GATEFORUM
rererI e |IN-2019)|

Q. No. 1 -5 Carry One Mark Each

Until Iran come along, India had never been in kabaddi.
(A) defeated (B) defeating
(C) defeat (D) defeatist

(A)

The fishermen , the flood victims owed their lives, were rewarded by the government
(A) whom (B) to which (C) towhom (D) that
(©)

The radius as well as the height of a circular cone is increases by 10%. The percentage
increase in its volume is .
(A) 17.1 (B) 21.0 (C) 331 (D) 72.8
(©)
Initial Stage After increasing 10% for radius & height

Y y

——i

——
r 1.10r

Volume of circular cone, Volume, V, =%7r(1.1r)2 (1.1h)

_1 5
Vi =5mrh _1331

1331 ,, 1 ,
————nar‘h—=mnr‘h 1331-1

Percentage increase = Vi Vi x100 = —3 3 x100 = x100=33.1%
\/i Zh 1
é T
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Five numbers 10, 7, 5, 4, 2 are arranged in a sequence from left to right following the
directions given below:
(1) No two odd or even numbers are next to each other.
(2) The second number from left is exactly half of the left -most number.
(3) The middle number is exactly twice the right most number.
Which is the second number from the right ?
(A) 2 (B) 4 © 7
(©)
Numbers are 2, 4, 5, 7, and 10
The correct order of arrangement 10, 5, 4, 7, and 2
Thus an arrangement follows given three conditions

Second number from right = 7

“Some students were not involved in the strike”. If the above statement is true, which of the
following conclusions is/are logically necessary ?

1. Some who were involved in strike were students.

2. No student was involved in the strike.

3. At least one student was involved in the strike.

4. Some who were not involved in the strike were students.

(A) land2 (B) 3 (C) 4 (D) 2and3

(©)

Q. No. 6 - 10 Carry Two Marks Each

| read somewhere that in ancient times the prestige of a kingdom depended upon the number
of taxes that it was able to levy on its people. It was very much like the prestige of a head -

hunter in his own community".

Based on the paragraph above, the prestige of a head- hunter depended upon
(A) the prestige of the kingdom

(B) the prestige of the heads

(C) the number of taxes he could levy

(D) the number of head she could gather

(D)
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Two trains started at 7 AM from the same point. The first train travelled towards north at a
speed of 80 km/h and the second train travelled south at a speed of 100 km/h. The time at
which they were 540 km apart is AM.
(A) 9 (B) 10 (©) 11 (D) 11:30
(B)
For X

Time taken =t

Distance x = velocityx time

X =80t = t = ——
80

For y time taken =t

Distance y =100t :t:i
100

X +y =540km
From (1) and (2)

:L:L:X:O.Sy 100km/h
80 100

X+y=540=0.8y+y=>540
1.8y =540 = y = 300km
y 300

Timetaken =—— = ——=3hrs
100 100

Time at which these trains =7.00AM +3hrs =10.00AM

In a country of 1400 million population, 70% own mobile phones. Among the mobile phone
owners only 294 million access the internet. Among these Internet users, only half buy goods
from e-commerce portals. What is the percentage of these buyers in the country ?
(A) 10.50 (B) 14.70 (C) 15.00 (D) 50.00
(A)
Total population = 1400 million
Number of people whose having own mobile phones
= 70% of 1400 =0.7 x1400=980 million

Number of people whose accesses the internet = 294 million
Number of people who buy goods from e-commercial portals = Half of internet users
= 2%4 =147million

Percentage buyers = L47million x100=10.5%

1400 million
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The nomenclature of Hindustani music has changed over centuries. Since the medieval period
dhrupad styles were identified as baanis. Terms like gayaki and baaj were used to refer to
vocal and instrumental styles, respectively. With institutionalization of music education the
term gharana became acceptable. Gharana originally referred to hereditary musicians from a
particular lineage, including disciples and ground disciples. Which one of the following
pairings is NOT Correct ?

(A) Dhrupad, baani (B) Gayaki, Vocal

(C) Baaj, institution (D) Gharana, lineage

(©)

Since the last one year, after a 125 basis point reduction in repo rate by the Reserve Bank of

India, banking institutions have been making a demand to reduce interest rates on small savings

schemes. Finally, the government announced yesterday a reduction in interest rates on small

saving schemes to bring them on par with fixed deposit interest rates.

Which one of the following statements can be inferred from the given passage ?

(A) Whenever the Reserve Bank of India reduces the repo rate, the interest rates on small
saving schemes are also reduced.

(B) Interest rates on small saving schemes are always maintained on par with fixed deposit
interest rates.

(C) The government sometimes takes into consideration the demands of banking institutions
before reducing the interest rates on small saving schemes.

(D) A reduction in interest rates on small saving schemes follow only after a reduction in repo

rate by the Reserve Bank of India.
Key: (C)
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Key:

INSTRUMENTATION ENGINEERING

Q. No. 1 to 25 Carry One Mark Each

The figure below shows the i" full-adder block of a binary adder circuit. C, is the input carry

and C,

i+1

is the output carry of the circuit. Assume that each logic gate has a delay of 2
nanosecond, with no additional time delay due to the interconnecting wires. If the inputs

A, B, are available and stable throughout the carry propagation, the maximum time taken for

an input C, to produce a steady-state output C,, is nanosecond.

»—Ai

(@ pa (G

{

(4)

It is given that the input A,, B, are available and stable throughout the cans propagation, then
we need to obtain maximum time taken by C; to Produce steady state output C. ,.

By observing the Logic circuit we can say that if A,, B, are stable and available, then in a

particular i, stage the output form 1% level is available so the signal C, has to overcome the

delay of the remaining 2 stages i.e. middle stage (AND gate), the final stage (OR gate), since

each of this gates having delay 2.n.sec, so the total delay to obtain C,_, is 4 n.sec

Basically the delay of 1 stage has not to be included as per the condition given.

Hence the correct answer is 4.

The resistance of a resistor is measured using a voltmeter and an ammeter. The voltage
measurements have a mean value of 1V and standard deviation of 0.12V while current
measurements have a mean value of 1 mA with standard deviation of 0.05mA. Assuming that
the errors in voltage and current measurements are independent, the standard deviation of the

calculated resistance value is Q.
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Key: (130)
Sol: Given V... =1V,c, =0.12V

I =ImA, o, =0.05mA

mean

R= ¥(from basic)

B R CIL CIRROE

4 2
:\/(1813) (O'O5X10_3)2+(1;3j x0.12? =+/2500+14400

o, =130Q — Itis standard deviation in calculated resistance.

The circuit shown in the figure below uses ideal positive edge-triggered synchronous J-K flip
flops with outputs X and Y. If the initial state of the output is X = 0 and Y = 0 just before the
arrival of the first clock pulse, the state of the output just before the arrival of the second pulse

7

XY
Output

is

(A) X=0,Y=0 (B) X=0,Y=1 (C) X=1Y=0 (D) X=1Y=1

Key: (D)
Just before 2™ clock means, after the 1% clock, since the given circuit is a standard 2 bit ripple
down counter, the counting sequence is

00-11-10-01-00-11.....

So if the initial state is X =0,Y =0, then after 1% clock X=1Y =1

The input x[n] and output y[n] of discrete-time system are related as y[n]=ay[n—1] +x[n].
The condition ofa for which the system is Bounded-Input Bounded-Output (BIBO) stable is
(A) |of<1 (B) |o|=1 ©) |oj>1 (D) |of<3/2

Key: (A)
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— The system can be stable if i|h(K)| <oo to satisfy this condition |o|<1i.e
K=o

iak -1 Provided |a] <1.
K=0 1-a

A box has 8 red balls and 8 green balls. Two balls are drawn randomly in succession from the
box without replacement. The probability that the first ball drawn is red and the second ball
drawn is green is
(A) 4/15 (B) 7/16 (C) 12 (D) 8/15
Key: (A)
Sol: Total balls = 8(red) + 8 (green) =16
Let A, B be events respectively that drawing a red ball in 1% draw & a green ball in 2™ draw
and balls drawn without replacement.

. Required probabilityisP(An B) =P(A).P(B/A)
_8C, 8C, 1
2

X =

"~ 16C,  15C,

8_4
15 15

Consider a circuit comprising only resistors with constant resistance and ideal independent
DC voltage sources. If all the resistances are scaled down by a factor 10, and all source

voltages are scaled up by a factor 10, the power dissipated in the circuit scales up by a factor
of

(1000)

— P'=1000P = P,,, =1000P,,,

So Power increased by 1000 times.
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If each of the values of inductance, capacitance and resistance of a series LCR circuit are
doubled, the Q-factor of the circuit would

(A) reduce by a factor J2 (B) reduce by a factor 2
(C) increase by a factor J2 (D) increase by a factor 2
(B)
— For a series RLC circuit

L

Q-2 2 ()

— If all components values becomes doubles

oA o

— By Comparing equation (1) and equation (2) we can say the new value of quality factor
becomes half of old quality factor.

A signal cos(2xft) modulates a carrier cos(2nf;t) using the double-sideband-with-carrier

(DSBWC) scheme to yield a modulated signal cos(2nf t)+0.3cos(2nf, t)cos(2nft). The
modulation index is . (Rounded off to one decimal place).
(0.3)
— Standard form of DSB with carrier modulation is given by
A, [1+pAm cos 2xfmt] cos 2nfet
— In the given problem A, = A, =1, So the equation becomes
[1+ p.cos 2nfmt]cos 2nfet
— Then given modulated signal is
S(t) = cos 2xfet +0.3cos 2xfet cos 2nfmt
S(t)=[1+0.3 cos 2nfmt] cos 2nfet
By comparing with standard equation

[1+ pcos 2nfmt]cos 2nfet
n=0.3

In a single-mode optical fiber, the zero-dispersion wavelength refers to the wavelength at which
the

(A) material dispersion is zero

(B) waveguide dispersion is zero

(C) sum of material dispersion and waveguide dispersion is zero

(D) material dispersion and waveguide dispersion are simultaneously zero.
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Key: (C)

Sol: For a single mode optical fibre, the wavelength V, Dispersion curve is given by

material

20 | dispersion

T 10 - total
. . dispersion
Dispersion 0

—> wavelength
_10 -/
-20 \

Waveguide
dispersion

So, total dispersion is sum of waveguide and material dispersion.

The total number of Boolean functions with distinct truth-tables that can be defined over 3
Boolean variables is
(256)

Using ‘n’ number of Boolean variable we can have 22 number of Boolean function so when
n=3 if becomes 27 =2° =256

A 3x 3 matrix has eigen values 1, 2 and 5. The determinant of the matrix is
(10)

Determinant of a matrix is given by product of its Eigen values.
|A| =R, A, =1x2x5=10

In the circuit shown below, maximum power is transferred to the load resistance R, , when

R, = Q.

50)
VWA

Yo <

(®)
By maximum power transfer theorem, if a variable resistor is connected across a practical
voltage sources then the load R, receives maximum power from source when
R, =R =R, =5Q.

13. An 8-bit weighted resistor digital-to-analog converter (DAC) has the smallest resistance of

500 Q. The largest resistance has a value of kQ.
Key: (64)
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Sol:  — In a n bit binary weighted resistor type DAC, the minimum values of resistance is
2°R=R =500 maximum value of resistance is 2" 'R

— So if n=8 then maximum value of resistance is
22 R =2"R =128R =128 x 500 = 64000Q2 = 64k

Four strain gauges in a Wheatstone bridge configuration are connected to an instrumentation
amplifier as shown in the figure. From the choices given below, the preferred value for the
common mode rejection ratio (CMRR) of the amplifier, in dB, would be

+10V

Instrumentation
Amplifier

(A) 20 (D) 100
(D)

The correct biasing conditions for typical operation of light emitting diodes, photodiodes,
Zener diodes are respetively,
(A) forward bias, reverse bias, reverse bias
(B) reverse bias, reverse bias, forward bias
(C) forward bias, forward bias, reverse bias
(D) reverse bias, forward bias, reverse bias
(A)
Type of Diode Biasing
Light Emitting diodes (LEDs) — Forward bias
Photo diodes — Reverse bias

Zener diodes — Reverse bias

16.  Theoutput y(t) of a system is related to its input X(t) as
t
y(t):jx(r—z)dr. where, x(t) =0 and y(t) = 0 for t<0. The transfer function of the
0

system is

1—e™® -2s
® = @ ) . ) © - ©) -e*
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Key: (C)
Sol:  y(t)=|x(z-1)dz

— Xx(1) > X(s)
X(1—2) <> x(s)e ™ (- time shift properly)
x(s)e*

t
Ix(r—Z)dz VRN
g S

In the circuit shown below, the input voltage V,, is positive. The current (I) — Voltage (V)
characteristics of the diode can be assumed to be 1=1,e""¥" under the forward bias condition,
where V; is the thermal voltage and |, is the reverse saturation current. Assuming an ideal
op-amp, the output voltage V,, of the circuit is proportional to

1kQ

VWA

L

(A) Ioge (\/ln /VT)

(C) ™™
Key: (C)
VvV, =0-IR
=-IR (1)
+V, -V, =0 =V, =V,

Diode current equation is given by

V;

V Vin_
I=1 exp—=2=Ie" ("~ V.=V l
0 pVT 0 ( D |n) >

+
Substitute the value of I in equation (1), Vi + V[ _ o
D

then we get -
Vi
Vv, l,e¥" x1x10*Volt ==

ut —
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in

From above equation it is obvious that V, o eV

Given circuit is a prototype of exponential (Antilogarithmic) amplifier.

a, b, ¢ are three orthogonal vectors. Given that a =i+ 2j+5k and b=i +2j—Kk, the vector
¢ is parallel to
(A) i+2]j+3k (B) 2i+]j (C) 2i-j (D) 4k
(©)
Let C be parallel to a vector d = &, b,d arealso mutually perpendicular
= Dot product of every two vectors as 0.
By option method, the vector say d in option (C) only satisfies & . d=0and b.d=0

Hence answer is option (C)

The vector function A is given by A=Vu, where u(x,y) is a scalar function. Then
[V xAlis
(A) -1 (B) 0 ©1 (D) e
(B)
V x A=V x(Vu)=0 ie., Zero vector
~.|V x A| =0 = option(B)

(From Vector Identities curl(grad¢)=0, where ¢ is scalar function).

In the circuit shown below, initially the switch S, is open, the capacitor C1 has a charge of 6

coulomb, and the capacitor C2 has 0 coulomb. After S; is closed, the charge on C2 in steady

state is coulomb.
1kQ

S
N Yy

C,=2F

C,=1F J—
Il

f
Key: (4) -

Sol:  Method-I: For t>0, the circuit is, 10002

6/s 6x2

l AW
I(S):(3+20005) ~ (3+2000s) @ s Ve )
6

2s
12 1

Vv -t
c=(8)=3120005) * 25
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From final value theorem,

_ 12s 1 12
Ve, (t=0) =V (0)=lim—F———x —=—— =2V
Cz( OO) Cz( ) Sl_r’g(s-i-zooo)(D) X 28 3)(2

1

Cl
C,V, (initialcharge) =(C, +C, )V, T
=6=3V=>V=2=V,=V, -
Hence q, =2 x2=4C

0, =C,V, =2x2=4C

Method-2: (Charge conservation) at t=o0

A pitot-static tube is used to estimate the velocity of an incompressible fluid of density
1kg/m® . If the pressure difference measured by the tube is 200N/ m?, the velocity of the
fluid, assuming the pitot-tube coefficient to be 1.0, is m/s.
(20)

For a Pitot-static tube it is given that

density(p) =1kg / m’

Pressuredifference(AP) =200N / m?

Pitot tube co-efficient =1

Velocity, V = \/ZA—P = JZ x20Q

p

=./400 = 20m/sec

22. In the figures (a) and (b) shown below, the transformers are identical and ideal, except that
the transformer in figure (b) is centre-tapped. Assuming ideal diodes, the ratio of the root-
mean-square (RMS) voltage across the resistor R in figure (a) to that in figure (b) is

Vsin(wt) ‘ ‘

Figure(a)

>
V sin(wt) ‘ ‘ é{
>
(b)

Figure

(A) V2:1 (B) 2:1 () 24211
Key: (B)

Sol: By referring figure (a) we can draw the o/p wave form as follows
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n
Visinmt<"‘) % || % Vau §Vosinmt

SoV,, =V,sinot
V, (V, can be obtained based on
[ Ol]r.m.s = %

By referring figure (b), we can draw the o/p wave form as follows

the transformer ratio

V02

2 A

V,sinot <~) 2 m
5o
2

Basically it is a centre tapped full wave rectifier

V2 v for a F.W.R. wave form if
Vool .. = [0—/j =—2| peak value is x then its

V2 ) 22

r.m.s value is X/x/E

The rake of r.m.s voltage of figure a and figure b is

Mol . UNZ
Valo V22

Hence the correct answer is option B.

In a cascade control system, the closed loop transfer function of the inner loop may be

assumed to has a single time-constant t,. Similarly, the closed loop transfer function of the
outer loop may be assumed to have a single time-constant t,. The desired relationship
between 1, and t, in a well-designed control system is
(A) 1, is much less than ,
(B) t, isequal to t,
(C) r, is much greater than T,
(D) t, isindependent less than t,
Key: (A)
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Sol: For the given cascade control system

7,. Represent time constant of inner loop
T, . Represent time constant of outer loop

We know in a cascade control system 1, < 1,

24. The loop-gain function L(s) of a control system with unity feedback is given to be

L(s)= (s+1)(5JI:2)(s+3)’ where k>0. If the gain cross-over frequency of the loop-gain

function is less than its phase cross-over frequency, the closed-loop system is

(A) unstable (B) marginally stable
(C) conditionally stable (D) stable

(D)

We know in general when o, > o, the control system is stable.

Thermocouples measure temperature based on
(A) Photoelectric effect (B) Seebeck effect

(C) Hall effect (D) Thermal expansion
Key: (B)

Sol:  Thermocouple operating principle is a temperature difference across a metal produces emf
which is known as Seebeck effect.

Q. No. 26 to 55 Carry Two Marks Each

26. The parallel resistance-capacitance bridge shown below has a standard capacitance value of

C,=0.1uF and a resistance value of R, =10kQ. The bridge is balanced at a supply
frequency of 100Hz for R, =375kQ, R, =10kQ and R, =14.7 kQ.
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The value of the dissipation factor D=1/(@R,C,) of the parallel combination of

C,andR, is . (Rounded off to three decimal places).

Key: (0.042)
Sol: Giventhat C, =0.1uf, R,=10kQ R,=375kQ, R,=10kQ
1

R,=14.7kQ, D= , f, =100Hz.

OJRp o

At balance condition

P oC,
_jR1R4 _ _jR3Rp
RoC -] R,0C, —]j

= RR,(R,0C, - j)=R,R, (RxC, - j)
=R,R,R,0C, - JRR,=R;R R,0oC, ~]R;R,
(Imaginary part and real part will be same at both sides from balance condition).
R,R, =R.R, (1)

_R,R, 375x14.7
p R3
R,R,R,wC,=R,R R,0C;

~ R,C; 10x10°x0.1x10°
PR,  147x10°

R =551.25kQ

C

=0.068uF
4
1 1

= : +=0.042
(2nf,R,C,) 2mx100x551.25x10°x0.068x10

Dissipation factor, D=

The curve y=f(x) is such that the tangent to the curve at every point (x, y) has a Y-axis
intercept c, given by c=-y. Then, f(x) is proportional to
(A) x* (B) x* ©) x° (D) x*

Key: (B)

Sol: Equation of the tangent to the curve y=F(x)at a point P(x,y,) is y-y,=m(x-x,),

where m:(d—yj or f'(x)
dx J,
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Using y- intercept, we get y, —mx, =-Y,

2Y;

2y
X X

= m =—2% =m=—=(droppingsuffix)

1

Ly by

dx X y X

Integrating, we get y=kx*=f (x) is proportional to x*

A differential capacitive sensor with a distance between the extreme plates 200mm is shown
in figure below. The difference voltage AV =V, -V,, where V; and V, are the rms values,

for a downward displacement of 10mm of the intermediate plate from the central position, in

(A) 0.9
Key: (D)

Sol:  From the given figure

Initial  C,
position <

position 2

EA'C eA

LT 60mm’ 2

~40mm

10x A 10x L

VG _ 40mm 40 _gy

3V1:Cl+c2_ cA €A 1 1

+ —
60mm 40mm 60 40
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Engineering Success
SEEEREEEEEEEEEDN

—V,=V.-V,=10-6=4
= AV=V, -V, =6-4=2V.
In the circuit shown below, the angular frequency ® at which the current is in phase with the

voltage is rad/s.
l,sin(ot)

pR—
>

Vosin(oat /\) SmHg 50Q§

Key: (20,000)

Sol: — For a parallel RLC circuit, the resonant frequency is ©, = ——
JLC

= ! = 20,000 rad/sec.
J5x10° x500x10°°

The forward path transfer function L(s) of the control system shown in figure (a) has the

30.
If the disturbance d(t) is given by

asymptotic Bode plot shown in Figure (b).
d(t) =0.1sin(wt) where w="5rad/s, the steady-state amplitude of the output y(t) is

20log|L|(dB)

5rad/s N o(rad/s)

5r;ad/ S w(rad/s)

Phase (L) (Deg).

Figure(a) Figure(b)

(A) 1.00x10° (B) 2.50x10° (C) 5.00x10° (D) 10.00 x10°
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Key: (A)
Sol: At w =5, gain =40db
20log m =40
log m=2
m =10 =100
Y (s) 1 : .
->——== (By using SFG on the block diagram)
D(s) 1+L(s)

By considering y(t) as output and d(t) as input we can redraw the block diagram as

D(s) —— ﬁ(s) Y[y

—|L(s)],_, =40db =100
—if d(t)=0.1sin 5t

then y( ):{

1
~1+100
So the steady state amplifier is 1x107.

1
1+L(s)

}(o.lsin 5t)

(0.1)sin5t = (1>< 10‘3)sin 5t

The function p(x) is given by p(x)=A/x" where A and p are constants with p>1 and

1<X <o and p(x)=0 for —o < x <1. For p(x) to be probability density function, the value

of A should be equal to

(A) p-1 B) p+1 (C) 1/(n-1) (D) 1/(p+1)
(A)

since P(x) isp.df= [ p(x)dx=1

1 © A
= (O)dx+_[l Fdx =1

—00

0

; }
(1—|,l).X“"1 )
A

=—1I[0 -1]=1=>A=p-1 [':M—1>o:>
1-p

:Aj‘jx“dx=1:A{ -1

— 0when x —> ooJ
xHt
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A piezoelectric transducer with sensitivity of 30mV/kPa is intended to be used in the range of
0 kPa to 100 kPa. The readout circuit has a peak noise amplitude of 0.3mV and measured
signals over the full pressure range are encoded with 10 bits. The smallest pressure that
produces a non-zero output, in units of Pa, is approximately
(A) 10 (B) 100 (C) 240 (D) 300

Key: (B)

P Piezoelectric

— transducer L
circuit .

0-100kPa | k =30mv/kPa (10 bit output)

T

0.3mV (noise)

Read out

The read out circuit shown in the above figure is nothing but an ADC. Since we are expecting
the a non zero output, then it input should must be at least

V,, = [Resolution of read out]+[noise]

mv
[\/'”]max 100kPax30—— 300

Resolution of read out =1 = m kPa _ =2.92mV
2 2 1024

=V, >2.92+0.3

=V, >3.22mV

Vi, =kxP,

V,  322mV.
k

=—————=0.1076 kPa =107 Pa =100Pa
30 mV/kPa

A 100W light source emits uniformly in all directions. A photo detector having a circular
active area whose diameter is 2cm is placed 1m away from the source, normal to the incident
light. If the responsivity of the photo detector is 0.4A/W, the photo-current generated in the
detector, in units of mA, is
(A) 1 (B) 4 (C) 100 (D) 400

Key:  (A)

Sol:  Itis given that P = 100 watt

P 100

Light intensity | = -
d y 4mr?  4mx]?

=7.96 W/m?

Power incident on photo detector = I x rtr?
=7.96x1x0.01* =25x0.0°W
Photo current generated in detector

| =RP=0.4x25x0.01° =1mA.
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34. X=XX,and Y =Y,Y, are 2- bit binary numbers. The Boolean function S that satisfies the
condition "If X>Y, then S=1", in its minimized form, is
(A) XY, + XY, (B) XY, + X, oY, + X, Y X,
©) XY, XY, (D) XY, + X, Y, Y, + X Y, X,

Key: (B)

X, X
Sol: Yl YO} when we compare X and Y, then X >Y can happen in 2 possible waves
1 0

(i) X, =1Y,=0=X,Y,
(ii) (X, = Y,)and (X, =1 Y, =0) = (X, 0 Y,)(X, Y, )
So the expression for X >Y will be

=X, Y, +[ (%, 0 Y,)(X,Y, )]

=X.Y, +[(xl\(1 +XY,) (XOVO)}

= (X, Yy + XY X, Yo ) + X, VX, Y,
[x (Y + VX%, Y )J+x_171xov_o
[x (¥, +%,X YO)J+ZKXOVO(-.-K+AB=K+B)

= XY, + XX, Yo+ X, Y1X, Yo
|

|
Vi (X, # XX Yo ) |#3X, Yo = Vi (X + X, Yo )+ XX, Yo

=X, Y1+ X, Yo Y14 X, YoX,

35.  Four identical resistive strain gauges with gauge factor of 2.0 are used in a Wheatstone bridge
as shown in the figure below.

Only one of the strain gauges R,z Changes its resistance due to strain. If the output voltage

Vour IS measure to be 1 mV, the magnitude of strain, in units of micro strain, is
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A) 1 (B) 10 (C) 100 (D) 1000
Key: (D)
Sol:  The given circuits is Standard Quarter Bridge, whose output voltage is given by
_Vs
4
Where,
V,— Output voltage = 1 mV/( given)

V, (GF)e

Vs — Supply voltage = 2V (given)
G.F- Gauge Factor = 2 (given)

¢ — Strain

4)x(1x10°°
e v )<L ):1><10’3:103><1073><1073
V.(GF) (2(2)

=1000%10"® =1000 unit of micro strain

36. Asignal x(t) has a bandwidth 2B about a carrier frequency of f, =2GHz as shown in figure (a)

below.

Figure(a)

In order to demodulate this signal, it is first mixed (multiplied) with a local oscillator of
frequency f,, =1.5GHz, and then passed through an ideal low-pass filter (LPF) with a cut-off

frequency of 2.8GHz. The output of the LPF is sent to a digitizer ADC with a sampling rate of
1.6 GHz as shown in figure (b) below.

MIXER

X(t) — _L

Cut—off =28GHz Sampling rate
1.6GHz

sin(2xf ot)
F,,=1.5GHz

Figure(b)
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The maximum value of B so that the signal x(t) can be reconstructed from its sample according
to the Nyquist sampling theorem is MHz.

Key: (300)
LPF
> cut off freq= ADC
Xa(f) 2.8GHz
Samplingrate
1.6GHz

F,,=1.5GHz

-f.—B —f +f.+B

c

-2-B -2

N NN Y

| ' | | |
-35-B-35 -35+B -05-B-05 -05+B 05-B 05 0.5+B l3.5—N 35 35+B

f—f X(f+f 28
x, (1) X hal 2 X ) 0

/~

I
-0.5-B -0.5 -0.5+B

Nyquist rate of X, (f)=2(0.5+B)=1+2B

The sampling frequency of X, (f) should be 1.6 GHz

=1+2B=1.6
= 2B=0.6
= B=0.3GHz =300MHz
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A resistance-meter has five measurement range-settings between 200Q2 and 2 MQ in multiplies
of 10. The meter measures resistance of a device by measuring a full-range voltage of 2V
across the device by passing an appropriate constant current for each range-setting. If a device
having a resistance value in the range 8kQ2 to 12k and a maximum power rating of 100uW is
to be measured safely with this meter, the choice for range-setting on the meter for best
resolution in measurement, in kQ 1is
(A) 2 (B) 20 (C) 200 (D) 2000

(©)
8kQ < R <12kQ

—  When the resistance is 20k

2V 1
o r
! 20kQ2 10 mA <> R % FSD \D

2
P =I"R__ =(% x 10‘3] (12x10°%) 2V

=120uw > 100uw (S0 not suitable)

—  When the resistance is 200k

v 1
200k 100

2
P..=I"R., :(ﬁ x 1o3j x(12 x10°)=1.2uw

In the circuit shown below, assume that the comparators are ideal and all components have zero
propagation delay. In one period of the input signal V,, =6sin(wt), the fraction of the time for
which the output OUT is in logic state HIGH is

High

>

o

incd
3V

}
@—o out
==

Low

(A) 1/12 (B) 112 (C) 2/3 (D) 5/6
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Key: (D)

Sol:

4 —
y
Equivalent to X — NOR gate
out=XY+XY=X0Y

_6V_

Comparator —1 )

High

0
Low _|

A

High -

Comparator — 2
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Operator of comparator:
V. >V —outputislogicl
V, < V: — output is logic <0
For comparator 1:
O<a<2n
When input is less than 3V,
V., —V_>0sooutput x — High
When input is more than 3V
V. -V <0 So output X — low
For comparator 2:

When: O<a<n

V., —V_<0sooutput Y — low
When: n<a<2n
V, -V >0,sooutpu Y =High

Now, 3=6sin(ot)=>0=(ot) :sinl(gj _

=
6

2 T
Ty n-20+mn_ T3 5

27 27 6
Therefore, friction of time of which XNOR (out) is high:

T2
6

T:

In the circuit shown below, a step input voltage of magnitude 5V is applied at node A at time
t=0.

W

If the capacitor has no charge for t<0, the voltage at node P at t=6us is

(Rounded off to two decimal places)
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Key: (1.89)

Sol:  The given circuit is

2kQ

za

Voltage at node P = Voltage of capacitor

For 1* order RC N/W, the voltage across capacitor is given by

V, (t)=V, (o)[1-e""] [ V,(07)=0 given] Vic
At t=00, N/W is in steady state and the capacitor is open circuit.

2kQ 3kQ
MW

3
VC (OO) = V3kQ = ms = 3V

To calculate T=R,,C, the independent voltage source is short circuited, & Rth is obtained
from capacitor terminal.

2kQ 3kQ
MW

Ry, =(2]13)=1.2kQ
C=5nF
1=R,C=12x10°x5x10"° =6x10"° sec

Ry, =(2/3)=1.2kQ
C=56nF
1=R,C=12x10°x5x10"° =6x10"°sec

Vc (t) =V, = VC (oo)(]__ e V2 ) _ 3(1_ eft/exm*6 )
6x10°°

V, (Bpsec) = 3{1—66%5 J =3(1-e")=1.89V
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40.  The frequency response of a digital filter H (co) has the following characteristics
Passband: 0.95< |H(w)| <1.05 for 0<®<0.3r and

Stopband:  0<|H(w)| <0.005 for 0.4n<o<m,

Where o is the normalized angular frequency in rad/sample. If the analog upper cut off
frequency for the passband of the above digital filter is to be 1.2 kHz, then the sampling
frequency should be kHz.

(8)
For the given digital filter H(®), having

Passband: 0.95<|H ()| <1.05,0<<0.3n
Stop band: 0<|H(w)|<0.005;0.4t<w<n

: Represent normalized angular frequency (rad/sample) which is nothing but the digital
frequency.

It is clear that is a low pass filter (practical), with digital cut-off frequency (,)=0.3n and

its corresponding analog cut-off frequency (f,)=1.2 kHz
The relation between analog frequency (®, ) and the digital frequency () is given by

Let x(a)=cosam,t

®
x(nT,) =cosw, T, =cosn—= = cosNay
f

N s
d fs

o, - digital frequency

o, : Analog frequency

f, :sampling frequency

2nf, 2mx1.2x10°
0.3n

=8x10° =8kHz
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41. Consider a Michelson interferometer as shown in the figure below. When the wavelength of
the laser light source is switched from 400 nanometer to 500 nanometer, it is observed that the
intensity measured at the output P goes from a minimum to a maximum.

Detector
Pe

Mirror M2

Laser
Source

Mirror M1
77

This observation is possible when the smallest path difference between the two arms of the
interferometer is nanometer.
Key: (1000)

Sol:  For bright spot 2x =nA,
)
2

For dark spot 2x =(2m+1)

=n}, =(2m +1)7‘—22

:>n(500)=(2m+1)4—(2)0

=5n=(2m+1)2
If m = 2 then to satisfy the above
n=2

= 2X =N\,
= 2X =2x500
= 2x =1000

Optical path difference
Hence the correct answer is 1000.
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42. In the circuit shown below, all transistors are n-channel enhancement mode MOSFETS.

are identical and are biased to operate in saturation mode.

6V
0

1mA (| 4kQ% 4’[

e I

Ignoring channel length modulation, the output voltage V,, is
Key: (4)

Sol: 6V
o

lo,
lp, =1mA G) . §

ut

Va

Current mirror circuit:

First stage of the circuit is current mirror circuit:
Vg3 = Vggg SO that 15, =15, =1mA

V, =6V -4k x1m =2V

For 2™ stage of the circuit as per the question all the transistor working into saturation
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So, |

DL IDZ
(V651 - Vt )2 = (VGSZ - Vr )2

VGsl _Vt :i(vc-;sz _Vt)

As threshold voltage (v;) unit mentioned in the question, so take only +ve sign.
Ve = Vi = Ve =V,

Ve —Va =V, -V,

6V -V, =2V-0

Vg =4V

Vsl = VDZ = Vout =4V

43. In a control system with unity gain feedback, the transfer function of the loop-gain function is
L(s)=9e"** /'s. The phase margin of the loop-gain function L(S) is____ degree.

Key: (38.44)

Sol:  Given,

The transfer function of the loop-given function is L(s)= 9eﬂ, H(s)=1

To calculate the phase margin, we need to calculate find o, .

: 9
|L(jm)|—l:>‘6‘—l

o, =9 rad/sec

= ¢atm, =-90°+ £ —-0.1x9x 180 =-90°-51.56 =-141.56°
I

Phase margin =180+ ¢, =180-141.56 =38.44°

atwge

44.  In the control system shown in the figure below, a reference signal r( ): t* is applied at time
t=0. The control system employs a PID controller C(s) =K, +K, /s+Ks and the plant has

a transfer function P(s) =3/s. If K, =10, K, =1 and K, =2, the steady state value of e is

r | CZ) e PID
Controller P(S)

T

(A) 0 (B) 2/3 ©) 1 (D) w
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Key: (B)

Sol: T G(s\H(S) (Valid for unity feedback)

lOs+1+252}

: =§2(103+1+252)

S

45. In the circuit shown below, all OPAMPS are ideal. The current | = 0A when the resistance

R= kQ. R

WW

4,4\/\/\#

3kQ —
+1v

Apply KCL at node V4

I=1,+1,
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Va0 Va-V,
3k R

From the circuit V,, = 3K
3k

AndV, = %ikxvm =—4x(=V,)=+4V,

Substitute the value of V, in equation (1) and make | = 0, then
I—ﬁ+v’* -4V, 0 VvV, 3V,

= - = ——
3k R 3k R
Va _Va

R 3k

= - R=9kQ

In a microprocessor with a 16bit address bus, the most significant address line A15 to A12 are
used to select a 4096 word memory unit, while line AO to A1l are used to address a particular
word in the memory unit. If the 3 least significant lines of the address bus AO to A2 are short-
circuited to ground, the addressable number of words in the memory unit is

(512)

— From the given information it is clear that A A ,A A, are used for chip selection

purpose
— A,A/A, are shorted means logic 0.

— Out of 16 address line 7 address line have fixed value so effective’s 9 address line whose
values can be varied, so total number of words that can be accessed is 2° =512.

—_— (Eh Ay .
47. A discrete-time signal x[n]=e"*’ +e is down-sampled to the signal x,[n] such that
X4[n]=x[4n]. The fundamental period of the down-sampled signal x,[n] is

Key: (6)

(5x

It is given that x(n)= eJ(?)n +ej{ﬂn

S T

We need to find fundamental period of x,(n)=x(4n)
=x(n)= ej(%x)n + e"[ﬁ)”
— X(4n) _ ej(%}(m) N ej(%)(lln) _ ej(onX)n . e(lx)”

(20x
j—1n
For e( : ] , the fundamental periodis
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N, = 2 k ( 2 is integer in this casej
O“)O (’00

Soxx—S xk=3k=3  (ifk=10)
200" 10

For /™"

N, =2—Xk ( 2 is integer in this casej
ON ON

=2y _ok=2 (if k=1)
X
Since both of individual signals are periodic with period N; and N,, then their combination is
also periodic and is given by
N = LCM(Nl, N2)= LCM(3,2)=6

So the fundamental period of x4(n) = 6

A pulsed laser emits rectangular pulses of width 1 nanosecond at a repetition rate of 1 kHz. If
the average power output is ImW, the average power over a single pulse duration, in watts, is
A 1 (B) 10 (C) 100 (D) 1000

(D)

The nature of waveform will be

[ ] [ 1 [ ] [ ]

>
I1n.sec

1m.sec

— Itis giventhat frequency = 1 kHz, so its period is 1 m.sec.

P -3
—  Energy of each pulse, E = v 1x10

= — =1x10"° joules
frequency 1x10

—6
—  Power of each pulse, P _E :1X1079
Durationof pulse  1x10

pulse —

=1000

The dynamics of the state Dl} of a system is governed by the differential equation

2
X | |1 2 | x N 20
X,| |-3 —4||x,| |10

Given that the initial state is {

0

0 X

}, the steady state value of {Xl} is

WZ e[ el e[
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Key: (D)

Sol: {:j:{_lg j[:ﬂ{fﬂ and initial state is m
X(t) =L {[s1- AT X (0) ]} + L {[SI -A] " B(s)V(s)}

As initial state is zero, x(t) reduced to x(t)=L" {[SI ~Al" B(s)v(s)}

(SI—A)ﬁl— s-1 2 _l:> 1 s+4 42
| -3 s+4 (s+4)(s-1)+6| -3 (s-1)

1 s+4 2 20|
(s+4)(s-1)+6] -3 s+1)/10]
. 14 21[20] 1[80+20] 1[100 50
limx(s)== —— _- \
2|-3 -1jj10] 2]|-60-10] 2|[-70 =35

X, |. | 50
Hence, the steady state value of is

-35

Xz

A Voltage amplifier is constructed using enhancement mode MOSFETSs labeled M1, M2, M3
an M4 in the figure below. M1, M2 and M4 are n-channel MOSFETs and M3 s a p-channel
MOSFET. All MOSFETSs operate in saturation mode and channel length modulation can be

ignored. The low frequency, small signal input and output voltages are V,, and V,,

respectively and the dc power supply voltage is V. All n-channel MOSFETSs have identical

transconductance g, while the p-channel MOSFET has transconductance g,,. The

expressions for the low frequency small signal voltage gain V,,/V,, is

out i

VD D

L

wo— i
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(A) G Gy B) G (9 +0re)
©) G ! Gy (©) G (G0 + )

Key: (C) |
Y

Sol:

V.

in
I
V,, o—| M2 | || +

ga

1
VO +0mn |:Y01 ” Yoz ” g_:|vga =0 Yoo =V =

mn

mp

1
Vout + gmn |:'Y03 ” Yos ” g_:|vgb =0

ng = Voa aNd Y5 = Yo4 =©

o)
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51. The transfer function relating the input x(t) to the output y(t) of a system is given by
G(s)=1/(s+3). A unit-step input is applied to the system at time t=0. Assuming that

y(0)=3, the value of y(t) attime t = 1 is . (Rounded off to two decimal places).
Key: (0.46)
Sol:  Itis given that

[Since initial condition is specified, to incorporate it we need to derive its corresponding

differential equation]

Taking Laplace on both sides
SY(s)-y(0)+3Y(s)=X(s)

Y(s\=—-AL 22/
- (S) s+3 s+3

_ 1 + 3 {.-givennotx(t)=u(t):>X(3)

“s(s+3) s+3

s, 3 s W8 i, 8 )

s s+3 s+3 s s+3 3|s s+3

= y(t)=3[1+8eu(t)

= y(t)=3[1+8¢** Jufy

:1 1+8e° |=0.466
A W <

In a control system with unit gain feedback, the plant has the transfer function P(s):3/s.

Assuming that a controller of the form C(s)=K/(s+9) is used, where K is a positive
constant, the value of p for which the root-locus of the closed-loop system passes through the
points —3ij3\/§ where j:\/—_l, is
() 3 (B) 3V3 ©) 6 (D) 9

Key: (C)

. . 3
Sol: Given, plant transfer function =—
S
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Key:

Sol:

= wH(s)=1
ooy (MY
As the root focus of the closed-loop system passes through the point _3ijsJ§, Angle

condition should following. Angle condition stated as for a point to lie on root locus, the

angle evaluated at the point must be an odd multiple of £180°.

33
3

ZG(s)H(s)=-90°—tan™" {PT

=-90°—tan™ ﬁ =-180=tan™ 3\/_ =90°
P-3 P-3

P-6=0=P=6

In the circuit below, the light dependent resistor (LDR) receives light from the LED. The LDR
has resistances of 5kQand 500Q2 under dark and illuminated conditions, respectively. The

LED is OFF at time t<0. At time t=0s, the switch S; is closed for 1ms and then kept open
thereafter. Assuming zero propagation delay in the devices, the LED
5V

LDR 5V(HIGH)

-

(A) turns ON when S; is closed and remains ON after S; is opened.

(B) turns ON when S; is closed and turns OFF after S, is opened.

(C) turns ON when S; is closed and toggles periodically from ON to OFF after S is

opened.

(D) remains OFF when S; is closed and continues to remain OFF after S; is opened.
(A)
It is given that, fort <0
Switch S1, is open and LED is off
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1010
W —

Since LED is off for t < 0, the resistance of LDR under dark condition is 5000Q = 5kQ

V™ = _ 1000 5=§=O.533
5000 +1000 6

Vi=2vV V' >V =V,=1=S
Now to the SRFF,S=1,R=0
S0 Q" =1

For 0 <t <1 m-sec, Switch S, is closed,

So LED will be F. B and it will glow, now the resistance of LDR will be 50002
1000 5_ 5000

= x5= =3.33V
500+1000 1500

Now V" >V'=V,=0=S
Now S=0,R=0,S0Q" =Q(t<0)=1

When Q" = 1, the base of npn transistor is 1. So the transistor will behave as a on switch.
So LED will glow.

So during0 <t<1msec, S; is closed

Q =1= Transistor, ON

And V, =1

For t>1 m-sec, S; open, even the switch S; is open, still Q = 1, Transistor is ON, LED will
glow for ever.

So the LED, turns ON when S; is closed and remain ON after S; is opened.

54. A complex function f(z)=u(x,y)+iv(x,y) and its complex  conjugate
f'(z)=u(x,y)—iv(x,y) are both analytic in the entire complex plane, where
z=x+iy and i =~/=1. The function f is then given by
(A) f(z)=x+iy (B) f(z)=x*-y*+i2xy
(C) f(z)=constant (D) f(z)=x*+y’
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We know that, every constant function is always analytic.
[ie;f(z)=K, +iK,; where K, & K, are real constants
u(x,y)=K, &v(x,y)=K,

u, =0fv, =0

u,= |v,=0

~.L—R Equations are satisfied VZ.

~f(z) =K, +iK, is analytic]

Similarly, conjugate of f(z), i.e, f'(z) =K, —i K, also analytic.
Option (A) is false, since f(z) is analytic but f’(z) is not analytic.

Option (B) is false, since f(z) is analytic, but f’(z) is not analytic
Option (D) is false, since f(z) is not analytic.

55.  The output of a continuous-time system y (t) is related to its input x(t) as

y(t)=x(t) +%x(t —1). If the Fourier transforms of x(t) and y(t) are X () and Y ()

respectively, and |X(O)|2 = 4. The value of |Y/(0)
Key: (9)
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Sol:  Itisgiven that

y(t):x(t)+%x(t—1) and [x(0)[" =4

We need to obtain Y (0)[’

() =x(0)+2x(t-1)

Y(©)=X(0)+ 2 X (0)e " :(1+%ej"’jX(m)

Doy
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