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ELECTRICAL ENGINEERING (PAPER-I)

|_Time Allowed : Three Hours Maximum Marks @ 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting guestions}

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all,

Question Nos. 1 and 5 are compulsory and out of the remaining, 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 1n the space
provided. No marks will be given for answers written in medium other than the authorized
one.

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

Attempts of questions shall be counted in chronological 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 Booklet must be clearly struck oftf.
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. EWIs—A / SECTION—A
1. (a) fom 1 % feam v oiey & foqg £ o 1% q@ aem $ifm)

Find the values of E and I in the circuit shown in Fig. 1. 10
I 28 2 £
>
2A
+
{ )E 6 Q 4 Q 2 Q
ﬁ’-‘l’:l/Fig. 1
(b) HIEAA THE

- -
Vx§=~§£3ﬁt ‘s?:»:I_-];T=J+fa-2
ot dt

¥ Y& #1d gq Ty fh V-§=03ﬁTV-5=p.

Starting from Maxwell’s equations

a—; -
— = A
Vsz——B- and ?xH=J+@-

ot dt
- —»
show that V. B=0 and V.D =p.

!

10

(c) T=lifag & didem z-waret =1 Rufor i .
. 1

X(Z]: 1 -__'2:
1-1-52z " +0-5z

ROC |z]|>1 % ToU

Determine the inverse z-transform of
X(z) = —— _ for ROC |2|> 1 10
1-1-5z7" +0-52"

(d) Toa 2 9w e 3R dws (ffer) dioy Ram = 21 wmiw s v, vs, v
fofim it it = Fifs

A comparator and limiter circuit is shown in Fig. 2. Develop transfer
characteristics Vy vs. V; and explain. . : 10
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(e} T d7-%% wgferd Sea-aifora W, 914 & -aredter fafty v & et @, 1050 W it 550 W
s aredie Afsn @ 21 R A @B o A yioeren (3dER) 1 ofees il 4, @A
Jieeal = 200 V.

A three-phase balanced delta-connected load gives wattmeter readings of
1050 W and 550 W, when the two-wattmeter method is applied. Calculate the
impedance in each arm of the load. Given, line voltage = 200 V. . 10

2. (a) T&h W AEGH (Fcgd) v B I &t A Farega FHaa whe v & st wieifa o= 7 gram &
I & B AT G & S0 el 81 30 910 A WE FH & forg qftetn = Hifsm

The net power flowing out of a given volume v is equal to the time rate of
decrease in the energy stored within v minus the conduction losses. Derive
equations to explain. 20

(b) U Sear-aAifsa agicra d19-%w WR, T dH-%W, 400 V Y29 8 qia 81 @A @ie 20 A ¢ HK
YR R ot 91 @ Wi 10000 W 1 (i) Y& W@ ¥ gl 3 (i) aie W 91 &l ar
(@RR) % @ W & s, @ AR Fwte, ahe e TR INh At AW BT

A delta-connected balanced three-phase load 1s supplied from a three-phase,
400 V supply. The line current is 20 A and power taken by the load is 10000 W.
Find (i) impedance in each branch and (ii) the line current, power factor and
power consumed if the same load is connected in star. 20

c) Tuifm fifse & =n Fafefas & es, F@ Fw, Wl a1 oo R
y(n) = 5 x{2n)

Determine whether the following system is linear, time invariant, stable or
dynamic : 10
y(r) = S x(2n)
3. (a) ukd (Rmd) x(t) = e u(t) + e 2 u(t) H1 TR T ARH HINT 3 ROC Are[M HR)

Find the Laplace transform of the signal x(f) = e_Stu(t) + e"Ztu(t) and find ROC. 20

(b) TEHE 8 F TI N ToHGIeCH AHIH FqH i

Derive Helmholtz equation in terms of magnetic field. 20

(c) TH A-9E IS (qH) & 2T 2,,=20 Q, 2,,=308, z,=2,=10Q & A F y
3R ABCD Wr=el "ieH :ifvm )

The z-parameters of a two-port network are 2z;=20Q, 2z,,=30§,
Z1o= 27,=10 Q. Find y and ABCD parameters of the network. 10
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4. (a) (i) FEAE 6 TH Op-Amp 6 MIIYT Freed as § gREd=a §1g2 & gfd qid i 76

el & ?

Why the output voltage of an Op-Amp does not respond immediately to the
fast-changing input? -

(i) Op-Amp %! Z0-9vH (W) R F o1y e (Tadyq) fasfya fiftm

Develop the expression for the slew rate of Op-Amp.

(iii) Op-Amp 741C % fagd-o o Fge & TR Tie B ToRA W8 IR YT 32YE +14 V
A -14 V 9& d1 81 I 741C ) IeTUah 39-901H €1 0-5 V/us &), d I3 S & o=
g 1 AR Ay smafy, fa @ emsege fefim gm, &1 aftwe Hifsm)

An open-loop configuration of Op-Amp 741C changes its output from
+14 V to -14 V each time its input crosses zero volt. If 741C has a typical

- slew rate of 0-5 V/us, calculate the time between the zero crossings and
the maximum frequency at which the output will be distorted. 20

(b) %Sﬁﬁ@mwm(m)%m,zﬁqﬁAaﬂthﬁ?HWqﬁwmﬁm

(c]

Obtain the Norton’s equivalent circuit at the terminals A and B for the network

shown in Fig. 3. 20

e 2 Q)
O—ww, 0 A
20V

1Q :

% 10 Q %109
+
100V
B s O B
3 /Fig. 3

i Fifsrg f6 wn Fafafgd gea (Roe) amad @ o o) afe ag onedi R, @t g
mﬁmawaﬁﬁq:

: [3R n] )
x(n)=sin| —n+—\{+cos—n
7 q 3

Determine whether the following signal is periodic or aperiodic. Find the

fundamental period, if it is periodic : 10
. (3n n) T
x(n)=sin| —n+—|+cos—n
7 4 3
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@Us—B / SECTION—B

5. (a) & Ghel-% Ua: FHata dg oheas (e #d) o Wi ar (FsfEa @) i qfd
21 oyl & ¢ T IMIeye wlec Fda: S R oM F 9@ 20 A & 9 B, Il gems
Jiecedl 230 V B 3 @9 ®W 30° W I W@ 91 @A, a Aefafad e anl @
fufor Hifem -

A single-phase fully controlled bridge converter supplies an inductive load.
Assuming that the output current is virtually constant and is equal to 20 A,
determine the following performance measures, if the supply voltage is 230 V
and the firing angle is maintained at 30° : 10

(ij  3rEd MITYE dleed]

Average output voltage

(i) TS r.m.s. FL

Supply r.m.s. current

(iti) ¥ 5 r.m.s, HE

Supply fundamental r.m.s. current

(iv) eI iR TR
Fundamental power factor
(v) UEIs Witk T

Supply power factor

(vi] TR THEHSE M

Supply harmonic factor

(vii) Aeedl Hibsr (Kael) 7o
Voltage ripple factor

(viii) Siaard o (fiefeea grar) 3ge

Reactive power input

(b) Tag Hifv 5 vz At & senfes sa-amel el w1, & gmigardt B @ 3R T fF Avf
oA & AW § a8 12 & THY! 8l 8

Prove that the torque produced in a shunt motor is proportional to armature

current I, and in case of series motor, it is proportional to 13. 10
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(c) TUH THA-% UiEds (FaeX) 20 mH & T (Fewy) Hiea s ¥ 10 ohms %
yfediae 9T T R-L 9T o1 W0 &Ll ¢! afde U8 JeIreg giar ¢ f6 MW & 3IR-9R d.c.
dieear 250 V 81| ufteds o W 9iEfiet i 300 mA @ uRe 890 ¢ AR 5 us F fEed
& B ER U & v faem (ver fagy) &1 fawuir SR

A single-phase converter feeds an R-L load having a resistance of 10 ohms
in series with an inductance of 20 mH. The converter operates such that
the d.c. voltage across the load is 250 V. The thyristor used in the converter
has holding current of 300 mA and a delay time of 5 ps. Determine the pulse
width of gate current. 10

(d] s qEfess a9t & flx) =ae ! & gr1 50 U FATATATR (wrerRfEe) TifiERd we g,
sief a 3 b R FI () a 3R b F = Faw du (i) x F OO G AW HRAC!

A random variable has an exponential probability function given by

fix) = ae P 1* |, where a and b are constants. Find (i) the relationship between
a and b, and (ii) the distribution function of x. 10

(e} @&mqﬁw%ﬁmﬁﬁq@hﬁa4ﬁﬁ@mmgﬁz-mﬁuﬁmﬁl

Design a circuit that gives the input-output relationship shown in Fig. 4. 10

1 - 3 4 S

Eﬂ?/InputJ > I_I——l 4 I/ -

33/ Output — ~

<4 /Fig. 4

6. (a) TH o W (d.c.) T AR 480 V TR W 80 A F FilZ dl & 3 960 r.p.m. W Teid!
2| o=t gfqly 025 ohm & 3 &3 Y9 120 ohms &1 HIX & THR I, IqiEd
-3 |iEd, 400-750 r.p.m. ¥ W I e R & fou @ 9w w1 g R S
¥ =9 h wrg EY (ATH-NfEE) 3 ms B 8F H 480 V g | €19 & qfd it St 2| 4
=g B emafrt F goa w1 Rl fif) |

A d.c. shunt motor takes a current of 80 A on a 480 V supply and runs at
960 r.p.m. The armature resistance is 0-25 ohm and the field resistance is
120 ohms. A chopper is used to control the speed of the motor in the range of
430-750 r.p.m. having constant torque. The on-period of the chopper is 3 ms.
The field is supplied directly from 480 V supply. Determine the range of
frequencies of the chopper. 20
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(b) (i) F=foRes gemet F 2's & (Foedtie) aem Hifm -

(1) 10010010
(2) 11011000

Find 2’s complement of the following numbers :
(1) 10010010
(2) 11011000

(i) dHRETd THHRW Y = (A + BC)(B + CA) ® NgR-A%-7: (POS) # qiafda Hifkw afk
(1) OR 3R AND gt e (2) NOR BIR 31 3%aTel Fitd g Iiae %1 f$wmga dam i)

Convert the logical equation Y =(A +BC)(B + CA) into product-of-sums
(POS)} form and design circuits using (1) OR and AND gates and (2) NOR
gates,

(iii) TTL IR S & e 3N 3Num & i Fifom wighi graie & vl ) W i

Explain the function of Schottky diode connected between the collector
and base of transistors of TTL gate.

T& 550 V, 55 kVA, THd-% TA@Eida (3Teeet) &1 0-2 Q 1 awmEt w8 &g wity
W 10 A &1 &3 HE 200 A F AW iz 3 ot NG W 450 V &t e.m.f. &1 Fa B
(i) ettt widuma (Rmsprg fteds) ok (i) o one 0-8 uvamnft wfed qoi-wm fama &
qiEeH S|

A 550 V, 55 kVA, single-phase alternator has effective resistance of 0-2 €.
A field current of 10 A produces an armature current of 200 A on short circuit
and an e.m.f. of 450 V on open circuit. Calculate (1) the synchronous reactance
and (u} the full-load regulation with power factor 0-8 lagging.

(@) RS F qui-Raw g (TfrlRedd) & avl Hifvm)

Describe all-day efficiency of a transformer.

(b) A aeford T X iR Y wdy & ok wdem wv @ fafa &, 7% Y2 & qum e s o? F

A TE |igd M3 99 Fe & T g1 A 2 @ agfos 9t woda § ww fag & e
= Tifad &d g, 9 gaftg el 7 3us TR 3t & &1 TR 99cd B BT i |

The two random variables X and Y are independent and identically distributed
each with a Gaussian density function with mean equal to zero and variance
equal to g 2. If these two random variables denote the coordinates of a point in
the plane, find the probability density function of the magnitude and the phase
of that in polar coordinates.
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10

20
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(c) TERM SUTHE W U1 G593 & %o o §9 § gl dieedl X ®ie TUdl & |, Th
o de. s A ft war = T w0 a Ao Regufad =wio @ vl Sl

Describe the voltage-commutated chopper controlling the speed of a d.c. series
. motor with relevant schematic diagram and associated voltage and current
- waveforms as a function of time, | | 20

8. (a) Uh qoushiad Wl & Y 3R Fle W IuoW & I9E T 34 FR 3 3¢ qeaeiersd A1
%ﬁwﬁrsq;ﬁwu‘m%ﬁwméamw%m

Discuss the effect of exc1tat10n on armature current for a synchronous motor
and compare the performance of 3¢ synchronous motor with 3¢ induction

motor. 20
(b) ' PLL &1 3&MIe &d g 3N famrged &1 fafer w9g i)
 Explain the method of frequency demodulation using PLL. 15

(c) | T -5, IR-9Ie, 50 Hz MO1 WX (Fredw M) # TR Faaw & forw fet giwy d o
Sir-fEfa vfys 21 s 9a-ampel w? &1 9@ mﬁw ON &, da Sd-37gu AN
0:03 = v (fem) | 30 N-m 2| 4k Ton =1, 3Fa qE-3HY AR W 1 0H

TOFF

Fif| sW 9giEX OFF 34 %, BHWIﬁZ(EFTHFIGHEET ATt & ON <t feufd =
SA-TE0] 1 80 Wiawa & 81 TRW foeor qeaenfes (RR & &9 gt 1200 r.p.m. F

g § a7 S 2125 Nmmaﬁﬂﬁaﬂm@mm%mwﬁw 1 T
OFF
T |

A three-phase, four-pole, 50 Hz induction motor has a chopper-controlled

resistance in the rotor circuit for speed control. Load torque 1s w?. When the

| T,
thyristor is ON, the torque is 30 N-m at a slip of average 0:03. If ON _ 1

Torpr
compute the average torque and speed. The motor develops a torque of

80 percent of ON torque when the thyristor is OFF. The speed variation ranges
. . o
‘down to 1200 r.p.m. from synchronous speed. Determine the ratio ON {0 give

. Topr
an average torque of 25 N-m. 15

* kK
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