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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 carefuily 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.

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 in 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 off.

C-DRE-R-GMFA/35 1 | P.T.O.



@i2—A / SECTION—A

1. (a) T 17 Rem w ooy & o E o 1% ww aem fifm
" Find the values of E and I in the circuit shown in Fig. 1. 10

I 2Q 2Q
—>— VW AW
2A
+
Ocx 60 40 2Q
A
fm/Fig. 1

(b) HFwEd T

Vx§=——3ﬁtv H= J+aD
ot 3t

¥ & F gu aEisE 5 v- B =0 3 v. D =p.

Starting from Maxwell’s equations

Vxé,:—a—;i- and Vx H = J+a—D—

/

at
- -
show that V- B =0 and V-D =p. . . : 10
(c) Ti=fafed & wfoeim z-wwiat @1 fufwor it .
| X(z) = L —, ROC |z]>1 %
1-1.5271 +0.52"
Determine the inverse z-transform of
X(z) = ! for ROC |z|>1 10

1-1.5z71 +0.5272
(d) fox 2 % & FR o dvs (fefrm) ohow R w21 wmiw sl v, vs. v,
fomrfira il 3t wqe Hifg)

A comparator and limiter circuit is shown in Fig. 2. Develop transfer
characteristics Vj vs. V; and explain. : : 10

Ry
—AWA

o —fe—
o sz VZ|
—°Vp
+ |

e /Fig. 2

-
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(ef T dH-% Ty Sear-Dfer W, s -areriie fafr g ft st R, 1050 W sl 550 W
#t aredfier dfen a1 21 R A v g #§ vl (FfEE) w1 diweR fikw) g, ae
Feea = 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. (o) T IW AEGR (Tgh) v ¥ TR A 3 werR Faa vfe o F i vefa s § gem 6
I Y TeH TG & TR el B 3 91 Wy FA & forg weitemw e iR

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} T Ir-ARG Tt d-%w W, T dH-%, 400 V Y2 B gid 81 I ®E 20 A B 3
wR g ot 31 @ wis 10000 W B (i) o wman ° wiommn i i) afe et wm @t aw
(wn) # ik | ko s, @ T we, vfE e K o wfe JeE S
A delta-connected balanced three-phase load is 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) Tl fifs & = Pafafas 9 s, s@ B, o o s R

y(n) =5 x(2n)
Determine whether the following system is linear, time invariant, stable or
dynamic : 10
yln) =5 x(2n)

3. (a) u¥d (Rmat) x(t) = e 3 u(t) + e 2 u(f) 1 IR TR Ao HIR 3 ROC A HRm|

Find the Laplace transform of the signal x(t) = e'3‘u(t) + e'ztu(t) and find ROC. 20

(b) g 83 F w1} Iowdiees wiftetu e it

Derive Helmholtz equation in terms of magnetic field. 20

fc) AN T (FTE) F 2T 2,220 Q, 2p,=30Q, 2,,=2,=10Q T A F y
3l ABCD Y= "o $if)

The z-parameters of a two-port network are z,=209Q, 2,,=30%Q,
2,5= 25;=10 Q. Find y and ABCD parameters of the network. 10
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4. (a) (i) wm%%WOpMpaﬁmm%ﬁﬁwﬁaﬁmﬁaw%uﬁmﬁ%mﬁ
w87

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

(ii) OP-Ampﬁgaagh(wnm%%qm(mm ﬁ#@maﬁrml

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

(iii) Op-Amp 741C %1 4ga-T7 famrm $192 % [ Fice | 53 T e TR 3191 ST132Ye +14 V
A-14 V 9&d ot 31 7R 741 C Y 6l 30-900 05 V/us B, T Y= F o @
TR 1 3R it gl R w ensege fefa dm, w1 wiwem Hifim

i 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/pus, calculate the time between the zero crossings and

the maximum frequency at which the output will be distorted. 20

(b) T 3 7 fommy T s (Feash) % fog, 2l A ofh B w At @ wege witw ww A

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

shown in Fig. 3. 20
s 20 .
' O—wWW———— 4
20V
1Q :
% 10Q % 109
\ +
; 100 v
1 o B
o3 /Fig. 3

(c) ﬁm@mﬁwmm(m)mﬁ%mmmﬁfwﬁ%m% @ T
. STadeR HIEH Hifv

. (3n 4 T
x(n) =sin| —n+—{+cos—n
7 4 -3
Determine whether the following signal is periodic or aperiodic. Find the
fundamental period, if it is periodic : 10

x({n) = sin(§£ n+ E) + co‘s_E n
7 4 3
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@ves—B / SECTION—B

5. () & Wa-%w fa: Frfa ag oteds (e w=dt) o Wl 9r (sefRe dig) A i s
B! Fo9 F gU 6 meTqe wie e o R ot fF 9 20 A & wuar B, IR werd
Feear 230 V g R SR B0 30° W FAC @i oS @R, @ Aefafad feaea mel
fufo fiftw -

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

(i 3 arEeye dieed

Average output voltage

(i) | r.m.s, B

Supply r.m.s. current

(it} T<Tg ol r.m.s. HZ

Supply fundamental r.m.s. current

(iv) Hg R TR

Fundamental power factor

(v) —ETE Tt TR
Supply power factor

(vi) | I IO

Supply harmonic factor

(vii) A Hhe (o) o
Voltage ripple factor

(viii) St TR (fefFa aaR) FHge

Reactive power input

(b) fag fivm F iz N # s F@-amm o ur 1, ¥ wuigerd 2 R o 7 fF Avil
TR % uma § 98 2 % gugu g g

Prove that the torque produced in a shunt motor is proporticnal to armature
current I, and in case of series motor, it is proportional to 13. 10
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(c) TF THA-bet TiEds (F=8) 20 mH F Wb (FewH) ¥fga 99 & 10 ohms &
TQUF IR} TF R-L WR 1 S0 el g1 ufEds T8 wEnfer g € fR oM % #R-9R d.c.
ez 250 V 8| wiads § 936 i H 300 mA Fi RS U R IR 5 us & faew
w81 3R 4 F v frem (vew fagy) &1 o Fikm)

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 pus. Determine the pulse
width of gate current. 10

(d) & aEfEEE W H f(x)=ae ! F g0 Tw @ waEE (TRERREE) W we R,
sl a 3 b fBR ¥ (i) a3l b % = 6y AW (i) x w1 R wem TRE B

A random variable has an exponential probability function given by
fix) = ae'b|x|, where a and b are constants. Find i) the relationship between

a and b, and (ii} the distribution function of x. 10

(e) T T qiy fewmg it & fm 4 § Ram T FHgE-smeege wE F R_E R
Design a circuit that gives the input-output relationship shown in Fig. 4. 10

IMREYE f Output e

=/ Fig. 4

6. (a) U REUW (d.c.) U2 WA 480 V I=TK W 80 A F1 FE ol § 3R 960 r.p.m. W =Kt
2| o= wRidg 025 ohm % 3t &% iy 120 ohms | A & wER #1, srafEdi
s&-amet afdd, 400-750 r.p.m. % W@ # fiekm w3 F e & =fw w1 e @
# 1 =ia Y = ety (Afg-difEe) 3 ms R é’:!ﬁélsovmﬁ!@ﬁ%ﬁ‘{fhﬁrw%l
s smgfat F wow & faion fifv)

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
400-750 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) Tr=fRea wemai ¥ 2's g (Fivcdiie) am Hifvw -
(1) 10010010
(2) 11011000
Find 2’s complement of the following numbers :
(1) 10010010
(2) 11011000

(iij THETd WHHT Y = (A + BC)(B + CA) ® Tie®k-Ai%-8 (POS) # qRafda Hift alx
(1) OR 3R AND gR} a1 (2) NOR 51 o1 Fimtet i g witwe =1 fasmga dam ifsm)
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.

(i) TTLZR % freti % wores 3t oy F == Iivm wigh sl 3 v =) we i

Explain the function of Schottky diode connected between the collector
and base of transistors of TTL gate. 20

{c) TF 550V, 55 kVA, THa-$= TR (3Meedet) #1 0-2 Q & et yiedy #1 @y afmy
R 10 A 1 &7 H 200 A F JHT &z 3 g MW 450 V F e.m.f. Ta1 Fam R
(i) Teaefas wiowm (frespm Rtwdw) s (i) o o 0-8 wwemdt wfed qui-wm e =
e HIT |

A 550 V, 55 kVA, single-phase alternator has effective resistance of 0:2 Q.
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 (i) the synchronous reactance
and (i} the fuli-load regulation with power factor 0-8 lagging. 10

7. (a) TR pi-Rew cgm (TsRd) @ ao Hifm)

Describe all-day efficiency of a transformer. 10

(b) A IFIF W X 3 v e § ol adem wa @ Rafa ¥, 0 T2 F awm ma el o? F
U TE Higd T T B & 9 B AR A D Agfone Wt wnae ® v fag & Pl
! Afda F g, 9 g Fmal 7 3wk g ok B & wRem aTa wae mem fif

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. 20
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(c) VMK T TG T qHE F HEH F T4 U GEEN dieed 3T Fle q0  w, T
C 0 dec. W A TR w1 w6 ARt dteear fegafedt s av it

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

8. (a) T e Mt 3 R SR Fle W I F Y0 T A BRI I 3¢ geunien W
& T 3¢ T M F Frwea & g g Fifm)

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

motor, 20
(b} ' PLL &I THIe g8 emgfa famigem & oty we hifm)
' Explain the method of frequency demodulation using PLL. 15

(c) | TF dA-%, IR-Ue, 50 Hz Y01 Wi (Fred Wier) # TR Faw & fog et aiey # o
Fiw-Frifi TRteE 21 W Fe-smd o2 31 9 TERER ON @), @@ wa-om sitwa
003 & wdu (f&w) W 30 N-m%|wﬁ-7:9l=1,'eﬂwaa-anagfafr{wmwm
'WlmeFFﬁm%,wmﬂngwaﬁ-w,W%ONﬁf@Iﬁlﬁi
- q-2mu 1 80 wRiwa 2 ¥ wn former gowemferE TR @ W g9 1200 rp.m. %
@ # o W R 25 Nom 1 oheq Te-omey SR R % AT e O ar Py

Torr
| %lieﬂQ[

A three-phase, four-pole, 50 Hz induction motor has a chopper-controlled
: resistance in the rotor circuit for speed control. Load torque is w?. When the

TON =1

OFF
icompute the average torque and speed. The motor develops a torque of

thyristor is ON, the torque is 30 N-m at a slip of average 0-03. If

80 percent of ON torque when the thyristor is OFF. The speed variation ranges

. . T .
.down to 1200 r.p.m. from synchronous speed. Determine the ratio —ON_ {5 give
‘ OFF
an average torque of 25 N-m. 15

* kK
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