India’'s Best Institute for IES, GATE & PSUs

Detailed Solutions ELECTRONICS

=1 ={ @ }} enGINEERING

Written Test of Scientist/Engineer Examination

Date of Test: 12-01-2020

«  MADE EASY has taken due care in making solutions. If you find any discrepency/
typo/technical error, kindly mail us at: info@madeeasy.in
«  Students are requested to share their expected marks.

www.madeeasy.in

Corporate Office: 44-A/1, Kalu Sarai, New Delhi- 110016 | Ph:011-45124612, 9958995830

Delhi | Hyderabad | Noida | Bhopal | Jaipur | Lucknow | Indore | Pune | Bhubaneswar | Kolkata | Patna




MADE ERASYH

India’s Best Institute for |IES, GATE & PSUs

ISRO : Electronics Engineering

Detailed Solutions : Exam held on 12.01.2020

ISRO (Scientist/Engineer) Examination
Electronics Engineering : Paper Analysis

Exam held on 12.01.2020

Sl. Subjects No. of Qs. Level of Difficulty
1 Electromagnetics 13 Difficult
2 Communication Systems 5 Moderate
3 Network Theory 10 Easy

4 Control Systems 9 Moderate
5 Signals and Systems 3 Easy

6 Digital Electronics 12 Easy

7 Electronic Devices and Circuits 11 Moderate
8 Analog Electronics 12 Moderate
9 Power Electronics 3 Difficult
10 | Mathematics 2 Difficult

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016

| DX info@madeeasy.in | @) www.madeeasy.in

Page 2




=

India’s Best Institute for |ES, GATE & PSUs

Streams : CE, ME, EE, E&T cl

Batches commencing from
18" Feb, 2020

Admission open

Conventional Questions
Practice Programme

it ESE Mains Test Series

« 350 Hrs of comprehensive course.

« Classes by senior faculty.

« Classes in synchronization with Mains Test Series.
« Well design workbook for every subject.

Corporate office : 44-A/1, Kalu Sarai, New Delhi © 011-45124612,9958995830 ) WWW.Imadeeasy.in




MARADE EASY ISRO : Electronics Engineering
(MADE EASY]

India's Best Institute for IES, GATE & PSUs Detailed Solutions : Exam held on 12.01.2020

Q.1 The plane wave propagating through the dielectric has the magnetic field component
as H = 20e® cos(mt — 0.25x) a, Alm (a, a, a,are unit vectors along x, y and z axis

respectively).
Determine the polarization of the wave
@ a, (b) -a,
(a, +ay)
(e —=—X d) a
% (d) a,
Ans. (b)

H = 20 e #* cos(wt - 0.25m)a,

Electric field direction is called polarization of wave

éE = éH X é,O
= (+&,)x(+4&,)
éE = _éz
Q.2 In free space, H = 0.1 cos(ot - Bx) a, A/m (a,, a, a,are unit vectors along x, y and

z axis respectively). The total power passing through a square plate of side 10 cm on
plane x + 2y = 1.0, is approximately:

(a) 42.12 mW (b) 16.85 mW

(c) 18.84 mW (d) 8.425 mW
Ans. (d)

In free space, H = 0.1cos(wt - Px)a, (A/ m)

Power crossing through a square plate of side 10 cm on plane x + 2y = 10

= 1 .
Pavg = EHgnoap
1 " .
= 5(0.1)2(12O7t)ax = O.6nax(w;azttJ ()
m
3 = (area)ay
. . a_+?2a
S = (010)28/\/ = 10‘{%} (i)
average power crossing the surface
Pog = I%VQ-S
.\ [1072
= (0.6ma,)- a. +?2a
(0sna ) 1% 6 +23)
1072
= W(O-Gn) = 8.429 x 107 Watt = 8.429 mW

End of Solution
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Q.3 Consider the rectangular cavity as shown below:
If a= c > b, the dominant mode of resonance corresponding to the above rectangular

cavity is
y
z
— 7/
(o]
X a O
(@ TEoy (0) TE;py
(©) Ty (d) Moy
Ans. (b)

Rectangular cavity
havinga=c > b

v [(m?, (0, (P’ |
fe mp = 24\ g b . where, m, n, p are integers

Given that b is smaller. So select n = 0, to get least cut-off frequency fc101

m=1,n=0;p=1
End of Solution

Q.4 A video camera generates data at a rate of 5 Mbps. The data is channel coded at rate
1/3 and 8 PSK modulated. Which of the following statements is correct?
(@) Information rate: 15 Mbps; Symbol rate: 5 Msps
(o) Information rate: 5 Mbps; Symbol rate: 5 Msps

(c) Information rate: 15 Mbps; Symbol rate: 15 Msps

(d) Information rate: 5 Mbps; Symbol rate: 5 Msps

Ans. (a)

. 1 k
Given code rate = - =—
g M
i.e., For every k bits of message bits ‘n’ number of total bits will be generated.
From given data, for every 1 bit of message bits total 3 number of total bits will be
generated.
Given data rate = 5 Mbps

after channel encoding information rate will become 5 Mbps x 3 = 15 Mbps
Information rate

symbol rate =
log, m
15Mbps 15
Given 8-PSK Symbol rate = ——2PS _ 12
log, 8 3

5 Mega symbols/sec = 5 Msps

End of Solution
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Q5  Evaluate [ x*f(x)dx, where, f(x):%e@xz/z),xe(_oo,oo)
—oo T
(@ 3 (b) 3Vn
(©) V3 (d) 3n
Ans. (a)
- =,
_ 4f dx = —— 4 _—x /2d
I = _J;x (x)dx @_J;x e b
I= \/Z .[x4 e_xz/ 2dx
o
2
Let, ?:y = xdx = dy

o, 1= 2 [onay ey
0

4T s _ 4 3
- ﬁyy)“eydy—ﬁ%n}

800 e

%%{(%):%x%xﬁ:s

~
Il

End of Solution

Q.6  Consider a transformation 7: R® — R? where R® and R? represent three and two
dimensional real column vectors respectively. Also, T(x) = Ax for some matrix A and
for each x in R%. How many rows and columns does A have and what is the its maximum
possible rank?

(a) Rows : 3; Columns : 2; Rank : 3
(b) Rows : 3; Columns : 2; Rank : 2
(c) Rows : 2; Columns : 3; Rank : 2
(d) Rows : 2; Columns : 3; Rank : 3
Ans. (c)
T: R > R?
Tx) = Ay 5 X354

Number of rows = 2
Number of columns = 3
Maximum possible rank = 2

End of Solution
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Q.7 The output of a three element co-linear antenna array operating in a free space environment
is combined (after appropriate phase shifting) to maximize the signal received from a
particular direction as shown in figure.

I

1

: , % /

130° y y
b

N - -

VL7 2 ’
’ ’ 2

1T )\/2 T Nz T

Phase
shifters

Output

If the inter-element spacing is half of the signal wavelength and direction of maximum
response is 30° from the perpendicular to the array, what are the phases to be applied
to each element? Consider the first element as the reference.

0[50 0[50
@057 @0 3]
Ans. (c)

The angle between array axis and maximum electric field response is 90° — 30° = 60°

éoo,/ AN
o . N . ’
1 /) /
L S S :
&£ SN %
[N K / S /
L N ; N %
T — — N 4
1,7\ 0=60° - N\0=60° > 7

Phase
shifters

Reference

Output

Distance phase difference between 15, 279 is Bd cos 0
= Bd cos 60°

oz - 5
=2 2)\2) =2 (B9

Distance phase differences between 1t and 3 is
= B (2d cos 60°)
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2n A( 1

n} phases respectively at phase

To get maximum output, we have to take {O

Nl a

shifters.
End of Solution

Q.8 The transmission line of characteristic impedance 50 Q and feeding a purely resistive
load of 200 Q uses single quarter wavelength long short-circuit stub which is placed
at a distance d from the load. The VSWR on the transmission line section of length d
and VSWR on the stub respectively are

9 je— d —

>
=27, =200 Q
>

Short circuit
(a) 0 and 0 respectively (o) 1 and 1 respectively
(c) 4 and 1 respectively (d) 4 and <o respectively

Ans. (d)
Zy=50Q; Z =200 Q

g je— d ——

VSWR === =
Short circuit

End of Solution

Q.9 The plane Y = 0 carries a uniform current density of —20k mA/m. The magnetic field
intensity at X =1, Y=10and Z = -2 is
(@ -10i mA/m (b) 10i mA/m

() =20i mA/m (d) 20i mA/m
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Ans. (b)

Plane y = 0 has uniform current density of K = —20k mA/m

To find H at
X=1, Y=10 and Z = -2
Z

}/=0plarf7/
ay=a, =j

N
K———>

I
I}

I
1] 1]
= |
(@) —_
o
3 X
—_—
Zz 3
3 b
T

End of Solution

Q.10 A charge of 2 Coulombs is placed near a grounded conducting plate at a distance of
1 m. The force acting between the charge of 2 C and ground conducting plate in Newton

is
1 1
a - -
@) 4me 2 8me
1
© d) 4me
© 16me @
Ans. (a)
0220 P,(0,0,1)eQ=2C
d=1m
image
Grounded theorem

conductor plane

P,(0,0,-1)® Q=2C
P1(O7 Ov 1) : O: 2Cﬁ
P40, 0, -1) - Q= -2C

Q@R (2)(-2)2a

V4

4me,(2)°

F = = B
47580‘/?12‘
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L _ -4,
i 4,
> 1
= ‘F‘ T 4ne
Where, Ri» = (Force point) — (Other charge point)
=(0,0, 1) - (0, 0, -1)
ﬁ12 = 2éz

Fre = V2

End of Solution

Q.11 A data sequence x[n] = {1, 2, 3, 4, 5} passes through a linear time-invariant system
with impulse response h[(n] = {5, 4, 3, 2, 1}. The output of the filter will be
(a) {6, 6, 6, 6, 6} (b) {5, 8,9, 8, 5}
(c) {5, 14, 26, 40, 55, 40, 26, 14, 5} (d) {1, 4, 10, 20, 35, 44, 46, 40, 25}

Ans. (c)

x(n)
h(n)

wn) = {5, 14, 26, 40, 55, 40, 26, 14, 5}

Q.12 Consider a signal Wt) with Fourier transform (f). If V'(f) represents the Fourier transform
of \(2f), what is the relation of V(f) to V/)?
(a) Magnitude scaled by 0.5 and bandwidth compressed
(b) Magnitude scaled by 0.5 and bandwidth expanded
(c) Magnitude scaled by 2 and bandwidth compressed
(d) Magnitude scaled by 2 and bandwidth expanded

Ans. (b)

V(1) = v(21)

1. (f
V'(f)==V| =
0-3v(%)
Magnitude scaled by 0.5 and bandwidth expanded.
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Q.13 If one of the code words of a Hamming (7, 4) code is 0001011, which of the following
cannot be the valid code word in the same group?

(@) 0011101 (o) 0101100
(c) 0011010 (d) 1110100
Ans. (c)

Given (7, 4) Hamming code
One of the code word given = 0001011
Hamming code is a single error correcting code : i.e. t = 1
To correct upto ‘t’ errors
d,,=2t+ 1
An 22 x 1 +1
dmin =
i.e., d_ . should be at least of equals to 3.
Option ‘c’ given — 0011010
Given codeword = 0001011
Hamming distance between above codewords = 2

So that 0001011 is not a valid codeword for the given code.

Q.14  Which of the following digital modulations can be decoded non-coherently?
(@ QAM (b) APSK
(c) BPSK (d) BFSK

Ans. (d)

Q.15 A mobile antenna receives two copies of the signal transmitted by the base station. The
first copy is the line-of-sight component and the other is a reflected component which
is 20 dB weaker in terms of Power than the LoS component and delayed by 100 ns.
If the signal is sufficiently wideband, causing constructive and destructive interference
at different frequency points within the signal bandwidth. What will be the ratio of
maximum to minimum signal level variation across bandwidth and what will be the
frequency separation between two consecutive maxima or minima?

101 121

(@ ——,10MHz (b) —,10MHz
99 81
© 2 5mHz @ 21 5MmHz
99 81
Ans. (a)
Given that reflected component is weaker in terms of power than the LoS component
by 20 dB.

s
Tl

Return loss = 10log,, — =20 dB
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— = 100
[Tl
7l = 0.01
Voo 1417l 14001 101 101
VSWR = T30t 1-001 099 99
Vi _ 101
VSWR = == o
Given, delay = 100 nsec

Total delay = 200 nsec
1

fz ——=5MHz
200x107°
Maximum to maximum gap is A/2
So f=5x2=10 MHz

End of Solution

Q.16  Anantenna with an efficiency of 90% has a maximum radiation intensity of 0.5 W/Steradian.
Calculate the directive gain of the antenna when the input power to the antenna when
the input power to the antenna is 0.4 W

(a) 18.23 (b) 17.4
() 11.2 (d) 216
Ans. (b)

n, % = 90%
U ax = 0.5 W/Steradian

P, = 0.4 Watt;
Find G,
- n,= B = P = (09)04) = 0.36 Wat
n
_ AnU@9) _ 4m05) 50 -
= G= g0 = Tgs = T = 144

End of Solution

Q.17 In a semiconductor device, if Fermi level (E,) is positioned at conduction band (E).
Determine the approximate probability of finding electrons in states at (E, + KT)
(where k is Boltzmann constant and T is device temperature in Kelvin).
(@) 0.18 (b) 0.27
(c) 0.38 (d)y 0.52
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Ans. (b)
1
f(E) = ETF
1+exp( F]
kT
E=E + kT
E.=E
1
= ———— 027
S0, ME) = T expl)

End of Solution

Q.18 For the following energy band diagram, determine the approximate resistivity for x > L
portion of semiconductor. £, = 1.12eV, T= 300K, u, = 600 cm?/V-sec, u,, = 400 cm?/V-sec,
n, = 10'%cm3.

-L 0 L
(a) 11.00 ohm-cm (b) 15.750hm-cm
(c) 23 ohm-cm (d) 31.250hm-cm
Ans. (d)
For x > O, device acts as p-type
. —F
P_= nexp ———F
o= &P =47 J
Eq
E -~ E-= ;=028
0.28 _
P = (109 ex ~5x10" cm™
o= {105) p(0.0259J
RN 1
Pqu, (5x10™)(1.6x107'?) (400)
= w=31.25 Q-cm
32

End of Solution

Q.19 The radiation intensity of a given antenna is U = 2(sin6 sing) in the range 0 <6 < m and
0 < ¢ <m and O elsewhere. The direction is
(a) 3dB (b) 6 dB
(c) 8 dB (d)y 9 dB
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Ans. (b)
. _ 0<0=m
UB,0) = 2 sin 0 sin ¢ for 0<o<
4l
Find directivity (D), D= —p ()
rad
Given, u._ = (i)

max

p)
P = fju<e,¢)dg

rad

- “ZSinesinq)(sineoqu))

[2sir?6.db [ sing do

1l
|| ~——23

(1—cos20)do _[ sindpdo
0 $=0

[n ~ ( sin226)zzo} (-coso);_,

= (m-0)2
Pg=2n ..(iii)

2

Put equation (ii), (ii) in (i)

0

47(2)
2n

D(dB) = 10 log,,4 = 6.02 dB

D=

=4

Q.20 Which of the following is an example of oversampling ADC architecture?
(a) Sigma delta (b) Successive approximation
(c) Integrator (d) Flash

Ans. (a)

An analog signal first undergoes the process of sampling before it is applied to ADC
for conversion into a digital signal.

Oversampling is a process in which an analog signal is sampled at a sampling
frequency that is much greater than the Nyquist rate. A Sigma-Delta ADC is an example
of a ADC that employs oversampling.

End of Solution

Q.21 Aradar receiver has a detection SNR threshold of 10 dB for a 4 MHz bandwidth signal
at 300 MHz frequency. If the transmit EIRP of the radar is 40 dBW and receive G/T is
10 dB/K, what is the maximum Radar cross-section (in dB-meter square) detectable at
10 km range? (Given: 10 log(4m) = 11, 10 log(k) = —228.6, k is Boltzmann constant).
(@ -15.6 dBm? (b) -12.6 dBm?
(c) —9.6 dBm? (d) -5.6 dBm?
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Ans. (c)
_ RG%%
T PR
SNR= B
N,B  KTB
i) eeellens: [SNR] = [EIRP]+[§}[K]—[B]+ S
T (475)394
[SNR] = 10 dB
[EIRP] = 40 dBW
[K] = —228.6 dB-Hz/K
o
| =1 B/K
[T_ 0 dB/
[B] = 10l0g,(4 x 10°) = 66 dB-Hz
22 1 oo [— 91319 -160=-1930B 12
(4n)°R* | 01 (4m)% (10%*
So, [o] =10 — 40 — 10 — 228.6 + 66 + 193
= -9.6 dB-m?

End of Solution

Q.22 Asource generates four messages m1, m2, m3 and m4 with probabilities 0.5, 0.25, 0.125
and 0.125 respectively. The messages are generated independently of each other. A
source coder assigns binary code to each message. Which of the following codes has
minimum average length is also uniquely decodable (sequence as per m1, m2, m3, m4)?

(a) 00, 01, 10, 11 (o) 0, 1, 10, 11
(c) 110, 111,10, 0 (d) o, 10, 110, 111
Ans. (d)

P, =05, P, =025, P, = 0.125, P, = 0.125
Uniquely decodable code means a code should not be prefix to another code.
Option (b) is not uniquely decodable i.e. 0, 1, 10, 11
‘1" is prefix to last code ‘11’
Option (a) = 00, 01, 10, 11
Average code length = Xn. P,
=2x05+2x025+2x0125 + 1 x 0.125
L=2
Option (c) = 110, 111, 10, O
L=83x05+3x025+2x0125 + 1 x 0.125
L=2625
Option (d) = 0, 10, 110, 111
L=1x05+2x025+3x0125 + 3 x 0.125
L=175
Option (d) is giving minimum average code length.

End of Solution
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Q.23 For the given circuit, switch remains closed for a long time and opens at t = 0 seconds.
Assuming ideal model for every device, find steady state magnitude of voltage at capacitor.

10A D 10 go.s mH =y,
20 uF
a) 1 (b) 25
(c) 50 (d) 100
Ans. (c)
i(8)=10A, V(0)=0
Fort=0
Lg=05x10"s
L o1_1
T sC™ 1s
Li(0%) = 0.5 x 1072

=)
1(s) = 0.5x10 —
05x103s+ -
X Sar 20s

1 10%(50)

VC(S) = &I(S) = m

v (t) = L7 v (s) = 50sin10%t
Steady state voltage is 50 V.

End of Solution

Q.24  For the given circuit, aspect ratio of M, transistor is 20/0.5, I,,; = 200 pA, V;,,= 0.6V,
20-=081V,y=04 V,and un,C, =59.5 mAN2 If V, = 1.2V, find the minimum value

ox

of aspect ratio of M, transistor to remain saturated. (v/10 = 3.16)
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Ans. (%)

For M,, Vo= Vg + y[1/2¢F +Veg — ,/2¢F]

Since Vg value is not provided, assume Vgg = 0

= Vi=Vy,=06YV
For M, to remain in conduction,
Vest > Vr
Vi, - V,,>06YV
Now, Voo = Vo = Vpgep <06V

M, will operate in saturation if Vo, 2 Voo, = V4
or Veso = Vi £ Vo
= Voo = Vp<06 YV
un,Cor W
Ipsp = %XT(VGSZ - )?
595 W
200 = N XT(VGSQ - VT)2
w 400
.=

59.5(Vggp — Vi)

w_ 40 W, ige7
L 59.5%x0.6° L

None of the given options match according to this solution.

Alternatively Solution:
But if we consider both transistors to be in saturation region then

1 w
[D = Eun CoxT(VGS - VT)2

1 6, 20 P
200 A = = (59.5x107° ) x—(1.2-V, -V,
H 2( ) 0-5( o T)
12-V, - V=04
12-06-04=YV

o

VO =0.2
VD = VGS - VT
Veg=02+ 06 =08V

200 x 106 = %(59.5><10‘6)(VTVJ(O.8—0.6)2

W=168

L
Approximately option (b) satisfies.

End of Solution
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Q.25 Two coherent microwave power sources of same frequency f, each generating P Watts
of average power, are combined using a four port network in the following manner:

P watts Output
(:)—>—> 1 2 % ot
coherent Asara
generators @ freq f net\p/vork
PWM 4 8
Phase Matched
shifter Termination
_ [ -
0 — — O
V2 2
Ji -1
20 0 —
V2 V2
If the S-parameter of 4-port network are 1 0 0 _J_| whatshould be the phase
V2 V2
=1 /
0 — —= O
NCENCE
difference between the inputs to maximize the output at port 2 and what is the maximum
power?
(@) 90°, 2P (b) [90°, 2P
(c) 45°, 2P (d) [45°~2P]
Ans. (a)

The signal component at port-2 can be written as,
8 = S5n8) + 54,

Let, a, = |ap|ej°‘
a, = |ap|ef°°
here, o = Phase difference between the inputs

|ap| is the signal component that gives P watts average power.

So, a, = |a,|e” (%Jﬂap |[—%)
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To get maximum power at part-2,
Le/'a - 1 — gl* =]
V2 V2

So, o= 9

Now with o = 90°, &, = 2(—%]|ap|=—\/§|ap|

If the average power of |ap| = P watts, then the average power of a, = -2 | ap| will

be 2P watts.

Q.26

Ans.

End of Solution

Which of the following statement is wrong?
(a) (1000.64), = (1000000000.1101),

(b) (612.512) = (4022.224),

(c) (2202)4 = (426);,

(d) (0.23),=(0.1011),

(c)
(0.23), = (0.1011),
2x6%+2x62+0+2x6% % (426),,

End of Solution

Q.27

Ans.

Which of the following statement is correct?

(@) NAND and NOR functions are Commutative and Associated

(b) Both NAND and NOR functions are neither Commutative nor Associative
() NAND and NOR functions are Associative but Commutative

(d) NAND and NOR functions are Commutative but not Associative

(d)

A-B=B-A
and ArB = Bt A
Hence, NAND and NOR functions are commutative.
AB.C#* A-B-C
and A+B+C #* A+B+C

Hence, NAND and NOR function are not associative.

End of Solution
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Q.28 Which one plot gives the closed resemblance to the stability S(7.,) of emitter bias
configuration of BJT with respect to %? (R is emitter resistance and Ry is base
B
resistance)
S(lco) S(lco)
1+B 1+
(@) (b)
1 1
Re/Rg Re/Rg
Sllco) S(lco)
1+B
(© (d)
1
Re/Rg Re/Rg
Ans. (b)
1+P
5= Ll S(lco)
‘Bﬁ (1+0)
ds _ _ Re
aIC RB + RE
5= B R
‘|+67E
Rg +Ae 0 ReRg
S = (1+B) (Rg + Re)
R +(1+PB) Re
If, R.=0
S= (1+B) RB =(1+B)
RAs
If, R >> Rg
_ (4B R _,
(1+B) Re
Alternatively Solution:
1+p
S= —————
14 B
RD + RE
Re
If R-=0then £=0 = S=1+8
Rs
If Rz T then S reduces upto 1
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Q.29 For the given amplifier circuit, find the input cut-off frequency. FET parameters are
Om =4 MAN, Cys = 4 pf, 1y, = 40 kQ, Cyy = 2 pF.

Vdd
Rp =10 kQ
Rs=50Q
Vin
(a) 35.5 MHz (b) 45.5 MHz
(c) 90.5 MHz (d) 10.5 MHz
Ans. (b)
Given data, g, = 4 mAN
Cgs =4 pF
I = 40 kQ
ng =2 pF
e L

" 2n{Cys+(1+ A)) Cya} Roll =

1

211{093 +(1+A) ng} R,
4x40x10
A, = =Gy 1Ay = 224010
=-32
1

7 2x3.14 [4pf+(1+32) 2pf} 50 Q

’
2x3.14x107'2{70}x 50

’
2x3.14x3500x 10712

- -00045x10"

219.8x10°10
45.49 MHz

End of Solution

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 | [X] info@madeeasy.in | @) www.madeeasy.in Page 20




MARADE EASY ISRO : Electronics Engineering
(MADE EASY]

India's Best Institute for IES, GATE & PSUs Detailed Solutions : Exam held on 12.01.2020

Q.30 Which of the following digital devices requires an external refresh circuit?

(@) FLASH Memory (b) E2PROM
() SRAM (d) DRAM
Ans. (d)

A DRAM stores data in the form of charge on capacitor. Since a capacitor has a natural
tendency to discharge, for valid operation it is required to recharge/refresh the charge
on capacitor again and again at periodic instants of time to maintain the charge across
the capacitor.

End of Solution

Q.31 What would be the maximum operating frequency of Mod-8 counter constructed with
JK flip flops, having propagation delay of 8 ns?

(a) 16.525 MHz (b) 15.625 MHz
(c) 25.625 MHz (d) 18.525 MHz
Ans. (b)
J _I_ J _I_ J
> >
K K K
8 ns 8 ns 8 ns

Total delay = 24 ns

_, 1000\ iy - 41.667 MHz

maximum frequency = 501S o1

answer not matching
Closest answer is (b).
Might be asking 8 FFs, not MOD-8 then answer is 15.625 MHz.

End of Solution

Q.32 The following state diagram represents which of the input equation. (Given D, = [A, x, y])
(Where D, denotes a DFF with output. The x and y are the inputs to the circuit)

00 01, 10, 11

oo, 01, 11
(0) (D

10
(@ D,=A®@x@y
b)) Dy=A+x@y
© Dy=A®x +y
d) Dy=A+x+y
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Ans. (c)
00 01, 10, 11
oo,o1,11
10
Axy A"
000 0
001 1 :y 00 01 1 10
010 1 AT
011 1 of 0 |11 [i1] 1
100 1 SR TS S T ol ke
! ]
101 | 1 101 | 1] o
110 0 it st S
111 1

At = y+ Ax+A-x

D,= At=y+A®x=A®x+y

Q.33 Which of the following logic circuits do not have no-change condition?
(a) D-FF (b) TFF
() JK-FF (d) SR-latch

Ans. (a)

“No change condition” refers to “Hold State” of the circuit.

A T-FF, JK-FF and SR-Latch have input conditions that drive them in Hold State.
However, a D-FF does not have such an input condition. In a D-FF, the output follows
the data input.

D | Q,+1
0 0 = Reset State
1 1 = Set State

End of Solution

Q.34 In VHDL, following statement is written a process, where Clock frequency is 24 MHz.
If (clock’” event and clock = ‘1) then
counter_4bit <= counter_4bit + x “17;

End if;
The frequency of counter_4bit (2) will be:
(@) 12 MHz (b) 4 MHz
(c) 6 MHz (d) 3 MHz
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Ans. (d)
fL = 24 MHz
If (clock’event and clock = ‘1’) then

counter_4bit <= counter_4bit + x “17%

Logic 1
J QA A QD >
—P
K Q Q,
Clk

frequency at counter_4 bit(2) = 3 MHz

End of Solution

Q.35 Initial voltage of C, capacitance is 3 V in the given circuit. Correct sketch of V as a
function of time is. (Threshold voltage (V,,) = 0.5 V)
V.

3V x
dL
C, =3V
Vi, =05V
+ 3V
Vin (~
N oV
V.
V.
6V
6V -
=21
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Ans. (b)
For t < O: Vegg=3-3=0
MOSFET is OFF
V=3+3=6YV

Att = O V=3V
For t > O: Vegg=3-0=3V
MOSFET becomes ON so capacitor discharges through MOSFET upto 0.

End of Solution

Q.36 An SRAM has address lines from A to A,g and data width from D, to D, .. Total capacity
of the SRAM will be

(@) 20 MB (b) 16 MB
(c) 8 MB (d) 4 MB
Ans. (b)

In SRAM the number of address lines = 20

Number of data lines = 16

Capacity of RAM = 220 x 16 = 16 Mbits

Note: Correct answer is 2 MB, but none of the above option is matching.

End of Solution

Q.37 Which of the following digital integrated circuit cannot be used as wired logic connections?
(a) Totem-pole TTL gate
(o) Open collector TTL gate

(c) Totem-pole output with 3-state gate

(d) Emitter Coupled Logic

Ans. (a)

End of Solution
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Q.38 The logic function implemented by following circuit can be represented as

VDD
: Y
i
I c
5—4@ |
1
L -
1
=
(@ Y =[(AB)+(B+C)+(B+D) (b) Y =[(AB)+(A+C)+(B+D)|

© Y=[(ABY +(A+C) +(AB+D)] (A Y =[(AB)+(A+C)+(AD)]

Ans. (d)
Q.39 The value of Crequired for sinusoidal oscillation of frequency = 2 kHz in the given circuit
is
1.9 kQ
‘V‘VAVAV
1kQ
= =C
1kQ
1kQ I c
1 1
S uF b) 7 MF
@ " ® G
© 1 uF (d) None of these
T
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Ans. (d)
Given circuit is Wien-bridge oscillation. It will act as oscillator if R, > 2R,. But given
circuit does not satisfy above condition,
Hence if cannot act as oscillator.
Q.40 In the given circuit, V,, = 0.7 V, V, = 63V, B = 100. V, is
30V Vo
45002 A L
v, 40 kQ :; 100 kQ
= + <
+ —
= E§ 60 kQ
(@ 5V (b) 10V
() 15V (d) 20 V
Ans. (b)
If output current of op-amp is neglected then 40 kQ and 60 kQ from voltage divider
V, x60
—— = O 6 V
V"= 20+60 ?
Vo=V, + Vg =6V
By using virtual short,
Vo=Vt
0.6V, =6
V=10V
Q.41 A 18 ufcapacitor holding charge of Q coulomb is connected to the circuit at time t = 0 sec.
6 kQ
AAAA
vvvy
2kQ 4kQ
‘V‘V‘V‘V J AV‘V‘V‘V
§§3kQ I(tzo §§12k§2
The time at which the capacitor will be discharged to approximately Q/2.72 coulombs.
(a) 68 ms (b) 34 ms
(c) 17 ms (d) 2.72 ms
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Ans. (a)

23k S 1240
:, T']BHF <
By transforming delta to star
2%x6
15 2+6+4
6x4
R = ——=2kQ
2 2+6+4
2x4 2
Ry= ———==
2+6+4 3
> <
2 R =1kQ Ry=2ka 3 R,=2ka
S3ka T18”F 2 12k0
< >

14x4

R, = 2 + =3.778kQ
€9 3 14+4
For discharging capacitor
Q = Qe—t/ReqC
Q _ Qe!/FecC

2.72

n -

ReqC [2.72:'

t=1.0023 x 3.778 x 10% x 18 x 106
=68 ms

End of Solution

Q.42 Determine the value of voltage V, in the figure shown below.

The value of voltage V, in volts is
(a) 100V (o) 14.28 V
(c) 50V (d) 68.25V

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 | [X] info@madeeasy.in | @) www.madeeasy.in Page 27




MARADE EASY ISRO : Electronics Engineering
(MADE EASY]

India's Best Institute for IES, GATE & PSUs Detailed Solutions : Exam held on 12.01.2020

Ans. (a)

By KCL,
11
vil Ly Ly U
1[25+1o+1oo
V,[0.15] + 5 = 0.2V,
0.05V, = 5

V, = 100 V

}+5 =02V,

End of Solution

Q.43 Output characteristics of a BJT amplifier is given. Find the minimum collector current
required for ry = 50 kQ. (r, is output resistance)

(@ 1 mA
(c) 10 mA
Ans. (a)
Va
I’o = z
From given graph, V, =50V
", 50

End of Solution
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Q.44 Inthe given circuits, S, switch remains closed and S, remains open for the long time.
At t =0, S, opens and S, closes and remain in this position for the long time. Find
drain current for t < 0 and t >> 0 respectively if, u .C,, = 100 uyA/V2 and Aspect ratio = 2.
(a) 600 pA, 0 pA (b) 600 pA, 25 pA
(c) 600 pA, =25 pA (d) 0 pA, 600 pA

Ans. (a)

If we consider unidirectional MOS then
For t < 0: S, - closed
S, — open
Vs = 3 V= MOSFET is in conduction
Voig=2V
Ves— V7p=25V
Vps < Vigg — V= Linear region
w VA
Ins = WrCox | (Vs = Vi )Vps — =25
L 2
4
= 100x 2 2.5><2—§ = 600 uA
For t > 0: S, - open
S, — closed
Vegs=3-4=-1V
Ves < V7 = MOSFET becomes OFF
and =0

Q.45 In the circuit shown below, switch S, is closed at t = 0 seconds. Switch S, is opened

at t = 0 seconds.
>< S1 AAAA
50Q |
Z100 F§ s,
@>1oov

%0.3H
The current flowing through the inductor of 0.3 H at t = 8 mili seconds is
(a) 0.65 mA (o) 0.32 mA
(c) 0.26 mA (d)y 0.18 mA
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Ans. (a)
n Ve eyl 1001 _isorjos
i(t) = 5[1 e ] = 150[1 e ]
-3
. [1_8—150x8x10 /0.3}
i=065A
Note: There may be a misprint in the question paper for option ‘a’ as the correct answer
is 0.65 A.
Q.46 The transmission parameters of the network given below is represented in the matrix
form as
A B
[T] - C D
-2Q
o I o
240
o 0
Calculate the Transmission parameter B of [T] matrix.
(@) j2 ohms (b) —j2 ohms
(€) —j2 + 4 ohms (d) 4 ohms
Ans. (b)
B- -4
I, _g
5, 2 I 5, 2 L

<
Q)
N\
AAAA
A\AAAJ
S
e}
<
O
o/

End of Solution
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Q.47 In the circuit shown diodes are ideal. Which is the correct representation of transfer
characteristics of the circuit?
+10V
V,o—|-
_o Vo
o
-5V
—WW——
2kQ D,
L 2k D,
4kQ S
VO VO
10V 10V
@) —25V 6.67 V v, (b) —25V 6.67 V v,
-5V -5V
VO VO
10V 10V
©) —25V 6.67 V 72 (d) 25V 6.67 V 72
-10V -10V
Ans. (a)
20
VUTP= 1OX 4kg =1OX4kQ = _=667V
4kQ + 2kQ 6kQ
4kQ 2
Vo= -B5x——— =-5x=- =-333V
HP 4kQ + 2kQ 3
But, VLTP should be = -3.33 V
VO
10V
25V 6.67 V v,
-5V
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Q.48 Consider the R-L-C network shown below,

8Q AQ
MWW B

4000° <~>

The average power absorbed by the inductor in Watts is

~ —2 Q <~ 200090°

AY |

(a) +40 (b) 15
() O (d) 5
Ans. (c)
Power absorbed by inductor is equal to zero.
Q.49 The total number of possible trees corresponding to the network shown below is
RS
AAAA
\AAAJ
AAAA
yvvy
R, §e
SR
! CD i: Ry %E Rs
v
(@ 9 (b) 5
(c) 8 (d) 7

A
[A]l=B
C

[Al= A
B

Total no. of possible trees
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-1 0]
1 -
11 1 00
ArArf—{ }1 -1
-1 -1 -1 1
0 0 -1
_O 1_
3 -2
=2 4
AAl =12 - (4) = 8

End of Solution

Q.50 For an n-type Ge specimen, width = 4 mm, length = 1 mm, current (along the length
of specimen) = 1 mA, magnetic field (perpendicular to the current flow direction)
= 0.1 Wb/m? and Hall voltage magnitude = 0.005 V. Calculate the majority carriers

density.
(@ 3x 10" cm (b) 3 x 10" m8
(c) 6 x 10" cm (d) 6 x 10" m3
Ans. (b)
R, BI VW 5
= Ry = =0.2m’/C
W= Ty "Bl /
1 1 1
R,=—=n= =
"7 ne eRy, 1.6x107"9%x0.2

n= 312 x 10" per m®
End of Solution

Q.51 Thefollowing table gives the forward characteristics of a Si diode. Estimate the temperature
of a diode junction. (Given: In(0.2) = —1.609)

Vi(V) | 1 (mA)
1
5

0.6
0.65
(a) 240K (b) 360 K
(c) 400 K (d) 470 K
Ans. (b)
I=1,eM
I
=nVrin—
V=mVr ”10
V-V, = nVTInﬁ—1
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0.6 - 0.65 = nVTIn%= -1.609 xn V¢

0.05 = 1.609 xnx
11600

Takem =1 = T=2360K

End of Solution

Q.52  An n-channel MOS transistor is made on a p-type substrate with N, = 10" cm™3. Find
approximate depletion charge per unit area (Q,) at strong inversion.

{IN(10) = 2.3,4/0.046 ~ 0.215,n, = 10'° cm 3}

(@ -6.9 x 108 C/cm? (b) 6.9 x 108 C/cm?
(c) 3.4 x 108 C/cm? (d) 3.4 x 108 C/cm?
Ans. (c)

Q) =-eNy,x W, . = —eNyx /M
eNy,

Q) = —\Jdeg eNoe
where, = v, inNA = 00261105 = 0.3 V
n.

1

Q, = —J4x11.7x8.85x107* x1.6x107? x 10" x 0.3
=-1.41 x 108 C/cm?
Approximately option ‘c’ is nearest answer.

End of Solution

Q.53 Forap-channel SiJFET, N,=3x 10'®cm™, N, = 10" cm=3. Channel thickness dimension
is @ = 0.33 um. Find approximate pinch-off voltage V. {n, = 10" em=3, V; = 26 mV,

In(3) = 1.098}.
(@) 25V (b) 1.7V
) 42V d) 36V
Ans. (b)
aeN,
V. = -
p 2¢e
V,, = VTInNA QVD =0.866 V
n

i

V,=26-0866 =17V

End of Solution
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Q.54 Consider the circuit shown below:

AAAA
\AAAJ

6 Q

= j1Q

\
AAAA
vy
N
o]

C~ 3000 V,

rms

The power factor of the above circuit as seen by the source is

(@) 0.988 LAG (b) 0.988 LEAD
(c) 0.235LAG (d) 0.235 LEAD
Ans. (b)
4(-/1
Zoq = 6+—4(_j/_1)
Z, =6+ i,x‘”“
4-1 4+ f1

O

Z, = 6+j4[i+/—1}:(6+i)—jE

17 17 17 17
= 6.235 — j0.941
| Zoq | = 6.305
R
p.f. = cosb = =0.988 LEAD
| Zea]

End of Solution

Q.55 Allthe three inductors are perfectly coupled as shown below, the value of total inductance
(in Henry) across the terminal AB is

2H
5H 4H
./—\/.\.
Ae B0 PO PO *B
6 H 8H 10H
a) 46 (b) 38
(©) 12 (d) 10

Ans. (d)
Leq:L1 1= Ly = L3—2M1 —2M2+2/\/13
Leq =6+ 6+8+10-2[5]-2[4]+2[2]=10H

End of Solution
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Q.56 For a uniformly doped npn transistor, find the approximate emitter injection efficiency.
Given that:
Ng=2x 10" cm=, Ng = 10" cm=, N, =4 x 10" cm™3, D, = 8 cm?/s, D, = 28 cm?/s,
Dg = 20 cm?/s, x = 0.5 um, xg = 0.3 pm.

(@ 0.95 (b) 0.92
(c) 0.99 (d) 0.94
Ans. (c)
Y= L =0.99
1+%X%X%
DB LE NE

End of Solution

Q.57 In along p-type Si-bar with cross-sectional area = 0.5 cm? and N, = 2 x 10" cm=,
extra holes = 10'® cm™ are injected. Assume p, = 500 cm?/Vs, n, = 10’ cm™ and
1, = 1079 s, find minority carrier lifetime.

(@) 10 ps (b) 15 ps
(c) 20 ps (d) 25 ps
Ans. (%)

Data insufficient.

End of Solution

Q.58 Ina p-type Siat 300 K and N, = 8 x 10" cm3, variation of space-charge density in
the semiconductor as a function of surface potential is plotted, then select the true
statement for weak inversion region. Given that p, and ng are hole and electron
concentrations at the surface.

(@ p,> N, (b) ng < N, and n, > p,
() ng< N,and p, < N, (d) n,> N,
Ans. (b)

ng< Ny ng> pg
End of Solution

Q.59 In order to ensure that the output voltage of an op-amp is zero, when both its inputs
are grounded
(a) internal negative feedback is used
(b) an external offset balancing circuit is used at the input terminals
(c) the currents incident at the output node are carefully designed
(d) the totem-pole output transistors are designed to have exactly equal cut-in voltages

Ans. (b)

End of Solution
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below, the value of Norton current across the

terminal AB
A B
60 9 120 T
A'AvAvAv AvAvAvAv oC
120V :) 230 6A E§2§z
oD
(@) -6 A (b) 2 A
(c) 7A (d) -4.5 A
Ans. (c)
6Q A I B
20
120V :) 30
) 12V
V4 _12O+V_A+ Vy-12 0
6 3 2
V, =26
V,-12 26-12 14
= = == 7 A
e 2 2 2
Q.61 The transfer characteristic of the different types of MOSFETs is shown below, where I,

is drain current and V¢ is the Gate-Source voltage, the correct combination of MOSFET

w.r.t. to transfer characteristics is
Type of MOSFET

(P) P-Channel Enhancement MOSFET
(Q) P-Channel Depletion MOSFET
(R) N-Channel Enhancement MOSFET

(S) N-Channel Depletion MOSFET

(@) P-4, Q-2, R-1,S-3
(c) P-1,Q-3, R-2, S-4

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016
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I
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Ves
(b) P-3, Q-2, R-4, S-1
(d) P-2, Q-4, R-3, S-1
| DX info@madeeasy.in | @) www.madeeasy.in Page 37




MARADE EASY ISRO : Electronics Engineering
(MADE EASY]

India's Best Institute for IES, GATE & PSUs Detailed Solutions : Exam held on 12.01.2020

Ans. (c)

P-channel depletion

MOSFET N-channel depletion
3) (4) MOSFET
P-channel (1)
enhanced (2) N-channel
MOSFET enhancement
MOSFET

End of Solution

Q.62 Acceptor impurity concentration of Si at 300K is 10'® cm3. Calculate the concentration
of donor impurity atoms that must be added so that Si is n-type and the Fermi Energy
is 26 meV below the conduction band edge.

(Given: Effective density state N, = 2.7 x 10" cm™ and Thermal Voltage (V;) at 300K

is 26 mV)
(@ 15 x 10" cm3 (b) 3 x 10" cm3
(c) 10" cm=3 (d) 2 x 10" cm=3
Ans. (d)
Ec- Ep= KT n—"e
D~ VA
Ne  _ (Ec-erykr _
Np - N, =e =e=272
27x10® | 49
Np- N, = 57 =10

ND =10 + 109 = 2 x 10" cm™3
End of Solution

Q.63 Theelectric field between two parallel plates placed in vacuum is ‘E’. If a slab of dielectric

constant /3 is inserted in between the plates such that the normal to the boundary

makes an angle 45° with the lines of electric force in between the plates. Find the angle
(6) between the electric lines in the medium between the plates (vacuum) and dielectric

slab.
(@) 60° (b) 15°
() A (d) 25°
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Ans. (b)

Dielectric
0,= 3
|E,|cos 8, R
z é;""]’"'*a;v Vacuum
E\Ez\sinez
E,
Boundary conditions:
‘Eﬁ‘ = ‘Efz‘
|, | sin45° = |Eo| siny (i)
[Pr| = (D
e1|EN1| = 62|EN2|
€o|E1| cos45° = €,V3|E,| cosh, .. (i)

tane,
V3
tan, = /3 = 6, = 60°

Angle between E, and E, is
0, - 0, = 60° - 45° = 15°

Equation (i) + (ii), tan45°

End of Solution
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Q.64 Two parallel perfectly conducting planes of infinite extent are placed ‘b’ distance apart
so that the cut-off frequency of the lowest order TE mode is 15 GHz. If additionally, two
perfectly conducting planes are placed 10 mm apart so as to form a rectangular
waveguide as shown in figure. Find the cut-off frequency of TE,, mode.

- Infinite plane Infinite plane f

-
& \ -
2 PN !

’

-~
’
\
N
N
N

_“: ,’/t/) _ I)\
— a —
(a) 30 GHz (b) 15/v/2GHz
(c) 15V2GHz (d) 10J2 GHz
Ans. (c)
For parallel plate wave guide separation is b and lowest cut off frequency is 15 GHz
cm
G =2
c(1)
= fq = %(fC1 lowest mode)
3x 108
€ —
15 x 10° = b
8
S b= 219 __001m = 1 om
2(15x107)

given a = 10 mm to form rectangular wave guide
w570
Gm = 2\ a b

. 3x108 1, 1
Gi = 2 (10?2 (1072

3x10% 2
2 (1072

= 15J2GHz = 21.21 GHz

End of Solution
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Q.65 Consider the AND logic circuit in which V,, = 3 V and V, lies between 0 to 5 volts. The
output voltage is V;,. The cut-in voltage of the diode D, and D, is 0.6 Volts. The output
voltage V, versus V, corresponding to the below network is

+5V
D, .
vo—H—— 3SR
VO

VZ 2 I q
D2
VO
56V T o
56T
3.6 '/_
36+
a b
@ (b) /
0.6
j j v,
3.6 5V : : Vv,
3V 5V
Vo Yo
56V T 5.6 1
36+ 36+
(© (d)
0.6 0.6
, v, j j v,
5V 3 5
Ans. (b)
+5V
D1
~ M R1
06V
VO
06V
o—F——
D2
5V
R1
D1
1Vo—Ki oV,

Assume D, off
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5V

R1

1vo i} o\V,=16V
D, off

5V

R1

2vo i} 0\V,=26V
D, off

5V

R1

3ve i} 0V,=36V

AAAA
VVV
Py
=

4Vo i} o

3vo 1|

Assuming D, OFF and D, conducting.

Vo=16V
Q.66 Following are the applications of a Buck and Boost Converters respectively
A. Regulated DC power supplies
B. Regenerative braking of DC motors
C. DC motor speed control
(@ A, B (b) B, C
© A C (d) B, A
Ans. (a)
Q.67 In a MOSFET, SiO, breaks down at electric field of the order of 5 x 10° V/cm. For a

gate oxide of thickness 1000 A and channel thickness of 2 um, what is the maximum
Vg it can withstand?

(@ 5V (b) 10V

(c) 100V (d) None of the above
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Ans. (d)
i H H H V%x
Field in SiO, is, E, =
7;x
V,=E, xT, =5x10°x 1000 x 108 = 50 V
VGS = Vox * Vs

y, is surface potential which is unknown.
V5g cannot be calculated.

End of Solution

Q.68 Which of the following is false for a Thyristor?
A. Thyristor is a majority-carrier device.
B. The forward-bias portion of Thyristor’s i-v characteristics has two stable operating

regions.

C. The forward-bias portion of Thyristor’s i-v characteristic has one stable operating
region.

D. The negative gate current turns off the Thyristor.

(@ A B (b) B, C, D

() A,C, D (dy B, C

Ans. (c)

Q.69 The Zener regulator circuit shown below consists of Si based Zener diode and Ge diode.
The cut-in Voltage of Ge diode is 0.2 Volts, whereas cut-in Voltage of Si-diode is 0.7 Volts.

20 kQ
AA

AA
vvvy

si A 10V Js
20V Ci) 20kQ =SV,
Ge T

The output voltage (V,) of the Zener regulator circuit is

(a) 10.2V (o) 10V
(c) 98V (d) 0.2V
Ans. (b)
Let diodes branch be OFF
_ 20 %20 _10V
°©  20+20
1 vV, <102V
= Diode branch cannot conduct
V=10V

End of Solution
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Q.70 The asymptotic bode plot for the gain magnitude of a minimum phase system G(s) is
shown in figure below.

dB
+20 dB/dec
40 N —20 dB/dec .
20 |- —40 dB/dec
0 1 2 3 logw

The steady state error for the ramp input is
(a) infinite (b) 0.1
© 0 (d) 0.01

Ans. (b)
Initial slope = —20 dB/dec
Hence type = 1

¢ . 1
e, for ramp input = K—V=_
From diagram, 20log,,K = 20
: K =10
1
ess = E =01
Q.71 Identify the convertor topologies from the figures given below:
+ +
ii ; T1
B Ny o N, ~
=]
(] > > +
Vg %H E = EE Vy H = EE v,
L[] 9 L] S
A -
/T
P S— _
(¥ (ii)
(a) (i) Flyback Converter (ii) Forward Converter
(b) (i) Forward Converter (ii) Flyback Converter
(c) Both are Forward Converters
(d) Both are Flyback Converters
Ans. (a)
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Q.72 Consider two control systems with following transfer function,

y
35+ 1

1
System 2 : G(S)—m
Which of the following is true?
(a) Bandwidth of System 1 is greater than bandwidth of System 2
(b) Bandwidth of System 2 is greater than bandwidth of System 1
(c) Bandwidth of both the systems is same

(d) Both systems have infinite bandwidth

System 1 : G(s) =

Ans. (b)
1
S 3s+1
T =S
Bw=1_1
TS
1
%5
T= T
BW:1=1
T

. System 2 has more BW than system 1

Q.73 Asystem’s open loop transfer function is given G(S)=L. If system is having
S(s+2)(s+4)
a unity negative feedback, which of the following is true for such system to be stable?
(@ K>0 (b) 0 < K< 24
(c) K< 24 (d) None of the above
Ans. (b)
K
$)=1+—=n——-=0
W)= D6+ d
g(s)=s3 +6s2 +8s+K=0
Given negative FB .. K> 0
For stability bc > ad
- 48 > K
O0< K< 48
Exactly no option matching, option (b) can be chosen since if K < 24 then K < 48 also.

Page 45
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Q.74 The third peak overshoot and second undershoot of the step response of the second
order underdamped system is given by

2em dem S5em

3en
(@) e 1-¢* ande V1= respectively (b) e =< ande VI respectively

Ben dem Sem dem

(c) e V- ande V- respectively (d) e 1=¢* ande V=< respectively

Ans. (d)
e /31 €2
M,=e
For 3@ overshoot n=>5
For 2"d undershoot n=4
Hence option (d).
Q.75 Consider the Nyquist plot of the second order underdamped system shown in the below
figure.
Im
Re
“ w
Wy
W,
The Resonant Frequency corresponding to the Nyquist plot is
@) o (b) ,
(©) oy (d) o,
Ans. (b)
Resonance frequency is that at which magnitude is maximum.
Magnitude is length of the phasor drawn from origin.

Q.76 The unit step response of a system with the transfer function G(s) = 1_—8 is given by
+s

which of the following? (A unit step function is represented by wu(t)).
@ (1-2e") u) (o) (1 -e™) u)
(c) et u(t) (d) 2e7t u(t)
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Ans. (a)

1-s 1 1 2
= —X—=———
e 1+s s s s+1

c(t) = (1 — 2e70) u(t)

End of Solution

16 , . :
Q.77 The system S5+ (s+16) is to be compensated such that its gain-crossover frequency

becomes same as its uncompensated Phase-crossover frequency. Which of the following
is the phase crossover frequency of the compensated system?

(a) 4 rad/sec (o) 8 rad/sec
(c) 16 rad/sec (d) None of the above
Ans. (d)

Compressed Wy, = uncompensated
W = L
N
But phase cross-over frequency of compensated system cannot be (provided) solved
with given data.

=4rad/s

End of Solution

Q.78 Adiscrete time, linear time invariant system with input sequence x, and output sequence
Yy, is characterised by

y,=01x, + 09y _,
If two such systems are connected in series, which of the following is the governing
difference equation of the overall system?
(@ y,-18y,_, + 081y, _, = 0.01x,
(b) y, + 081y, , = 0.01x,
(c) y,- 081y, , + 18y, _, = 0.01x,
(d) y, - 1.8y, _, = 0.01x,
Ans. (a)

y(n) = 0.1x(n) + 0.9y(n - 1)
By taking z-transform,

Y(2) = 0.1X(2) + 0.92'Y(2)

Y(2) 0.1

- Xz =9 = TToer
For cascaded sys, resultant transfer function

2
iy ) _ 0.1
H(2) = H2)-H(2) {—( — 92_1)}

Y'(2) 0.01
- X(2) T 1-182"+081z2
= Y(2)-1.8z"(2) + 0.8122Y(2) = 0.01X(2)
By taking inverse transform
= yn) -18y(n-1) + 0.81y(n - 2) = 0.01x(n)

End of Solution
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Q.79 The total number of feedback loops of the signal flow graph is, where R is input and
C is output

o C

Ans. (c)
A loop is a closed path that starts and ends at same node.
.. Total number of loops = 5

End of Solution

Q.80 From the below given Nyquist plot, calculate the number of open loop poles on the right
hand side of s-plane for the closed loop system to be stable

Im
+joo +j0
o] —foo —jO Re
(a) 1 (b) 2
€ 0 (d) -1
Ans. (a)

For closed loop stability

N=P
From Nyquist plot N = 1
i P=1

EEEE
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