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General Ability

1. Itis quarter past three in your watch. The angle between the hour hand and minute hand is

(a) 00 (b) 7.50 (c) 150 (d) 22.50
Answer: (b)
Solution:
AT 3:15,
360° 15

Minutes hand is exactly on 3, hours hand rotates from 3 by an angle of —, x 60 =7.5°.

2. a, b, c are real numbers. The quadratic equation ax” —bx + ¢ = 0 has equal roots, which is B, then

(a) P*=ac (b) B=bla (c) B*=bc/(2a)? (d) b2#4ac
Answer: (No options match with the answer)
Solution:

b b . .
B+ =2p=— =P = — (Option b is wrong)

a 2a
BxB=p>= £ (Option ¢ is wrong)

a

) b ¢ bc ; bc . !
p=——=—>=p =— (Options cis wron

p B 2 a2 p e (Op g)

When roots are equal, b> = 4ac (Option D is wrong).
Hence none of the options match the answer.

3. Acircle with center ‘O’ is shown in the figure. A rectangle PQRS of maximum possible area is inserted
in the circle. If the radius of the circle is a, then the area of the shaded portion is

P Q
820
S R
(a) ma’-a’ (b) ma’-3a’ (c) ma2\2a? (d) mna*-2a?
Answer: (d)
Solution:

The rectangle of maximum possible area would be a square

L2

(2a

2
Shaded area = ma’ _(a) _ ma’ — 2a?

o
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4. The following figure shows the data of students enrolled in 5 years (2014 to 2018) for 2 schools P and

Q. During this period, the ratio of the average number of students enrolled in school P to the average

of the difference of the number of students enrolled in school P and Q is

8

7 7

4 I 4

W

P, Q P, Q P; Q Py Q Ps Q

(a) 31:23 (b) 8:23 (c) 23:31 (d) 23:8
Answer: (d)
Solution:
(3+5+5+6+4j

|Avg.P| 5 23

| Avg.(P - Q)| C+2+3+1+q 8
5
5. Heis not only accused of theft  of conspiracy.

(a) rather (b) rather than
(c) buteven (d) but also

Answer: (d)

6. Global financial crisis is considered to be the most serious world-wide financial crisis, which started
with subprime lending crisis in USA in 2007. The subprime lending crisis led to the banking crisis in
2008 will the collapse of Lehmann Brothers in 2008. The subprime lending refers to the provision of
loans to those borrowers who may have difficulties in repaying loans, and it rises because of excess
liquidity following the east Asian crisis.

Which of the following sequences shows the correct precedence as per the given passage?
(a) banking crisis — subprime lending crisis — global financial crisis — east Asian crisis
(b) global financial crisis — east Asian crisis — banking crisis — subprime lending crisis
(c) subprime lending crisis — global financial crisis — banking crisis — east Asian crisis
(d) east Asian crisis — subprime lending crisis — banking crisis — global financial crisis
Answer: (d)

7. The untimely loss of life is a cause of serious global concern as thousands of people get killed
accidents and other die ___ diseases like cancer
(a) during, from (b) in, of (c) from, of (d) from, from
Answer: (b)

o
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8. Given a super additive function f(x; + x2) > f(x;) + f(x2) for x > 1, which of the following satisfies the

10.

given function?

1
(a) e* (b)f
Answer: (a)
Solution:
Let f(x) = ¢*

fxi +x2) =™ = (e*' )(ex2 )

f(x,)=¢"
f(x,)=e"
Since x > 1, €* is an increasing function.
U
X;+X X X f(Xl)’ f(XZ)’
elitfr = (M e*2
( )( ) f(x,+x,)>1

f(x1 + x2) = f(x1) f(x2) > f(x1) + f(x2)
Explicit : Implicit then Express : ?
(a) Impress (b) Supress
Answer: (b)

Solution:

Explicit : Implicit = Opposites

Opposite of Express would be Suppress

(c) Repress

@ +
X

(d) Compress

The Canadian constitution requires equal importance to English and French. Last year air Canada lost

a lawsuit and had to pay a six figure fine to French speaking couple after they filed a complaint about

formal in-flight announcements in English last in 15 sec as opposed to informal 5 sec message in

French.

The French speaking couples were upset at

(a) The English announcements being long than French once

(b) The English announcements being clear than French
(¢) Equal importance given to English and French

(d) The in-flight announcement being made in English

Answer: (a)

www.ohminstitute.com
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1. Consider the following equations,
X1 + 2X2 = by,
2x1 t4x, = by,
3x; + 7x2 = bs,
3X1 + 9%, =Dy
For the above system of equations to have consistent solution, then
(a) by=2b; and 6b; —3b3 +bs=0
(b) b, =2b;and 3b; —6b3; +bs=0
(C) bs; =2b;and 3b; —6b3 +bs=0
(d) bs; =2b; and 6b; —3b, +bs=0

Answer: (a)

Solution:

X1+ 2x, = b (1)

2x1 +4x, =1y (2)

3x;+7x2=bs (3)

3x; + 9%, =Dbs ..®

(1) x2=2x, +4x, =2b,
R

6b; —3bs; + by = 6(X1 + 2X2) — 3(3X1 + 7X2) + (3X1 + 9X2)
=0x; +21x, —9x;1 — 21x»

=0
b, =2b,
"|6b, =3b, +b, =0

2. 1100 represented in sign-magnitude, 1’s complement and 2’s complement form is P, Q, R respectively
then P + Q + R in 2’s complement form in 6bits =
Answer: 110101
Solution:

= p=—_14

T4
1100 1I* complement 0011:>
1100—--50011—2—0100 = [R = 4]

P+Q+R=—4-3_4=_11
11 binary 01011 compllscmCnt 10100 Compzl;mcm 5110101 Sign—bitcxtcnsion‘, 110101

4 www.ohminstitute.com @: 040-40102255, Cell: 9515694053
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3.

X is a random variable which is uniformly distributed in [-2, 10]. If Y = 2X — 6 is another random

variable. Then P (Y <7 |X>5)=

Answer: 0.3

Solution-1:

X e [-2,10]

Y =2X-6 €[- 10, 14] 2(-2)-6=-10
2(10)-6=14

X=5=>Y=2(5)-6=4

L PYLST|X25)=P(Y<LT7|Y=>4)

_P(Y<ynY=4)
~ P(Y=24)

)

-

Solution-2:

Y=2X-6

X 25 would imply Y > 4

- Y =2X-6 is a uniform RV

R|w

VR
N | —
RIS

In the interval — 10 to 14

v

-10 14

< <
;P(Y_7J=P(Y_7j
X>5 Y >4

P(A<Y<7)
P(Y > 4)
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4. In 8085 microprocessor, the number of address lines required to map 16 k byte memory are

Answer: 14
Solution:
16k byte=2* x 21 =20

v
16 1k byte

= 14 address lines are required to map 16 k byte memory.
5. If Vi to Ve are 6 vectors in R* space then which of the following statements is false?
(a) any 4 vectors can form R* basis
(b) any 4 vectors can span R* space
(¢) Vi, Vs, Vs, Ve vectors if they span R* then they are basis vectors
(d) Vi to Vs vectors are not linearly independent
Answer: (a)
6. A transmission line is terminated by a load of impedance Z = jX where X = [—o0, o], the smith chart

for the given load is

% radius=1
(a) - (b)

0.5

(c) astright line (d) apoint at origin
Answer: (b)

Solution:

. . 1
Radius of constant r-circles = 1—
+71

. r
Centre of constant r-circles = (1—, Oj
+r

Here load impedance is z=1+ jx = X
ZO

= r =0 (constant)

Hence its locus is a circle of radius R with centre at L,O =(0,0).
1+0 1+0

o
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7. For the digital circuit shown below

R— I,

0 — I, 41 Mux

— F(PQR)
R— I,
1— L s, S,
P Q

F(PQR)=_
(a) PQ+ QR (b) Q+PR (c) PQR+PQ (d P+QR

Answer: (a)
Solution:

From the circuit,

F=(PQR +(PQ)(0) + (PQR +PQ(1)
F=PQR +PQR +PQ

F=QR+PQ

8. Magnetic field of a uniform plane wave in vaccum is H = (a, + 251y +ba,)cos(ot +3x —y—z) then b

Answer: 1
Solution:
(a, +2a,+ba,)

[H]

A=

. (-3a,+4,+4,)
k|

In a TEM wave
H.k=0
= 3()+2(1)+b(1)=0

= -3+2+b=0= [b=]]

7 www.ohminstitute.com @: 040-40102255, Cell: 9515694053
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9. Consider the digital circuit shown below

Q tg = 208 t,g = 208
D t,q = 3ns

IN
t,=5ns
CLK > CLK t,=1ns
Q
D tq= 8ns ——
t,=4ns
> CLK t,=3ns
t,d = propagation delay
ts = setup time t, = hold time
The maximum frequency at which the above counter is operated is MHz. [rounded off to nearest
integer]
Answer: 76
Solution:
Q t,q = 208 g = 2ns
D, t,q= 308
IN
t,=5ns
> CLK t,=1ns
Q,
N—D, t,a = 8ns
t,=4ns
> CLK t,=3ns

The logic in this question is “the data at the input of one of the FF should arrive at the next FF
ts(setuptime) (of second FF) before next active edge of clock”

So, data at D, arrives at D»

te + ta T+ oty < T-t,
(FF1) (XOR) (NAND) T
Clock
Time Period
342+2<T-4

S
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10.

11.

12.

Data at D; arrives at Dy

ty<T—t, =>8<T-5=|T>13ns|

FF2
So, where T > 13 (largest of 13, 11)
There exists no-setup time violation for both FFs.

Hence max frequency = B
min 13 ns
=769 MHz = £<76.9
Hence f can take integers value of 1, 2, ...... 76] MHz

Hence the nearest VALID operating frequency is 76 MHz.
Note: 77 MHz is the nearest INVALID frequency.
A 50 Q transmission line of length 3 A/4 is terminated by a load of 400 Q, Z;, (input impedance) of the
transmission lineis Q.
Answer: 6.25
Solution:
7 -7, [ZL +ijzZ, tanBl}
Z,+]jZ, tanf/

3 3n
[=—(Q2n)=—
p 4( ) 5
2 2
Z, 252&:6.25 Q
Z, 400
. . . . .. dy _dy .
Characteristic equation for a differential equation is o 6d—+ 9y =0, the solution for the
X X

differential equation is .

(a) (Ci+Cx)e*™ (b) (Cit+Cx)e™ (c) Cie™+ Coe™ (b) Cie*
Answer: (a)

Solution:

D*-6D+9=0

= (D-3)*=0= D = 3 (repeated root)

= Solution is |y(x) = (C, + C,x)e’

1

A function f(x,y,z) =€ + xze ¥ then S—f(l,o, e)=
X
(a) 1/ (b) 1 (c) 0 (d -1
Answer: (¢)
Solution:
-1

e YY) (—cosy) + ze
™ ( X y)

-1

6f —lIcos 140
&(I,O,e)z(e1 ! 0)(—0050)+ee1 0

= (")(=1)+1=0

o
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13. ” j x dxdydz = ; where v is the volume enclosed by the following region

Answer: 2.25
Solution:

“.J.xdxdydz = I

14. A 10-bit DAC has range of 0 to 10 V. If input is 13A H then output =

Answer: 3.0694
Solution:

Resolution = ———

1) 1023

W

10

z

1

9

21
y
(I-y)dy [y 2} 2

13A H=(0100111010), = 1(2)" + 1(2)* + 12)* + 1(2)° + 1(2)* = 314

.. Output = 314 x !
1023

15. Which of the following statements is false?

=3.0694

(a) If A isirrotational, V’A =0
() Vx(VxA)=V(V.A)-V’A

Answer: (a)
Solution:

For an irrotational field,

VxA=0

(b) If A is solenoidal, V.A =0

(d) VxA is vector field

But it is given as V2A = 0 which cannot be conclusively said. Hence Option A is the wrong statement.

10
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16. The outcome of a fair coin being tossed is 0 or 1. M and N are first and second outcomes of the coin
tossed twice and X = min (M, N) then expectation of X is E(X)=
Answer: 0.25

Solution-1:

M N X=min(M,N)
0 O 0 P(X=0)= 3
0 1 0 f
1 0 0 P(X=1)= 2
1 1 1

EX)= 0><§+1><l=0.25
4 4

Solution-2:
Sample space = {00, 01, 10, 11}

Every outcome is labelled as M, N

Outcome | M | N | X=min(M, N) | P(X)
00 0|0 0 1
4
01 0 1 0 3
4
10 1 0 0 1
4
11 1 1 1 1
4
3
o Ex]=) XP(X=X,)
i-0
1 1 1 1
=—(0)+—-(0)+—=(0)+—(01)=0.25
4() 4() 4() 4( )
E[X]=0.25
17. The open-loop transfer function of a feedback system is G(s) H(s) = M The value of ‘k’
s(s+2)(s+38)

for marginally stableis

Answer: 160

Solution:

Characteristic equation is s[s> + 10s + 16] + k[s + 11]=0
(or) s* +10s*> + 16s + ks + 11k =0

(or) s* +10s>+ (16 +k)s + 11k =0

o
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18.

19.

Routh Array:

s’ 1 16+k
| 10 11k

| 160 -k
10

s" | 11k
For marginal stability, 160 — k = 0 or k = 160.

Pole-zero plot of G(s) is shown in the figure. Closed contour I" is mapped into G(s) plane, mapping in

circles

0

A Im

X

Splane

o—¢ v as » Re
k/

X

(a) point (-1 + jO) of G(s) once in CW (b) point (-1 + j0O) of G(s) once in CCW
(c) origin of G(s) once in CW (d) origin of G(s) once in CCW
Answer: (c¢)

Solution:

[P — Z] times encircles the origin in CCW.

(or) — 1 time encircles the origin in CCW

Or once in CW.

Characteristic equation of a control system is given by s* + 3s*> + (k + 2)s + 3k = 0. In the Root locus
plot, as K varies from 0 to oo, breakaway/break in point lies within

(@) (2,-1 (b) —oo,-3 (¢) (-1,0) (d) (3,-2)

Answer: (c)

Solution:

3 2
s3+3s2+k(s+3)+2s=00rkz—[w}

s+3

BA/BI point can be calculated by j—k =0
y

- (s+3)(38°+6s+2)— (s’ +3s° +2s).1 0
(s+3)°
(or) 3s* + 65> +2s + 95> + 185 + 6 —s* 35> —2s=0
(or) 28 + 128> +18s+6=0
By solving the equation, we can get s = — 0.468, — 3.88, — 1.653.
Hence, — 0.468 is valid point hence option (c).

12 www.ohminstitute.com @: 040-40102255, Cell: 9515694053
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1 . . . |
20. If G(s) = —————; a > 0. The given input is 5 cos 3t and output is —-cos|3t—1.892|. Then the
v SvER i putis —=-cos| ]

value of ‘a’ is

Answer: 4

Solution:

5 1
Magnitude is =
\/12 +o° \/32 +o° \/ﬁ

L 1
By substituting, ® = 3, > =

\/Ex\/a2+9 \/B

(or)a’+9=25
a?=16(or)a=14
asa>0,a=4
21. Consider the control system shown in figure.

R(s) o/p
C(s) »  G(s) >
+
1 K(s+1) . . .
G(s) = ;C(s) =———= and steady-state error (es) for ramp input is 0.1. The value of K is
s(s+1) s+3

Answer: 30
Solution:

ess for ramp input is e = ki =0.1 (or) ky = 10.

But k, = Lt0 8.G(s)
! I k(s+1)
50 s(s+1) s+3
k
3

e :—=3=0.1 (or) k=30
k., k

Ss

22, If ? =(y—1Dx has 2 solutions, then the solutions are
X

(@) Inly—1|=2x*+c,y=1 (b) 1n|y—1|=%x2+c,y=—1

(¢) Iny—1|=2x*+c¢c,y=-1 (d) 1n|y—1|=%x2+c,y=1

Answer: (d)

13 www.ohminstitute.com @: 040-40102255, Cell: 9515694053
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Solution:

Integration by Parts:
dy

(y-D

=xdx

|X|y+1|=lx2+C

2
Integration by Integrating Factor Method:
dy

— = —X
dx v

dy
— + (- = —
i (—x)y =—-x

23. The current in the R-L series circuit is i(t) = 10 cos(5t — % ) A value of L is

R i(t)

200 cos(5t)V <~> L

Answer: 2.83
Solution:

R i(t)

Wy

200 cos(5t) G) L

i(t) = 10 cos (St—%jA

1= 10-45°A
~200[0° 200 ! (gj
R+j5L  R?+2517 R

14 www.ohminstitute.com @: 040-40102255, Cell: 9515694053
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tan ™" (%) =45°= R =5L

200

24.
10 Q

120 V [Z] 73

40 60
[2]= [60 120}

Value of Z;, for which maximum power is delivered to load is Q
Answer: 48
Solution:

Vo=Vr;L=1Ir
50 +601,=0
60L,=-501;
L =-121 ... (D
Vr =120L+ 601,
=120L-721,
=48L,=48Ir

Zty= %=48Q

T
For Z1 = 48 Q), max power is delivered to the load.

25. A single crystal intrinsic semiconductor is ck R.T with effective density of states for holes twice of
states for holes twice that of electrons Vr =26 mV. Intrinsic fermi level is shifted from mid gap energy
level by
(a) 9.01 meV (b) 26.90 meV (¢) 18.02 meV (d) 13.45 meV
Answer: (a)

o
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Solution:
Ny=2 Nc¢
g - Ec+Ey KT [N_j
2 2 N,
_E +E, _§1n£ N j
2 2 2N,
= ﬁ ~13 ln(lj
2 2
_ Bctrby 9.01 meV
Ei lies 9.01 meV below the middle of the bandgap.
26.
1K
AW
1K 5V
= L
Vi=2V, = mA.
Answer: 6
Solution:
1K
4%
1K N A2 mA
_;’V\N‘ AV
= VT p I, y4amA
5;[ 1K
h=2+4=6mA -
27.
1K
AW
. 5V
Vi —WW— .
- VO
. =5V

If Vi=1 Vsin (ot), then Vois
(a) aconstant of either +5V or — 5V
(c) —1Vsin(mt)

Answer: (a)

(b) 2V sin (ot)
(d) square wave of 5V amplifier

16 www.ohminstitute.com
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Solution:
UTP =+ 5V
LTP=-5V
Since the given input always lies between the 2 trip points,
the output is a constant of either +5V or — 5V.

28.
+o—| g e
230v G D L
(RMS) D, C,
—o o
Magnitude of steady state output Vo is \Y
Answer: 650.44 V
Solution:
The given circuit is a voltage doubler.
Vo =2V,=2x230 x </2 =650.44 V
29.
2:1
[ O
I e 0
Port-1
Port-2

For the above 2-port network consisting of an ideal lossless transformer, parameter S;; for a reference

impedance of 10 Q is (2 decimals).
Answer: (0.8)
Solution:
/ v4
— " —
- 5 «—a,
a
—_— B bz
‘—
b,
§y1 = b_2
al a,=0

Hence, we consider a, = 0 = No source on port-z side.

o
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By impedance T/f
a b% b,
> > E—
1 1 o
L LI
Zy Zy(2y"
b,
‘—
O
i _ 2z _ 2(4z,) _8
a, z,+z, 4z,+z, 5
)
1
b, 1 b, 5
30. In the circuit shown below, Thevenin’s voltage Vry is
20 10
CO——w W— +

(5]

1"\<D §>1_- 2A (D §:-- V1

(a)2.8V (b)24V (c)45V (d)3.6 V
Answer: (d)
Solution:

After repeated source transformation, the given circuit can be reduced to

VTH =36V
31.

AL_i (8m- Tas)

Find Norton equivalent resistance of the circuit looking into source.
+R

(a) rdb—
1 + gmrds

Answer: (a)

(b) Tds + R (C) rds +R + L (d) I-ds + R + gmrdsR

m
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Solution:
| +
? 025
I
V'T
Ugs = _VT

gmogs + IT = VT — ITR _ngT + IT y VT _ITR
rds ds

VT(l + gmrds) = IT(R + I‘ds)

VT

R+
Req:———rds

IT - 1 + gmrdss
32.

1204 —-90° V

1204 —-30°V

Z=80-j35Q, FindI
(a) 2.382143.63°A

(b) 2.38£-23.63°A
(c) 0A (d) 2.384-96.37°A
Answer: (a)
Solution:

1204 —-90°V

1202 —30° V(3)

Z=80-j35Q=2_87.32|-23.63° Q)

19
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120/-90°
I = —
120[-90°
=———— =1.37-66.37°A
87.32|-23.63°
120/-30°
I, = —
120[-30°
=————— =1.37-637° A
87.32|-23.63°
=—(Li+Dh)
=2.38 [143.63° A

33. A PN junction solar cell area 1 cm? illuminated uniformly with 100mWcm™ has the following
parameters : efficiency = 15%, open circuit voltage = 0.7V, fill factor =0.8 and thickness = 200 pm
average optical generation rate (in cm™ s!) is
(a) 83.60 x 10" (b) 5.57 x 10" (c) 0.84x10" (d) 1.04 x 10"

Answer: (c)
Solution:

mW

cm’

mW
cm’
=100 mW

P

0, max

Py

P[N: 100 x Area

=100 x1 cm?

n:

PO max
0.15= ——
100 mW

P(), max — 15 mW

Po max
FF=—
V.1

oc " sC

_15%10°
0.7 xI,
Ie=0.027A=1
_ IL _ IL

N g.(volume) - q-A.t

B 0.027
1.6x107° x1x200x107*

avg

=0.84 x 10 cms7",

o
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34. For a one-sided abrupt PN junction depletion capacitance Cp is 50 PF at a reverse bias of 0.2 V. Slope
of the plot between CLZ and applied voltage V is x 1020 F2v!,
D
A1
/ €2
\ 4
(a) -57 (b)) —-1.2 (c) —3.8 (d -04
Answer: Data Insufficient
Solution:
1
— (Vg = V)
CZD BI
1
C_2 = k(VBI - V)

D

“—k” is the slope of the plot between Lz and V. Here, k and Vp; are unknown. To solve for k; we
D

require 2 pieces of data.
35.

Von=0.7V, B — 00,10 > ©

Capacitors behave as S.C at the signal frequency. Find Vo/V1.
(a) —128.21 (b) —178.85
(c) —256.42 (d) —89.42
Answer: (d)

o
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Solution
DC-Analysis
=10k
im ¢
= 0.7V @
: i P
I | =20k
TR
10 —
5= 0-07 =0.465mA=1I¢c
20K
AC — Analysis

V,

VI
36.

— g, .5k =-89.42

R =2kQ; C=1pF

3dB frequency of the circuit is
(a) 59.68
Answer: (b)

22

(b) 79.58

«||||—| —

Hz

L \/'0

(c) 34.46 (d) 17.92
.
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Solution:

The given circuit is a 1% order LPF.
1

* RC

R 1

© 2nRC 2x3.17x2x10°x10™

,

=79.58 Hz.

37. A MOS capacitor is fabricated on a p-type substrate and its band diagram is shown below.

A Evac
4ev
4 E,
05ev
PN ANy .. E,
EFs
0.2ev
\ 4 Ey

Ec=1lev; Viu=-0.16 V
Coy = 100 nF/cm?
om=3.87 eV

No charge within the oxide. If voltage across the capacitor is Vi, magnitude of depletion charge per

unit area (in C/cm?) is

(a 1.7x1078 (b) 1.41x10°%
(¢) 093x10% (d) 0.52x10°
Answer: (a)
Solution:
F N Evac
4ev
¥ E,
05ev
\ 4
""" ! Y EI
x q¢B EFs
02ev
A4 E\~
E,=1ev
0.5+qps+0.2=1
qés=0.3 ev
ds=03v

Vee=Vma =y =20 =0.6 v

ps = Magnitude of depletion charge per unit area.
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2€, ¥,

=qN,w=gN
qiN, qiN, aN,

= \/265 qNA\Vs
VFB :¢m :¢m _d)s
=3.87-4.8
=—093v

AJ2€.qN, (2
Vin = Vi + esqc A( d)B) +2¢B

ox

—0.16=—-0.93+—F=

p,=0.17x1077
=1.7 x 10 C/cm?.

38.

————+0.6
100x10~°

Yy W

2

V=3V, Vsus=-10V, Vi: (-10 V, + 10 V) minimum and maximum values of Vg for proper

sampling and holding respectively are

(a 10Vand—-10V
(¢) -3Vand-3V
Answer: (d)
Solution:

(b) 3Vand—-3V
(d 13Vand-7V

During sampling, switch must be closed.

Ves > V1u

V6> Vs+ Vry
V6> Vimax + Vru
Ve>10+3

During hold mode, switch must be OPEN.

Vs < V1u

V6 <Vs+ Vg
V6 <ViLmn+ Vru
Ve<-10+3

24
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39.

40.

41.

If the input-output relation for a system with input x(n) and output y(n) is given by

y[n]= max‘x[k] ,where —c0<k<n

The unit impulse response of the system is

(a) u(n) (b) d(n)

(¢) 1foralln (d) Oforalln
Answer: (a)

Solution:

For impulse response of a system
x(n) = 3(n) ; y(n) = Max [8(k)]

SLy(n)= 0 -a<k<n
1 n=>0
- y(n) =u(n)

A digital communication system is used to transmit a block of N bits, the probability of a signal bit
error is given by OL. The block of N bits is received as error if at least 1-bit error occurs. The probability
of error in transmission is

@ 1-1-)Y (1-a" © o™ (d) N(1-a)

Answer: (a)

Solution:

P.=1—(P(no error for all the N bits)

P(no error for all N bits) = (1 — a)N

Pe=1-(1-)N

Pole zero plot of the transfer function of a system with input x[n] and output y[n] related by the input-
output equation

y[n]= 23: (=1)*x[n —k] Will be

Unit z-plane
circle 3t order pole
(a) \( )J » Re
Unit AT, z-plane
circle 17/‘>§3“‘ order pole
(b) \y » Re
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Unit L, z-plane
circle 3rd order pole
(C) \()/ » Re
Unit AT, z-plane

circle 7/ ><3’d order pole
(d) ¥

NV
Answer:(a)
Solution:
y(n)=x(n)—-x(n—-1)+x(n—2) —x(n—3)
Y(2) 1,2, 3
H(z)=——==1-7z"+z2" +2z
X(z)

H(z)= (1 - z’l)(l + z’z)
_ (z-1)(z"+1)

H(z) ;

z
3zeros@z=1,%]
3 poles @ origin (z=0) (pole of order 3)
42. Let a random variable Y be defined as

Y:Twammm

Where ¢(t)=1 5<t<7
¢(t)= 0 otherwise

Where w(t) is a real white gaussian noise process with 2-sided power spectral density Sw(f) = 3
Watts/Hz. The variance of random variable Y is

Answer: 6

Solution:

y= j.w(t)dt

E[yz] = E|:j‘w(t1)dt1jw(tz )dt, :|

o
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43.

44.

= [[E[w(t,)w(t,)]dt,dt,

77
= [[35(t, - t,)dt,dt,

55

7
=3fu(t, —t,) 1 dt,

5

=3

D ey

[u(7-t,)—u(5-t,)]dt,

= Area under

W

Vt'v

=(3)(2)=6.

Consider a binary random variable X which can take values +2 or -2. If probability P(X=+2) = QL.
The value of O for which entropy of X is maximumis

Answer: 0.5

Solution:

Entropy is maximum when the binary random variable is equiprobable.

L P(X+2)=P(X=-2)=0.5

SLooa=0.5

In a digital communication system, four symbols Si, S,, S3, S4are transmitted. The symbol values are
S1=-3, So=-1, S5=+1 and S;=+2. If the receiver receives Y=S+W where W is zero mean, unit variance,
gaussian random variable. If P; is the conditional probability of symbol error for ML decoding when
S=S;, then the value of ‘i’ for which conditional symbol probability if error is highestis

Answer: 3
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Solution:
Conditional pdfs for the transmitted symbols.
P Y P M P M P M
Sy ) S, ) Sz ) Sy )
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1 »
-3 -1 +1 P
© 2units  2units 1 units
Symbols S; and S4 have only one decision boundary hence P, will be less compared to S, and Ss.

S, and S; are bounded by error due to 2 decision boundaries.

Since S, is comparatively distant from adjacent symbols S; and Ss (2 units each respectively) it will
have lower probability of error compared to S3 which is 2 units and only 1 unit far from its adjacent

symbols S; and Ss.

.. S3 has the highest probability of error.

45. For a message signal m(t), phase and frequency modulated waveforms are given by,
Sem(t) = cos (10007t + k,m(t))

Skm(t) = cos (10002t + ki j m(t)dr)

—00

If the highest instantaneous frequency of Spw and Sy are same, then —-=
f

4 m(t)
10
/1 1\
1 1
1 1
1 1
1 3 6 7 t—
Answer: 2
Solution:
For FM,

£ =t + *m(y)
21

For PM

k
fof 4o dm
27 dt
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For FM
kf
fimax = fC + _m(t) |max
21
T L
2n
For PM,
k
£ of 4o dm

46.

47.

i max c ZTC E |max
fi max 18 contributed by positive slope.

k
- fimaxzfc+ p(loj
2m\ 2

f

imax FM = fimaxPM

k k
f +—L10)+f +—2(5
¢ 27T( )+ 1, 27t()

5,
kf
Consider

x(t) =m(t) cos(2nf t)

Where, m(t) =4 cos 1000xnt and f. = 1 MHz
The output y(t) of the block given below is

. s
510 Hz Tsonz | YO
cos 2m(f.+40)t
(a) cos(10002t)  (b) cos(920at) (c) cos(460xt) (d) cos(540xt)
Answer: (b)
Solution:

Output of multiplier = x(t) cos 2n(f;: + 40)t
=2 cos 1000 7t cos 2m(2f. + 40)t + 2 cos 1000 =t cos 21(40t)
Output of filter = cos 920 ntt

Concentration profile for two NPN transistors is shown below.
10 17
1017 1017
Emitter Base Collector Emitter Base Collector
0 ALY 0 W
T, 1,

Common emitter current gain of T is

(a) Approximately 0.7 time of T, (b) Approximately 2.0 time of T}

(c) Approximately 0.3 time of T, (d) Approximately 2.5 time of T,

Answer: (either a or c¢) (will update)
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48.
i
g LT
0.5H

@

U+::0425F ?19 CT) "

Which is the correct state equation for the above circuit?

dlv] [4 =4l v] [0 4"i1_
@ —|. |= |+ .
deji | -2 41| [4 4]1,]
dlv] [-4 41 v] JoO 4"i1_
b —|. |= |+ .
dtji | -2 —4]i] [4 O], ]
(o] [-4 —4][v] [4 41, ]
© 2°|= e !
deji | [-2 4 ]i] [4 O] 1]
dfv] [-4 —4]v] [4 0] ]
@ —. |= R .
deji | [-2 —4]i] [0 4], ]
Answer: (b)
Solution:
i
O — @
7000
0.5H I
i 20 + §19 <> i)
ICTD () v _—o02sF Dk
100 P1 _T
Applying KCL @ node (2)

i:c((ll—lt)JrIR +(—,)

. dv .
1= O.ZSEHR +(—1,)
Ido . . v
—— =141, ——
4 dt 1
d . . .
Dl _4u+4i+(0)i, + (D),
dt
o
30 www.ohminstitute.com @: 040-40102255, Cell: 9515694053



Sy
X OHM

INSTITUTE FOR ELECTRICAL AND ELECTRONICS ENGINEERING

GATE-2020 Question Paper with Answer Key and Solutions Stream: EC
Applying KCL @ pole 1

di
201, -1)+0.5—+v=0
(i, —1) p

di .
O.SEz —v+2(i, —1)

di o
E: —2v+4(, -1)

%=—20—4i+4i1 + 01,

e S AT ]

49. For the voltage regulator shown below, if B of each transistor is large and Vo, = 0.7 V, then R, = Q

15V -
V, =9V

N,

1kQ

™

R, =1kQ

R,

il W——W—

Answer: 800
Solution:
15V
\ p V, =9V
?1 k § R, =1k
) < <« 4V
& + 0
V0.7
+
—— § R,
33VLAV,=33V
GxRy 4y
R, +R,

Since, R; = 1k, R, = 800 Q

o
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50. X(t) = cos(200t) is sampled for t = ﬁ where n = 0,1,2 3,4,5,6,7
Consider the DFT X(k) where
7 —iZnk
X(k) =) x(n)e >
n=0

Then which of the following statements is true?

(a) X(k) is non-zero for all k (b) X(4) is non-zero

(¢) X(2) and X(6) are non-zero (d) X(3) and X(5) are non-zero
Answer: (¢)

Solution1:

x(n)=cos 200n(ij
400
nm
n)=cos—
x(n) 5

Cdr+e ()

x(n
(n) 5
Lety(n)=1 0<n<7
Y (k) is non zero only for k = 0 where Y(k) is the DFT of y(n)
e2(D+e 2
x(n)=
(n) 5
2n 2n
i an) —i=H(=2n)
D+e 8
x(n) =
(n) 5
X(K) = Y(k-2)+Y(k+2)
2
Y (0)
X2)=——=
(2) 5
Y(0)

X(—Z) = T = X(6)

. X(2) and X(6) are none zero, all other are 0.
Solution2:

)((n)zcosnz—TE 0<n<7

2 2
f(n)= cos 2 s periodic with oL
2 a)o 7[/2

x(n) =[ f(n) , f(n) ]

8-point 4-point  4-point

o
32 www.ohminstitute.com @: 040-40102255, Cell: 9515694053



Sy
X OHM

INSTITUTE FOR ELECTRICAL AND ELECTRONICS ENGINEERING

GATE-2020 Question Paper with Answer Key and Solutions Stream: EC
Let, x(n) < X(k)
And f(n) < F(k)

: _op[ K
..X(k)_ZF(zj

f(n) = cos% = [1,0,-1,0]

F(k) =10,2,0,2]
X(k) = ZF(EJ =10,0,4,0,0,0,4,0,0]
. X(2)and X(6) are non — zero

51. Consider X() to be the Fourier transform of x(t) given by

X(t) A
3 R —

\4

—
|
1
1

bt | e SRR o o

[ (S N S
w

t—

Then j | X (o) Pdo is

Answer: 58.64
Solution:

T|X(m) I’ dmzZnT |x(t)]” dt

=2mnx Energy of x(t)
Due to symmetry

E1=E4;E2:E3
E1:E4:l
3
1
13
E,=E,=|(Q2t+1)’dt=—
,=E, g( ydt=—

T | X(0) do=2n[E, +E, +E, +E,| = 2n[(2)(E: + E2)]

=4n{l+£}=56—n=58.64
3°3] 3

o
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52. The transfer function of a stable discrete time LTI system is
H(z) = Kz-o) , where K and o are real numbers.

z+0.
The value of a with |a| > 1 for which magnitude of system is constant for all frequencies is

Answer: —2

Solution:
H(z) = K(z-a)
z+0.5

For magnitude to be constant for all frequencies, the filter should act as an all pars filter
For APF,

Zero

" (Pole)*
Here, pole = z,=—-0.5

.. Also, zero = zp=

1

Zero = =
pole* (—0.5)*

Zero=o = L =-2
-0.5

SLo=—2.

53. For an infinitely small dipole in free space the electric field in the far field is proportional to

—jkr
(e Jsin 0, where k = % A vertical infinitesimally small electric dipole ( 81 << 1) is placed at a
r

distance h (h > 0) above an infinite ideal conduction plane as shown in figure. The minimum value of

h for which one of the maxima in the far field radiation pattern occurs at 8 =60°is

PP IIII 77777 ” Y
(a) A (b)2Ar (c) A/4 (d) A2
Answer: (d)

o
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Solution:

r (apoint in for field region)

e _ - -
t\ ~ <4— Small dipole antenna

Ta

d=2h e Conducting plane

? <— Image dipole

Normalized resultant pattern is,

dcos0

EO)-| Gnpy  (Pe00) ‘
0 T

Unit Array factor

factor

B= 2%; d=2h; o =180° (- Phase shift between the real and image dipoles is + 180°)

. 2nj 2h.cos® 180°
Ecos=|sinBcos| — +
A 2 2
E cos =|sin Osin (%) cos0 leth=kA

Ecos = |sin Osin (27k cos 6)|

Given maximum should occur @ 6 = 60°.

= E® = £sin 2nk.l
2 2

max 10=60° "

\/5
= — 1 1 = 1 3
= Sll’l(TCk) < has maxima fOI' k A,/, .....

.. Smallest value of k is % .

S.n=kA

n=

2
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54. For the FSM shown below, the input pattern for which output is 1 is

(a) 01010 (b) 0101 (c) 10101 (d) 1010
Answer: (a)
Solution:

For the above FSM, the sequence that is being detected is input bit pattern until output is 1 [on arrows
the format is input/output].
.. Sequence being detected is 01010.

55. Consider the recombination process via bulk traps in a forward biased PN homojunction diode. The
maximum recombination rate is Umax. If the €™ and hole capture cross-sections are equal, which one of
the following is false
(a) Unmax occurs at the edges of the depletion region
(b) with all parameters unchanged Unmax increases if the thermal velocity of the carrier increases.

(¢) Unmax decreases if the intrinsic carrier density is reduced
(d) Unmax depends exponentially on applier bias
Answer: (c¢)

skskoskoskok

o
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