current through the resistor R, is mA (rounded
off to two decimal places).

R.=10mQ

Ans. 1(0.99 to 1.01)
Sol. Given circuit is as shown below,
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R.=10mQ
As the bridge is balanced, the reading of galvanometer will be zero.

R.=10mQ

Using current division rule, current through Ra will be, % =1mA.

Hence, the correct answer is 1.

Question 31
In the circuit given, the Thevenin equivalent resistance R, across the terminals ‘a’ and ‘b’ is Q
(rounded off to one decimal place).
1 10
VAVAVAVA VAVAVAVA a
1A (% 10 3210 T
>

v® | T R,

=
@)
AA

\AAAL

'_\
(o)
AA
v
)
\/
=
>
AAAA
vy
H
@
o+——
o

Ans. 1 (1.0 to 1.0)
Sol. Given circuit is as shown below,

J( Rth

AAAA.
vV
[y
o)
(+)
A\
[EEN
<
AAAA

o]
For calculating R, independent sources are replaced by their internal resistance i.e. voltage source is

replaced by short circuit and current source by open circuit. Hence, the circuit becomes,
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s (o] o b3
310 o ° 329 R,
o]
Rth =2 ” 2
R, =1Q
Hence, the correct answer is 1.
Question 32 [Engineering Mathematics, Probability & Statics]

X is a discrete random variable which takes values 0, 1 and 2. The probabilities are P(X =0)=0.25 and

P(X =1)=0.5. With E[+] denoting the expectation operator, the value of E[X]-[X?] is
(rounded off to one decimal places).
Ans. - 0.5 (- 0.5 to - 0.5)

Sol. Given : Data in the question can be tabulated as shown below,
X 0 1 2
P(X) | 0.25 | 0.5 | 0.25
= E(X)=3X.P(X)=0(0.25)+1(0.5)+2(0.25) =0.5+0.5=1
E(X?)=XX2P(X) =0%(0.25) + (1)*(0.5) + 2°(0.25) =1+ 0.5=1.5

E(X)-E(X*)=1-15=-05
Hence, the correct answer is — 0.5.

Question 33
The diode in the circuit is ideal. The current source i, (t) = 7sin(30007t) mA. The magnitude of average
current flowing through the resistor R is mA (rounded off to two decimal places).

i(t) R

Ans. 1 (0.95 to 1.05)
Sol. Given : i (t) =nsin(3000nt) mA
Given circuit can be drawn as shown below

©C ight Head Office : Street 04, Narsingh Vihar, Katulbod, Bhilai 490022 (C.G.), Contact : 97131-13156, 6266202387 www.gateacademy.co.in
opyrig

Branch Office : Raj Tower 3" Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 ~WWW. &iacebook.com/gateacademy




s GATE 2023 [Forenoon Session]
(1Al Instrumentation Engineering

‘\.A.,‘ GATE ACADEMY

e o ducceds. .

0@ \V/

AAAA.
vy
pe)

i, (1)

For positive half cycle, diode is forward biased (acts as short circuit).

.
i (1) QD

\

AAAA.

VVVV
0

s (t)

i (t) = 0A

For negative half cycle, diode is reverse biased (acts as open circuit),

N0
A

\

AAAA.
A\AAAL
e

i (t)

iR (t) == is (t)
Waveform of i, (t) will be
ig(1)

L\

. Average value of i, (t) will be,

Peak value -7

(i (t))avg ———=—=-1mA

Magnitude of average current flowing through R,

|iR (t)avg = 1 mA
Hence, the correct answer is 1.
Question 34

[Measurement]
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The full-scale range of the wattmeter shown in the circuit is 100 W. The turns ratio of the individual
transformers are indicated in the figure. The RMS value of the ac source voltageV,is 200 V. The

wattmeter reading will be W. (rounded off to the nearest integer)
2:1 1:1

& 3
0 it

Wattmctcr
Ans. 0 (0 to 0)
Question 35
The no-load steady-state output voltage of a DC stunt generator is 200 V when it is driven in the
clockwise direction at its rated speed. If the same machine is driven at the rated speed but in the opposite
direction, the steady-state output voltage will be___ 'V (round off to the nearest integer).
Ans. 0 (0 to 0)

| Q.36 to Q.65 Carry Two Marks Each |

Question 36 (Signals & Systems)
The impulse response of an LTI system is h(t) =3(t) + 0.56(t —4), where (t) is the continuous-time

unit impulse signal. If the input signal x(t) = cos(%nt), the output is

n n

(A) 0.5COS(th (B) LSCOS(Tt)

© 0.55in(77ftj (D) 1.5sin(%ntj
Ans. (A)

Sol. Given : Input signal, x(t)=cos(%ntj

Impulse response, h(t) =58(t) +0.55(t —4)
Taking Laplace transform on both sides, we get
H(s)=1+05e™*

Put s= jo,

H(jo)=1+0.5e1

H(]%)=1+0.5e T 05
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For input x(t) = cos(th,output will be
7
v =H [ 175 Jxty
y(t) = 0.5005(77?]
Hence, the correct option is (A).
Question 37 (Signals & Systems)
The Laplace transform of the continuous-time signal x(t) =e™>'u(t-5) is , Where u(t) denotes

the continuous-time unit step signal.
55 -5(s-3)

@a) = - Real{s}> -3 (B) —— ReaHs}>3
e—5(s+3) e—5(s—3)
© ,Real{s}> -3 (D) ,Real{s}> -3
Ans. (C)

Sol. Given : x(t)=eu(t-5)
x(t) =e >y (t-5)
x(t) =e ey (t-5)
Taking Laplace transform on both sides, we get

e—53 e—5(s+3)
X(s)=e™ = ,  Real(s)>-3
s+3 s+3
Hence, the correct option is (C).
Question 38

In a p-i-n photodiode, a pulse of light containing 8x10" incident photons at wavelength A, =1.55 um

gives rise to an average 4x10“ electrons collected at the terminals of the device. The quantum

efficiency of the photodiode at this wavelength is %.

(A) 50 (B) 54.2

(C) 625 (D) 80
Ans. (A)

Sol. Given : Number of electrons collected =4x10% and number of incident photons =8x10"
Quantum efficiency,
Number of electrons collected

n= — x100
Number of incident photons

12
=210 100500
8x10%

Hence, the correct option is (A).
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Question 39 [Engineering Mathematics, Complex Variable]

Ans.

(1-2 . . .
Let f(2)= j(mj , where z denotes a complex number and j denotes ~/—1. The inverse function

f ™(z) maps the real axis to the
(A) Unit circle with centre at the origin (B) Unit circle with centre not at the origin

(C) imaginary axis (D) real axis
(R)
Given : 1‘(2)_11 : J(l—x—j'y]
1+z 1+ X+ Jy
ur juod0X+Y @0y
@+x)+]Jy @+x)-Jy
2 2
U+ jv= y(1+><)+2y(1;><)+  (1-x z—yz
@A+x)"+y @+x)+y
Image of real axis in w plane is
v=0
@-x*)-y* _
(1+ %)% +y?
(L-x*)—y* =0
1=x*+y?

Unit circle with center at the origin.
Hence, the correct option is (A).

Question 40 (Digital Electronics)

Ans.
Sol.

The simplified form of the Boolean function F(W, X,Y,Z)=2X(4,5,10,11,12,13,14,15) with the
minimum number of terms and smallest number of literals in each term is

(A) WX +WXY +W XY (B) WX +WY +XY
(C) XY +WyY (D) XY +WY
©)

Given: F(W, X,Y,Z) =5(4,5,10,11,12,13,14,15)

K-map of function F(W, X, Y, Z) is shown below,
YZ
wx\_ 00 o0l 11 10

gan

oD
10 &J\WY
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FW, X,Y,Z)= XY +WY
Hence, the correct option is (C).

Question 41 [Digital Electronics]
For the given digital circuit, A=B =1. Assume that AND, OR and NOT gates have propagation delays
of 10ns, 10ns, and 5ns respectively. All lines have zero propagation delay. Given that C=1 when the
circuit is turned on, the frequency of steady state oscillations of the output Y is

s haps

4
(A) 20 MHz (B) 15MHz
(C) 40 MHz (D) 50 MHz
Ans. (A)
Sol. Given circuit is as shown below with the propagation delay of gates.
5ns 10 ns
c o v\ 10 ns
B W }Y
5ns

Overall propagation delay of the circuit =5ns+10ns+10ns = 25ns
. Output Y will toggle for every 25 ns.

The waveform at Y will be,

A 4

o5 | Bns

Time period, T =50 ns

Frequency, f —1— ! =20 MHz
T 50ns
Hence, the correct option is (A).
Question 42 (Digital Electronics)

In the circuit shown, the initial binary content of shift register A is 1101 and that of shift register B is
1010. The shift registers are positive edge triggered, and the gates have no delay.

When the shift control is high, what will be the binary content of the shift registers A and B after four
clock pulses?
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(A)

(®)
Ans. (C)
Sol. Given circuit is shown below,

A GATEACADEMY

e o ducceds. .

)

Clock

» I 1|0}l

Shift Register A

A 4

Irfyop1j]o

F Y

Shift Register B

F 3

Shift control
A=1101,B=1101
A=0101,B=1101

—
|

(B) A=1110,B =1001
(D) A=1010,B=1111

o

=)

Clock

< 1107} 1

Shift Register A

ryojp1jo

A

Shift Register B

A

Shift control

From the given circuit,
Input to shift register, A=A, ® A,
Truth table for the given circuit is shown below,

—
|

CIK [A®A| AAAA B.B,B B,
N 1\0\0\1
A IR \J\

s | o bowas \
4 O\ 0\1\0\1 \]\l

So, after four clock pulses, A=0101and B =1101

Hence, the correct option is (C).
Question 43

The magnitude and phase plots shown in the figure match with the transfer function
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Bode Diagram

40 T T T T
30+ b A
m | i H H h i i i
Soaor b N
ERRUE BRI =l B I VO
= H t H | i i i i
AuEEEEEAS
= 10 I .
ol 1 i Lo i
% T~ P !
g -wsor 1IN e
A Lo LN !
FORELLS S R i
2 o ! !
A =540 | i
- 720 2I0 4(I) 60 S(IJ 100 140 160 180 200
Frequency (rad/s)
(B) 10000 (B) 10000 o005
s? +2s+10000 s? +2s+10000
(C) 10000 e_O.SX]_Ole s (D) 100
s? +2s5+10000 s?+2s5+100
(B)

From the bode plot, the natural frequency ®, =100 rad/sec .

Phase at @, =100 rad/secis ¢=-360°.

So, option (B) will be the approximate answer.
Hence, the correct option is (B).

Question 44 [Signals & Systems, Fourier Transform]

Ans.
Sol.

A Continuous real valued signal X(t) has finite positive energy and X(t) =0,Vt <0. From the list given
below, select ALL the signals whose continuous-time Fourier transform is purely imaginary.

(A x(t)+x(-1) B) x(t)-x(-1)
©) J(x®)+x(-1)) (D) J(x(®)-x(-1))
(B), (C)

Given : x(t) is a real signal having finite positive energy and x(t) =0, Vt <0.
Consider option (A) :

Let y(t) = x(t) + x(-t) ~...(1)
y(—t) = x(-t) + x(t) ....(11)
From equations (i) and (ii),

y(=t) =y(t)

Also, y(t) isareal function
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y(t) is real and even function. So, fourier transform of y(t) will be Real and even function.
So, option (A) is incorrect.
Consider option (B) :

Let y(t) = x(t) — x(-t) ...(1)
y (=) = x(=t) — x(t)
y(=t) =—[x(t) —x(-1)] ..(i1)
From equation (i) and (ii),
y(-t) =-y(t)

Also, y(t) is areal function
y(t) is real and odd function
So, Fourier transform of y(t) will be imaginary and odd function.
So, option (B) is correct.
Consider option (C) :

Let y(t) = jIx(t) + x(-1)] ...()
y(=t) = JIxX(-t) +x()] ...(i1)
From equation (i) and (ii),
y(t) =y(t)

Also, y(t) is an imaginary function
y(t) is imaginary and even function
So, Fourier transform of y(t) will be imaginary and even function
So, option (C) is correct.
Consider option (D) :

Let y(t) = jIx(t) —x(-)] (1)
y(=t) = jIx(-t) —x(1)]
y(=t) =—j[x(t) —x(-1)] -..(i1)
From equation (i) and (ii),
y(=t) =-y(t)

Also, y(t) is an imaginary function,
y(t) is imaginary and odd function.
So, Fourier transform of y(t) will be real and odd function.
So, option (D) is incorrect.
Hence, the correct options are (B) and (C).
Question 45
A silica-glass fiber has a core refractive index of 1.47 and a cladding refractive index of 1.44. If the

cladding is completely stripped out and the core is dipped in water having a refractive index of 1.33, the
numerical aperture of the modified fiber is (rounded off to three decimal places).

Ans. 0.626 (0.620 to 0.640)
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Sol. Given : Refractive index of core (n,) =1.47 and refractive index of cladding (n,) =1.44

Now, the cladding is completely stripped out and the core is dipped in water of refractive index 1.33
Modified value of n, will ben; =1.33

Modified numerical aperture = \/nf -(n)* = \/(1.47)2 —(1.33)* =0.626
Hence, the correct answer is 0.626.

Question 46 [Network Theory, Resonance]
In the circuit shown, ®=100x rad/s, R, =R, =2.2Q and L=7mH. The capacitance C for which Y, is
purely real is mF (rounded off to two decimal places).

Vicos(wl) (--«

Ans. 1.44 (1.40 to 1.50)
Sol. Given: w=100x rad/s, R, =R, =2.2Q and L=7mH.
Given circuit is shown below,

Vcos(wl) G-a

Input admittance of given circuit is,
1 1 1 joC
+ ==
R+joL 1 R+ joL joR,C+1
> joC
R —joL  joC(- joR,C)
in = 52 2t 2p2~2
R+ (oL) 1+ o°R;C
For Y;, to be real, its imaginary part must be zero
oL oC
=52 2= 2p2~2
R™+(olL)” 1+0°R;C
L_ Rl2 +(wlL)?
C 1+w’RC?
= L+o’RILC* =R’C +Co’L*

in
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= L-R’C =Co’L*-o’RILC?

= o :—L_R12C
L2C—R22LC2
, L-RC
LC(L—RZ?C)
, 1 )
= 0 =— Sicne, R =R
C [ R =R,]
1 1

=1.44 mF

T oL (100m)? x7x10°
Hence, the correct answer is 1.44.
Question 47 [Network Theory, Transient]

The RL circuit with R=10kQand L =1 mH is excited by a step current 1,u(t). At t=0", thereis a
current |, =1,/5flowing through the inductor. The minimum time taken for the current through the
inductor to reach 99% of its final value is us (rounded off to two decimal places).

IL

I =1ut)®

AAAA
VVVY
—

Ans. 0.438 (0.43 to 0.45)
Sol. Given circuit is shown below,

= 1ut) ®

AAAA
VVVY
—

Given : I(O)—— R=10kQand L =1 mH

At t — oo, inductor act as short circuit,

IL(OO) = I0
) L E
Time constant t=—=—— _10 sec

Current in the inductor is given by,
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1L =1, () +[1,(0)— 1, (=)]e

1y oy et oy Bl g
0 5 0 0 5

For minimum time taken by current to reach 99% of its final value,

4'0 -107t

IL(t):Ogglo then 099'0 = 0—?6

= dewi_op1

5
= 01200125

I:M =0.438 psec

-10
Hence, the correct answer 0.438.
Question 48 [Control System]

Consider a standard negative feedback configuration with G(s):; and the controller

(s=2)(s-3)

C(s)=Kp+%+ Kys. The root locus of G(s)C(s) is presented in the figure below. The gain

C(jw)=2 at m=1rad/s. Thevalueof Ky is___ (rounded off to one decimal place).
5
4..
3..
2 27
£ o1
é‘_:}n < > OeX
g 5
e
_3--
—4 4
-5

4 12 10 8 6 4 2-10 234

Real axis
Ans. 1 (0.9 to 1.1)
Sol. Given: G(s) :; and C(s) =K, +ﬁ+ Kps
(s—2)(s-3) S
k, + ksl +kps
G(s)C(s) = —(s 63
s°kg + sk, +K,
GEICE) = s(s—2)(s—3)

From the root locus plot, there will be 2 zero’s at s=-1.
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s°kg + K, + K, = (s+1)?
= 5%k, +5k, +k, =5 +2s+1
.~ On comparison we get k, =1

Hence, the correct answer is 1.
Question 49 [Engineering Mathematics, Probability & Statics]

How many five digit numbers can be formed using the integers 3, 4, 5 and 6 with exactly one digit
appearing twice?
Ans. 240 (240 to 240)

Sol. Given : Integers are 3, 4, 5 and 6, we have to form a five digit number using the given digits.
Let digit 3 is repeated twice.
33456

I
.. Number of five digit number that will be formed when digit 3 is repeated = % =60

Let digit 4 is repeated twice.
34456

|
.. Number of five digit number that will be formed when digit 4 is repeated = % =60

Let digit 5 is repeated twice.
34556

|
.. Number of five digit number that will be formed when digit 5 is repeated = % =60
Let digit 6 is repeated twice.
I
.. Number of 5 digit number that will be formed when digit 6 is repeated = % =60

Total number of 5 digit number that will be formed when a digit is repeated twice will be 60x 4 =240.
Hence, the correct answer is 240.

Question 50 [Control System, Frequency Response]

The phase margin of the transfer function G(s)= ?(1 s;) is degrees (rounded off to the

+

nearest integer).
Ans. O
Sol. Given: G(s) = 2(1_32)

@+59)
. 2(1- jo
G(jo)= (—12)
1+ jo)

Phase Margin is given by,
PM =180° + ZG(jo),_,

Gain cross over frequency is given by,
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G(jo, ., =1

2J1+ o’
@+ 032)
At o= O

21+, ~

1+ mzc) B

21+, = (1+05)

2= 1+o)§c

G(jo)|=

4=1+0:,

mgc =3

Wy = /3 rad/sec

£G(jo)=-tan " o—-2 tan"» =—3tan ' »

At o=,

£G(jo,)=-3tan" /3 =180°

Phase Margin =180° + £G(jo,) =180° —180° = 0°

Hence, the correct answer is 0.

Question 51
A wire-wound ‘resistive potentiometer type' angle sensor with 72 turns is used in an application. The
first turn of the potentiometer is connected to ground while its last turn is connected to 3.6 V. The width
of the wiper covers two turns ensuring make-before-break. The output (wiper) voltage when the wiper is

on top of both the turns 35 and 36 is V (rounded off to two decimal places).
Ans. 1.77 (1.77 to 1.78)
Question 52 [Measurement]

The two secondaries of a linear variable differential transformer (LVDT) showed a magnitude of 2 V
(RMS) for zero displacement position of the core. It is noted that the phase of one of the secondaries has
a deviation of one degree from the expected phase. Other than this deviation, the LVDT is ideal.
If the differential output sensitivity of the LVDT is 1 mV (RMS)/1 um, the output for zero displacement
is um (rounded off to one decimal place).

Ans. 34.9 (34.5 to 35.5)

Sol. Zero disp
V, =240
V, =21°
Vo=V, -V,
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1 1
V, =[22 +2% —2x2x 2¢0s1°]2 = 24/2(1—c0s1°)?
V, =22 x+/25in0.5 =34.9mV
S =1mv/pv
disp =34.9um
Hence, the correct answer is 34.9.
Question 53 [Measurement, Error]
Five measurements are made using a weighing machine, and the readings are 80 kg, 79 kg, 81 kg, 79 kg
and 81 kg. The sample standard deviation of the measurement is kg (rounded off to two decimal
places).
Ans. 1(0.98 to 1.02)
Sol. Given : Measurements are 80 kg, 79 kg, 81 kg, 79 kg and 81 Kkg.
The sample standard deviation is given as,

N
o= LZ[xi —XJ where, N =5
N-143

80+79+81+79+81
5

X = 80

o= \/%[(80—80)2 +(79-80)* +(81-80)" +(79—80)° + (81-80)° |

= \/%[0 +1+1+1+1] =1

Hence, the correct answer is 1.
Question 54 [Measurement, Bridge]
Four strain gauges R,, R;, R. and R,, each with nominal resistance R, are connected in a bridge

configuration. When a force is applied, R, and R, increase by AR and R, and R. decrease by AR
as shown. A potentiometer with total resistance R, is connected as shown. If R=100 Q and AR=1Q,
the minimum value of resistance R, required to balance the bridge is___ Q. (rounded off to two
decimal places)

Ans. 4.04 (4.00 to 4.10)
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Question 55 [Network Theory, Magnetic Coupled Circuit]
A sinusoidal current of i (t) =1sin (2007t) mA is flowing through a 4 H inductor which is mutually

coupled to another 5 H inductor carrying i,(t) =2sin(200t)mA as shown in figure. The coupling

coefficient between the inductors is 0.6. The peak energy stored in the circuit is wJ (rounded
off to two decimal places).

i (t) lz (t)

Ans. 17.37 (17.00 to 18.00)

Sol. Given : Coupled circuit is shown below,

iy (t) lz (t)

I

i, (t) =sin(200xnt) mA

I, (t) =2sin(200nt) mA
L=4H

L=5H

Coupling coefficient K = 0.6.
Mutual inductance M = K\/E

= M =0.6xy5x4
= M =0.6x~/20 =2.683
", Peak value of energy will be,

E. =%><4><12 +%><5>< 2° +2.683x1x2

E, =2+10+5.366=17.366 pJ

Hence, the correct answer is 17.366
Question 56

The figure below shows a feedback amplifier constructed using an nMOS transistor. Assume that
u,C,, =1 mA/V?, threshold voltage V, =1V and W/L = 2. The bias voltage at the drain terminal is 4
V. The capacitors C_ offer zero impedance at the signal frequency. The ratio V_, /V,,

(rounded off to two decimal places)

©C ight Head Office : Street 04, Narsingh Vihar, Katulbod, Bhilai 490022 (C.G.), Contact : 97131-13156, 6266202387 www.gateacademy.co.in
opyrig

Branch Office : Raj Tower 3" Floor, Tatya Para Chowk, Raipur, Chhattisgarh 492001, Contact : 9755662248 ~WWW. &iacebook.com/gateacademy




s GATE 2023 [Forenoon Session] >  GATE ACADEMY

73 Instrumentation Engineering - otepa To ducceds. ..
R3S
R.$200kQ 03 1KO
>
C |'—
Il > (wiL=2
:’ _"_.Vout
AQ) R. 2300 kO 4 C.
S‘:l kQ
Ans. 0.666 (0.64 to 0.70)
Sol. Given circuit is as shown below,
Vo, =5V
< Ro31 kO
Ri$200k2 3%

Also given that the bias voltage at the drain terminal is 4 V.
For DC analysis, all the capacitors will be open circuit. So, the given circuit becomes as shown below,

o5V
vyl
4 g1k
200k 2 g
< o4V

i
S

<
300 k2 3

VVVV
AAAA
VVVV
-
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Given, p,C, =1 mA/V?, VTV =2 and threshold voltage V; =1V.

. Transconductance, g, = ZunCOXVTVID

g, = V2x1x10°x2x10° =2 mO

For AC analysis, all the capacitors become short circuit and the small signal equivalent model can be

drawn as shown below,

Here, R =200 kQ|| 300 kQ
KVL =V, -V -V, =0
But V,,, =0, Vs X1 KQ
Vin =Ves = GnVes X1 kQ =0
V,, =V [1+ 9, x1 kQ]
V.
Vs = Tra x1kQ gm:1 e ...(i1)
Substituting equation (ii) in equation (i), we get

g,V, x1kQ
T 14g x1kQ
Voo | Onx1kQ
V, 1+g,x1kQ
But g, =2 mO,
\ﬂ: 2x107*x10° 2220.66

V. 1+2x10°3x10° 3

in

Hence, the correct answer is 0.66.

Question 57
Consider the real-valued function g(x)=max{(x—2)>,—2x+7} where X & (—0,00). The minimum value
attained by g(x) is . (rounded off to one decimal place)

AAAA
\A 4
[u—

...()

[Engineering Mathematics, Maxima & Minima]
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Ans. 1 (0.9 to 1.1)
Sol. Given : g(x) =max{(x—2)%, —2x+7}, where X (-0, ).
The point of intersection of (x—2)* and (—2x+7) can be obtained as shown below,
(x=2)* =—2x+7
X2 —AX+4=—2x+7
x?—2x-3=0
x> —3X+x—-3=0
X(x—=3)+1(x—3)=0
(x=3)(x+1) =0
x=3and x=-1
. When x=3, g(x)=max{l, }=1
When x=-1, g(x) =max{9, 9}=9
Co-ordinates of points of intersection are (3, 1) and (— 1, 9).
Minimum value of g(x) is 1.
Hence, the correct answer is 1.
Question 58 [Machine, Transforms]
A short-circuit test is conducted on a single-phase transformer by shorting its secondary. The frequency
of input voltage is 1 kHz. The corresponding wattmeter reading, primary current and primary voltage are

8W, 2 A &6V respectively. Assume that the no-load losses & the no-load currents are negligible, and
the core has linear magnetic characteristics. Keeping the secondary shorted, the primary is connected to

a 2V (rms), 1 kHz sinusoidal source in series with 5 1\/§ mF capacitor. The primary current (rms) will
T

be A. (rounded off to two decimal places)

Ans. 1 (0.95 to 1.05)

Question 59
The Op-Amps in the circuit are ideal. The input signals are V, =3+0.1sin(300t)V and
V, =—2+0.11sin (300t)V . The average value of voltage V; is V. (rounded off to two decimal
places).

Vs, 00—

\V

py)
AAAA.
\AAA4

Pyl
AAAA.
\AAAL

py)
AAAA
\AAA4

_LEV

V,©

V
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Ans. 0.5 (0.49 to 0.51)
Sol. Given circuit is as shown below,
V,, 00—

Vv, 0——
Using voltage division rule and superposition theorem, we get
v, =VA><R+VB><R

2R 2R
_Va N Ve _VatVe

2 2 2
_IR+V,+V, —IR
- 2
vV, +V,,

2

(\/S )av + (\/S )av 3 - 2
= (VO)aVQ = — 2 =2 = 2 =05 [ (Vsl)avg =3and (Vsz)avg =_2]
Hence, the correct answer is 0.5.

Question 60

=V,

=V, (o V,=IR+V,, V, =V, — IR)

=V, =

[Analog Electronics, Op-Amp]
In the circuit shown, the input voltage V,, =100mV . The switch and the op-amp are ideal. At time t=0

, the initial charge stored in the 10 nF capacitor is 1 nC, with the polarity as indicated in the figure. The
switch S is controlled using a 1 kHz square wave voltage signal V, as shown. Whenever V, is ‘High’, S

is in position ‘1’ and when V{ is ‘Low’, S is in position ‘2’. At t=20ms, the magnitude of the voltage
V, will be mV (rounded off the nearest integer).

il
hY
|
V.e o 3

Low | Il nf
1=0 L —

Ans. 100 (99 to 101)
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Sol. Given circuit can be drawn as shown below,

S

192
V,, o e o —
NS —oV,
_T_ g

V= InC
10 nF
Given frequency of square wave f =1kHz = T =1ms

=0.1V =100 mV

At t =1ms, V, will complete 1 cycle and switch will be in position 2.
So,V,=V=100mVatt=1ms

Similarly at t =20 msec, V, =V =100 mV.

Hence, the correct answer is 100.

Question 61
In the diagram shown, the frequency of the sinusoidal source voltage V,is 50 Hz. The load voltage is
. . 230 .230 1
230 V (rms), and the load impedance is —+ j— Q. The value of attenuator A =———. The

. LAY . .
multiplier output voltage V, = # where V, and V, are the inputs. The magnitude of the average value

of the multiplier output V, is V. (round off to one decimal place)

Vs @ Load

1O
=
% +90°Phase
0 v, shifter
Multiplier
Ans. 2.1to2.5
Question 62 [Analog Electronics, Op-Amp]
In the circuit shown, assuming an ideal opamp, the value of the output voltage V, = V (rounded

off to one decimal place).
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AAAA

3R R R
q:R
1V 3

Ans. 2 (1.9 to 2.1)
Sol. Circuit is as shown below,

KCL at V,,
Vil VitV,
3R R
V,-1+3V, -3V, =0
a, -3, =1
1+3v,
4
KCL at V,,
\£+V2 _VO +V2 _Vl —
R R R
dV, =V, +V, (i)
On substituting equation (ii) in equation (i), we get

0

V, =

...

0

=V, = %[1+V1 +V,]

=3V, =V, +1
V, +1
3

=V, =
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V, = (1+ ﬂjvl
3R

V, = (1+3—ij—(\/° ) _2y 2
3R 3 3 3
V, 2
= 2==
3 3
=>V,=2V
Hence, the correct option is 2.
Question 63 [Engineering Mathematics, Linear Algebra]

The rank of the matrix A given below is one. The ratio % s . (rounded off to the nearest

integer)
1 4
A=|-3 «
B 6
Ans. -8 (-8to-38)
Sol. Given: Rank of A, p(A) =1
So, all 2x2 minors are zero,
1 4
-3 a
a+12=0
a=-12
1 4‘
=0
B 6
6-43=0
43 =6

3
=2

=0

o -12 24

B3 3
2

Hence, the correct answer is — 8.

Question 64

--8

A 1.999 V true RMS 3-1/2 digit multi-meter has an accuracy of £0.1% of reading +2digits. It is used
to measure 100 A (RMS) current flowing through a line using a 100:5 ratio, Class-1 current transformer

with a burden of 0.1 Q2 £0.5%. The worst-case absolute error in the multimeter output is V
(rounded off to three decimal places).
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Ans. 0.010 (0.009 to 0.011)
Question 65 [Network Theory, AC Analysis]

The voltage source V, =10+/25in (20000 7t) V has an internal resistance of 50 Q.The RMS value of

current through R is mA (rounded off to one decimal places).
250

AAAA
\AA AL

Vs@ ﬁmH

I_

R=25Q 1
—mF

20m

Ans. 100 (99.0 to 101.0)

Sol. Given circuit can be drawn in phasor form as shown below
50 Q 25Q

AAAA AAAA
\AAAd AAAAL

+

10v2.200 /D 3 i1

_Ww_ui
_Jl
_10220°
50+25+ j1- j1+25
1072
| =——=100+/2 mA
100 \/—
RMS value of current will be, 1,5 = M =100 mA
2
Hence, the correct answer is 100.
aaa
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