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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.

SDF-U-ELTE

The number of marks carried by a question [ part is indicated against it.

i Answers must be written in the medium authorized in the Admission Certificate which
maust 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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SECTION A

Ql. (a) T 1(a)¥ wiiu U Jeas # f=fafad =t 3@ $Hifsw .
()  Afraw wife TeHTa 3 oie gfedy Y amEn
(i) @S Yoo ferehan wfts 6 @

L

3Q 40 - _

W\ ' —MW 0— W
Rl R3 i
|

BN L 3Q /%v
_ Ry Ry,
: b
e 1(a)
In the network shown in Figure 1(a), determine the following : 10

(1) The value of the load resistance to have maximum power transfer
(ii) The maximum power delivered to the load

3.0 4 Q a
VAYATAY WA O
Ry R3
5 S 3Q /%v
R, Ry,
O_..__.
b

Figure 1(a)

(b) @ forga w9 ¥ wwEy Guefieh WIdEd (STEHfFeaE) Uh Gudd z = 0 W
ﬁ’taﬁ%laaz>0%?ﬁe,._4%3ﬁtaaz<0%a‘mr_3%|qm |

THAH R8T By =5 Ay 2 8y +3 8, kV/m, z>0aafri%|€mm%|
F1a i

G) z<0& ¥ E,

(i) EFI GaEgdl § St %1 T9ed (J/m3 T)
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Two extensive homogeneous isotropic dielectrics meet on a plane at

z=0. Forz>0, e = 4 and for z < 0, Bt 3. A uniform electric field

o

E; =5 8;-2 3y +3 8, kV/m exists for z > 0.

Find : 10
_)

(1) E, forz<0

(i)  The energy densities (in J/m3) in both dielectrics

(c) o 1(c) § goriv 7w ufigy & gifseet s9 w DC Few gfaty wma Hifvw |

+Vee

=7 1(c)

Find the DC input resistance at the transistor base of the circuit shown

in Figure 1(c). 10

+ VCC

Figure 1(c)

SDF-U-ELTE 3



(d)

(e)
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& 15 kW, 230 V, 3-%d, Y-91aes 50 Hz, 4-9at ot (Remater &e1) o
T H ARHS FA-3MEPl 115 Sferwra qon aiftrspan wer-3meel 187 widw,
AR F Hifva/eHa die sa-mgel # 3 | R oy w@ guiens gl %
TNE H A0 AEd gY X uielw w1 afy fRR wmr S, dt siftekan
- W I ¥ AR F e it =@ w1 am fuifg Ao | afe
FEvESH &, at 3fa =rEnta % @y 3fua g ae i |

A 15 kW, 230 V, 3-phase, Y-connected, 50 Hz, 4-pole squirrel cage
induction motor has a starting torque of 115 percent and a maximum
torque of 187 percent of its rated load torque. Neglecting the effects of
stator resistance and rotational losses and assuming constant rotor
resistance, find the slip and speed at maximum torque. Assume proper
data, if required, with proper justification.

T IRY-A IR gimy fie o3 1(e) § femmn m @ foad v o aie &
DC & & 3mgfd 1 51 W& 8 | T A8 9 W A F IEeH 8, TR9Y &
e SW o vafad S=raq 3ft|d rT 1 9M F1d i |

SW L ANVA—— 5 :
e R, L, e
L G e vy
Vae /\D i
F
o 1(e)

A Type-A chopper circuit shown in Figure 1(e) below supplies a motor
load from a DC source. Determine the value of maximum average
current of the switch SW for constant load current operation of motor.

SW L ANA—— 55 :
2_X_£ 00 By L. !
| I S B T 1 e E DC Motor
Vae AN ]
o
Figure 1(e)
4
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Q2. (a)

(b)
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o= 2(a) W TuiT U gfwy & fU uw i a9 i, & =9 @ & ° fuifa

HIRT |

@ 6 mH <t> oo

10 cos3 10tV

.

fa7 2(a)

Determine the expressions of currents i; and iy in time domain for the
circuit shown in Figure 2(a).

@ 6 mH <t> i

10 cos® 10t V

Figure 2(a)

U GIEA e s e gfasman 50 Q 2 3R 3@ 75 Q % «ie ufaly g
ey fran mn @ | 39 O ) us Se, et fetm wfasman 50 @ R
got uftgy &1 friw fawa 30 v, B, & R0 Siia oo man 2 | 3@ WA R

TS 5% qUIeEd hl 2-25 AT AFATHA i 7§ 2 |

Jd EﬁTEﬂ'Q -

() Friw gfeemn

(ii)  dTcehITereh SIS 1 GRHATT

(iii)  dTchTiorsh Witk SN &l sl Ygd i 718

A lossless line has a characteristic impedance of 50 Q and is terminated
in a load resistance of 75 Q. The line is energized by a generator which

has an output impedance of 50 Q and an open circuit output voltage of
30 V- The line is assumed to be 2-:25 wavelength long.

Determine :

(1) The output impedance

(i1)) The magnitude of the instantaneous load

(iii) The instantaneous power delivered to the load
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(c)

(d)
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o3 2(c) ¥ iU MU 9-UFT Hahes Ii9y # fiq fave 3@ Fifse =fe @

Prepifa qan g Fafym o smu, S 6 g § goian mn @ of |y &,
farta favwe & at-wg &1 fo3 990 |

Re=22kQ
+10V GO0ERE T
. | %
e
~10V i
=7 2(c)

Determine the output voltage of the op-amp differentiator circuit shown
in Figure 2(c) for the triangular wave input as shown and draw the
output voltage waveform.

Re=2:2kQ
VWY

>— V0

+10V 0-001 pF

[t ™
Hs : i

-10V

Figure 2(c)
T gHded IRuy Aied Ud %or Wit F ggrar ¥ srEgiad sryoeft
T U 31-%el Y01 AT hl HRYUTA i sqre Hifdu |

T\ i AR R fava V, 3RV, (S Fr wem e § wwife feg

ufmer & smme 8) g Sfve feen S, @ wmifv ifs 6 sw Aler %
HARF F-ATl H IRE I & B e e wgfea Q% fava
Vo Vp % TR & W R |

Explain the operation of a two-phase induction motor under unbalanced
operation with the help of relevant equivaleﬁt circuit models and phasor
diagram.
If the applied stator voltages to this motor are \Afa and \Afﬁ (in time
quadrature but unequal in magnitude), prove that the starting torque of
this motor is same as that devoloped when balanced two-phase voltage
of magnitude m is applied.

6
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Q3. (a) = femm wu dvfien gadt #, amsfet T; & H-o1T6 R amfe Ty &%
.31 F fi9 H1 T A T THUS 2, A foh At T; & AaH
AT T to_pin ¥ T B, (Togr > tg.min) |

(a‘r%ansﬁRIquaTzaaﬁzﬁm%),wrﬁaaﬁwvc,ﬁw
WVL,mwlLoadaﬁWWIS%mmﬁw-w}@m
it | ftwy 6 FEwoTeR w1 favewo Fifw (ygEa: Te-1, W82 3R
Hre-3 ) qur aEy # 3 fafim digw 6 geEw fifdw | s v
Foiferd gefteton qen 3kt sgeafa gra foham s |ehat 2 |

i i C e
w\é 4 S Wk—g
le— V= =
Igl Ve + Np, .
Y 1Load
VDC R I Z -
] 52 /g Tz VRSR
a7 3(a)

For a series inverter shown below, the time interval between the instant
Thyristor T is turned OFF and the instant Thyristor T is turned ON is
T, seconds; where T g > tq.min (minimum turn-off time of Thyristor T+).
Draw steady state waveforms of 1g . g (gate currents of Thyristor
T; and Ty respectively), capacitor voltage VC, inductor voltage Vp, load
current iy,q and supply current ig. Analyse and identify in waveform
drawn, different modes of circuit operations; namely Mode-1, Mode-2
and Mode-3. Analysis may be accompanied by relevant equations and

their derivation.

i C L

g B s I _5es

o= e

=V 2
\/% Igl VC * VL

1.0ad
i o Ic_,/ng [, VaR
Figure 3(a)
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(b) = foT T & wehdl 1 FaTH (FAEYIE) T HIfT e T@IRE SR -

R S |
> 4 i R [
0, =
3R h(t) =2 8(t + 1) + 8(t + 2) j
Determine and sketch the convolution of the two signals given below : 10
2 +1lztx]
xty=4{1 1<t<3

0, elsewhere

and h(t) =2 8(t + 1) + 8(t + 2)

(© T 3(c) # gui 7w ftwy % forg oo o (Rfafrd Saet) S) #1 v+
eqd HifSu |

+ VCC

=7 3(c)

For the circuit shown in Figure 3(c), derive the expression for stability
factor S(B). _ 10
i+ VCC

' Figure 3(c)
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(d)

Q4. (a)

SDF-U-ELTE

T BV Aiglerd deha (Rraar), St i amgs (Fhar) d%d o, = 21 x 105
I 8, Fefafaa e gro aftfa 2
drm(t) = 10 cos (o, t + 5 sin 3000 t + 10 sin 2000 nt)

a HIfT

(i) wigfera deha i wfw
(i)  Igfa fa=em Af
(iii) Toem oguE p

(iv) W fa=em ag

v) I E, ppy(t) F I3 A e 1 EE il |

An angle modulated signal with carrier o, = 2r x 105 is described by the
following equation :

¢Em(t) = 10 cos (o, t + 5 sin 3000 t + 10 sin 2000 nt)
Find :
(i) Power of the modulated signal
(ii)  Frequency deviation Af
(iii) Deviation ratio p
(iv) Phase deviation A¢
(v)  Also estimate the bandwidth of ¢pgp(t).

s Agfa wiglera (FM) daha (fraer) &1 sngfe famre 5 kHz ® aon s@eh!
Hige gfa 1 kHz 2 | fefier feeder & faw (3992) W woha (Rma) @
@ (AfeH) 1 AU 20 dB B | feeax & fnfa (erm3eye) w woha (Rmaer) &
@ (Afss) uTa i |faehe ToET HifSe | 77 7F i fop fedaet smam #
it & uia: sruwifaa @ 9o I8 @a: %1 @ (A7) ot 7€ dear @ | iy
&, fedaet & woha (Rwer) @ @ (ATss) 1@ & gur i oEr hifs |

An FM signal has a frequency deviation of 5 kHz and a modulation
frequency of 1 kHz. The signal to noise ratio at the input to the receiver
detector is 20 dB. Calculate the approximate signal to noise ratio at the
detector output. Assume that the detector is completely unresponsive to
the amplitude variations, and it does not add noise of its own. Also,
calculate the improvement in signal to noise ratio in the detector.

9

10

20



(b)

(c)
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wh DC W 99 (3e) FFE (SRer) el Faa TR 1000 rpm W T 7
fRuifta ot @re am 120 A, 3ifsd dieedr 105 V DC W 2 ghat 2 | fa wifa
3R 3ifehd diceal W I @re (3= o) tfieer faawor = fean mn 2

& 9T, A 1 2 3 4 5 6 7
39 dleedr, V 36 | 66 | 8 | 100 | 110 | 118 | 123

Wi g I nfe 9 siferd dicea w vz SfFE % ofEem # fou e
sfatie =1 fufor swifae &= gfaty & e § Hifse |

afe fer w1 (St 6 oofa 9 o &1 @ = R) 6 e af 600 WA @ 34
St =i Aftsae g&rar 1 7 1a it I8 T mn @ 6 sifea srewana
¥ wfs it geTe 2araT 85% ® |

A DC shunt generator running at rated speed of 1000 rpm can supply a
full load current of 120 A at a nominal voltage of 105 V DC. The no load
(open loop) characteristics at rated speed and nominal voltage is given
below :

Field Current, A 1 5 8 4 5 6 7
Generated Voltage, V | 36 66 86 | 100 | 110 | 118 | 123

Graphically determine the field resistance of shunt generator for its
operation at nominal voltage at rated speed as a ratio of its critical field
resistance.

If the total fixed losses (rotational and iron) are 600 W; find the value of
maximum efficiency of the generator; given that the generator operates
at 85% efficiency in nominal conditions.

() U o REAad B = x2 & + x &y, V/m g fem mn @ |
fearee f o7 fagq-am forddt wfaes-fagd smw ¥ famw gro sea= 746

B ol |

(i) TH 5 m T FEW @A P 20 MHz g W SiEm S R | e

13 % G SR I e afbe o man 2, @1 I901 BR W 461 Q i
yfcemar o Bt @ 3R S9 g BN H @en oig fean wmn 7, A
1390 Q i wfdsren yred &dft 8 | @A i Afraeror gfdsmar we g
feres i omn Hifse |

(i) A,  two-dimensional electric field is given by
E =x2 8; +x ﬁy V/m. Show that this electric field cannot arise
from a static distribution of charge.

(ii) A transmission line of length 5 m is tested at a frequency of
20 MHz. When the far end of the line is short circuited, the
impedance measured at the sending end is 4:61 Q and when the
far end is open circuited, the impedance becomes 1390 Q.
Calculate the characteristic impedance and propagation constant
of the line.
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SECTION B

Q5. (a) Frfafea geal (Reded) o1 eoed S Fd HIRT ;
(1)  xq(t) = eat cos (w,t) ult)
(il)  x9(t) = et sin (w,t) ult)
Find the Laplace transform of the following signals :
(1) x1(t) = e=at cos (w,t) ult)

(i)  xo(t) = e-at sin (w,t) u(t)

(b) Fefefaa =iwes 1 gefta semfia g s Fi
Y=AC+AB+C)+CB+C)
AT TR ST 1 AT ARG Gy |
Simplify the following expression using Boolean algebra :
Y=AC+AB+C)+CB+C)

and draw the logic diagram for reduced expression.

(© =T X U meEi agfEse W 2 e m =0 3t o= 1 2 | afeeE W
Y 1 STRiehal 9cd ®eld J1d hifew, Safh
Y=aX+bal |
Assuming that X is a Gaussian random variable with m = 0 and o = 1,
find the probability density function of the random variable Y given by

Y=aX+h.
@ wvE % @yel qE % foe, o 5(d) § fow e afwy # awoic) w1 Faia
Hifor |

100u(t) V i
€ WIve

f Tiw

T M 5Q§ 104
ferd 5(d)
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Determine current i(t) in the circuit of Figure 5(d), for all values of time. 10

100u(t) V L
Loy AN
P L)
100 V T 5Q § § 10H
Figure 5(d)

(6) Wh & V, = 220 sin 314 t G N Toh-thot arent srel-ei Fifa feseardt
(AfFewrr) wfte wh R = 10 Q wR &t omgfd = w1 8 | 39 frla (smseqe)
dicedl (V,) &1 Sl "eh, et garan () 3R sl Iw®im 92w
(TUF) 9@ S$IfST | ZFE®E & gidifgd aar $=fr $1v o = v4 9@

s |
L 2
2] B +
o= T/4 T
: VSQ §H§ A §R=109
220/12 V f
TTEHIHT
=7 5(e)

Determine ripple factor of output voltage (V,), rectifier efficiency (n) and
transformer utilization factor (TUF) for a single-phase half-wave
controlled rectifier circuit fed from a source V, = 220 sin 314 t to a load

R =10 Q. Assume firing angle a = /4 and transformer to be lossless. 10
™~ A
g 3 +
o =m/4 ](
Vs H V, é R=10Q

220/12V
Transformer

Figure 5(e)
SDF-U-ELTE 12



(b)

(c)

SDF-U-ELTE

T gaTR-981S §Hg hl Tas W I Wl 2 e+ ¢ 0 = 4 S/m, ¢, = 81 3R
pe =12 | I8 TOR-TES Th Hohd (f=et) 1 MHz & a9ddt a1 & &9 |
varid st 2 foeehl faga-&m & disar 1000 V/m ? 3 78 Feafw =9 f
A b @ R | I T wEgs H 20 pV/m FT AW Hhd GATE TEUT B
=1fRE, @t wgss i srfiehan =R TEUE Fd hIT |

An aeroplane flies over the surface of the ocean for which ¢ = 4 S/m,
g, = 81 and p, = 1. The aeroplane transmits the signal in the form of

1 MHz plane wave having an electric field intensity of 1000 V/m and
propagating vertically downward. If a submarine requires a minimum
signal of 20 pV/m for adequate reception, determine the maximum

communication depth of the submarine.

us dgfera % yer™ yurreft, fraehl @mea dieedt 400 V R, Th 1500 W
Y-shaeg WKl 0-8 ST qraw et W Agfd wecht B | @nga g o A
fesmen ufe %9 @ IR | /@ ww 900 W T yeRfi Hgfera wR woeft %
TR § el Srar & | aRafdd 98 wmea g H = ufy gt 2

A balanced three-phase supply system with a line voltage of 400 V is
supplying a balanced Y-connected load with 1500 W at a leading power
factor of 0-8. Determine the line current and the per phase load
impedance. Now, a balanced 900 W lighting load is added in parallel to

the system. What will be the new line current ?

NAND i &1 378 Fd g0 Uh w@afad (SHafeed) sghius Ht wrRift=a

shifs ok saeh wrifafy = a9y |

Implement Astable Multivibrator using NAND gates and explain its

operation.

13
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d) o= 6(d)# feu mu gfgy i wrEfwd gfifeafeat o feoft Hifse |

oVee=-30V

R Re
101;22%13 159§||§RL

X —
1 e
R, Reg ——C
Vs b Q i SR
T
7 6(d)
et & fer, g = 100
Ico=1mA
(Vep=40 V)

For the circuit given in Figure 6(d), comment on its operating conditions.

oVoe=-30V
R
Ry, ¢
osbity 523l 3R,
C
R
s 5R5§ e
VS
7
Figure 6(d)
For the transistor, B = 100
Ico=1mA

(at VCB =40 V)

SDF-U-ELTE

14

10

e

—— e e e . e — . i




Q7. (a)

(b)

SDF-U-ELTE

U A, &.378. 99 Fefafea star e gro sifiefem @
i 1
y(n)—zy(n—1)+ gy(n—2)=2x(n)
(i) @ hl A& kA TG Hifore, IS T §
x(n) = G]H u(n) ffas @1 |
(i) Tfa (3m=ege) y(jo) H g ik, 3R y(n) 10 HIT |

An LTI system is characterised by the following difference equation :

y(n)—%y(n—1)+ % y(n-2) =2 x(n)

(i)  Find the impulse response of the system, if the input to the

1 n
system is x(n) = (ZJ u(n).

(ii)  Find the frequency response of the output y(jw), and y(n). 20

fem 7(b) # Y MU JFET, S Sicedt fawTsis s & @19 &, % Ip 3N Vgg
% fauifia $ifre | 3@ JFET % stiafs yTea aR @ 2 6 Vp~ 7V R |

Vop
+12V
b,
B g Rp 3:3 kQ
6-8 MQ
T
Ry g Rg
1-0 MQ 22 kQ
T
=7 7(b)
15



Determine Iy and Vg for the JFET with voltage divider bias as shown
in Figure 7(b). The internal parameter values of this JFET are such that

Vp=TV. - 10
Vbp
+12V
Vi

Ry
Rp 3-3 kQ
6-8 MQ % D
Vp
Ry Rg
1-0 MQ 2-:2kQ
Figure 7(b)

© UH wHhiees (fGspim) wefi (Ster/mier) fae guefers gfaema X, fér
2, 3t @ fer zfifFa dieear v, it f8R SooM dieeal E W <@ o1 @
2, & fo fewmee 6 go% smier & o F R A A6 & e faga
st | o YafeE ST qun e 1, H 9o famgey s |
Show that the locus of the tip of the armature current phasor is a circle
for a synchronous machine (Generator/Motor) operating at a constant

terminal voltage Vi and a constant excitation voltage E,r with a fixed

synchronous reactance X,. Draw the phasor diagram and show the
circular locus of 1. 10

@ o= 7(d) ¥ g9 TU TS aoh TR Sl AR §9 H ey |

B—>~ D—Do—< 2

SDF-U-ELTE 16
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Q8. (a)

(b)

SDF-U-ELTE

Reduce the combinational logic circuit shown in Figure 7(d) to a

minimum form.

D

Figure 7(d)

T T B A/D SaREfE 1 @ve (i) e ST ot 3% dee
fagra =+t wmsmsY |

Draw the block diagram of a single slope type A/D converter and explain
its principle of operation.

T 3-=00 a1 YaHH (WeAwRR) % =il & FrefaRas fafde € -

1 10 2
2 25 4
3 30 5

YUl (SAERera) wife gig (meR ) 3R @i it AT dB # Hifse agn @
AYHE <l AT HIY | g gifefaar Jm i |

A 3-stage amplifier has stages with the following specifications :

Stage Power Gain Noise Figure
3 10 2
2 25 4
3 30 5

17

Calculate the overall power gain and noise figure in dB and the noise
temperature. Assume matched conditions.

10
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(c) U guehr gftay = fe@mn mn & f5@® Al-ni-co-5 % I, = 1:0 cm & @
W Teh I= FrARITAAT (> o0) A B A @ §C § | BN, Al-ni-co-5
AN Y FAA F JATEIFR %A SR B | aY e (Feh
TS ‘g’ = 0-2 cm B), ¥ TS Trar 7107 8 |

Al-ni-co-5
% R Ap, = Ay =40 cm?
i, =dn 10~
7
8
T £l e A
=
—> lm fe—
Al-ni-co-5
o7 8(c-1)
afe Al-ni-co-5 9514 % B-H 3% i fgeta sguts & e w9 & srgmifaa foman
ST, o 38 = g gl S g 2 |
BT
- 1-0
- 0'5

Nl e

| | | |

H,‘kA/m —5b <40 L 3O 220 Y1001 49
a7 8(c-2)

W IH % U IR W@ (dre @) e 7 AT 9 un 38 IR a9y
e H JaTe (Fe) % 29 (By) %1 HH T HIC |

SDF-U-ELTE 18
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A magnetic circuit shown below consists of two sections of Al-ni-co-5 of
length /,;, = 1:0 cm embedded in a core of high permeability (n — ). The
cross-sectional areas of core, Al-ni-co-5 and air-gap are equal. The
air-gap length ‘g’ = 0-2 cm has neglible fringing effect.

Al-ni-co-5

B A

S

Am=Ag=40cm2
Mo = 4n x 1077

m

o Ag

B —> oo

-ﬂlmk—

i

Al-ni-co-5
Figure 8(c-1)

If Al-ni-co-5 material B-H curve in second quadrant is linearly
approximated, it can be given as below.

Linear I B, T
................... LR 10
Linear ! 405
H,, :
. g et o
H,kEA/m -50 -40 -30 -20 -10 0
Figure 8(c-2)

Determine the slope of load line for the problem and hence determine

the value of flux density (Bg) in the air-gap.

(d)
ROC ¥t 3ma hifsm |

Find the Z-transform of the signal g(n) = |n|a!™!. Also find the ROC.

SDF-U-ELTE 19
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gn) = |n|al?! d@¥a (fame) w1 Zwuierw (emed) s Hifse | @y @
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