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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 Booklet must be clearly struck off.
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Q1.

@Ug A
SECTION A

(a) T 1a) ¥ g9 U dead o f=fafaa # s fifvo .
()  Afuhan wif T 39 oie gfaly 6 amn
(i) S W Yoo Afehan wifew i qmn

30 40 5
——MA—— — MW S —
Ry Rj
BR e 3Q 2,7
Ry Ry,
> b
= 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

3Q 4Q .
VWY * VWV O
R, R,
" fp— 3Q /%a
R, Ry,
& O—
b

Figure 1(a)

(b) Q fomga w0 & wwEw wele WeEYd (SEfaed) U6 @9ad z = 0 W
ﬁaﬁ%:mwo% ?ﬁsr-4%3ﬂ'{ﬁaz<0§ ﬁsr_s%l@
THanH A B, =5 8- 2 Ay +3 3, kV/m, z>0éﬁﬁﬁmﬁ%l
F1a Hif
(1) zs()?a':lﬁ_ﬁz
(i) SFI TEEEl § Sl 1 ged (J/m3 #)
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Two extensive homogeneous isotropic dielectrics meet on a plane at
z=0.Forz>0, B 4 and for z < 0, Ery = 3. A uniform electric field
_)
E, =58, -22. 43 'a\lz kV/m exists for z > 0.
1 B
Find : 10
._)
(1) E, forz<0

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

(c) T 1(c) ¥ guriu wu wftwy & Zifset s  DC faw wfediy s Shifse |

+Voe

&7 1(c)

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

in Figure 1(c). 10

+Vie

Figure 1(c)
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(d)

(e)

SDF-U-ELTE

TF 15 kW, 230 V, 3-%, Y-H49eE 50 Hz, 4.0 fisdl (Reater &) S
A w1 AR F-omgt 115 vfewa qen sifirran -l 187 whtw,
A % HifYa/aHd A Se-3gY H 7 | Vel felly T quricnss g1l &
TE B AOE AAC gY AR Tiatw H AR fRr wmr S, @ srfiean
TA-ATP W T ¥ AR F T i =@ w1 oaw fuifa A | ak
YIS &, at 3fua ety % gy 3t 2o 9m s |

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 239-A IR gfuy = o 1e) # femmn mn @ e o Gt e+t
DC &rd & 3myfd it 91 W@ 8 | THE e 9 W O % YO 8, ThEy &
fera SW A varfea I=aw fgd 9w &1 7F F1d Fifs |

o SW L AMA—— 5% ;
7 TRl ' R, E, i
b LT b VO
Vae /\D oL
6;
T 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.

5 s v, o
8= e 1' e EDC Motor
Va \p NI
o
Figure 1(e)
4

10
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Q2. (2 i 2(2) # vy U qfwy % RIC Gw i; A9 iy F sAo wwg o Ruifa
Hifs |

50 1 ig
3 |[ —>

vV * =1t
500 uF

+ .
@ 6 mH e

10 cos3 10tV

. 3

fa7 2(a)
Determine the expressions of currents i; and iy in time domain for the
circuit shown in Figure 2(a). 20
o L iy
i I -
500 uF

@ 6 mH <t> &4

10 cos3 10tV

Figure 2(a)

(b) U HIEH e i Afvrereror gfdsmar 50 Q & 3@ 75 Q F oS iRy g
ey fFam T | 39 oA 1 U s, e feim gfesmen 50 Q iR
gt ufwy 1 fofe fava 30 v, 2, % g0 Siia e R | 3@ A R

TS $HS qUTeEd Y 2-25 AT AT hl TE B |

T iﬁﬁﬂ !

() ot gfoemn

(i)  dTcehIcTeh IS 1 TTEATON

(i)  dTehITeTeh W S A 1 Y& hl T8

A lossless line has a characteristic impedance of 50 Q2 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. ,c- The line is assumed to be 2-25 wavelength long.

Determine : 10
(1) The output impedance

(i) The magnitude of the instantaneous load

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

(d)

SDF-U-ELTE

o 2(c) ® Twiie 7T St9-Urg Sraehers gfwy § i fawe w9 Fifse =fe =@
Frepivfiy a1 g Fafsm e sme, St fo6 o & <ol men 2 o @iy &),
fta fova & a9 =1 fo3 s9Ew |

R;=22kQ

VATAVAY:
B
8 l 20 us >_Vo

=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=22kQ

+10V 0-001 puF

""""" : | ~
J /\ 20 b / | L v,
l/ 10 ps i =i

Figure 2(c)
T THGEd TRy Aisd Ud %or (@i s TgEdr § rEqiea srEyore
T U l-thal SR Hiet shl YU i samen Hifg |
36 Wi 1 4R R fwa Y, 3RV, (3 6 e ww i wfe e
gfmmr # sam 8) g 3fve foean e, & wmiive Hifse f 5w A %
s se-3mel 1 afeer 3a & g e uw wgfea e fawa
Vo Vg % TFTH & 9T 1T |

Explain the operation of a two-phase induction motor under unbalanced

operation with the help of relevant equivalelit circuit models and phasor
diagram.
If the applied stator voltages to this motor are \Afa and {}B (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

10

-
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Q3. (a)

SDF-U-ELTE

A fem mu AvfEn sadt #, amEfeR T, & -3 ot st Ty, %
o1t % frw w1 T FAUA T GHUS B, W 6 omsieet T; % =g
-3 Tty min & A B, (Togr > tgmin) |

(sﬁ%er@wmqan%ﬁzﬁm%),wrﬁaaﬁwvc,ﬁm
MVL,@gmﬂlLoadaﬂtmqﬁwls%wrémﬁmmmﬁﬁ
$ifu | gfmy i FRived w1 favewe Fifve (sgEa: ds-1, \1s-2 3R
wre-3 #) qun auEy § g9 fofie digw 6 ggEm A | e faewo
Tofifed geffetoll qem 39t sgeaft grT feRam ST EehdT 2 |

T i C . L
A 5%
Vl\t Igl =V s W
YiL0ad
VDC EhEEEL I Z -+
| 52 /g T VRSR

=7 3(a)

For a series inverter shown below, the time interval between the instant
Thyristor Ty is turned OFF and the instant Thyristor Ty is turned ON is
T, seconds; where Tog > tq.min (minimum turn-off time of Thyristor T1)-
Draw steady state waveforms of 1g . 1g2 (gate currents of Thyristor
T, and Ty respectively), capacitor voltage Vs, inductor voltage Vi, load
current if,,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.
£} L

Ty ks
[l i s { ||7— ‘ 555
e~V I 2
Ag, Ve i :
11 0ad
T Y e
Figure 3(a)

20



(b) = fw Tu gt Wl T HaeH (FAEYIF) T HIfTT qur TEThE ST -

2  “d<t=]
xt)= {1 Tt<8
0, 3=
3R h(t) =2 8(t + 1) + 8(t + 2) ;
Determine and sketch the convolution of the two signals given below : 10
2 -=-1s5t<1

x(t) =<1, 1<t=3

0, elsewhere

and h(t) =28t + 1) + 8(t + 2)

(© T 3(c) # gui U witgy ¥ forw o ors (Rl aex) S(B) &1 =it
e Hifor | :

+ VCC

&7 3(c)
For the circuit shown in Figure 3(c), derive the expression for stability
factor S(B). ; 10

I+ VCC
R $Re
mAA'AY
ricia
"' Figure 3(c)
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(d)

Q4. (a)

SDF-U-ELTE

T HI0 Aighad deha (Rraer), sit o6 a1 ($ER) dohd o, = 27 x 105 @
g 8, Fefafaa aieor g afifa 2
¢EM(t) = 10 cos (o t + 5 sin 3000 t + 10 sin 2000 nt)

A HIfT

(i)  wigleta Teha i wfw
(i) g fomem Af
(iii) Togre™ oHUE B

(v) % fo=mem Ap

(v) I &, pp(t) F I3 I e 1 sEE HifT |

An angle modulated signal with carrier ©, = 2n x 109 is described by the
following equation :

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

s gy wiglera (FM) @oha () o1 smafe foaem 5 kHz @ aon s&eht
HigeH g 1 kHz ® | iR feger & faw (3qe) W woha (Reaa) @
@ (ATeH) =1 U 20 dB B | feedex & fnfa (3meeqe) W woha (fme) @
@ (Aigd) U i GiEere MM Hifse | I8 9 i 6 feerer omam #
ufeada & yia: swwifya @ a1 98 w@a: &1 @ (Aig) o 7 Segar & | @i
A, ot & g%a (fet) 9 @ (ATew) 9 § gur il oM Hifsw |

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.

g

10

20



(b)

(c)

SDF-U-ELTE

wh DC Trd WY (3e) FFE (SRer) It R T 1000 rpm T TR 70
fAuif@ qot @re am 120 A, sifsa dieear 105 V DC W € |har # | fa fa
3R 3ifehd iced W I @1 (T19A ) AAfrerer o = fean mn @

g7 U, A 1 2 3 4 5 6 7
I dieedr, V 36 | 66 | 86 | 100 | 110 | 118 | 123

Wi ga ea i 3 sifra Sieear W e SfE % fmem % o am
wrie 1 fufor swifas &= sfaia & s § Hifs )

afe fer w1 (S 7 ooia 9 soama w1fa & w1 2) < 5t afdt 600 W Bl @1 3@
St i Aferras garar 1 wH a shifore; g fean man @ fop sifera sranat
# SIfs st ST geAaT 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 ) 2 3 4 5 6 Z
Generated Voltage, V | 36 66 8. 100 | 1310 | 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.

() s foommht fagq-am N +x 8y V/m gr fem w3
feamsn for e foegq-am forell wdfe-foagq smaw & o g seow =@
B Hehal |

(i) UH 5 m ol HEOT @3 H 20 MHz g W SiEm S@n R | S«

AT & GG BR I W1 Fiche fom mem 2, @ I901 BR W 461 Q
yfdamar WE Bkt @ 3R 99 g SR & gan ore fan 9w g,
1390 Q i gfderar ared Bt 8 | @A B Afireeor gfdmren e g
feormes &t o Fifse |

(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 461 Q and when the
far end is open circuited, the impedance becomes 1390 Q.
Calculate the characteristic impedance and propagation constant
of the line.

10

20

10



Q5. (a)

®

(c)

(d)

SDF-U-ELTE

@iE B
SECTION B

frfafiad geal (famew) 1 weemE s9ia a Hife

(1) x1(t) = e=at cos (w,t) u(t)

(i)  xg(t) = e=at sin (w,t) ult)

Find the Laplace transform of the following signals : 10
1) x1(t) = e at cos (w,t) u(t)

(i)  xo(t) = et sin (w,t) u(t)

frefeifiaa =i @1 el e g e B ;
Y=AC+AB+C)+CB+0(C)

o T S i e G |

Simplify the following expression using Boolean algebra :
Y=AC+AB+C)+CB+0C)

and draw the logic diagram for reduced expression. 10

w fop X s e agfes MR FEH m=0 3R o =17 | IRFEF N

Y &1 TTRehdl Scd %o FTd hifee, Jafh
Y=aX+b#l |

Assuming that X is a Gaussian random variable with m = 0 and 0 = 1,

find the probability density function of the random variable Y given by
Y=aX+bh. 10

T & @l AqEl % foe, o s(d) § fer o afmy #§ gw i) w1 i
Hif |

1000V
€3 WA
L i)
100V — 5Q § g i
fer 5(d)

11



Determine current i(t) in the circuit of Figure 5(d), for all values of time. 10

00OV
S WA
N~ Liw
100V — 5Q § g 10H
i
Figure 5(d)

() Th EIG V, =220 sin 314 t G Nf¥a bt I red-ain Frifia feseswrdt
(MfFewrer) wftaer v R = 10 Q R 6 3mgfd o w1 @ | 5wk ffa (smseqe)
dieedl (V) &1 Sl ueeh, st g () @i gruwiit 3@ oo
(TUF) ¥ IS | g% @ sH-Ed de9n SEfT S o = /4 3F

g |
N~ =
E=aPs +
o =m/4 T
_ Vs@ g”g vV, §R=1og
220/12 V I
TTEHIHT
o7 5(e)

Determine ripple factor of output voltage (V,), rectifier efficiency () 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 o = w/4 and transformer to be lossless. 10
BN £+
o= m/4 I
T e g e
220/12 V i
Transformer
Figure 5(e)
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Q6. (@

(b)

(c)

SDF-U-ELTE

Th BAT3-SET Wy 1 Haw W I Tl 8 @ T 0 = 4 S/m, ¢, = 81 3N
pe =12 | 98 TAE-9E T Fha (famet) 1 MHz % @9de a1 &% &9 §
vaTie wtar ¢ fomeh faga-am i diwar 1000 v/im ? o 78 Featw = i
3N et W R | AR T g B 20 pV/m HI HAH Hebd GeE TE 7
aTfe, qt wHgsst i Aftrpan FER TEUE Fa 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.

w @i B ygr woreft, fomehl @ET Sieedt 400 VR, T 1500 W %
Y-a@ee WR H 0-8 ofifEn gran berer w myfd st 2 | e g ok e
yftrenar ufd s a HIfST | 39 T 900 W T TR Hgferd WR woTelt &
qaFI 8§ Sirer Sar & | aRafda 8 @mga uw it @ afy et 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 ST G §U U Tefed (Safed) aghiua &t Frafad

Hifsu i st FEifafy = aresm |

Implement Astable Multivibrator using NAND gates and explain its

operation.

13

20

10

10



(d) fo7 6(d) ¥ fa mu giwy i wEfwd effeafeat o feoft Hifvm |

OVCC =

-30V

& —
1 N
R R,
Vs 5Q§
T
o7 6(d)
iRt & forg, g = 100
ICO =1 mA
(VCB =40 V®I)

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

eVee=-30V

%uéﬁm

10?;21§TI

Figure 6(d)

For the transistor, p = 100
Ico=1mA

(at Vog =40 V)

SDF-U-ELTE 14
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Q7. (a)

(b)

SDF-U-ELTE

w U 8.3, @ Fafafga e adfeor g sifierfam R
y(n)—%y(n—1)+%y(n—2)=2x(n)
() @ o s S iR, AR a8
x(n) = &]ﬂ u(n) Fifire & |
Gi) Frfa (smege) yio) H gl shen, i yn) T Hifw |

An LTI system is characterised by the following difference equation :

y(n)—gy(n—1)+ % y(n—2) =2 x(n)

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

1 n
system is x(n) = (Z] u(n).

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

o 7(b) # TElT M JFET, St dteedt fvroies s & @19 2, % I 3 Vgg
%! fuifte HfSw | 39 JFET & A Tea AR @ 8 6 Vp~ 7V R |

Vop
+12V
b,
R
1 § Rp 3-3 kO
6:8 MQ
Vg
Ry g Rg
1-0 MQ 2:2 kQ
T T
a7 7(b)
5



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

V=7V, 10
Vop
+12V
59

Ry
Rnp 3-3 kQ
6-8 MQ % D
Vp
R, Rg
1-0 MQ 22 kQ
Figure 7(b)

(© T guehriers (Fspm) wefi (Set/mie) fomem wneiferss sfaem X, fRR
2, 3t 5@ for fiffa dicea v, it @R stem dieed E, o somn o1 @
%, ¥ fore R 5 o o & S B A T g g
SATEft | HeR YT SETET au e 1, i 9o ey gutse |
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,¢ with a fixed

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

(d o 7(d) & ZuiE T He qeh TGy i =Hae &9 § ey |

i o X

SDF-U-ELTE 16




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

10
A—] >°—|
X
B
e
De
Figure 7(d)
Q8. (2) U UHd o A/D SuRafls i @Us (soiis) 3@ Wi 3l su% dared
frgra =1 wmgmsT |
Draw the block diégram of a single slope type A/D converter and explain
its principle of operation. 20
(b) U 3-90T 9Tt Yadh (VAIBRR) & o & Ffafga fafcy €
=l vt afg G
1 10 2
2 25 4
3 30 5
wquf (Arateia) Wit gfg (Frer 79) iR @ie i oM dB | Hifse au @
AHE < U HIT | g aRfeafaat we SR |
A 3-stage amplifier has stages with the following specifications :
Stage Power Gain Noise Figure
1 10 2
2 25 4
3 30 5
Calculate the overall power gain and noise figure in dB and the noise
temperature. Assume matched conditions. . 10

SDF-U-ELTE 17



(c) U geehg uftay fi femrn mn & =i Alni-co-5 % I, = 10 cm @ @
AU Th I FEFHAIA (i —> o) AT HR H T §C & | FR, Al-ni-co-5
AR 9 A & ATRYFR G s @ | Ay iqua (R
AT ‘g = 02 em B), ¥ o yamma Fmoa @ |

Al-ni-co-5
" Ap, = Ay =40 cm?
i, =4m010~7
™ e
8
T 8] Mo A
=
—> lm fe—
Al-ni-co-5
o7 8(c-1)

Ife Al-ni-co-5 9a1d % B-H a5 @I fgelta =qufy # Wass w9 § srgmifm foman
e, a 38 = grr ewlan S gehan 2 |

“B,T
——————————————————— 140
__0.5
L L
H;kA/m - =50 <40 < 30" 220 "~ 101 40

&7 8(c-2)

W yH & U 9R W@ (A @A) e §a FIT 9 38 TR A
e H YR (FeAd) % = (By) 1 A @ HIAC |

SDF-U-ELTE 18




(d)

SDF-U-ELTE

A magnetic circuit shown below consists of two sections of Al-ni-co-5 of
length I, = 1:0 cm embedded in a core of high permeability (u — ). 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
A, =A, =40 cm?
- .
Mo = 4m x 10~7
b i S

Vo Ag

[T
-

-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 1 B, i 3
................... L 10
Linear E 4 05
He :
. i
H,kA/m -50 -40 -30 -20 -10 O
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. 10

gn) = |n|al®! @%a () & zwwia (TEwd) s@ Hifse | g @
ROC sft 5ma s |
Find the Z-transform of the signal g(n) = |[n|a Inl Also find the ROC. 10

19






