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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 questions)

There are EIGHT questibns 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 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 Booklet must be clearly struck off.
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TWUs—A [/ SECTION—A

1. (a) U AT e &1 q9Ha i dfee f= fem mn g -
The reduced incidence matrix of an oriented graph is given as
ORI R OB O
00 =1 -1 =1
=115 0, ~7ORIE0, ~ 11
(i) @ SR
Draw the graph.
(i) 9 TG F T 4 Hyya &7
How many trees are possible for this graph?
(i) SE-Tg= (2r5-9e) Afdem fafay)
Write the tie-set matrix.
(b) = A 1(b) ® ST T G H GHI ST A, ~(n), Pl fEm R

Determine the overall impulse response, h(n), of the system shown in Fig. 1(b)
below. Given that

hy () = a(n)—[é]a(n—l)
hy (n)=08(n)-08(n-1)
hy (n)=(é] u(n)
hs (n) =(n-1)u(n)
hs (n)=8(n)+nu(n-1)+8(n-2)
ST 8 (n) T w(n) HHA: THel A 91 ThA UG () Fha (Rer) )

where &(n) and u(n) denote, respectively, the unit impulse and wunit

10

step signals : 10
> ha(n)
—3 hi(n) ha(n) > hs(n)
+
| hs(n)
= 1(b) / Fig. 1(b)
(c) TR fem @ fouae e & gHed §9 e hife |
Derive an expression for Maxwell’s equation in integral form from
10

Ampere’s law.

M-EIE- T2 3¢/8] 51 2



(d) T 1(d) T 2 21eef wd qon SE Sl B A (FHa) R e 7)1 afd fad-amge
sEe f uw I, FEa (FLz) ¥, @ oy A whE @ ave HINY, S IE S
FHRAS-APEE T4 1 WAl e TP | EEE b TV, =25 mV, V, =07 V 3R =1
LuE
Two ideal and identical junction diodes are connected as shown in Fig. 1(d).

If the current through the reverse-biased diode is Iy and is constant, explain
the circuit operation when both the diodes are connected in forward-biased

condition. Assume Vy =25 mV, V, =07V and n=1 for the diodes. 10
Vi V2
|1 ~J
LT
Dy Dy
|
v 50 mv

o 1(d) / Fig. 1(d)

(e) < wigenerd (FALH) Z; =5Q W Z, =(5- jXo) Q TIFAFR &9 H SIe T § 991 9T
giuy 1 Aufien § T WREE Z5 = (6-25 + j1-25) Q ¥ HaIa (FA9e) B T 71 I
7o} T IRUY S TH 100 V, 50 Hz TEd gt 6 SISl 1 81 e (Sa-9) i fufd
¥ X B il (FARR) 1 7 g@ i

Two impedances Z; =5Q and Z, =(5- jX;)Q are connected in parallel
and this combination is connected in series with Z; =(6-25+ j1-25)Q.

Determine the value of capacitance of X to achieve resonance if the supply
is 100 V, 50 Hz. 10

2. (a) TE 2(q) % <wit T aimy # AR e yfkly R, § wie sm (TR feReRE) 36 d© @,
dledsi Vbl Hi4 did hlsi:

For the circuit shown in Fig. 2(a), find the value of V, if the power dissipation in

the load resistance R; is 36 watts : 205
5Q 10 Q S Q
v
+ V; -

o3 2(q) / Tig. 2(a)
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(b) TH Haq-gHF Telo o 3o ¢ W Fawm x(t) W@ Frla y(¢) Frafafaa sasea i g
et § -

Consider a continuous-time LTI system for which the input x(t) and output y(t)
are related by the following differential equation :

d?y(t) dy(t)
dt? dt

—2y(t) = x(1)

Uil -STR U2 bl 3feRd (Teiie) St o ot ST STfshaT, h(t), Frferfad amedi % fore gma hifsr -

Determine the impulse response, h(t), of the system for the following cases by
plotting pole-zero pattern : : 20

() T TGF (F@)

The system is causal.
(i) & e (V) B

The system is stable.

(i) TF A A R (ReA) 7 € 2qH (Fea) |

The system is neither stable nor causal.

(c) T3 2(q # weRia iy # Friq <fiqa @ <@d gu 9fdig R, & AR H Tomr fifve) whedie
R, W R, % 9WE i 3u& | B =99 W h,, =1 kQ AT 9wy § Yoy R, F 79 T
Tooquft =it :

For the circuit shown in Fig. 2(0), calculate the resistance R, as seen by the
output terminals. Ignore the effect of R} and R,. Assume B =99 and h;,=1 kQ.

Comment on the value of R, of the circuit : 10
+VCC
Ry
1 kQ
S5 %1 kQ l
= =i RD

||]1I

3 2(9 / Fig. 2(9
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8. (@) == 3(a) # WY T Fuce IRUY H TRE Foda TRUY W HIRm, dgwia durfe (Ffe) %
HR-YR aees 1 HH 1A B :

Obtain the dotted equivalent circuit for the coupled circuit shown in Fig. 3(q)
and hence find the voltage across the capacitor : 20

5Q 5Q
VA 5 q VAN
)mc‘—z
L J5 &

10/_’0{@ lf " @i 10£90°

=— —j10/Q

:’J'i
2
Al
A
=
—~
]
)
~

= 3(a) / Fig. 3(q)

(b) (i) T H=RU @A o e frfefed 2
Z,; =(200-j200)Q, Z,=200Q
I TG I Glee LIS 99 I Td Rorer o (efsiEe) 3ma A

A transmission line has the following parameters :
Z; =(200-j200)Q, Z,=200Q

Determine the voltage standing wave ratio and reflection coefficient of
the line.

(i) (1) T = = iy fofey |
Write the significance of Smith chart.
(2) T E=RY e, forsht Mfalia 100 Q #, T wre wfaenen Z, = (100 + j100) QI T

W Ticrie H 9ee <l @ | 3t HeRvl A1E shl avelTs x FTd e | ke R, 31 A oft 31
MY VSWR = 2:6 HIFHT|

Find the length of x of the 100 Q transmission line which converts a

load impedance Z; = (100 + j100) Q to a pure resistance. Also find the
value of the resistance R,. Assume VSWR =26. 20

M ESG- 72 BB 51 5 | PT9;



(¢ T3 3(9 % 3wiY 7Iq iy § deest V, &1 e et Frfa o &1 s st gwizn)

B T 1 : .
3Tq-UFg Y TEy AT R=_|=, o =—— W V. =10sin ot :
¢ VI ;

For the circuit shown in Fig. 3(c), get the expression for V,. Also sketch the

b % L 1
output waveform. Assume that the op-amp is ideal. R= [, o =— and
: i i Vo = Tte
V; =10sin ot : 10

V; o—AMAA—] 2

“:f

f= 3(¢) / Fig. 3(9

0oV,
+

4. (a) TIH THa (Fivw RwEe), x(n), I AR SE@RE I@H z-FAEH @

Determine the causal signal, x(n), having its z-transform
1

X(z)= 10
(et = zh)2
(b) () WREFp, =1,&, =8Td o =0-25 pS/m B IR 71 mgfi 1-6 MHz ?, @ G=x@
o (TR HiAL2) ¢ 1 OF 9 i
Determine the propagation constant y for a material having p, =1, €, =8
and o =025 pS/m, if the wave frequency is 1:6 MHz.
(i) Vgt < fore fehd 2w 5 %1 AM 1:6 MHz 3R W feferg, afe o = 38-2 MS/m @
B, =18y T8 T u F 7E i i)
Find the skin depth 8 at a frequency of 1:6 MHz in aluminium, where
0 =382 MS/m and p, =1. Also find y and the wave velocity wu. 20
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(c) T 4(0 # =iy MU ig-¥m dfwy § frfq dieew % g =iss $i g Hice) 3k
R=1kQ=R,, R;=1K T R,=2K @0 Vi, =1V &, @ V, N 71 Hife:

For the op-amp circuit shown in Fig. 4(d), deduce the output voltage expression.

Calculate V,, when Rj=1kQ=R,, R;=1K and R,=2K and V;, =1V : 10
VWWA
Rq
Ry

Vin Ry /

Ly
o

=3 4(0) / Fig. 4(0

(d) 3R g o w g o (At 39) fi g (kg Yy z) ® e e (deRee
Ife=)

If a propagating wave in free space has a potential gradient at any
point (x, y, 2) as

E =(-1-2J3 j+3k)e 7 2%"(/3x-2y-32z) V/m
%’ ?h BlIG W_
then determine—
(i) G i Feair famm;
the vertical direction of propagation;
(ii) HEROT T H ACIHA
the wavelength of the propagating wave;
(iii) GO T h A;
the frequency of the propagating wave;
(iv) TSR 97 TG Jrawel o Hiew |

the phase velocity and phase velocity vector.

x, y a1 z femaett § smarht A ue aeed @ €7

What are the apparent velocities and wavelengths along x, y and z directions? 10

M ESE- 7. ETE51 7 [P.T.O.




@WUE—B / SECTION—B
5. (o) TwmfaRad sefien wam % SOP 2§ # =Havisa fifm -
f(A, B, G D)=Xm(2 3, 8 10, 11, 12, 14, 15)
SAHIEd $FH I Haet NAND 2 = wgrran @ Bt i

Minimize the SOP terms given for a Boolean function

A B CrED)=2m(2 '8 8 LONTL 12,514 1'5)
Implement the minimized function using NAND gates alone, 10

(b) qeawTerh (Fap) Mt & V-9 (Fd) ¥ 19 o] GHIA &7 V-IF 1 G ST qen
el Wik orn (efifen TE A o ) &t i ewia g @it

What do you mean by V-curves of a synchronous motor? Draw them showing
the leading power factor and lagging power factor regions. 10

(c) o 5(c) & suit M SCR # %?ﬁm 10 A/us 31 30 100 V T 971 9 @ @rs 3Ry
R=50Q ¥ Ha1fera foham ST R
The SCR shown in Fig. 5(¢) has a % limit of 10 A/us. It is to be operated

from a 100 V d.c. supply with load resistance R =50 Q.
(i) SCR % & §1eH & foTe TR Rehed (eiie $84e9) L =1 =Iqad 0 41 BIm?
What is the minimum value of load inductance L that will protect the SCR?

(i) IR R, C, TR SCR ¥ AN-TR e e i 3k R, = 500 g%,?ﬁ%%ﬁm SCR
% GUHa H=TeE 2 73 9N Yok (1S $e%ed) L W1 9 o1 B Y

If an R;Cg snubber is connected across the SCR with R, =500 Q, what will
be the new value of load inductance L to protect the SCR against %? 10

L R=50%Q
2
Ve=100V S% SCR
S 'g

== 5(¢) / Fig. 5(¢)

(d) HEM HigawH (AM) T R AigeawE (FM) Ht gemr iR

Compare Amplitude Modulation (AM) and Frequency Modulation (FM). 10
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() TH 20 hp, 230 V, 1150 r.p.m. Eio Ho ¥= AR § IR Id, IR THFRR R 9 71
882 IMH=X Freded | =R ufwy wfdiy 0-188 Q ®| Fulfa =@ wa fuffa frfa =
AR T 1 HE 73 A ® @0 Hies 70 1-6 A 7| FARIA-ge0m 7a- 30 ) T i)
A 20 hp, 230 V, 1150 r.p.m. d.c. shunt motor has four poles, four parallel
armature paths and 882 armature conductors. The armature circuit resistance

is 0:188 Q. At rated speed and rated output, the armature current is 73 A and
the field current is 1-6 A. Calculate the electromagnetic torque. 10

6. (a) T3 6(a) T ST 7Y qfmy FH Tg=IHC| IF GRwY w1 Gigw e dfe) 9k v =5V qn
R=5kQ=Rp %, @ 9/ i Td V, it T Hifsmg:

Identify the circuit shown in Fig. 6(a). Briefly explain the same. Calculate the
current i and V,,, if V=5V and R=5kQ =Ry : 20

1%

= 6(a) / Fig. 6(a)
(b)) TF 10 kVA, 50 Hz, 2300/230 V oo gfonfis (fe&i=mm gra®i) & Sfalg Td &Rl
yfoama (fewdw) ffafaa € -
r =396 Q T4 r, =0:0396 Q, x; = 15:8 Q T x, =0-158 Q

FfEre 1 3= diedd td 2 T diees aEfen 1 £fia =t @

gftonfi (ZrawiER) feuifa kVA, 0-8 p.f. ge=rm (<ifii) w = dieest o @t Rl JaH i
2| e e % AR-IR 230 V SHT WA & T 39 3= dicesl & 0% i dlees STd hi |
Fices T (Terem) wiowra *f 1 AR

The resistances and leakage reactances of a 10 kVA, 50 Hz, 2300/230V
distribution transformer are

rn =396 Q and r, =0:0396 Q, x; =158 Q and x, =0-158 Q
Subscript 1 refers to HV and 2 refers to LV winding

The transformer delivers rated kVA at 0-8 p.f. lagging to a load on the LV side.
Find the HV side voltage necessary to maintain 230 V across load terminals.
Also find the percentage voltage regulation. 20

(c) =5 ING W He-dl¥s Y H G FM EHIgHR hil T FH & T FHf)

Explain the operations of phase-locked loop used as FM demodulator with neat
sketch. 10
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7.

(@ o Tde To w1 B &7 Frfufed werl (FaH) 1 3@ dio Telo To BRI SedefieRtr
(Fereest) <RI :

What is a PLA? Realize the following functions using an appropriate PLA :
f =AB+CD
fo =AB+AB
f3 =AD+BC+BD

(b) TH 200V, 875 r.p.m., 150 A FI Ju%H ¥ ¥ M@ o Ho HX F JW=R Ffcy
0:06 QB WX F =R e *1 TF The-greedn (fra-wet) oot Fafa (g weies) i
R g0 w1 (Frs) Ren R fss e #1240 V, 50 Hz Yomeadt o Jia & fHem
(392) T T B| SRR ¥W ) waa T Rod-sh A FeEfifaa 3@ i
A 200V, 875 r.p.m., 150 A, separately excited d.c. motor has an armature
resistance of 0:06 Q. The motor armature terminals are fed from a single-phase
fully controlled bridge rectifier. The input a.c. supply to bridge rectifier is

240V, 50 Hz. Assuming continuous and ripple-free armature current,
determine the following :

(i) Tuifa gw-3mef © 750 r.p.m. % fT SCR 1 e H0 (FET Te)
Firing angle of SCRs for rated torque and 750 r.p.m.
(i) Feifa sd-mel T -500 r.p.m. % AT Se@H @ (FrERT Te)

Firing angle for rated torque and -500 r.p.m.

g I % Hiet i Blee AR 1% B o Hlo dieest A & TR T 2

Assume that field winding of the motor is connected to a constant d.c. voltage
source.

(c) Ya @ (g5 Ales) R T wigm Roqoft feaRaw)

Write a short note on white noise.

(d) T THa-gEe (Rera-We) $o-fos anier T gdie (TER-ad $9R) U6 Y8 T,
RE 7 20 Q B, %1 WRe YoM 3R W@ 21 o Ho Hq dieed H1 HH 600 V | AR Tl
F 500 Hz &R T 500 V r.m.s. dicedl ¥R (W8) | F@ &1 8, @ Fefafed s
I -
A single-phase full-bridge square-wave inverter is supplying power to a

purely resistive load of 20 Q. The d.c. source voltage is 600 V. If the inverter
is to operate at 500 Hz with an r.m.s. load voltage 500 V, find—

(i) e wiRe S 6 9R (Sie) SR SERid B @

average power absorbed by the load;
(i) 3EeH Gia g (St 7 Sk The-a T8 AEe)

average source current (assume no losses in switching);
(iif) e e i 3feaa g

average current of each switch.

10

20

10

10
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8. (o) TH 3-%% (FBker), 4-91, 50 hp, 440 V, 60 Hz, Y-S 301 (390F) AKX 1 9fd %
e (i) frefafed ® -
A 3-phase, 4-pole, 50 hp, 440 V, 60 Hz, Y-connected induction motor has the
following parameters per phase :
n=010Q  x=035Q
T = 0:1219; x5 = 040 Q

T & o WA HR & 1200 W Td Huifes 31Re-2 950 W & | 56 S7fdfien fo1 9 (eiig) W Hiex
=1 TITEH 9T 18 A, 0-089 WR=FTH! 3Tk T[T (ST aTeR Thefex) © | 5ol HIR 2-5% @uvy (feerq) o
FRITE 7, dl e @ g ud wiE o (TR HeEeX) 1 HH F16 shi)

It is known that the stator core loss amounts to 1200 W and the rotational
losses equal 950 W. Moreover, at no-load the motor draws a line current
of 18 A at a power factor of 0:089 lagging. When the motor operates at a slip
of 2:5%, find the input line current and power factor. 20

() TF FAH-A AR IR9 100 V 2 g1 9 (o Ho HiH) deedt gRI1 Y@ (FAE) TH o
@ 2| 9T T A R-L eiie, Sfi R=0-5Q T L =1 mH %, I IR T&& o @ 2|
IR == R @ 3 ms § 1 ms ON f&ufq & war R sfwad 9R (sie) e, ifmmad
Td [ IR (Ale) 9T a0 e SR (Siie) 8 1 9H J1a hifeie | I8 A R =i e
g R HEEd B

A class-A chopper circuit is supplied from a d.c. source voltage 100 V. The
chopper supplies power to a series R-L load with R=0'5Q and L =1 mH. The
chopper switch is ON for 1 ms in an overall period of 3 ms. Calculate average
load voltage, maximum and minimum value of load current and average load
current. Assume continuous current operation of the chopper. 20

(c) Wi AigoRE (FM) H M-Trsim td S-wrsibd 1 aviq faear @ i)

Explain in detail about pre-emphasis and de-emphasis in Frequency
Modulation (FM). 10

* % &
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