GATE:

General Aptitude (GA)
Q.1 - Q.5 Carry ONE mark Each

Instrumentation Engineering (IN)

Q1 The village was nestled in a green spot, the ocean and the hills.

(A) through

(B) in

© at

(D) between

Q.2 Disagree : Protest : : Agree :
(By word meaning)

(A) Refuse

(B) Pretext

© Recommend

(D) Refute
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Q3 A frabjous number is defined as a 3 digitmber with all digits odd, and no tw
adjacent digits being the same. For example, 137 is a frabjous number, while
not. How many such frabjous nuntbexis?

(A) 125

(B) 720

©) 60

(D) 80

Q4 Which one among the following statements must be TRUE about the mean ¢
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.

© At most half the candidates have a score that is larger than the median.

(D) At most half the candidates have a score that is larger than the mean.
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Q5 In the given diagram, ovals are marked at different heigitsf(@ hill. Which one
of the following option®, Q, R, andS depicts the top view of the hill?
i Hill |
c E 06[ S )
GE) £ o5k Horizontal cross-sections |
= 1 at various altitudes (h)
<
© _-04r1r ]
o= 2 I
.-5)% 0.3F .
= !
T D o2k o
O i L A 'l A 'l A 1 " 1 A L ]
0 0.2 0.4 0.6 0.8 1.0
Distance (in km)
P/_\ Q
/_A - //_’%
R S
(A |P
B |Q
€ |R
) |S
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Q.6 — Q.10 Carry TWO marks Each

Q6

Residency is a famous housing complex with many-e&tblished individual
among its residents. A recent survey conducted among the resiitr@esomplex
revealed that all of those residents velnewell established in their respective fiel
happento be academiciansThe survey also revealedthat most of thes
academicianareauthors of some bestlling books.

Based only on the information provided above, which one of the follo
statements can be logically inferred watrtainty?

(A)

Some residents of the complex who are well established in their fields ar
authors of some beselling books.

(B)

All academicians residing in the complex are well established in their fields.

(©)

Some authors of bestlling books are residents of the complex who are
established in their fields.

(D)

Some academiciamssiding in the complex are well established in their fields.
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Q.7 Ankita has to climhy stairs starting at the groundhile respecting the followin
rules:
1. At any stage, Ankita can move either one or two stairs up.
2. At any stage, Ankita cannot motea lower step.
Let"O0 denote the number of possible ways in which Ankita can reach thg
stair. For exampléOp  ph™O¢ ¢h™Oo o8
The value ofOu is
A v
B) |X
© o
(D) |v
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Q8

The information contained in DNA is used to synthesize proteins that are neg
for the functioning of life. DNA is composed of four nucleotides: Adenine

Thymine (T), Cytosine (C), and Guanine (G). The information contained in

can then be tholng of as a sequence of these four nucleotides: A, T, C, and G.
has coding and necoding regionsCoding regions-where the sequence of the
nucleotides are read in groups of three to produce individual 4
acids—constitute only about 2% of human BN For example, the triplet @
nucleotides CCG codes for the amino acid glycine, while the triplet GGA cod
the amino acid proline. Multiple amino acids are then assembled to form a p

Based only onthe information provided aboverhich of thefollowing statements
can be logically inferred withertainty?

) The majority of human DNA has no role in the synthesis of protein
(i) The functionof about 98% of human DNA is not understood.

(A)

only (i)

(B)

only (ii)

(©)

both (i) and (ii)

(D)

neither(i) nor (ii)
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Q9

Which oneof thegivenfiguresP, Q, R andS representshe graph of théollowing
functior?

NQw sSW ¢S W PSS

(A) | P
(B) |Q
©) |R
D) | S
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Q.10 | An opaque cylinder (shown below) is suspended in the padlpafallelbeam of
light, such that its shadow is cast on a screen oriented perpendicular to the d
of the light beam. The cylinder can be reoriented in any direction within the
beam.Under these conditions,hich one of the shadows Q, R, andS is NOT
possible?

Opaque
cylinder

(A |P

B |Q

© R

D) |S
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Q.11 - Q.35 Carry ONE mark Each

Q.11 | Choose solution sé¥Ycorresponding to theystems of tw@quations

W Cw a T
W a T

Note: A denotes the set of real numbers

Pz
(A) Yo p -l N A

P

Y p - 3
® vy | o 1 miIENA

Y P

P ¢ . .
© vy e 1 el A

P S

p:
(D) Yo - | N A

P
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Q.12 | Inductance of a coils measured as 10 mHsing an LCR metewhenno other
objectsare presentnear the coil. The LCR meter uses a sinusoidal excitatic
10kHz. If a purecopper shees brought near the coil, the same LCR meter
read

(A) less than 10 mH

(B) 10 mH

© more than 10 mH

(D) lessthan 10 mH initially andhenstabilizes tanorethan 10 mH

Q.13 | Which of the followingflow metersoffers thelowest resistance tihe flow?

(A) Turbineflow meter

(B) Orifice flow meter

© Venturi meter

(D) Electromagneti¢low meter
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Q.4 | Pair the quantities (p) to (s) with the measuring devides (v).
(i) Linear Variable Differential (p) Torque
Transformer (LVDT)
(i) Thermistor (q) Pressure
(iii) Strain gauge (r) Linear position
(iv) Diaphragm (S) Temperature
(A) [ ()-(), (i)-(s), (i) - (a), (v) - (p)
B) |- (), i) -(9), Gii)- (), (v) - (a)
C) [ ()-(), (i)-(s) (i) - (p), (v)-(q)
(D) [ ()- (@), @@)-(s), (i) - (p), (v)- ()
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Q.15 | capacitanced’ of a parallel platstructure $ calculated as 20 pF usilg ——,
where- is the permittivity offree space,- is the relative permittivity of the
dielectric,0 is the overlapping area of the electrodes@mlthe distance betwee
them. The value d is then measured using an LCR meter. If the meter is ass
to be ideal and it introduce® error due to cable capacitance, which one ol
following reading is likely to be correct?

(A) 20.5 pF

(B) 20 pF

© 19.5 pF

(D) 10 pF
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Q.16 | Thetableshowsthepresent staté(t), next stat&)(t+1), andthe control inputn a
flip-flop. Identify the flipflop.
Q (1) Q (t+1) Input
0 0 0
0 1 1
1 0 1
1 1 0
(A) T flip-flop
(B) D flip-flop
© SR flip-flop
(D) JK flip-flop
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Q.17 | Match the Exclusiv©OR (XOR) operatiors (i) to (iv) with the results (p) to (s
where®is a Boolean input.

(i) WA © (P 1
(i) WA & @0
(iii) A 0 N &
(iv) DA 1 9 &

(A) | () - (@), (i) - (r), (i) - (s), (v) - (P)

B) | ()- (@), (i)-(n), (i) - (p), (v) - (5)

© |-, @)-(9), (i) -(q), (v) - (r)

O) | () - (@), (i) - (), (i) - (s), (v) - ()
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Q.18 | A light emitting diode (LED)emits light whenit is biased. A photodiog
provides maximum sensitivity i@ht when it is biased.

(A) forward,forward

(B) forward,reverse

© reversereverse

(D) reverseforward

Q19 |"0a —, when expanded as a power sediemindd ¢, would result in

"O& B & & ¢ hwiththeregion of convergencROCO 4 ¢S p8
The coefficientsd , 'Q 11 aregiven by the expression .

(A) P
(B) P
© |

o |2
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Q.20 | The solutionw 0 I T, to the differential equation

@  @NQ mwith initial conditionsw T p and T TS

(A) wo cQ ¢Qo p

B) |jwo c@ p

(®)) wo p

D) |wd cQ Qb p

Q.21 | A systemhasthetransferfunction

Letd 0 be theunit-step functionThe inputw 0 thatresults in a steadstate outpul
wo OEFEIlds

A oo OET6060

®) |wo OETo - 009

© |wo OEfTo - 009

0) |wo Al ©o - 60
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Q.22 | Choosehefastest logic familyamongthe following:

(A) TransistofTransistor Logic

(B) EmitterCoupled Logic

© CMOSLogic

(D) ResistofTrangstor Logic

Q23 | what is‘lO EQo,where Qo @O ER

(A) |0

(B) 1

C) |

(D) Limit does not exist

Q.24 | The number of zeros of the polynomiali i Ci vi Y 1in the right
half plane is

Q.25 | Thenumber of times thdlyquist plot of Oi "Oi - encircles the

originis .
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Q.26 | The opamp in the circuit shown is ideal, except that it has an input bias cur
1 nA and an input offset voltage of 10 puV. The resulting weoeste output voltag
will be + uV(rounded off to the nearest integer).

100 kQ
AV
1kQ
J_ AVAVAY, ® —
—= + Vo

Q.27 | The force per unit length between two infinitely long parallel conductors, w
gap of 2cm between them is 10 uN/m. When the gap is doubled, the force p¢
length will be UN/frounded off to one decimal place).

Q.28 | Consider the discretéme signakoe 6 ¢ v 0¢&¢ O,

L pNe
whereo € e rr8
The smallest for whichwe  Ttis
Q29 |Let w0 wT0, where w0 is a continuousime periodic signal with

fundamental period of 100 s. The fundamental periad ofis srounded
off to the nearest integer).
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Q.30 | When the bridge givebelow is balanced, the current through the resisias R
mA(rounded off to two decimal places).
Galvanometer,
= Rc =10 mQ =
Q.31 | In the circuit given, the Thevenin equivalent resistanc@eR r oss t he
and ‘b’ i s (rounded off to one decimafXlace).
10 10
N A4 Ra
1A
10
]Q§ IVC:D 1Q IQ§ Rin
1Q
e
Sb
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Q.32 g‘)is a discrete random variable which takes values 0, 1 and 2. The probabilit
DWw m TguvandL ® p TW. With 'O 8 denoting the expectatig

operator, the value 06w Ow is Kounded off to one decimal
place).
Q.33 | The diode in the circuit is ideal. The current solkcé  “ O E & 1t 1t © mA.

The magnitude of the average current flowing through the resistor R is
(rounded off to two decimal places).

is(t) R

Q.34 | The full-scale range of the wattmeter shown in the circuit is 100 W. The turns
of the individual transformers are indicatedhe figure The RMS value of the a

source voltage Ms 200 V. The wattmeter reading will be (redinded
off to the nearest integer).

100 Q

/ \
Current coil

| |
.' :
| |Potential coil |
\ 7

N iz
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Q.35 | The noload steadystate output voltage of AC shunt generator is 200 V when
is driven in the clockwise direction at its rated speed. If the same machine is
at the rated speed but in the opposite direction, the sttatyoutput voltage wi
be \(rounded off to the nearest integer).
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Q.36 | Theimpulse responsef an LTI systemis Qo0 | 0 ™| o0 T ,wherd O
is the continuousime unit impulse signal. If th@put signakod AT &0, the
output B

B AT éo

®) pR A | é—o

© Tmoeto

(D) pzmoééo

Q.37 | The Laplace transform of the continuetise signalwd Q 60 v is

, Whered 0 denoteghecontinuoustime unit step signal.
A 12 o
——hYQuwa o
i o
B) |Q o 3
- hYQwa o
i o

€ |Q S
- hYQwa o
i o

(D)

Q -
- hY Qa a o
o

Page 22 of 35

Organizing Institute: [IT Kanpur




GATE§ Instrumentation Engineering (IN)
o~

Q.38 | In a pi-n photodiode, a pulse of light containing 8 x*2i@dcident photons &
wav el enss hm glves rise to an average 4 **Hectronscollected at the
terminals of the devic&he quantum efficiency of the photodiode at this wavele
5 %.

(A) 50

(B) |542

(©) 625

(D) 80

Q39 | Let' Q& @—, whereddenotes a complex number grdenote/ p. The
inverse functiolQ & maps the real axis the

(A) unit circle withcentreat the origin

(B) unit circle withcentrenotatthe origin

© imaginary axis

(D) real axis
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Q40 | The simplified form of the Boolean functi¢h(@ oty = = (4, 5
14, 15)with the minimum number of terms and smallest number of literals in
termis

(A) DO WO WL

(B) WO WO W

(©) OO WO

(D) OO WO

Q.41 | For the given digitatircuit, A = B = 1 Assume that AND, OR, and NOT gateve
propagation delayof 10 ns, 10 ns, and 5 ns respectivell. lines have zerg
propagation delayGiventhat C = 1 vien the circuit is turned othe frequency o
steadystateoscillation of theoutputY is

D S
Y

B >° |,

A

(A) 20 MHz

(B) | 15MHz

(C) | 40MHz

(D) 50 MHz
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Q.42 | In the circuit shownthe initialbinary content of shift register A is 1101 and tha
shift register B is 1010Che shift registers are posithegige triggered, arthe gates
have no delay.

When the shift control is high, vatwill be the binary content of the shift registe
A and Bafter four clockpulses?
i > 1 1|0 1 1 0 1 0
Shift Register A Shift Register B
Clock - N\
Shift Control — J

(A) |A=1101,B=1101

(B) |A=1110,B =001

© A=0101,B=1101

(D) |A=1010,B=111
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Q.43 | The magnitude and phag#ots shown in the figure match with thetransfer

function
Bode Diagram
40 v v v

&2 30

=

= 201

2

= 10

3]

.‘._!

= 0

720 L— . L . L | | :

20 40 60 80 100 120 140 160 180 200
Frequency (rad/s)
(A) PMTITT

i Ci pmnmmm

PTTTT ,

8

(B) i Ci pmnmmm
pnimmm . _

(©) i ci pnTH%T
pTT

D) [T ¢ pnmn
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Q.44 | A continuous realalued signato 0 has finite positive energy and
w0 T 6 T From the list given below, sele&LL the signals whos
continuoustime Fourier transform is purely imaginary.

(A) W0 w O

(B) wWo w O

(C) |"wo w o

(D) |6 w o

Q.45 | Asilica-glass fiber has a core refractive index of 1.47 and a cladding refractive
of 1.44. If the cladding is completely stripped out and the core is dipped in
having a refractive index of 1.33, the numeriagkerture of the modified fibe
is Kounded off to three decimal places).
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Q.46

In the circuitshownw= 100 m:¥Rd/x.,2 RQ and L =
C for which Yin ispurely real is nmended off to two decimal
places).

Vjcos (mt) @ ]
b3

Q47

TheRL circuit with R = 10 kQ an du(tLAt
t =1 , there is a current k lo/5 flowing through the inductohe minimumtime
taken for the current through the inductor to rea@ of itsfinal valueis us
(rounded off to two decimal places).

I =Tou(t) <’> R§ L<|h
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Q48 | Consider a standard negative feedback configuration@ith ——— and
the controllerd i 0 — U i .The rootlocus of Oi O i is presented if
the figure belowThe gaind Q] = 2 at] p rad/s The valueof U is
(rounded off to one decimal place).

ﬁ T T T T T T T
4| |
3
2 o
£ i
g
g0 < =
¥
E-1F 1
4 N
_5 1 1 | | 1 | 1 1 |
-14 -12 -10 -8 -6 4 -2 -1 0 2 3 4
Real axis

Q.49 | How many fivedigit numbers can be formed using the integers 3, 4, 5 and 6\
exactly onaligit appearing twice?

Q.30 | The phase margin dhe transfer functiofOi is degrees
(rounded off to the nearest integer).

Q.51 | A wire-wound'resistive potentiometeyp€e angle sensor with 72 turns is used in

application. The first turn of the potentiometer is connected to ground while i
turn is connected to 3.6 V. The width of the wiper covers two turns ensuring
beforebreak. The output (wiper) voltage whire wiper is on top of both the tur
35and 36 is {rounded off to two decimal places).

Page 29 of 35

Organizing Institute: [IT Kanpur



GATE§ Instrumentation Engineering (IN)
(3]

Q.52 | The two secondaries of a linear variable differential transformer (LVDT) shoy
magnitude of 2 V (RMS) for zero displacement position of the core. It is note
the phase of one of the secondahias adeviaion of onedegree from the expecte
phaseOther than this deviation, the LVDT is ideal.

If the differential output sensitivity of the LVDT is 1 mV (RMS)/1 um, the out
for zero displacement is pum (rounded off to one decimal place).

Q.53 | Five measurements are made using a weighing machine, and the readings a
79 kg, 81 kg, 79 kend81 kg. The sample standard deviation of the measure
is kgrounded off to two decimal places).

Q.54 | Four strain gaugesaARRs, Rc and Ry, eachwith nominalresistance Rare connectel
in abridge configuration. When a force is applied,&d R increase byA Rand
Re and R decrease byAR as shown. Apotentiometer with total resistané® is
connected as shown | f R amdARI=0 01 th&¥ninimum value of resistang
Rvrequiredt o bal ance t h e(roinded aff goéwo desimal places). |
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Q.55 | Asinusoidal currentdE 6 p O EJ m“rtomA is flowing through & H inductor
which is mutually coupled to another 5 H inductor carrying

Eo ¢OEJ mnomA

as shown in the figuréT'he coupling coefficient between the inductors is 0.6.
peak energy stored in the circuit is (nedinded off to two decimal places).

W) , 4 b

it

Q.56 | The figure below shows a feedback amplifier constructed usiniyl&$ transistor
Assume that §Cox = 1 mA/V2 threshold voltage ¥= 1V and W/L = 2. The bia
voltage at the drain terminal is 4 V. The capacitasffer zero impedance at th

signal frequency. The ratMou/Vinis (rounded off to two decimal
places).
VDD =5V
§ Rp [ 1kQ
R, S 200 ?
kQ
T o wir -
I i | W/L=2

Vi @ 2300 3 Ca
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Q57

Considetthe realvaluedfunctionQw [ A@h ¢ h ¢cw xh

wherew™  Hitb . The minimum value attained BQo is
off to one decimal place).

founded

Q58

A shortcircuit test is conducted on a singlbase transformer by shorting

secondary. The frequency of input voltage is 1 kHz. The corresponding wat
reading, primary current and primary voltage aM/,82 A and 6V respectively.
Assume that the nlmadlosses and the Aoad currents are negligible, and the c
haslinear magnetic characterissickeeping the secondary shorted, the primar

connected to a 2 V (RMS), 1 kHz sinusoidal source in series Wi%hﬁmF

capacitor. The primary curre(RMS)will be A(rounded off to two decimal
places).

Q59

The opamp#n the circuit are ideallTheinput signalsare
Vai= 0 1 1Ed natVandVe= ¢ 1 @ Ed natV.

The averageralue of the voltage VY is V(rounded off to two decimal

places).
Vsi +
|“ R
R

Vs2
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Q.60 | Inthe circuit shown, the input voltage,\ 100 mV. The switch and the opamp a
ideal. At time t = 0, the initial charge stored in the 10 nF capaciton@ Wwith the
polarity as indicated in the figur&he switch Sis controlled using & kHz square
wave voltage signa¥sas shownWhereverVsis‘ Hkgh', S isin position‘1l” and
when \sis* aw', Sis in position‘2’.

At t = 20 ms, the magnitude of the voltagewlll be m\{rounded off
to the nearest integer).
10 nF
-t
I
S
Vin L, 2 —
Y * "
High
tow, LI LML —=1nF
=0 L =+
Q.61 | In the diagram shown, the frequency of the sinusoidal source voltigesU Hz.

The load voltage is 230 V (RMS), and the load impedanevtla—is TQMT Q .The

value of attenuator A= —F The multiplier outputvoltage \b = — , wherew
andw aretheinputs. The magnitude of theverage value of the multiplier outp
Vois \(rounded off to one decimal place).

Ve @ HLoad

AN
g
= Vx J
+90° Phase, A
Vo Vy| shifter :
Multiplier
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Q.62

In the circuit shown, assuming an ideal opamp, the value ofutpeit voltage
Vo= V(rounded off to one decimal place).

3R
VMV

NVN—e —
_T_3R + Vo

— VWV AN NV
R
R

3R R

Q.63

Therank of thematrix 0 given belowis one The ratio- is (rounded off
to the nearest integer).

Q.64

A 1.999 V True RMS 3l/2 digit multimeterhas araccuracy of
+0.1 % of reading:2 digits.

It is used tomeasure 100 ARMS) current flowing through a line using a 10(
ratio,Classl curr ent transf or #®r%. with a

The worstcase absolute error in tineultimeteroutput is Yrounded
off to three decimal places).
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Q.65 | The voltage source Vs #¢ i Q& 1 t*“ntagV has an internal resistance of
50Q .The RMS value of the currentrbugh R is mAgrounded off to one
decimal place).

250
\Y% @ 1 mH
s 20n
R=250 I
VVV [
imF
20w

*This option did not appear BATE 2023 Examination. It appeared‘darbineflow metef,
that is,” Turbineflow metef optionwas repeated.

END OF QUESTION PAPER
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