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DETAILED EXPLANATIONS

Section A : Systems & Signal Processing + Communication Systems

1. (b)
+oo ) 5 ;
E= J|x(t)| dt = Hcos2 oaot‘dt rect(l—o)
—oo -5
1
+5
_ J 1+ cos2myt it
-5 2 5 5
1 1. 5 : A
= E[t]fg + Z[sm 2(;001%]_5 fect(lo )‘EDS(W
= 5+%[sin100)0 +sin10ay | //\ INEVAY
_ 1.
E= 5+551n10c00
2. (a)
x(t) = et u(t)
1
X —
€)= 1
Given, y(t) = e cost - u(t)
(s+2)
Y(s) = ————=2
) (s+2)% +1
(s+2)
Y(s) (s+2)2+1
Impulse response, H(s) = X(s) = 1
(s+1)
(s+1)(s+2) (s+2) 1
H(S) = 2 =1- 5 — 5
(s+2)" +1 (s+2)*+1 (s+2)°+1
h(t) = 8(t) - (e7 cost + 7! sint) u(f)
3. (b)
Unilateral z-transform of sequence x(n) is given by
o 3
X(z) = Zx[n]z_” - Zx[n]z_”
n=0 n=0

x[0]2° + x[1]z7! +x[2]z72 +x[3]z7

1424241
z 22 7
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4. (o)
Given, x(n) = (n + 1)a" u(n)
= x(n) =n - a" un) + a" u(n) ..(1)
We know — ﬂnu(n) 2T a —¢1zz_1) ...(ii)

Using property of z-domain differentiation

n-a"u(n) =z d [(;:l

dz| (1- az_l)
ZT. az’!
(1- s} )2 ...(iii)
From equation (i),
-1
az 1
X(z) = T2t =
(I-az7) (1-az™)
1
X(z
) (1- az™! )2

5. (b)

The system has poles at z = % and z = 2. Now consider the different ROC :

o z[>2
Since ROC does not include unit circle. Hence system is not stable ROC is exterior to outermost
pole (Z = 2), system is causal S, is true.

« 05<|z[ <2
Since ROC include unit circle. Hence system is stable.
ROC is not exterior to outer most pole, hence system is not causal S, is true.

* ROC: |z| >05
Since ROC include unit circle. System is stable.

Since ROC is not exterior to outermost pole. System is no causal. S, is incorrect.

6. (d)
* Given function f(f) is even function therefore b, = 0.
* f(t) is a non-zero average value function, so it will have a non-zero value of a,,.
* As f(t) has hidden HWS symmetry, so a, will be zero for all even values of n.
So Fourier series of f{(t) will have

aganda,n=1,3,5..
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7. (o)
t
Given, y(t) = [ x(v)-d(x)
t
= [[3(1+2)-8(x-2)]-d(x)
=u(t+2)-u(t-2)
1 2<t<?2
B {O, otherwise
o 2
Therefore, Ey = _[ |y(t)|2 -dt = _[1 -dt = 4 units
—oo -2
8. (d)

The first term is a constant

The second term = e/4™/7

47
= o=
The third term = e/2™/5
2n
= 0= 5
2
Now, N, = el
0y
2n
and N, = ==my
2n 7
Ny = g™ =5mM =7
7
_2n
Na=2g =5
5
Ny
N_2 =5 =a rational number

Therefore, x(n) is periodic with fundamental time period
N =LCM (N, N,) = LCM (7, 5) = 35

9. (o)

x(t) = u(t)+ %r(t) - %r(t —-2)=2u(t-2)
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10.

11.

12.

1 1
u(t) + 5 bu(t) = (£ 2Ju(t~2) = 2u(t ~2)

(%t+1)u(t)—(%t+1)u(t—2)

(b)
) 1, 05<t<05
Given that, x(t) =u(t+05) - ut-05) =19 Gtherwise
oo +0.5
By definition, y(t) = x(t) * h(t) = J. x(t)-h(t-1)-dt= I el (=) gr
—oo -05
05 5
Therefore, y(t)L:O =y(0) = J. e 10 . dr = —sin(&)
05 ®o 2
at 0, =21 y(0)=0
()
If x(n)=21=X(z) has ROC: R
then :

¢ On time reversal i.e.,

1
x(=n) ZT. X(z"!) has ROC: —

R

* On time expansion i.e.,

x(%)ﬂ_X(zm) has ROC : R/
. Option (c) is correct.
(c)
Using time reversal property
x(—t + 1) et X (—w)e @

x(—t = 1)L X (—w)el®

x,(f) =x(1-t)+x(-1-¢)

xp () 1 X4 (o)

(1= 1)+ x(=1 = ) 1 X (—w)e T® + X(-w) - e/®

X, (0) = 2 X(-0) cos
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13.  (c)
. 2fy 2x22kHz 44kHz
Sampling frequency, f. = = =
ping Bredseney: = [, /5] [ 22 } [22]
fu-fi 4
44kHz 44
= [5.5] =5 - 8.8 kHz
14. (d)
x(t) = [t e u(-t)
x(t) = || e u(-t)
We know that,
—eztu(—t)<£—> 12 : Refs} <2
s_
2t LT, —d{ 1
t~[—e “(—t)] E(S—Z] :Re{s} <2
—teu(-t) L.T. %  Refs} < 2
(s=2)" ~
15. (a)
Given, x(t) =5 u(t)
5
So, X(s) = S
5 (s+3)

YO = X6 HO = (2 a0r5)

Since all the poles of sY(s) lies in the left half of s-plane, so final value theorem is applicable

lim y(t) - limsY(s) = hms[ﬂ]

50 §—0 s(s2 +4s+5)
_ 5%x3 _3
=5 =
16. (b)
Let, peak carrier amplitude = A_
A2
Th i , P = ==
e carrier power, P, = —
_ AL
400 = %50 200 Volts
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The AM expression is given by

17. (b)
For faithful demodulation, the time constant should satisfy the following condition
1 RC 1
< RC< —
fC fm
where f — maximum frequency component in message signal
f,, = 2kHz
1x10° =K< 25107

Sam(t) = A1+ pcos2n f, t] cos 2m f t

1 pusec < RC < 0.5 msec

200[ 1+0.8c0s(10* nt) |cos(2mx10°F)

Less BW requirement in SSB-SC allow more no. of signals to be transmitted in same frequency

18. (b)
range.
19. (a)

The modulating signal consists of three signal,

The maximum modulating frequency is f_ =2 kHz

Maximum frequency deviation

Af=V x K

effective

Veffective = \/m =9.43 volt

Af =943 x 10 x 10° = 94.3 kHz

Bandwidth, BW = 2(Af + f. )

20. (d)

Given,

Frequency deviation,

Modulating index,

= 2[94.3 + 2]
= 192.6 kHz

K, = 2n x 10° rad/volt

f=105 Hz/volt
Af=K A,

=10°x 1

=10° Hz

_ K4, 100
B) = o
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1 1
= — = =5 kHZ
In= T " 2107
8 < 10°
5x10°
21. (c)
Capture effect is found in FM signal.
23. (a)
The intermediate frequency (IF),

IF = f, - f.
where f, — local oscillator frequency and fs — signal frequency
fo = IF + f, =455 + 900 = 1355 kHz

Image rejection ratio = IRR = /1 + P2Q? = PQ

A
fs fsi
fa=fo+2F
=900 + 2 x (455) = 1810 kHz
b= 1810 900 151
© 900 1810
IRR = oo =PQ =151 x 80 =120.8
24. (b)
For granular distortion to take place
A d
— > —m(t
il
A-f.>2nf -A
0.5%20x10°
fn-A< B 1591.54

Only option (b) does not satisfying the condition.

25. (b)
A high pass filter can be used as a pre-emphasis circuit.
26. (a)
For a PM signal
O(t) =2nft+ K, - m(t)

1800 K dnt)
T om odt Y 2m 4t
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Maximum frequency deviation,

O = - D= 5
T dt |hax
dm(t) 4V
‘Tmax = s 2000 V/s
(M) = 52000 =10 kiz
27. (c)
For a uniform quantizer, the maximum quantization error is A/2
% < %(ﬂ)
2a 1
22" = 1000"
2" > 1000
n =10
Mpin = 10
28. (b)
Given, (f) max = 20 kHz
Sampling rate, fe= 2% (f)max = 2 % 20
=40 kHz
Bits/sample n=3
Bit rate R, =nf,=3 x40
=120 kHz
Minimum channel bandwidth
R, 120
(BW) in = 5T, T 60 kHz

29. (c)
Maximum value of envelope,
A =AM+ 1)
=20(1+06)=32V
Minimum value of evevelop,
A =A01-p)=201-06)=8V

30. (a)

Modulation index:

ocopyright: MMIADE ERSY

www.madeeasy.in



22 ESE 2024 Prelims Exam e Classroom Test Series MADE EASY

) K & (24,,)
B = 2f, =B =mnrad
31. (b)
. IF o . AF
= Mixer (|, A | Limiter (| Demodulator | De-emphasis |—| s
32. (b)
(Afmax)fm = Kf Am dm(t)
K [dm(t)] dat
Wy = 28]ty a2 6
(Afmax)fm = (Afmax)pm -2
K,rA
LA = E|fm -A,,/6
K- A, 21:[ 2 ]
KP
K_f = 4nrad/Hz
33. (d)

Let us consider two different spectral shapes for m,(t) and m2(t as follows:

f f (kHz) f (kHz)

0 10 -10 0 10

Spectrum of x(f) can be given as

x(t)

’ | KH
30 20 -10 0 10 20 30/ H2)

This signal is passing through AM modulator
(BW)=2f__ =2x30
= 60 kHz
34. (b)
According to Shannon Hartly law

S
C= Bl 1+—
ng( N)
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35. (a)
Entropy is given as

H(x) = P(x;)log, [P(x')]bit/symbol

1

ilo 1
M 82 1/M
M no. of message signals are given

H(x) = MX%IOgZ(M) = logzM

36. ()
For envelope detection,
1 [1-p?
RC< —\|—%
m u
1 1-p?
®,, < RC “2
. 1 1-08?
o <
"= 0.75x10° \ 0.82
< 22000, 19 1000 rad
o, < 3 6 rad/sec

® « = 1000 rad/sec

Mima

BW. =20 _ =2000rad/sec

37. (c)

Frequency hopping is used in carrier system to reduce cross talk.
38. (o)

For delta modulator, n=1

f. = 5000 samples/sec

For error free transmission,

A dm(t)
T dt
dm(t)
Afs = dt
Az —1mv
~ 5000 0™
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39. (o)
. Ry
Bandwidth = W(l +o)
o =1 for 100% excess bandwidth
200Kbps
100 kHz = ——22(1+1)
N =4 bits
No. of symbols (M) = 2N =16
40. (a)

Both the statements are true and statement-II is the correct explanation of statement-I.

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

Ie . Ic

o _IC+B

l=1+1

o B

B=oa+op=al+p)
B e *

*=17p7 P 1o

42. (a)
The common-collector configuration is used primarily for impedance-matching purposes since it
has a high input impedance and low output impedance, opposite to that of the common-emitter
and common-base configurations.

43. (d)

Operation in the cutoff, saturation and linear regions of the BJT characteristics are provided as

follows:

1. Linear - region operation
Base-emitter junction forward-biased.
Base-collector junction reverse-biased.

2. Cutoff-region operation:
Base-emitter junction reverse-biased.
Base-collector junction reverse-biased.

3. Saturation-region operation:
Base-emitter junction forward-biased.

Base-collector junction forward-biased.
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4. (a)
An operational amplifier is a very high gain amplifier having very high input impedance and low
output impedance.

45. (0
V, = 6mV x 10000 = 60 V
But V, =115V in saturation
So it can never be exceeds 15 V
V,=%V_ =%15V

46. (a)
T eV L
AC input || v, D 3R
2
_ dc output power _ . IRy %100%
= Inputpower I3 (Rf+Rp)
2
L
) (?j o R,
LY n*  Rp+R;
7 X(Rf‘FRL)
= 406x—1L_9,
Rf+RL

If diode is ideal than, n =40.6%
Pp- =500 W, half wave rectifier
For half wave rectifier, % 1 = 40.6%

106 = 12 %100 =22 %100
PAC PAC

P,.=1231527 W

47. (b)
The given circuit is a fullwave voltage doubler.

If the no load output voltage is 10+/2 V, then the peak value of secondary of the transformer is

10v2
_\/7_5\/5\]
2
Va Ny
Vi TN
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48.

49.

50.

52 1
2202 n
n =44
(d)
Given, I, =1, oN = 4 mA
1
Vps = EVDD = Vs (- 1=0)

Vpp =2%Vee=2%x6=12V

~ Vpop-Vps _12-6
a 4mA

R =15kQ

P Ipony

()
The given circuit is that of Wein bridge
The frequency of oscillations is given by

1 1
f= 2%RC ~ (2n)(6kQ) x (0.003uF) = 8885 kHz

(b)
_ 1mA x500Q
Lo =R, 5000
I =1,+] =1mA+1mA=2mA
The equivalent dc voltage is computed as;
E,,=09x10V_
=09x10V=9.0V

The total resistance of the meter circuit can now be computed as

Ej 9.0V

B

1mA

and

Rp= 7. ~oma ~45kQ
R, R
and R. = RT+2Rd——m sh
5 R, + Ry,
= 4500+ 2 x50 - 2002900 _ 4 1510
500 + 500
Alternate Solution:
50 Q R
AV‘V‘V‘V ‘V‘V‘V‘V
+ + >
2V L 05V=2500
T _ _<>
AVAVAVAV
50Q 2mA
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9-05-02
2mA  ~Rs
R, =415 kQ

51. (a)

0.01+0.26 H
4m

dL

— = 01 H/rad
de 2n

1 pdL _ (1x100x107°) 01
200 d6  2x100x(n/180) " 2m

=45.6 x 10° Nm/rad
52. (a)
We have P, + P, =30 kW
Now, cos ¢ =04
1
1+3(P1_P2)2
02! +P2)2
1
04 = > >
(AL +B)" +3(P - B)
(P1+P2)2
P +P
\/(P1+P2)2+3(P1_P2)2

cos ¢ =

0.16 = (B + )" 900

0.16 % 900 + 0.48 (P, - P,)? = 900
0.48 (P, - P,) = 900 - 144 = 756
(P, - P,)? = 1575
P, - P, = 39.68 ~ 39.7 kW

From (i) and (ii),

We get, P, =34.85 kW
and P, = -4.85 kW
53. (c)

Energy supplied = VI cos ¢ x t x 1073
=230x4x1x6x10°=552kWh

(P, + P +3(P,—P,)° 900+ 3(P,— P,)?

...(i)
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M B Revolutions
eter constant = —kWh
_ 208 400 kWh
= 55y _400rev/
) 14
Energy consumed when the meter makes 1472 revolutions = —— = 3.68 kWh

54.

55.

56.

57.

58.

59.

400
Now energy consumed = VI cos ¢ X t
230 x 5 x cos ¢ x 4 = 3680
3680

cos ¢ = 230x5%x4

(d)

Instrumental errors arise due to three main reason:
* Due to inherent shortcomings in the instrument.
*  Due to misuse of the instruments.

* Due to loading effects of instruments.

(b)

Effect Instrument

Magnetic effect | Ammeters, voltmeter, wattmeters,
integrating meters.

Heating effect | Ammeters and voltmeter,
wattmeters.

Electrostatic Voltmeters
effect

Induction effect | A.C. ammeter, voltmeter wattmeters,
energy meters.

(d)

In the moving coil instrument type instruments, damping is provided by eddy current damping.

(d)

The main sources of errors in moving coil instruments are due to:

* Weakening of permanent magnets due to ageing and temperature effects.
* Weakening of springs due to ageing and temperature effects.

* Change of resistance of the moving coil with temperature.

(c)

Standardization is done in order to make the instrument more accurate and direct reading.

()

The barrier width of ] is negligible as compared to space-charge width at ] .
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Section C : Power Electronics and Drives-2

61. (b)

V.
For a step up chopper V, = 1 _Sa
200
600 = 1o
2
o=
T 3 T
1
Tog = gT

T =3 x50 =150 pusec
Ton =T-T,,=150-50
Ton = 100 psec

62. (b)
RMS value of fundament component of the phase voltage
2
= — Vi
T
2 2
peak value = V2 X~V ==V
T T
63. ()
Given circuit
f=10kHz
S/ b
o I
+ -
100V — L gloo UH - 500V
- +

Above circuit is a Buck-Boost converter

for Buck-Boost converter

Vo = 1—ocvs
500 = o x 100
1-o
_ >
=%
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Q'VS . .
As we know, Al = 7 ...during switch ON
Here, Al =1,
aV; 5 y 100
=" L" 67 10x10° x100 x10°°
0
I, = o " 83.33 A

64.

65.

66.

67.

(b)

The switch must support forward conduction, forward blocking and reverse conduction.

()
Given, E,, =220V, R=01,
L=10mH, E,=100V
The average load voltage is given by
V,=E,+ IR
o-E, =E +IR
@[220] =100 +10x 01  {V,=a-E,}

U 0.459
*= 220 "™
(a)
<« 4V .
Output voltage, Vo) = > —4e gin nayt

n=1,3,5 "M
rms value of 5" harmonic output voltge

1 4V 1 4x48

= = _X
Vos J27 5. J2 5n
Vs = 8.64 Volt

(b)

£ 12x10°
i i = =t=———"-—=24
Carrier ratio, g £ 50
Harmonics are given by,
no=my, mfi- 2, mfi- 4 ....=24,20,22,26 ...

n= meil , mei 3...=47,49,45,51 ....
h= 3mf, Smfﬂ, Bme£4 =72,70,74
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69.

70.

71.

72.

73.

(b)

Impedance of the load,

Z, =R, +jX;
=30 + j60
= 30./5.263.43°
0, = 63.43°

the output voltage (V) is controllable when o > ¢,

So for 0 < a < 63.43°, output V|, is not controllable.

()

In a single pulse modulation of PWM inverters, the n" harmonic can be eliminated if the pulse

2n
width (2d) is made equal to (7)

. 2n o
For above case, pulse width = = =72

(d)
Fundamental component of output voltage,
2V, .
V01 = Tsmmt
RMS value of this vol 2><VS_2><50_100V
MS value of this voltage, V, = w2 2 w2

(d)
For step up chopper, V, = 480 V, time period, T supply voltage, V, =320 V
T, = 20 psec = 20 x 107 sec

1 T
V = Vox—l = 320x-L = 480 RPN S
0 Togs 20 T-o Tog
T = 483;)20 =30usec
1 1

To switching frequency, =0.333 x 10° = 33.33 kHz

F= T 30%10

(a)

With the help of PWM technique the total harmonic distortion is reduced with modest filtering.

0000
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