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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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@ug A
SECTION A

Ql. (@) T 1a ¥ wehid fgwgr wesFm &, y-w=ei ¥y, =38%x10738,
y22=5x10‘3sasmy12=y21=0%mﬁawmm%1 200 Q ¥R %

ARAR dleedl 1 7 F1d hiforu |
2H 4 2
— §i—o0—>— e

I | fgr | L2

; Vit . 200 Q
100 sin (2t) @ I_% 2 TR

% 0-01F
=7 1(a)

In Figure 1(a) shown below, the two-port network is characterized
in terms of y-parameters with ¥y =33 x 1073 S, Yoo =5 X 1073 S and

Yo = y2.1 = 0. Find the voltage across 200 Q load. 10

Two-port ;
Network 200 O

100 sin (2t) @ [—° °*| Load

Figure 1(a)
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(b)

(c)
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fo 1(b) # weftia "@ha & fou, "@ha X(t) A @qof ot A Er Hf |
y(t) = X(10t — 5) &1 @ ot Hifsy |

A X(t)
2
; f I I f ; >t
=4 2% -1 M 3 - gnies
e 1(b)
For the signal shown in Figure 1(b), calculate the total energy of the
signal X(t). Also sketch y(t) = X(10t — 5).
A X(t)
2

7

-3 -2

b S . Yl

Figure 1(b)

T 220 V de EHFIR % HIL &I, W= Ffelig R, = 0-13 Q, &7 ey
R = 250 Q 41 90 &1 230 W R | H1X % 1440 rpm W Tf R W Feid
THY SA1eH 910 1 AE 95 A ® | Fr=fafaa =1 a0 s hifve .

() foewfaa (3a=) Fifies wufe

Gi) fria ufe
(i) 9N (AE) FA-3eOi
(iv) 9o 9R g&gar

A 220 V dc shunt motor has armature resistance R, = 0-13 Q, field
resistance Ry = 250 Q and rotational loss 230 W. On full-load, the line
current is 9'5 A with the motor running at 1440 rpm. Determine the
following :

(1)
(ii)
(iii)

(iv)

The mechanical power developed
The power output

The load torque

The full-load efficiency

10
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@ o 1a) # wefifa gifre sfwa % fou, sgopm 99w a0 I 1 98 79 9@
I ST HITE o0 H AH 1 mA F 2, A T = 300 KT B =80,V = o
qdl Vp =26 mV &l |

Voe=25V
Q
AN
20 kQ
16 kQ
o7 1(d)

For the transistor circuit shown in Figure 1(d), determine the value of
reverse saturation current, Ig, that would give a collector current of
1mA,if =80, V) = and V=26 mV at T =300 K. 10

Vo =25V

HQI
AN
20 kQ
%1'6 kQ

Figure 1(d)

(e) Trrgar wftwifya agser @ifdhe o W fomm hifsr

F(A,B,C,D)=AC+AD+BC+BD+ABCD
A, B, C 3 D %! a9 =R w=a Faa A aifhs gRI 1 S +id 7C 39
B & HEEEA & fore aifdhe gftey searfaa Hifo |

Consider the four variables logic function defined as follows :

F(A B,C,D)=AC+AD+ BC+BD+ABCD
Assuming input variables as A, B, C and D, propose a logic circuit using
only three logic gates to implement the function. 10
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Q2. (a) T 2(a) ¥ weRifa uftwy %1, wr wioenwn z; & vy Faf wuged s
I | FAftrepan Wil 3= & fore Z; &1 e ot sma ifs |

~-i2 0 k=05 i2 0
1 7 \ :
11 . »
40 90
10040° @ 7
20
i3 Q
=7 2(a)

Find the Thevenin’s equivalent of the circuit shown in Figure 2(a) below
as seen from the load impedance Z;. Also find the value of Zy, for

maximum power transfer. 20

<190 k
| 1
I ®

49

0-5 i2Q

10040° @

Figure 2(a)
(b) () HIEH (FgH) Xn] * hin] 1 70T Fifdm, &
Xn] = (ﬂmnu[— n—2]
g
hin] = u[n - 2].
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Gi) a3 20b)Gi) § weffa sha X(t) W fem fifse | @ o d weiia
STAATHR T4=2 Gohd V(t) & ETUET Hehd X(t) T g i |

A X(t)
3 o
9l A V(t)
11— -
L et 22
0 1 2 3 4 -1 1
a7 2(b)(ii)

1) Compute the convolution X[n] * h[n], where
1 -n
X(n] = [E] 2

h[n] = uln - 2].

(i)  Consider the signal X(t) shown in Figure 2(b)(ii) below. Represent
the signal X(t) in terms of rectangular pulse signal V(t) shown in

the same figure. 20
A X(1)
3 -t
24 A V(t)
11— -
0 LA R SR | -1 1
Figure 2(b)(ii)
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(c)
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3 2(c) ¥ weiia ufuy W foar $ifse | g f6 ey § faw A, B 3k ¢ @t
= (@) £ 1 A, B3R C & forelt ush faoim wohm # 3= (818) 814 w frfa Yot
I BT oruferd B | 39 WRE I T hIfTT St Y 1 I &R W A QW | 36
qRAY I D-TFAu-TATai &1 T A & fore gfafda $ifse |

ByY———7PCLK P CLK

et J:__K CER J?__K CLR

7 2(c)

Consider the circuit shown in Figure 2(c) below. Let inputs A, B and C
be all initially LOW. Output Y is supposed to go HIGH only when A, B

and C go HIGH in a certain sequence. Determine the sequence that will

make Y go HIGH. Modify this circuit to use D-Flip-flops. 10
A J X J NP
Bes—tsremet O P CLK

el _I__K C%R _L_K CLR

i * 1l start

Figure 2(c)



Q3. (a)
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(i) wuImsy fh S8 9 3(a)(i) ¥ YGRiA 9R9Y S ALUERE Jads &
T td ge FAfda foram smom, &t @ g |

Ql Y IX
Ry =
VRep ©—— MWW ;
1

\ s i/Q
b Yy e
o

a7 3(a)(i)

(i) wHemsY f6 Ak wiftufadl & fE SGa)i) # euf sER giafia #
fean s, & = g |

Ix
I%Ql o
R L L
NREe o ey B .
e Vi

ferd 3(a)(ii)

(1) Explain what happens when a circuit shown in Figure 3a(i) below
is constructed using logarithmic amplifier.

VREF o NAYAYAY

Figure 3(a)(i)

10




(ii) Explain what happens if the topology is modified as shown in

Figure 3(a)(ii) below. 10
Y IX
Q _r( Qo
By = =
VRgr &YWV oy l
g’ Vi
Figure 3(a)(it)
b) fo 3(b) # wefta afwe ¥ fru dieedr V(t) TR 9T F GeH o w9 H
Hifsrm,
10 Q 4 H
VWA 4115
_ + +
v (>  01FTEVe  (Div g) 20V
for 3(b)
& V(t) = 10 sin (6t + 60°) V 3 1(t) = 5 cos (4t + 30°) A 7 |
For the circuit shown in Figure 3(b), calculate the voltage V(t) as
function of time,
10 Q 4H
W 4115
+ +
V() @ 01F TV (D1 C) 20V
Figure 3(b)
where V(t) = 10 sin (6t + 60°) V and I(t) = 5 cos (4t + 30°) A. 20
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(c)

Q4. (a)
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T fise (3387 o) A fReft areT Sen yoreh ¥ s s % w9 §
T T T R 1 frfa o) = X0 Xo(t) Fififa w0 % fore 2wk X, (t)
a1 X, (t) i e foam mn 2

M Xy(t) = 10 sin ¢ (10t) T Xy(t) = 2 cos (1000 =t) &, af Frfa wha
R TR GRETT AT T AT qen 3EeE @y fifm | 9T H YR
RRE TR % TON H1 Ig@ HIfS qon 3% frg Fifo |

A mixer (analog multiplier) is used as a process in some analog
communication systems. Two signals X,(t) and X,(t) are mixed to
produce the output y(t) = X, (t) X,(t).

If X;(t) = 10 sin ¢ (10t) and Xy(t) = 2 cos (1000 nt), then calculate and
plot the magnitude of the Fourier transform of output signal. Further,

specify and prove the property of Fourier transform used in calculations. 10

N T
3 Y(Z) & Z —52

~ R@ (l—z_1+gz_2J
9

g9y 3 W fo=En hifse qon fr=fafaa 4 e Hifse

() @ H A& S

(i) v aniees feufa & fore @ i ue sefEn

(i) IR fufd yi- 1) = 199 y[- 2] = 2% for &3 1 wg s

H(z) S0 YERId 3T<RUl Hod 9T T 79ad

Consider a discrete time system with transfer function given by

1 e
_Y(Z)_ VA —'éz

R(z) [1 —z 1, S z_2].
9

Calculate the following : 20

H(z)

(1) The impulse response of the system
(ii)  The step response of the system with zero initial conditions

(iii) The step response of the system with initial conditions yl-1] = 1
and y[- 2] = 2

10



(b)
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(i)

(i)

(i)

= 4(b) § wehfa aifhes qfgy =1 g, aifhs o @ $66
YT Tegar arfersht fAmfor ek hifsw |

Th 8 1 WgeTh (Wedciaat) quT difheh gri o & frefeiRad wem

1 HEETT w5 foru Hifsu -

FA,B,C,D,E)=YXm (0, 1,2,4,5,6,17,18, 14, 20, 21, ..., 28, 29, 30, 31)

Dy

ferT 4)

01
10
11

Sy 5

Verify by determining the logic equation for the output and by

constructing the truth table for the logic circuit shown in

Figure 4(b).

11




(i) Use an 8 to 1 multiplexer and logic gates to implement the
following function : 20

F(A,B,C,D,E)=¥Xm(0,1,2,4,5,6, 7,13, 14, 20, 21, ..., 28, 29, 30, 31)

D, 0
D4 1
D2 0
Dj
q —00
01
Dy 0 E ) Y
D5 1 2
Dg 0
S, S
D, 1 2 91
So
Figure 4(b)

(© 3 4(c) ¥ wehtfa ydftw yadfs (safén wefiernr) & s amwr afear =1 7
T HIT | R, >0 T Ry — 0 feafa & afomm i samen $ifso |
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Determine the closed loop gain of the inverting amplifier shown in
Figure 4(c) below. Explain the result if R; -0 or Rs — 0. 10

out

Figure 4(c)
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Q5. (a)

(b)
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T s B
SECTION B

T U de HHdH (IH), TH R = 10 Q 991 L = 20 mH & 9R
TifYd T 2 | de UG dieedl 100 VR | Hhdsh 50% FH =5k o €19 2 kHz
# agfa w feafem o @ ® | AR A Rre-a-Rret S aw & A,
fa3rg WM @ de WM % fowd % F9 § {1 AT |

A step down dc chopper is feeding a load of R = 10 Q and L = 20 mH. The
dc supply voltage is 100 V. The chopper is switching at a frequency of
2 kHz with a duty cycle of 50%. Determine the load current and the
peak-to-peak ripple current as an absolute value and as percentage of dc

value. 10

Qa:lﬁ;{:ﬁ(}:O,S:EOErW p:poprméwﬁﬁgaﬁaéaﬁ?ﬂamw
HUZh

H =10 sin (108t - 2x) a, A/m
g0 WERMa € |
frfafiga =1 9= ma Hife
() fazamgm @ o=
Gi) foga &= dgar

In a certain material with 6 = 0, € = gy &, and pu = pg W, the magnetic
field intensity component is given by

H = 10 sin (108 t — 2x) a, A/m.
Find the following : 10
1) Displacement current density

(ii)  Electric field intensity

14



(c)
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o= 5(c) ® wehia ws whic gAifsa qfonfim, 11 kv, Bsven, 50 Hz 79 @
qifta 2 | fedfias aoft som & gaifsa 8 ot o afcieia 9/ &1 100/2 VR
1100 A Y& &tdt & | fi-shen ye@ (aeard) w1 el %9 ABC R |

() ISR IRonfHs o1 S AU Yishfod shifau |
(i) Frshen fom # devy @ w1 A Fi diced F wUG AR g7 I T

3G sl v I ToET IR |
EAR S
. , | : . 11004
11 kV, -1 Yo % N
2
By
2 1
e 100/2V e sm
Ny N1
C o— |
’—fmwN—z &

a7 5(c)

A Scott connected transformer shown in Figure 5(c) is supplied from
11 kV, 3-phase, 50 Hz mains. Secondaries are series connected and
supply 1100 A at a voltage of 1002 V to a resistive load. The phase
sequence of the 3-phase supply is ABC.

(1) Calculate the turns ratio of the teaser transformer.

15



(d)

(e)

HXS-U-ELTE

(ii)  Calculate the line current Iz and its phase angle with respect to

the voltage of phase A to neutral on the 3-phase side. 10

Teaser

1100 A

Ao = l = * ;
11 kV, 3-phase supply
Ny
By
b fighe ,
B o—§55y5— Resistive load
100/2V
Nyg M Ny 1
Ceo

NZ Main

Figure 5(c)

% T 10 kW a18% & @9 11-2 kW Af¥a &tar & Jefh Tha s @01 g
Higlera &1 8 | Wiged gaehish sl TUMAT I | A e Wy & g @
= w1 A g ot 50% Hige W Aigfaa gar 2, @ dqui Sfva wifw i
T hifse |

A transmitter with a 10 kW carrier transmits 11-2 kW when modulated

with a single sine wave. Calculate the modulation index. If the carrier is
simultaneously modulated with two other sine waves also at

50% modulation, calculate the total power transmitted. 10
forr 5 # weffa wfwer F AT v 04 =2V @ i04) = %A ¥
t>0%\§ﬁ“v|11vc(t)%m=raﬁmmﬁﬁq I
3Q
VWV
' 1
+ i
C1= 05 F 2 Cz = g F
a7 5(e)

16



Q6. (a)

(b)

HXS-U-ELTE

For the circuit shown in Figure 5(e), vC(O+) =2V and i(0+) = %A.

Calculate the value of vC(t) fort > 0. 10
3.8
—/ VYV
f
Wy i
C;=05F Tcz =5F
Figure 5(e)

TG % A (g, = 80, p, =1, o =4 S/m) ¥ +Y-fem # wufa ok Wi g
wnwaaain%gﬁmaéaﬁﬁamH:O-lsm(lol%t-g)axA/m
2| '

Y = 0 W = &1 79 3ma hifsw

@) &oe e, 39 () sfremen, wmel qn aod ol (R
39Y) |

(i) &% T J&l H %1 3@ 0-01 A/m 2 |
(iii) Y=0-5(mmt%tsa=raswﬁE(y,t)amH(y,t)%%qaiaas|

The magnetic field intensity of a linearly polarized uniform plane wave
propagating in the +Y-direction in sea water (6,=80, p.=1, 6=4S/m)is

H = 0-1sin (101 nt — 3) 8 A/m.
At Y = 0, determine the following : 20

(1) The attenuation constant, intrinsic impedance, the wavelength and
skin depth.

(ii)  The location at which the amplitude of H is 0-01 A/m.
(iii)  The expression for E(y, t) and H(y, t) at Y = 0-5 (m) as functions of t.

o 6b) # waftfa w frwan a9 () wheims (3a), & Y5t
R=1099ﬁmaﬁnﬁlﬁtﬂamaﬁuﬁaaﬂﬁ%mmﬁww%|
Sfaets & de /1 Vg = 400 V @ frfa stmaf 50 Hz # | R shieims
180° =Tershal faem # wrfsfier 2, @

(i) ¥R 9T 1 rms 99 T4 iR,

17



Gi) e feafam gfe # 9 %1 rms WH F@ A,
Gii) ot o sma hifme, R
(iv) el deedl 91 A1ET dieedl & qul ®91 i STRREd HIT |

HXS-U-ELTE

? 2
e 0
? £

R

_t C
% T Q Q-
oﬂgﬁm ﬂﬁ%ns 2 g@nz
R
R R
AN ° ANV
n
a7 6(b)

A three-phase bridge inverter shown in Figure 6(b) is used to feed a

Y-connected resistive load with R = 10 Q per phase. The dc input to the
inverter Vg = 400 V and the output frequency is 50 Hz. If the inverter is

operating with 180° conduction mode,
(i)  compute the rms value of the load current,
(ii) compute the rms value of the current in each switching device,

(iii)  calculate the output power, and

(iv) draw the waveforms of phase and line voltages.

18
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(c)
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[=
T&

St
? £

2 A
3

P&

|
1#£
e I R

o |
? @
? &
i1 0
et

d "

Figure 6(b)

a i fop e sitfoss afSr it o 3 s arefe® = X qun ww o
Hor fF=fefad 2

2
ﬂx)={K(3—x) ~1<x<1
0 HIYT

dl, K % w= hi T Fife a9 qw § aefos 3 F 12 3 59 89
TTRreRal T HIfST |

Let the measurement error of a physical quantity be defined by a
random variable X and its density function as follows :

2
f(x)={K(3—x) Hex<l
0 elsewhere

Determine the value of ‘K’ and find the probability that a random error
in measurement is less than 1/2.

&4

10



Q7. (a) U fasham, 195 MVA, 15 kV, 50 Hz a1 (RR) Tif9d qedeiicis a9 &

forg fferfiaa wdiemn stfes ur gu @
g1 gy giteor
Ir (A) 150 | 300 | 450 | 600 | 750 | 900 | 1200

VL &V) | 375 | 75 | 112 | 136 | 15 | 158 | 165

g giay gdiEr
Ip= 750 A, I, = 7000 A
TS T iy 1S 2 |

() g 9fy a9, @Y 9ROy AL 9, I <A @l adl
yftafda arg s @ s Hif |

(i) gedhITcTeh Ffd=Td i THE qUT §J< 1 pu H 1A HIT |

(i) I Gouspiferss I3 &t Fuif@ deear aan 0-8 swrmdt oIl U W
100 MVA Y& &1 81, a1 qifod & 911 %1 94 F1d hig |

The following test data are obtained for a three-phase, 195 MVA, 15 kV,

50 Hz star connected synchronous machine.
Open circuit test :

If (A) 150 | 300 | 450 | 600 | 750 | 900 | 1200

ViL&V) | 875 | 75 | 112 | 136 | 15 | 158 | 165

Short circuit test :
I¢="750 A, I, =7000 A
The armature resistance is small.

(1) Draw the open circuit characteristic, the short -circuit
characteristic, the airgap line and the modified airgap line.

(ii) Determine the unsaturated and saturated values of the
synchronous reactance in pu.

(i11) Find the field current required, if the synchronous machine is to
deliver 100 MVA at rated voltage, at 0-8 leading power factor. 20
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(b)

(e)
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w fier, pi-an asfe 4 oRads, @ B, vaafa, 220 v,
50 Hz 93 | =1fefd B 991 wR ufediy 20 Q @ |
aﬁﬁaﬁhﬁm,aﬁm%ﬁﬁaaﬁmﬁso%aﬁq,?ﬁ
fr=fafaa 1 o= s/ Hifse .

() faewsm Ho o

(i) Frfd 9 &1 rms qen g o

(iii)  YTSRET GWT HT rms 99T 37TT 7=

(iv) fewetor i zeman

(v) f@w PR

A three-phase, full-wave thyristor bridge converter is operated from a

three-phase, Y-connected 220 V, 50 Hz supply and the load resistance is
20 Q.

It is required to obtain an average output voltage of 50% of the
maximum possible output voltage. Determine the following :

1) The delay angle o

(ii)  The rms and average output currents

(iii) The rms and average thyristor currents

(iv)  The rectification efficiency

(v)  The input PF

U FIRled qI90 @ e e z, = 50 @ @ | 3Heh! TS
30 m 8 99T I8 5 MHz W %/ il 2 | T8 B TH Z;, = 60 + 50 Q WK %
Y e foRaT T R | A AT W w3 u = 0-6c B, @ Frffed w5
HH F1d hifSe

(i)  9UEd oI

(i)  STTH qOT U S’

(i) e wftemen <z, 0

A lossless transmission line has characteristic impedance Zj = 50 Q. Its
length is 30 m and operates at 5 MHz. The line is terminated with a load

Zy, = 60 + j50 Q. If the phase velocity u = 0-6¢ on the line, find the
following :

(i) The reflection coefficient ‘T”

(ii)  The standing wave ratio ‘S’

(iii)  The input impedance Z;,’

21

20
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Q8. (a)

(b)
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B =2 dY1 vdd ¥ @ 5@l PSD Sp(w) = 10719 8, & ¥3F tH FM H=IR
yorrelt % foru fefd SNR = 28 dB wrn a1 2 | 3NYR ufgeht (39 Svg) Hehd
m(t) TRRA & S 15 kHz W ufgshi-difia 2, 991 30 9RO (SAifsT) &1 5=
fepam T R |

frfafaa =1 9 s Sifsw

(i) 9T Heha WIfeh Sy

Gi) ot eha =ifw S,

Gii)  frfa @ wfe N,

For an FM communication system with 3 = 2 and white channel noise
with PSD S,(®) = 10710, the output SNR is found to be 28 dB. The base
band signal m(t) is Gaussian, band-limited to 15 kHz, and 3¢ loading is
used.

Determine the following :

(1) The received signal power Sy’
(i)  The output signal power ‘S;’

(iii) The output noise power ‘N’

% Bieen, 4-9d, 50 Hz 3001 WX &1 goieh M0y 4-5 Q/&al a9l TTidgH
raeen ¥, goie aitwy # foreft s wfodiy & fomn wftama 8:5 /e B 17K
&1 Yad q-30l 85 Nm ? | ©& % dicedr U (firrae) &t F1oa 71d g,
frefefaa =1 am wma Hifs

()  Tfad sraeen § guish H dieedl

Gi) afE goie 1 T wen § 3 Q wfady Siret T &, @ Yadd ao-3meet
(iii)  0-03 T (feerw) o vareen # gofeh i Ufa dieear qon -3l

A three-phase, 4-pole, 50 Hz induction motor has a rotor resistance of
4-5 Q/phase and a standstill reactance of 8:5 Q/phase with no external
resistance in the rotor circuit. The starting torque of the motor is 85 Nm.
Neglecting stator voltage drop, determine the following :

(i) The rotor voltage at standstill

(ii)  The starting torque, if a 3 Q resistance were added in each rotor
phase

(iili) The rotor induced voltage and the torque at a slip of 0-03
22

20
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(c)
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Th 220 V, 1500 rpm, 10 A, 377 (99%) ¥ Ifa de Tt 1 =R gfedy
139 8 | 38 Uh 230 V& ac & dleedl, 50 Hz § T o wa
pi-fEta &g feesdt @ wiim fen st @ | wr 9w B wad wed ge
Fr=fafga 1 o= 50 FHifse .

(i) 30° YHSH I T 5 Nm Te-TE01 9 AT T 7ifa

(ii)  45° JESH IO FAT 1000 rpm T W fenfaa se-smel

A 220 V, 1500 rpm, 10 A separately excited dc motor has an armature
resistance of 1 ohm. It is fed from a single phase fully-controlled bridge
rectifier with an ac source voltage of 230 V, 50 Hz. Assuming continuous
load current, determine the following :

(i)  Motor speed at the firing angle of 30° and torque of 5 Nm
(i1)  Developed torque at the firing angle of 45° and speed of 1000 rpm

23
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