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DETAILED EXPLANATIONS
Section A : Systems & Signal Processing + Communication Systems

= Tla,x,(t) + ax,(t)] = a,x,(sint) + a,x,(sint)
= my, + a,y, = linear
= yy(t) = x(sin(t) - )

y(t - 1) = x(sin(t) - 1) # y,(f) = time variant

2. (d)
0, =1
_ 1
(@) = 1+ jo
Hn)| = =,
-
ZH(w) = 4
y(t) = }Siﬂ(t—%)
2
Output = (\/_%z 1
3. (d)

x(t) _ z Cnejn(oot — z Cnejnnt
N=—oo n=—co
= [j8(n—1)— jd(n +1) +8(n—3)+8(n +3)]e/™
From shifting property,

oo

Y, x(m)8(n—ng)

N=—o00

x(ng)

x(t) — jejnt _je—]nt +e]3nt +e—]3nt

x(t) = 2 cos(3nt) - 2 sin(mt)
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(b)
For a real and even rectangular spectrum,
x(t) = 2A sinc(2f, t)
=2 x 0.004 sinc(2 x 200t)
= 0.008 sinc(400t)

(b)

An IIR filter is stable only if all poles lies inside unit circle.

(a)
f, =1.8 MHz
fy =22 MHz
Bandwidth = f,, - f, = 0.4 MHz

To avoid aliasing,

2fy
f.z K such that, f, >2 B

2x2.2
2
s 5
1.2 0.72
So, (f)min = 0.8 MHz

(a)

uz
11.25 = 10(1 +?1}

M1

== =0.125
= 2
= u =05

u, = 0.6 (given)

V0.5%2 +0.62 =0.78

u =
782
P, = 10(1+ 0 28 J =13.05 kW
(c)
f, =20 kHz
f. =40 kHz
R, = nf,

n = bits/sample
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11.

12.

13.

14.

n = log,L = log, 256 = 8 bits/sample
R, = 8 x 40 kbps = 320 kbps

R 320
Minimum BW = 7})(1‘*‘0() = 7(1-5) =240 kHz

(c)
Time duration of one time frame,

T = l_
s f. 8x10°

=125 us

In one frame,
Total pulses = (24 x 1) + 1 = 25/frame
Time utilized by all pulse in a frame
=25 us
. Each pulse of 1 ps duration frame duration = 125 ps

Time spacing between successive pulse

_125-25 100 4
T2 25 S
(c)
1+ cos(8000mtt)
x(t) = 2(Ttt)2
f,, =4kHz
(fs)min = me =8 kHz
(d)
The given system is,
m+1
ylm] = >, «[k]
k=—co
y[m] = ... + x[-1] + x[0] + x[1] + ........ + x[m] + x[m + 1]

= y[m] depends on x[m + 1] i.e. the output depends on the future values of the input. Hence, the
given system is “non-causal”.

m+1
If x[k] = 1, ylml = Y, ()=..+1+1+1+....=o0 (for very large )
k:—OQ

= For a bounded input, the output is unbounded. Hence, the given system is “unstable”.

()

From the property of impulse signal,

T tcos(3t)d(t)dt = -x’(0)

—oo

ocopyright: IMADE EARASY www.madeeasy.in



MADE EASY Electrical Engineering | Test14 17

Here, x(t) =t cos(3t)
x’(t) = -3t sin(3t) + cos 3t
¥(0)=-0+1=1
-x’(0) = -1
15. (b)

The periodic signal can be expressed using Fourier series as

() = 2 G

N=—o0

We know that,
"0t 5 278(w— nay)

Fourier transform of periodic signal is,

X, (w) = 21 i C,,6(w—nay)

Nn=—co

Given spectrum,
X(w) = 83 0-= |+58[ -
7 3

X(m)

5 [
I
7

The frequency components in the spectrum are integer multiples of the fundamental frequency .

wla —»
e

Thus, the fundamental frequency,
w,= Gcp| L, 2=
7 3) 21
= The fundamental period,

2 2r

T=-""=
wy (T
(5]

—alt|

=42 sec

16. (a)

The Laplace transform of x(t) = e

= et y(t) + e u(-t)
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17.

18.

19.

20.

21.

23.

1 1 —2a
X = — =
(S) s+a s—a sz—a

2

and ROC is (6 > -a) N (6 < a), givena >0

So, ROC = (6 > -a) n (0 <a)
=-a<o0o<a

(b)

Continuous time systems can be realized by

1. Direct form-I realization.

2. Direct form-II realization.

3. Cascade form realization.

4. Parallel form realization.

(c)

Both statements are correct.

(c)

Both statements are correct.

(d)

u
I = I\ 1+—

Given that, [, =5 Aand I_ =4 A

25 3
- 2|=-1]=22
H [16 ] 4

3x1.414  4.242

= =1.06
4 4
(b)
A? 62
Average power of x(t) = TC =—=18W
(d)
Given that, fro> /e
IF or f,, = 450 kHz
f. = 1200 kHz

fimage

= £+ 2f,. =1200 + 2(450) kHz = 2100 kHz
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24.

25.

26.

27.

28.

29.

(d)

* Digital communication systems give better noise performance than any analog communication
system.

* So, among the given choices, PCM provides better noise performance.

()
We first apply time-shifting operation to find,

y(n) = x(n-1) = {3, fll\, 5,6}

n
Y|5) =x(05n-1)= {3,0, %1, 0,5,0,6,0}
(c)

1 1
X(s) = 512 -1
-2 <R(s) <1
x(t) = e u(t) + et u(-t)

(b)

E= | xf at

0 1 2 3
[2%dt+[(~t+2)dt+ [Pdt +[2%dt

l 0 1 2
= 4+Z+Z+4=8+E = 24+14=§
3 3 3 3 3
T 2 2nx38 76
So, “X(‘”)| do = 2nE, =%=Tn

—oo

(b)

Discrete Fourier transform is discrete and finite in length in both time and frequency.
()

() —L X(jo)

Aperiodic « L continuous

Discrete ¢« periodic

odd + real « T odd + imaginary
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30. (b)
Given, x(n) = n? u(n)
We have, z [u(n)] = Z—Ll

Using the multiplication by n-property, we have

z[n u(n)] = —Z%[Z{“(”)}] = _Z%(zil)

_, (z=1)—(2) __z
(z-1)* | (z-1)

Again using the multiplication by n property, we have

- Y
z[n? u(n)] = zdz{z[nu(n)] ZdZ|:(z—1)2:|

. z-1-2z| _ z(z+1)
z-1° | (z-1°

31. (b)
When the resultant AM signal is passed through the given filter, the output of the filter will be the
sinusoidal carrier signal with 90° phase shift.

When this resultant sinusoidal carrier signal is passed through an envelope detector, the output of
envelope detector will be a DC signal.

32. (b)
Mean value,
- 3 2P
1 x
% = J.x px(x)dxz—_[xdx=1~7 =1
—o0 -1 -1
= 12 1 S|
: 9 = 2 _ o+ 2 _ ) _ -
Variance, 2 _J;Ox px(x)dx_4_j1x dx=r—x _1_12(27+1)
V(X —ﬁ_z
(X) = 12 3

Variance, X° — (§)2 = %- 1=

33. (b)
Sidebands are w_+ O, and w_ + o,

6x10°+5 x 103 and 6 x 10° £ 9 x 10°
6.005 x 10°, 5.995 x 106, 6.009 x 10°, and 5.991 x 10°
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34. (a)
The waveform is periodic with,
T=2n
2n

the given waveform can be written for one period as

10
x(t) = Et’0<t<2n

T 2n
b = %gx(t)sin(nmot)dt = % g %-t-sin(nt)dt

10 27

b = —[—%cos(nt)Jrn%sin(nt):l

2
noo2n 0

10
b = ——
n nmw

35. ()
The series interconnection of two non-linear systems also can be a linear system depending on the
individual systems.

36. ()

=
—~
~
~
Il

s(t)Acos(w_t + 30°)

A?[cos(a,t +30°) cos(w,t)]m (t)

2
A— cos(2m.t +30°) + cos 30° |m (¢
2 (8

After passing through LPF, we get,

A2 \/§A2

y(t) = 7cos(30°) m(t) = 1 m(t)
Average power of y(f),
2
P = (ﬁAZJ szﬁpm
y 4 16
37. (o)
The transfer function from the given direct form implementation is,
a _ 1
HE) = 1-abz ' —acz? 1-2z71+3z72
a=1
ab=2=b=2

ac=-3=>c=-3
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38.

39.

40.

42,

43.

()

An invertible system is one which have a unique relation between its input and output.

(d)
An energy signal is one whose total energy E = finite value and whose average power P = 0.
whereas a power signal is the one whose average power P = finite value and total energy E = co.

(d)
The amplitude of carrier frequency component in the spectrum of a FM signal is A J,(B) which is
strong function of modulation index (B).

Section B : BEE-1 + Analog Electronics-1 + Electrical & Electronic Measurements-1

AVyp /At _Slewrate 2
A= av /at " AV /ar 05~
10
(d)
Vo= AV + AV,
Acm = O=A1 +A2
A1 = —A2
Vo
Where, A= A
1lv,=0v
Vo
Ay =L
2 V2 V1=0V
Ry 1+ R} [ R
Ry +R, Ry Rj
R _ Ry
Ry Ry
(c)
[ 2kQ 2kQ

A B
6V

.|||—|
i

The diode is reverse bias,
I=0
_9%x3 9x6

Vas= 79 "9 TV
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44. (b)
Under open circuit condition,
VA = 6[%] = 3 V
4k
Ve=6 % =24V
5k
V,-V-=06V<07V
D-off state
So, V.=V,-V.=06V
45.  (c)
Vi
When, B >10V
i.e, V.>20V
D, will be forward biased
V,=10V
46. (b)
5V
RC

A
+

T V=IR,< QO
3 R
ol BT Ip=10mA

(O ~N \ ’ Q,

=

Yyvy

B=10017 = TN B=100
- 0.7 V! Loop (1) VBE\“W

) ;J>-5v

For current mirror circuit formed by transistors Q, and Q,, we can directly write
I

i

When B is very large, I =~ I, =10 mA

Applying KVL we get in loop (1), we get
LR +Vy =5V
(I0mA)R, +0.7V =5V

4.3 3
R, = E><10 =430 Q
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47. (b)
Vos = V- Vg=3V-1,(1kQ)
Let us assume that the EMOSFET is in saturation region.
So, Ip = K,(Vgs = V)

Let us take the numerical value of I, in mA, then
I, =13 -1,-1)2 = I —4Ip +4

I3 -5I,+4 =0
Ip-49 Up-1)=0
ID=4mA0r1mA
Forl,=4mA =V, =3V-4V=-1V<V, = notvalid
Forl,=1mA= V., =3V-1V=2V>V, = valid

So, I, =1mA
48. (c)
Let us assume all the diodes are in ON state.
5V
IO
5 kQ D,= 07V =
; 07V [13
V=0V L V,=-07V
L b
07V=D,
5kQ
5kQ
I
I ?
10V -5V
5V-0V
0= —————=1mA
5kQ

_0V-07V+10V 93

I — mA =186 mA
1 5kQ 5
I=1,- 1, =-086 mA

~07
; _07VHIV i sema
2 5kQ

I,=1,-1=086 +0.86 =1.72 mA
I,>0A,I,>0A = So, D, and D, are in forward biased as we assumed.
I <0 A = So, our assumption regarding D, is wrong and it will be in reverse bias.

As D, is reverse biased, I = 0 A.
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49.

50.

51.

52.

54.

()
No. of turns on moving coil= 200
Length = 5mm =5 x 10 m
Width = 20 mm =20 x 10" m
Area, A =1xd=5x10"x20x10" =100 x 10" m’
Magnetic flux density, B = 30 x 107 Wb/ m’
Current, [ = 40 x 10 A
Deflecting torque, T = NBAI
=200 x 30 x 10" x 100 x 10" x 40 x 10"
=24%x10°x 10" =24 uN-m

(c)
Given bridge is De Sauty’s Bridge,

1
At balance, ( JR4 =

|
—
\18.
—_
&
—
=
(O8]

joCq
G
R, = C_2R3
10x107°
R = —6><4Ok£2 =20 kQ
4 20%x10”

Hence statement-1 is correct.

Voltage drops in arm-4 and arm-1 have phase difference of 90°. The current in arm-1 and arm-2
are in phase with each other as they are purely capacitive branches.

(d)
Correction factor is a factor which we multiply with wattmeter reading to get the true power.

cos®
cosPBcos(d+P)
is power factor angle and J is pressure coil angle.

(b)

If capacitor is connected across high resistance of megger capacitor damages.

cos®

cosPcos(dp —P)

Correction factor is for leading load and for lagging load, where ¢

Potentiometer — Low resistance measurement

Loss of charge — High resistance
(a)
Given actual current reading is 2 mA

Range of error = 2 + 0.04

22100 = 22%
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55. (b)
Dynamometer ammeter reads rms value
0 o< I?
0 (LY
8, |1,
4= 100
I
I,=5A
56. (a)
(VB -W _
[ BWA=Wa) | V/3(1500-500) | _ 40.80°
Wi+ W, 1500 + 500
Power factor = cos(40.89°) = 0.76 lagging
57. (a)
E 4= VLILC05¢Xt 3 230><20><0.8><1 — 3,68 KWh
nergy consumed = —= 55 = 1000 =3.
No. of revolutions
Meter constant = Energy consumed
No. of revolutions = Meter constant x kWh
=100 x 3.68
= 368 revolution
58. (a)
@xixcos(00)+£xixcos 2n_x
Total average power = NG NN 3 3
= 400 + 120 cos 60° = 460 W
60. (b)

Both statements are individually correct.

Section C : Power Electronics and Drives-2

61. (c)
Isw 1ms = VD -1 = v/0.4x20
=12.649 = 12.65
62. (b)

A CSl is fed through a full-wave rectifier so the input (pulsating) frequency is twice the output
mains frequency (2 x 50 Hz = 100 Hz)
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63. (c)
For 180° mode I _ Ve _q00 A
4 SwW, rms 3R
Vi 300
For 120° mode, I = C=—— =866A
sw, rms 2R\/§ 2\/5
64. (c)
P, =V,,=144
I, = 144 12 A
0 12
As per power balance equation,
Vids = Py
144
= T =18V
Peak voltage rating of switch
=V, +V,=18+12=30V
Peak current of switch = I, +1,=8+12=20 A
65. (c)
. . 2V,
Effective ON period = T, +I_C
0
= 200x1070 + 22230 90% 107 — 14 sec
Peak current through the main thyristor
C 90
= 100+V,,|= = 100+ 230x,|—
° \/: V30
= 49837 A
66. (c)
To eliminate nth order harmonic
2n 4w 6m 8m
Zd = =y 5
n n n n
To eliminate 5% order harmonic
)y - 2n 4m 6n
5’55
2d = 72°, 144°, 216°
67. (a)

In type C chopper, output voltage V|, is always positive because of the presence of freewheeling

diode FD across the load.
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68. (c)
SMPS are used in dc only.
69. (c)
AC ripple voltage in the output,
= 2 2
Vr - VO,rms _VO
VO, rms = \/EVS
Vy=aV,
V.= JaVv2 -a2v? =V o-a?V
70. (a)
Flyback converter uses inductor transformer which stores energy and then transferred to the
load.
B2
Energy density = 0.5—
u
1
o
H R(reluctance)
. To keep the reluctance to desired value, an appropriate length of air-gap is introduced in the
flux path.
71. (a)
D V.
= —(Vs-Vp) = —= -
I, 2fL( s=Vo) 2fLD(l D)
72. (0
In dc-dc converter switch duty ratio controls only the dc output voltage.
74.  (c)
SMPS uses control circuit (like PWM or resonant controllers) are generally more complex than
single voltage regulation loop in linear power supplies.
75. (a)

If flux does not return to starting value at the end of each switching period then core will get
saturated and consequently, it will lead the device current, that is beyond the design limits of the

circuit.

0000
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