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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question | part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary and indicate the same clearly.
Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer (QCA) Booklet must be clearly struck off.
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Q1.

Qus A

SECTION A
(a) A few e aftwer &, formg A 71 fog B W dieear 14 hifer |
3A
©
120 60
a B

4 Q
6V

G

In the circuit given below, find the voltages at point A and point B.

(2
NI
12Q 6 Q
A MWW WW——=3B

40
6V
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(b) = U TT DTFT % Wd GHI-T&T (SI) Hahd x(t) ! J1d hIfST |
1 X(e¥)

sin (Q)

&

T3n bt —2r 8x % X [0 & n B8z 2t b1 3r ¢

k3 3n 5n Q
2 2 2 2 2 2
arg [X(e¥?)
3 2n - .
-3n —2n - 0 r
. (3 ...27{ -+ 3

Determine the time domain signal x(t) corresponding to the DTFT given
below : 10

MlX(ejQ)l

sin (Q2)

A

3% bn —2x 3n % T [0 L % 381 2r bn O
% ; 2 2 2 2

-3n —2n -n
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(¢ 5V, 50Hz ac rms 9w & fow fi9 few wv ufigyr &1 ffa Sicear aorey
@if9T | grItE D, | 37 dteedl 31aurad 0-6 V& |

100 uF
o =2 | xs » o
I
Cy
Ry D,
o . it
10K -3V
O 2 I 0

Draw the output voltage waveform of the circuit given below for 5V,

50 Hz ac rms input. Forward voltage drop in diode D, is 0-6 V. 10
100 pF
[ act | 2 5 o
t
Cy
R4 Dy
INPUT + OUTPUT
10K -3V
O & I O

(d) @ D frau-vamai A @ B & €19 U X a9 aren uh g aiee stfenfead
Fifsw | o s & X = 0 F fore uftgy sfafda war g | qufisa X = 181, @t
g 00 & 10 & 11 & 01, T: 00 7T HFHATT & TSHAT & a7 {6 T8t qrewrar 2 |
Design a sequential circuit with two D flip flops A and B and one input
X. Let the state of the circuit remain the same for X = 0. However, when

X = 1, the circuit goes through the state transitions from 00 to 10 to 11
to 01, back to 00 and then repeats. 10
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uftaer a1 # fu mTw f3-01 strarsnd & fore Z-sr=ret Y momr s |

(e)

10

- - - - - - - - - - -

3Q
3Q

3Q
3Q

3Q
ANWW—
3Q

Calculate Z-parameters for the two-port network given in the circuit

diagram.
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Q2. (a)
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T | Yefia aiay #, 3reT § Fsft K, S = o1 99 § &18 aw T8 ©
@ITt=0T)|

AT t = 10 HHUS W HSTt K, i faiforg o feam Simar @ 3R t = 18-68 Hahve
T Ao R fr Smar 2 |

TUT & g0y FUiE & AR-UR fiq dieear mfga Hifse o 999 10 dvs,
18-68 AFUS 37 28-68 TV T id Aeedr AH JTd HiTrT |

95 Q ﬁx
AMWA ) 0B
5Q§ ‘A C=01F
o
' forta
® 0 A

In the circuit shown in the diagram, initially key K, is closed and
capacitor has no charge (at time t = 0).

Now at time t = 10 seconds, key K, is opened and at t = 18-:68 seconds it
is again closed.

Plot output voltage across the capacitor with respect to time and find
output voltage values at time 10 seconds, 1868 seconds and
28-68 seconds.

R 95 Q ﬁx
—AVWA C 91 ©B
5Q§ 1A __C=0-1F
) OUTPUT
K; 0 0-1A
N
® 0 A

i}
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(b)
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el faw o ue s yaes & ufay w e fifvw, fad S emie Z, sz,
FI I 9 (AHETS) dieedl = 7-4 V qT 3 dieedl 31auTad = 0-6 V|

(i) ©H % HrY diceal H1 0 Yerid wd gC, Fid ateear aimed &t smfad
HifSTe qo i aTEy St SATFHRT A TIET HIT |

(i) R, I 39 Tfcarel 3T SRATST & WIS ¥ 9aet L YT i FHH =56 0
D = 0-25 % T 30 yew wuT=aita Sifsre aifer ffa st stafafda @ |

Ry
100 K
?T+12V
V; o——x Ro Vs .
S <
0-1 uF ] 5 Ry S39K ?Lzl
c,T & 19v
Vs ¥ Z2
R,S1K

|||-—1

Consider the circuit of an operational amplifier given here in which
Zener diodes Z; and Z, are having reverse breakdown voltage = 74 V

and forward voltage drop = 0-6 V.

(i) Draw the output voltage waveform showing voltage value with time

and calculate frequency of output waveform.
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(i) Modify the circuit for duty cycle factor D = 0-25 by replacing R,

from combination of suitable resistances and diodes, so that output

frequency is not changed. 20

o
[
=
=
1
\\+
O
[t
=

'”-_L

() A 3qH Ghd x(n) F z-TI=R X(z) = fow 7€ for # wefdfa ga-s=re wfoey &
T e i 8, 1 3 3k x(o) T | fea G = o off

Im
A

1
V2

\
3%

/

X O-73F% (zeroes)
: X-4 (poles)

:

i

> Re

SO
»A|HCD
o-b‘b—d L
DO | =t b ¢
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Determine the causal signal x[n] if its z-transform X(z) is specified by a
pole-zero pattern shown in the figure below. Take the constant G = %

Im
A

1
r=-—=
V2o X (O-zeroes
: X-poles
i
I

Q3. (a)
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®
N)I)—l k

O > Re
-1 oy ! 5 1
2 4 \ 4
\
\
\
\
\
\
\
\
\
X
EQIRRE]
F(A,B,C,D)=Ym(1, 3, 4, 11, 12, 13, 14, 15)
W fomm i |

TEHT 4 § 1 TgHFAF a1 e FURT (12H) ¥ FHEATET HIWT | a7 A 791 B #:;i
T3 uftrdt & fSra HifS | = stiser argat # fHa, =% C ot D &1 %o & S
s I qifufaat AB = 00,01, 10 @M 11 FFH C IR D F FaAd &6 ®q A
Sk 3T ITH foRaT SITaT 8 | Sl T shia = o1el hurel (18 g T 2 |
Consider the Boolean function :

F(A,B,C,D)=Y¥m (1, 3, 4, 11, 12, 13, 14, 15)

Implement it with a 4-to-1 multiplexer and external gates. Connect
inputs A and B to the selection lines. Input to the four data lines is a
function of the variables C and D which are obtained by expressing F as
a function of C and D for each of the four cases when AB = 00, 01, 10 and

11. Functions are to be implemented with external gates.

10
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(b) = few e uftgy &, gifseet T, @91 T, % fIT Vg = 06 V 3§ = 499 €|

(i) wade i 20 Hz 31 2 kHz WY Hohd ac dieedl sied G0 it |

(i) FRHIT: ZIFIET T, qT Ty, & FAdell T de dieedl J1d HIfST |

OVCC: 12V
91K 2K
10 uF 100 uF
Rl% ol | s R | o fyfa
HC2 er3 ?
T s
C, 1 T
_ 2
e, IE: Ry ’\
10 pF 36 K

In the circuit given below, transistors T and Ty are having Vg =06 V
and = 499.

(i) Calculate small signal ac voltage gain of the amplifier at 20 Hz and
2 kHz.
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(i1) Find dc voltages on collectors of transistors T; and T, respectively. 20

o VCC =12V
91K 2K
0uF  2p 1004F
! —E = © QUTPUT
1 IC2 L Ic, T
T .
£ il i
2
INPUT o——] }i«-—ti Rs Pl
10 uF 36 K
§RL =10K
22100 uF
3-3uF L& C;
%
e & -&- O

(c) U LTI dF i AT FHRAT h(n), =0 N < n < N, & ufeafva € | afg svawer
N, <n < Ny &I BIgH LTI 4 # (8% x(n) 7 2, A1 98 =t J1q o, f@es
fo i y(n) #1 %@ Ny, Ny, Np RN, FHaT H FTH R |

Impulse response of an LTI system, h(n) is defined in the interval
Ny < n < N;. If the input x(n) to the LTI system is zero except in the
interval Ny < n < Nj, find the interval for which the output y(n) exists in

forms of N, N, Ny and Ng. 10
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Q4. (a)

frar wefia wiesht Zifsret uftayr & AT I, I, I @1 Vg & 9H Fuifa i |
T, aftay & sitedht srITs Fa T I, Iy, I 3R Vg & 0 it s |
uH ST fF Vg (sat.) = 0-8 V 3R Vg (sat.) = 0-1 V & 3Afdfth 71 & qot
itesht rITe & foTT =il & 7 B = 50, Vg (on) = 0-7 V3R V=03 VE |

Ip

—

NC
|

}/ Rcélm
Rs310kQ

VBB 55V

.||}-——-
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Ip
-

and Vg = 0-3 V for the Schottky diode.

-

|

lic

Rs210 k0

I/ RC 1 kQ
= gy
Ip
+
Vee ‘f:: 5V
+
VBB 5.8V
(b)

0 x(t) = [2sin (3mt)

J [sin(2nt):,
nt ’ Tt

t 5

sin (2nt) o

Q) x(t) = '[
mt

w7 ore fafde fifs

freferiaa dadt 3 B st 310 Hifve

Find the Fourier transform of the following signals :
(i) x(t)= [2Sin (3’")] , [Si’_}(z"f)}
mt mt

20
13

For the Schottky transistor circuit shown below, determine Ig,

and Vsp. Next, remove the Schottky diode and determine Iy,
and Vop assuming additional values of Vg (sat.)

Vg (sat.) = 0-1 V. Assume parameter values of B = 50, Vgg (on) =07V

Ip, Ig

Ip, I¢
08V

and

20



t
sin (2nt)

(i) x(t) = j-—--l dt

it

—a0

Specify the properties used.

(© A weRiq oty # V, ©F ac dicedr @i & s A9V, =V, cos ot & T
V, = 1414 V 3 o = 300 rad/sec. ¥ |

tfraan TR S0 % f R Sfedrd Ry 3 W 6T T0RT AT S AR STt
srfershan wifeh f Fra it |
k=1 n =02 &0 IIIE)

R; $40 ohms % Ry

Lo dE

® = 300 rad/sec.

In the circuit shown below, V, is the ac voltage source given by
V=V, cos ot, with V, =14-14 V and o = 300 rad/sec.

Calculate the value of load resistance R; for maximum power transfer

and also find out maximum power transferred to load. 10

k=1 n =02 (Turns Ratio)

R, 40 ohms

.

o = 300 rad/sec.

Ry,
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@S B
SECTION B

Q5. (a) @ ok Tl o o wefRid 2, U quaed ek (W) T HaE & I T foga-ae
E, = 15 V/m 2 3 I §ae ¥ 30° T FIV ST & | T8 & 31 HI (G2a-& (E,)
HAE ¥ 65-5° T 2RIV ST 8 | Eqy T GRATIT 71 ek (W) 1 Wi i@
I |

(2)

As shown in the figure, just inside the surface of a dielectric slab, the
electric field (E;) is 15 V/m and it makes an angle of 30° with the
surface. The electric field (E,) makes 65-5° angle with the surface, just
above the surface. Determine the magnitude of E5 and the dielectric

constant of the slab. 10
En2
Eo
(2)
65-5°
E; A

S
Eq :

(b) YT STcAfaEl hi WERAT ¥ qisy f6 ww uRonfim & dicedr e WR &
Tfeh T0Teh % W1 S&eAdT @ | fore wifeh 0Tk W dieear A,
(i) e,
(i) rfreRaw & ?
Show with the help of suitable derivations that the voltage regulation of

a transformer varies with the power factor of the load. At what power

factor will the voltage regulation be :
(i) zero, and
(i1) maximum ? 10
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() T gurie o stam U, v i ulafd aftve w10 A % fRut grr Wi
1 Iftd AT § | TS Fteedr 230 V, 50 Hz A Wehed 2 mH 8 | 9 #fifse fh
orsfeet rest & qur fomT &I o = 30° 2, a (i) fa=ameT Fivr u, 37K (i) Frfa
Fieedr § 3G s TUMT TS |

Y

(D 10A

A single-phase Thyristor converter circuit as shown in the figure is
feeding to a constant current load of 10 A. The supply voltage is of
230 V, 50 Hz and source inductance of 2 mH. Assume the Thyristors are
ideal and triggering angle a = 30°. Calculate (i) the overlap angle u, and
(ii) the drop in output voltage. 10

v

Qp 10 A

(d) =g for u fgue angfeses =t & fow ATeT np 10T 9T &R np (1 - p) 317 Faifa
BT 2, STaf n Teil Y §EdT 99T p Ghetareil Y T (ITfihdT) Teifd s R E |
Show that for a binomial random variable, the mean is given by np and

the variance is given by np (1 — p), where n gives the number of trials

and p gives the probability of successes. 10

SLPM-P-ETE 16



(e)

Q6. (a)

(b)

SLPM-P-ETE

U YRR FM stfnfes it wrfsfierar 1 smafi v 88 MHz — 108 MHz
2 IF Sareieh sl e ST (f) ToT Ter Sifert 1 ST () 39 S =g
E R < fio ® | Ahme W o I 2 ol Rl s
fc, 88 MHz — 108 MHz &7 & ST &l | fyp, T 2T 3T AT 31 3 T4 7Y
fip 3 A % {10 £; ) % Teifera seetta &1 o frifa it

The frequency range of operation of a superheterodyne FM receiver is
88 MHz — 108 MHz. The centre frequency of the IF amplifier (fip) and
the frequency of the local oscillator (fLo) are so chosen that firp < fio
The design has to be so carried out that the image frequency f! falls
outside of the 88 MHz — 108 MHz region. Determine the minimum
required value of fi and the corresponding range of variations in fo for
that chosen value of fip.
() e et & s st 5 o e 2 s gEE S
foreqar g <1 werarn @ e wefdfa Hifi 6 st mom £, #1 7T 8w
ST QUld: ST raehia (shiE-aersfsim) 2 |
What is meant by armature reaction in DC machines ? Show with
the help of developed view of armature conductors and poles
that the effect of armature m.m.f. on the main field is entirely
cross-magnetizing.
(i)  TF 10 kW, 220 V DC e Hiet WR-ed 1200 rpm e T Fefid €T 5 A
TS U WAt 8 | FHHT ST TG 0-2 Q quT &7 W 200 O 2 | fifds
R YT i §HY 39 W1t T E-a&ar 31d HIT |
A 10 kW, 220 V DC shunt motor draws a line current of 5 A while
running at no-load speed of 1200 rpm. It has an armature

resistance of 0-2 Q and field resistance of 200 Q. Determine the
efficiency of the motor when it delivers rated load.

ﬁmﬁ:ﬁaﬁmﬁw%,qmuﬁaﬁaw&w&:%vaﬁmﬁ@ézﬁaﬁaﬁ
F & o s o S @1 ® | sited St ava 1y, = 6 A, @en ver st
V=60V, 50 Hz ?, T :

(i) Hiia gfaireas ‘R’ %19, 3T

(i) e wfer orieh 31 Ifer |

17
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(c)

A converter circuit as shown in the figure is being used to charge a
battery of voltage E = 24 V. The average charging current I;. = 6 A, and
supply voltage V_ = 60 V, 50 Hz. Determine

(i) the value of limiting resistor ‘R’, and

(i) input power factor. 20

N
1

@

+E—24V
'l'__

1 (a) # wefifa wifts WaeHt vea a1em U DSB-SC AEM-HIgiTd Hehd T TH
57 19 (A13H) g faehd Brar & foraeT 30 Hohd & Urd-ave &7 | itk WagHl g
(%] ¥ | ST - A Reviefer oiv Pt v ofr Fe s 2, S e

oz (b) Hyelfa | LPF % faig @ SNR 3@ HifSw |

[BW : dug i)
| H(D |
1
Sy 4 | | "
-W 0w :
Py
M M . r(t) LPF ot
0 o _’(D—’ BW=W [
1 /7 TN
= f.-W f.+W
£, cos (21rfct)
(a) (b)

SLPM-P-ETE

(e 7T & - ATEe Hehd = cos (2nf,t)]
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A DSB-SC amplitude-modulated signal with power spectral density as

shown in figure (a) is corrupted with additive noise that has a

power spectral density (%] within the passband region of the signal.

The received signal-plus-noise is demodulated and low pass filtered as

shown in figure (b). Determine the SNR at the output of the LPF.
[BW : bandwidth]

Sah 1 o

|HD |
1

- 0w

output
M M > rLt)_)®__) LPF | outp

0 BW=W
A R
fi—W f.+W T
£ cos (2nf.t)

(a) (b)

[Given : carrier signal = cos (2nf t)]

Q7. (a) ﬁmw%%ﬁ:Emsin(wt—az)éy ST Hh A=t (h-E) H > 02 |

(i)

(i1)

3, B aﬁtﬁ)mﬁﬁml t=OWTE)3ﬂT}_I)$T31E=TEﬁﬁfE|?Tﬁaﬁ§
AT & a1 T8 Jeoid FIRT |

sy f5 98 E ot H &, z-feam & W (r) e g8 u i fiffa
milﬁﬁW%mnﬁﬁEmwﬁ:gﬁm%WW
AT 2 |

fET MRy = 47 x 107 H/m 3T ¢, = L %10~ F/m.
36n

_)
It is given that E = E,, sin (ot — az) Qy in free space o > 0.

(1)

(i1)

SLPM-P-ETE

- > ~> - >
Determine D, B and H. Plot E and H att = 0. State clearly if

any assumption is made.
% ﬁ . . .
Show that these E and H fields constitute a wave travelling in

the z-direction. Also demonstrate that the wave speed and E/H
depend solely on the properties of free space.

Given : py = 47 x 1077 H/m, and €y = S—én—x 1079 F/m.
19
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(b)

(c)

SLPM-P-ETE

(i)

(i1)

T 3%, 4-99, 400 V, 10 kW, 50 Hz |df ger@ Y01 Hiet, @df a7
FHUTI B 3 9 | Fuiftd (fee) ateedr i sgi w Faifa () fria
forrfaa et 2 | stfieran ar-smmeet <t fraffa of v aa-smepl & 2 TR,
12:5% WU W 3IcqT BT & e foh WX ufewy § arar il I € | R
I 9ol 9T S-Sl OX |vr 31 i i f, q

I1. 97 ¥ O o GGl § Yo ST 1 W1 J1d hiTaC |

A 3-phase, 4-pole, 400 V, 10 kW, 50 Hz slip ring induction motor
develops rated output at rated voltage and frequency with its slip
ring short-circuited. The maximum torque equal to twice the full
load torque, occurs at a slip of 12:5% with zero external resistance
in rotor circuit. Neglect stator impedance, stator core and
mechanical losses. Determine :

I. slip and motor speed at full load torque, and
II. starting current in terms of full load current.

T JENT HT 0-6 T p.f. W e F2d W1 600 kW & | € p.f. i
0-9 Y=Y Tk WG % {7 90% TerdT ATell Ueh qedehiicish It ST i
STt &, S| € A 100 kW i R o Se e € | qedshiiers Ael
I kKVA i@ 31 i (SHTaXfem) it orish 3 ToHT HifT |

An industry has an average electrical load of 600 kW at a p.f. of
0-6 lagging. A synchronous motor with an efficiency of 90% is used
to raise the combined p.f. to 0-9 lagging and at the same time
supply a mechanical load of 100 kW. Calculate kVA capacity of the
synchronous motor and synchronous motor operating power factor.

U 9%-9% iafds § faw dicear V, = 12 V2 | #° =% D = 0-25 91 R
3Taft 20 kHz 2 | 30&ed L = 150 wH G971 S1s G C = 250 pF 3R 37| 91
a0l =125 A%, @

(1)

(i1)

W 9T ¥ Rrer-9-finey il sram, 3t
CCM & e Yt L 3T e C & shifdes 91 s 7o shifsie |

The buck-boost converter has an input voltage of Vi = 12 V. The duty
cycle D = 0-25 and the switching frequency is 20 kHz. The inductance
L = 150 pH and filter capacitor C = 250 pF. The average load current
I, =1-25 A. Determine :

(1)

(ii)

the peak-to-peak ripple in the inductor current, and

the critical values of inductor L and capacitor C for CCM.

20
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Q8.

SLPM-P-ETE

(a)

(1)

(i)

23T foh Uk grenfed d=eor (qnwen) o & fore ffifa Ry = (11 )
r

P At vt 1 o Tt qar & el sem m w AR T, = (11 :
r

[y = O REIAT & | Tel r = WIC Sfame i1 ST sferdver qfm I, 3 T,
SHUT: I TS & el Wad-is % Jreafas it Hreqiis 379 ¥ |

Show that the Smith chart constructed for a lossless transmission

line gives a family of r-circles, having a radius of for each

+7r)

circle which is centred at I.= (1r )
+r

and TI;=0. Here,

r = normalized resistance of the load impedance, I, and I'; = real

and imaginary parts of voltage reflection coefficient of the load

impedance, respectively.

ﬂ%ﬁqw%ﬂﬁ,mmﬁ) o ﬁ%mﬁaﬁ?mmm
i | 4fe & 1 7, E(i)=1-2x10—3V/m%,3ﬁsrl=7-5, y, =130
o1 =07 | e T 2 fiF & 2 U Tk Sfater @ 37 eveae aivee o i
Wu0=4nx10“7H/m3ﬁTao=$x10_9 F/m?|

8rl’ “rl : €0: Bo
. A
i A
Eg p
A A
A t
: E
e
A -
AR ; —yt
’
A
. /
E A
0 4
21
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(b)

SLPM-P-ETE

In the figure given below, determine the amplitudes of the
> >

reflected and transmitted E and H at the interface, if

E(i)z 1-2 x 103 V/m in region 1, where B, = 7-5, e, = 1 and

o; = 0. Given : Region 2 is a free space and assume normal

—r 1 o
incidence. Also, pg = 47 x 107 H/m and €0 = rres x107° F/m. 10
T
arl’ url : )
_ A
i A
EO A
A A
/1 t
. E
Yyl —> ﬁ 0
A
YT j s
A
A
. /
A
Eg g

saf f, & UTH AGHE Higed Hkd mt) TH AM  Ehd
u(t) = A, [1 + B cos (2nf,,t)] cos (2nf t) 3T~ FIAT &, el f, ATeh AT & | Jel
£, >>f 3P =27|TF ult) TH ATE TG Gg=F W AU 31 SfTar 2,
us i x(t) Sanfeq Far |

(1) x(t) 1 BRI 20ft fFreaor 3ra Hifse |

(i) x(t) ¥ faefrr et st & qe ST 1 Sgurd H Fra Hife |

A sinusoidal modulating signal m(t) of frequency f , produces an AM
signal : u(t) = A, [1 + B cos (2nf t)] cos (2nft), where f, is carrier
frequency. Here, f, >> f and p = 2. This u(t) is applied to an ideal
envelope detector which produces an output x(t).

(i) Determine the Fourier series representation of x(t).

(ii) Also determine the ratio of second harmonic amplitude to
fundamental amplitude in x(t). 20

22



(c)
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3l ek (370) § dteear fer it fafie fafert i e § fdemr fifve |

Discuss in brief various methods of voltage control within 3-phase

inverters.

23
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