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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 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 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 Booklet must be clearly struck off.
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@Uus—A [/ SECTION—A

1. (@) T 1(a) # fe@m o oy & fou, daf@ & wa () 139 #2d g8 5 Q % wikibs 3
vafed forg umr Fra IR & s e SR & e (Ragi) &1 39am & hifsm )
For the circuit shown in Fig. 1(a), find the current through S Q resistor by using
Thevenin’s theorem and verify the same by using superposition theorem.
0 S5Q

M B
EL—
—-I-t4ov 20V4 " IEG
100 ¥ == 50 V %
Eil20 @ 6 Q 7Q 4Q
Eg 10 Q
D ral WW—
20V
o 1(a)/Fig. 1(a) 10
(b) T Waaq gua (hie=era wrgH) fma x) fom 1(b) & <wian w0 7)1 B fme A @ uds )
<9iise ve ffea i

(1) x(t) u@ -1
(i) x(t) 8(t - %)

A continuous time signal x(t) is shown in Fig. 1(b). Sketch and label each of the
following signals :

() ) u@ -1
(i) x(t) 8(t -7

xt)
A
N e it
1
>1
-2 0 2 4
T 1(b)/Fig. 1(b) 10

(c) Teamy & e foequdy dowm og & forg afivmis o 9l stgfd W it 781 gian, siafs
¥ fERT B 76 W Xaw ou # F g 3

Show that for a distortionless transmission line, the attenuation constant o

does not depend on frequency, whereas the phase constant  depends linearly

on it. 10
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(@) T 1(d) # Rw T ufey ¥ fu—
(i) e wd et w-wy quisy;
(i) Frim Sees qtr-wa F fEd 99 9 HifEg )

9ftge § SETE i 1€y AT |

For the circuit given in Fig. 1(d)—

(i) draw the input and output waveforms;

(i) find the average value of the output voltage waveform.
Assume that the diode in the circuit is ideal.

<+

660 Q
VWA v,
@ y(s) = sin wt
w = 2%50*7

2 kQ
o= 1(d) /Fig. 1(d)

10

(e) TH 15-hp, 220-V, 3-%s, 50-Hz, 6-91d, Y-F 48 S0 Wi F Wi s yr=et A= fag g
2
r=0-128Q, r3 =0-0935Q, (x; + x5)=0-496Q, r, =183 Q, x, =8Q
T BT, B shie wifl (Reffim ofi fa-um) & e 81 3% feer o for @ wm o
TR TeFeX J1d whifeg |

A 15-hp, 220-V, 3-phase, 50-Hz, 6-pole, Y-connected induction motor has the
following parameters per phase :

n=0-128Q, r; =0-0935Q, (x; + x5)=0-496Q, r, =183 Q, x, =8Q

The rotational losses are equal to the stator core losses (hysteresis and
eddy-current). For a slip of 3%, find the line current and power factor. 10

2. (a) T B
F (W, X,Y, Z)=2(0,2,56, 7, 8 10, 13)

% fere—

(i) wfl rEw TR B i
(ii) =Iam sfeafe
(iii) Fae NAND 2} =1 39 o g =Aan f§-wadia woo fefa i)
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For the Boolean function

F (W, X,Y,2)=X2(0,25,6,7,8,10, 13)
(i) find all the prime implicants;
(i) give minimal representation;

(iti) find minimal two-level realization using NAND gates only. 20

(b) (i) AR RO e R aredd § 7 W Y, o AreA W fogq o ue w1 s i |
THeh! TR FohTs | W1 ST @7

What is meant by an infinite transmission line? Also, explain the term
‘electrical length’ of a transmission line. In what units is it measured?

(i) 1 MHz R % o T 20 Wi wefl G=r g o) forq anams @1 Faio Sifve, af @
u=0-7c® AF AT c =3 x108 m/s.

Determine the electrical length of a 20 m long transmission line operating
at 1 MHz, if u=0-7c on the line. Take c=3x10®% m/s. 20

(c) IRehel SHca e @ Uit it faaem i) wm faaww 5 Fn srfafem e gk €7

Discuss the properties of a probability density function. What additional
features a normal distribution has? 10

3. (a) TF 30-kVA, 2400/240 V, 50-Hz, THa-Fs ZEEHE 8 FHfiRad wiawn siiws R B
g
foga-ufy ol : V=2400V, I=0-3 A, P=230W
wg-9y Wigu : V=70V, I=188 A, P=1050 W

YTl e, STt T Tiaard! urer faen IR g&rar 91d hifsie, /@ 240 VAt 12 - 5 A 6l 4RI %A
e & UIgd © 0 - 8 AN IR HaX F 9N (T8) R Wi STt B

The following test data were taken on a 30-kVA, 2400/240V, 50-Hz,
single-phase transformer :

Open-circuit test : V=2400V, I=0-3 A, P=230 W
Short-circuit test : V=70V, I=188 A, P=1050W

Determine the primary voltage, real and reactive power input, and efficiency,

s Wit i o i it P B o TR = a NAN VT 20 daeavrran foum w— A lavser sralébmn~n csla
when a current of 12-5 A at 240 V is drawn from the low-voltage side

of 0-8 p.f. lagging. 20
(b) T B-%y afrEba e YREm 10 A 6 for Wi (§8) 90 WeW w ? T sEehl

AIEH-Z-ATg TTs (Ye/) dieest 400 V 8| f= fsares #mdi =1 3a <hifs

() 3ea frim dees

(ii) TEH 3R THo THo HK]

(iif) W& qA HRo THo THo HW

(iv) Y& 3ai, 5ai, 7af wd 9al gHite 3o THo THo YR

Taxr & 1asd
Uy a ilvau
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(v) W R faeee ures
(vi) & e et

(vii) To Hlo YR (VM ITR)
(viii) Sto Hio TR (TS IT=N)

A three-phase uncontrolled diode rectifier supplies a constant load current of
10 A and its supply voltage is 400 V line-to-line. Determine the following
performance measures :

(i) Average output voltage

(i) Supply r.m.s. current

(iii) Supply fundamental r.m.s. current

(iv) Supply 3rd, 5th, 7th and 9th harmonic r.m.s. current

(v) Supply current displacement factor

(vi) Supply power factor

(vii) AC power (supply power)

(viii) DC power (load power) 20

(c) T3 3(c) # Ty M R-L-C ufwy R fe=m Hifsm, si=f
Ig=10A, R=2Q, L=1H, C=05pF, i, (07)=0

2
o % 93 81 % W= v (07), %(0*)@%(0*)maﬁrﬁm
t
Consider the R-L-C circuit shown in Fig. 3(c), wherein
I¢g=10A, R=2Q, L=1H, C=05puF, i (07)=0

d?y .. : ,
d = (07) after the switch is closed.

Determine v (0F), % (0) an
t=0

%c
ORI A

T 3(c)/Fig. 3(c)

00000
Q
=
<<

10

4. (a) UThd UNA-I8 (SSB) Aigem R ff-urd-de freg a® (DSB-SC) #igad § 97 3wid §Y
et ferammn shifsmy ) foreft oft wwidiar swee fme am-wa & fg DSB-SC #Afgfod a-®9 aun
J99e T8 DSB-SC HAighta @ &1 Wagn 3ise|

TP P EETE 33 5 [P.T.O.




Explain and differentiate between the single sideband (SSB) modulation and
double sideband suppressed carrier (DSB-SC) modulation. Show the DSB-SC
modulated waveform for any chosen baseband signal waveform and spectrum
of the baseband and the DSB-SC modulated wave. 20

(b) T f(t) = u (sin2t) T ATAH ZEHH F1A B
Find the Laplace transform of the function f(t) =u (sin2%). 20

(f,‘\ 'lp'qur

P

C

T N 5 S S
% feu 7w afmy V, Tdg T Hd dicdsi Jid iy :

—

4
Find the average voltage at the point V, in the circuit given in Fig. 4(c) :

1 KD + 15V
VAN - v,
+
= -15V
VAN
v(t) = S5sin wt 1 kQ
= 2+7+50 /E/ Vg = 2:5V, ST aiees (Zener voltage)
= Vpz=0V, 377 15 9Td (Forward voltage drop)
4 4(c) /Fig. 4(c) 10

Wis—B / SECTION—B

5. (a) Tag #ifsw % AB + BC+ AC=AB +BC.
Prove that AB + BC+ AC = AB + BC. 10

(b) T R IO 1 kW SO H S 0- 8 ARTT It Pt W 3K 200 V r.m.s. & &4
TS W TR @ T TR @I W @ FH F kY 98 391 TR B 095 Afim
T deH & fg wR % wuHia wfde o= Siear ¥ afhe uiem= %1 v (ORfors sveran
HTfiT) S8 9941 S0 Hz WeieH 3Efd W 36 7 §1d i |
An industrial consumer is operating a 1 kW induction motor at a lagging
power factor of 0-8 and at a source voltage of 200 V r.m.s. In order to
reduce expenditure on power consumption, he wishes to raise the power factor
to 0-95 lagging by connecting a circuit element in parallel with the load.

Indicate the type of the circuit element (inductive or capacitive) and find the
value if the operating frequency is 50 Hz. 10
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(©) (i) ¥ T vared R om 3R deest w-%9 6 WY T FHAL H FEGed H1 G0
Y| =Te (FeFeH) T AH T © |

Explain the operation of Boost converter with voltage and current
waveforms across the Boost inductor. Assume continuous conduction.

() IR = @i ¥y Aeew F el § g Frin dees s eaw i)

Derive its output voltage equation in terms of duty cycle and input voltage. 10

(d) & WesE Aighid R, FR e ® 3@ ™, 44V Re-8-fe @k 6 e
Aeds @Al 2| a0 % da (e gof) forg W fire-[-few 7% w1 A7w 6 V2| "igeH T,
it wiger ot Rrer-¥-Rren 9% w1 smighaa are® diees W Hifv|
An amplitude modulated signal, viewed on an oscilloscope, has a crest voltage

of 44 V peak-to-peak. The bottom (or trough) point of the wave measures
6 V peak-to-peak. Find the modulation factor, percentage modulation and

peak-to-peak unmodulated carrier voltage. 10
(e) T T3-5R @ % z-ur=el (Wefied) 1, IWF ABCD W=l & W&l #, F1d i |
Obtain z-parameters of a two-port network in terms of its ABCD parameters. 10
6. (@) () T3 6(a)h ey aime #, s wfediys § yarfed B9 arell siad foregg am o == <6 7om
hifsie |

Find the value of average current flow through the load resistor for the
circuit given in Fig. 6(a).

(i) € ¥ yafEd BN arelt 3TRo THe THo URT % W 1 WM HIfNT |

Find the value of r.m.s. current drawn from the source.

Dy D, % 320 kQ
p(t) = 320 sin wt
w = 2*n*x50
— 160V
Ds D,

o 6(a) /Fig. 6(a) 20

(b) T iR wER g aftfa ¥ Y w e 0F % fA SR e 3 el e sl
mﬁuﬁmﬁﬁq:

mm—iym—u—%ym—m=—xw+2xm—u

Determine the transfer function and therefrom the impulse response of the
causal linear time invariant system described by the difference equation

ylr) -+ yln -1 -2 yin =2 =~ x[n) + 2x [ -1 -
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(c) (i) OP-AMP Wgh oA forst iféreiet =1 uftay o sem3)
Draw the circuit diagram of Wien bridge oscillator using OP-AMP.
(i) afs FMX FMAF0-1uF &, @ 1115 Hz % Afawa e % o R =1 9 3 Shifsg)

Find the value of R to get a sustained oscillation of 1115 Hz. Assume that
the value of the capacitor is 0-1pF. 10

7. (a) T wm A T &9 wd e &3 e wdfieor gro gerie o #
E=mcos(2><107t+|32)&¢ V/m
p

H ~
H=-"cos@2x107t+B2) &, A/m
p

T &1 ) e w7 AAfvrere g of flrisl H, wd B 3 Aifsrg frad 6 3 8 Aeeae %
THIEROT] T e R W | TR TH i geeheficral o forepaefiierar wae: 4n 1077 H/m iR

8.854 %1072 F/m %I

The electric field and magnetic field in free space are given by
E =@cos(2x107t+[3z)a¢ V/m
p

H=ﬁcos(2 x107t+B2z) &, A/m
p

Express these fields in phasor form and determine the constants Hy and B
such that these fields satisfy Maxwell’s equations. The permeability and
permittivity of the free space are 4n il H/m and 8.854 x10712 F/m

respectively. 20
(b) JK Toad-ved w1 FREE Hid gU aed] gHu o iR s wmw iR, fed e e
sEer § Afe 7 h TOE il Sk
000, 001, 011, 100, 101, 111

Find the state transition diagram and realization using J-K flip-flops to count
Mod 7 in the following sequence :

000, 001, 011, 100, 101, 111 20

(c) TF 230-V, 10-hp o Ho HIF Al 36 A &1 @57 °W Tt @ 9« @ 319 wifa gy,
fruff@ fd 1200 r.p.m. T ¥&H R AR Fihe iy 0.2 Q MR Hilist Fiee Feeh
gfliy 0-1Q 8| o I ! fash WA S Hehell 2|

(i) =% T8 "I 20 A 1 ART U/ AT 7, A 39 G J1a Hif
(i) 38 TS A1 W foha sremel (1) faerfaa g 27
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(@)

(b)

()

A 230-V, 10-hp DC series motor draws a line current of 36 A, when delivering
rated power at its rated speed of 1200 r.p.m. The armature circuit resistance is
0.2 Q and the series field winding resistance is 0-1 Q. The magnetization curve
may be considered linear.

(i) Find the speed of this motor when it draws a line current of 20 A.

(i) What is the developed torque at the new condition?

TH 400-V, 3-%+ Ogfad &id Tk U0 IEgfeld A-F-ads IR ¥ o1 7, fomehl ufdenamng
Zgp =104+45°Q, Z,, =10£0°Q 3R Z , =104-45°Q 3| @5 9 (FsR &9 ),
Fo Wl (aTdforR) TR WfcEmdt grer rd <hifs)

A 400-V, 3-phase balanced source is connected to an unbalanced A-connected
load of impedances Z_, =104+45°Q, Z,, =10£0°Q and Z, =10/-45°Q.
Determine the line currents (in phasor form), total active (real) and reactive
powers.

(i) OP-AMP 1 ITIF A §C U o8I ftheed o1 Uiy f=r s=18T| 9% T=e f; = 300 Hz,
fy =2 kHz % U@ 9RF Yg2 Afd (TeE ) 4 B

Draw the circuit diagram of a bandpass filter using OP-AMP. Its
parameters are f; =300 Hz, fy =2 kHz and passband gain is 4.

(i) afe FfGe %1 91 0-01 pF B, A Q FH ¥H Fd HIfSg)

Calculate the value of Q. Assume that the capacitor value is 0-01 uF.
TR T TRRm Igfeed Tl # TR we iR | TR agfess Wl % vud R fdm ww
F fIaor wem & TR @1 9ui i)

Differentiate between stationary and non-stationary random processes. Give
the properties of the first- and second-order distribution function of stationary
random processes.

* ke %k

10

20

20

10
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