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1. This paper is divided into two Sections, Section-A and Section-B.
J geAua & @sf # fauia ?, @e-A v @s-B

2. Each Section contains four (4) questions.

U Ts H =X U9 2

3. Candidate has to attempt five questions in all.

gdenelt g g9 &1 IO g B

4. Question Nos. 1 and 5 are compulsory and out of the remaining, THREE questions are to be attempted
choosing at least ONE question from each Section.
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Udd TS I Uk U Pl & HIAT 8 | :

5. Word limit in questions, where specified, should be adhered to.

ueAt # s A, St s 8, @1 stgEwer fean s e

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

g% 999/ ArT & fou Fga ofs sud ame Ru o ¥

7. Questions are printed in English & Hindi languages. In case of any ambiguity in translation

of any question, English version shall be treated as final.

e g9 el X offsh a1 wrwrelf & wur B geAl B A F Rl sreusear # Rafy H,
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SECTION A (T8 A)

Q1: Write answers of the following questions

fAafafag vl & IR fifke

1(a) The upper plate of a parallel-plate capacitor is held stationary while the  (8)
lower plate is free to move. The surface area of each plate is 20 cm?, and
the separation is 5 mm. Determine the mass of an object suspended from
the lower plate that keeps it stationary when the potential difference
between the two plate is 10 kV. What is the energy stored in the electric
field?

% SOFIR We Gui 31 S Wie fRR 3@ St € wafe fHad we
T & 1T Wdd gl 81 Ud® W BT Jdg & 20 cm? § AR GUIHI
5 mm g1 FEdl We ¥ fHdfyd ag &1 geaaE Fyild o o 38 RR
IGA1 ¢ 99 &) W & o1 YHIfAT ared 3faR 10 kv BIaT g1 faya & |
U S 3ar g2

I(b) What are the different operation regions of the thyristor or SCR? Briefly . 8
explain with suitable labelled diagram.

YraRieY a1 sCR & A STRYT &7 391 82 Iugad ded 93 & iy
ero o gag|

1(c) An SSB-AM signal is generated by modulating an 800 kHz carrier by the )
signal:
m(t) = cos 2000nz + 2 sin 2000xs

The amplitude of the carrier is Ac =100.

i.  Determine the signal m(?).

ii.  Determine the time-domain expression for the lower sideband of the
SSB-AM signal. :

iii.  Determine the magnitude spectrum of the lower sideband SSB
signal.

800 kHz a8 fud ! AlSIdT HIdb Th SSB-AM Riud Iad fobar

ST &:
m(t) = cos 2000mt + 2 sin 2000mt

JIeP BT T A, =100 B
i Rma me) FuiRa s

i,  SSB-AM Tud & fATd Uigsds & fiu ezH-SIAT IHIHR
fAyifea s

i = aEsds sss Rwd &1 ulkmm Waen Fyifd )

()
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Find the input resistance Ri, of the circuit drawn below: t))
I
& S
R"\
- 250 1.51 50
&

A fR@me 71w #fdhe &1 gAY gy Rip A1d HY:

I

e

O-

R,
e 250 el 8 50

Operational amplifier has differential gain of 80 dB and CMRR of 100 dB.  (8)

IfVh=2pVand V>=1.6 nVv, then calculate output voltages for differential
and common-mode input signal operations.

URATIT TOABIER H 80 dB HT 3R @4 3R 100 dB BT CMRR B 1 T
Vi =20V 3R V5= 1.6 uV 8, Al IR 3R IHF-9-NS 7Y g e
& foIT 313eYe alee™ &I MUET B |

Q2 Write answers of the following questions

fafafad usi & IR fafae

: 2(a) Write out the truth table for the 4-1ine-to-2-line encoder that takes a four-line decimal

signal and converts it to binary code. Design, and draw, the circuit to implement

this encoder. (10)

4-Ufd-to-2-UfAT TSI & T T diftrepT ford o) IR-Ufdd gxmad Gd aar
3R 38 R FIe § uRafda #ar 31 39 TAdIs &) g »17 & foju afdbe
ST &% 3R §9|

3)
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2(b)  Many other logic gates can be implemented with the standard TTL 74 ;
series. What function does the circuit in the figure drawn below perform?
Assume Vi.=0.2 Vand Vin=3.6 V.

! [ 1

Vee =5V

4KQ ]
[

|
i

(10)

e

AHS TTL 74 $Gd & 1Y H3 39 AN I a1 fbT o Ihd g |
TRfTmtrd e e SRAI B2 AT I V=02 VIR Vu=36V &.

I
q L6KQ

Vee =5V
i

i [
' E
4KQ U} [ _| 4KQ

K 13002

“)
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2(c). Find the time-constant of the circuit shown below. What is the energy
stored in the inductor of the circuit.

50 k01 14 k)
AVAVAY AN\
(10)
100 V'E 20 k{1 75 k2 150 k1
=
30 k0 S0 mH
JM E TN N

qid fe@e U gfde &1 grg-RRIE 319 $INe) 9fFec F R A

T Sl aar g2
50 k(1 14 kO
AAP i AN
100V = 20 k2 75 kQ ?mm
30 k2 50 mH
l\/\/\' 2 TN e



2(d) Hartley oscillator has two inductances L) =2 mH and L>=500 pH. Calculate

the range of value of the capacitor to be used, when the frequency of the
oscillator has to be varied from fi=1.0 MHz to /»=3.16 MHz.

BT 3iMRIeie} B &l IRebed £, =2 mH 3R 1,=500 uH &1 UANT fHT &M
Tt HUTRA o Hed 1 AT b1 70T 6, el 3HRIctex o SH1gf b
£i=1.0 MHz ¥ £=3.16 MHz T 7 BT 81 8|

Q3  Write answers of the following questions

fAafafaa usl & IR faf@u

3(a) A poinlt charge g is placed at a distance 2R from the center of an isolated,
conducting sphere of radius R. The force on ¢ is observed to be zero at this
position. Now move the charge to a distance 3R from the center of the
sphere. Show that the force on ¢ at its new position is repulsive with
magnitude:

a7y
P = ine 518472

T g 3T ¢ DI 3501 R & TP YU, HAIgH Tl & H% J 2R B gL
WRIW A1 81 39 U T ¢ R I Y=g AAT AT 81 3 197 BT e
& % I 3R g8 R AW @t fab ¢ ur 3o 93 fRufa & 5o ufvmro

& 1Y UAPRS ©:
1 173"
~ 4me, 5184 R2
. 3(b) A current distribution produces the vector potential: (10)
~ Ho Agsind
AT 6,¢) = 72— exp (=in)

What is the magnetic dipole moment associated with this current
distribution?

T fayd UaTe faavur daex fqva Ieqd Hare:

~ Ko Apsind
A(r,6,9) = b

39 faya YR faaror @ g1 daaig fgya smguf aar g2

: exp (—Ar)
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3(c) An angle-modulated signal has the form: (10)
u(f) = 100 cos [2m fct + 4sin 27finl]
where fc = 10 MHz and f,, = 1000 Hz.

1. Assuming that this is an FM signal, determine the modulation index
and the transmitted signal bandwidth.

ii.  Repeat part (i) if fm is doubled.

iii.  Assuming that this is a PM signal, determine the modulation index
and the transmitted signal bandwidth.

iv.  Repeat part(iii) if /i is doubled.

U HIU-HISTeIes R9d &1 =0 gidr g:

u(f) = 100 cos [27 fet + 4sin 27fim]
W8T £ = 10 MHz 3R £, = 1000 Hz 1

i ugqm%gu%ugwmﬁma%,@mé@waﬁ?
URYd Riwra defagy Fuffa 3|

ii.  °fef, TRIATSI AT € al HIFT (i) BT algId|

i, agnﬂﬁgq%qgwwma%ﬁ@ﬁmﬁéwaﬁ?
ciafee R defagy Fufla s3

iv. Al f, AT B TAT R & HIT (ki) Y SIgRId|

3(d)  An analog signal is given by x(1) = f{u(f) — u(t-1)]. (10)
(a) Plot x(7).
(b) Compute and plot y(¢) = x(£)*x(21).
TS TATART RIF (1) = () — u(z-1)] b fIT
(a) @re &3 x(1).
(b) IO Y 3R WTE BY y(7) = x(1)*x(20).
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* Write answers of the following questions

fofafad uyl & IR fafae

The following data were obtained for a 20-kVA, 60-Hz, 2400:240-V (15)

distribution transformer tested at 60 Hz:

With high-voltage winding open-circuited: 240V, 1.038A, 122W
With low-voltage terminals short-circuited: 61.3 'V, 8.33A, 257W

Compute the efficiency at full-load current and the rated terminal
voltage at 0.8 power factor.

Assume that the load power factor is varied while the load current
and secdndary terminal voltage are held constant. Use a phasor
diagram to determine the load power factor for which the regulation
is maximum. What will be this voltage regulation?

60 Hz TR TS0 35T 1T 20-kVA, 60-Hz, 2400:240-V faaRo SRIGIER &
e Pufifad Serund fhe e 2

grE-dlee sl arEfET NUA-TfEHT & WIY: 240V, 1.038A, 122W

Ardieed efifadl & Tié-afde 81 UR: 61.3 V, 8.33A, 257W

FA-AE BT W Gefdl 3R 0.8 TR Hae? W ¥eS A dleds &1 101 Y|

@ 5 A urar Pack T € wafd g Hic 3R A <fifaa e o
fRR @ 7T T 9l UIaR Hhaex MufRd S & T AR 3R &1 UM B
s T e Ve Ia@ 3ifiHad 81 98 diecs L &1 g ?

A 460-V, 50-kW, 60-Hz, three-phase synchronous motor has a (10)
synchronous reactance of X; = 4.15 Q and an armature-to-field mutual

inductance, Lar = 83mH. The motor is operating at rated terminal voltage
and an input power of 40 kW. Calculate the magnitude and phase angle of
the line-to-neutral generated voltage Eur and the field current [t if the motor
is operating at (i) 0.85 power factor lagging, (ii) unity power factor, and
(iii) 0.85 power factor leading.

T 460-V, 50-kW, 60-Hz, -l RIpIg A H X, = 4.15 Q F b0 W
yfrETd iR SR g Wi URWRS IR, L, = 83mH g1 HIeR ¥¢S AT dlecs
3R 40 kW B IAYC TR TR BT B IEN 81 TEA-¢-g T I ANeCo Eye 3R

W HIE 1 P TR 3R et S0 F TUAT B TS HeX (1) 0.85 UG e A,
(i) TR TR TareR, 3R (iii) 0.85 TTaR ey AT R T W61 8|
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4(c) Consider the single-phase ac—dc converter as drawn below. The SCRs are (15)
triggered alternately at an interval of 180°. Assume a very large inductance
in the dc circuit.

i. It V=208 V, R=10 Q, L = 0, and o = 90°, find the average output
current (/o), the rms supply current (/), and the supply power factor.
1. What is the range of the firing angle for this converter?

. Is inversion possible with this converter? Explain.

19 faw 71 o7uR Rina By weh-Sit B3R 1R AR HY1 SCRs B
180° o 3feRTel R SI-aR) § =1 fosan wiram 81 €t wfbe & uap wgd
31 IR AH T

afe =208 V, R=10 Q, L = oo, 3R o = 90°, T 3T M13IeYe
BHC(Iy), ARTATY FES HIC (), 3R J@AE UraR Haex Jid HI|
ii. Y HAIR & [T Braf Syt darear 2o
iii. 99139 HIAC & 1Y GH AU FHG 82 Sl ST

SECTION B (TS B)

QS: Write answers of the following questions

fFafifed vl & 3w fafee
5(a) Explain the concept of "reactive power" in power systems, including its  (8)
significance and how it differs from "active power."

fasieh gonferal & »Rufaed arar: &) sigyrRon &) gazy, ey 29eT ged o it
3R ug "Ufded uray A I A B
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A binary PAM communication system is used to transmit data over an ‘ 8)
AWGN channel. The prior probabilities for the bits are P (am= 1) = 1/3 and
P(am=-1)=2/3.

Determine the optimum threshold at the detector.

Determine the average probability of error.

Evaluate the average probability of error when E, = 1 and No= 0.1 .

AWGN I9d TR 21 G91Rd H33 & fow usp 91373} pAM FAR UUTTT &1
Iuai fpar e 21 faed & 1w gd SHIEAI P (am=1)= 1/3 3R P (am=-1)=2/3% |

feeae Y 3pan Tar fAuifa B3

i e o efd FurEAr RuliRa &3 |

WE By, = 1 AR Np = 0.1 81 al I B SI5d GHIE1 BT Hedidh bR |

In the Maxwell bridge as drawn below, let7 the fixed-value bridge
components have the following values:

R3;=5Q; C=1mF.
Calculate the value of the unknown impedance (Ly, Ry) if R1 = 159 Q and R
=10 Q at balance.

@®)

Calculate the Q factor for the unknown impedance at a supply frequency of 50 Hz.
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e oy T Aewda e B, Ff¥dge A B9 gedt ¥ Rufii@d o9 e &
R3=5Q; C=1mF.

afe WG W Ry = 159 Q 3R R, = 10 Q B Y 371 URETT (Lo, ko) &
T &1 U B3|

50 Hzﬁmmmmmi”%meactorﬁWaﬁl

5(d) Calculate the reading that would be observed on a moving-coil ammeter
when it is measuring the current in the circuit as given below. 8)

Current
' 3

U HAT-Pigd THITY W T W d1efl U5 &1 701 Y o9 I8 Wi
 fayd &1 A9 331 8 S b A2 Rear mar 2

Current
3
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5(e) Determine how many pages are allocated for RAM in the memory map as
drawn below, and use this to calculate the total number of RAM addresses.
Repeat for ROM and 1/0.

(8)

) fo 0 SR, A A A RAM F R e et armafed e R,
g Fufid B¥ 3R RAM Tdl &1 Ha GBI B TTUHT B & T 9T
I B ROM 3R 1/0 F g alevmd|

R ) e

}2048 Addresses

Q6  Write answers of the following questions

fofifad udl & I fafae

6(a) " Determine the values of K and k of the closed-loop system as drawn below so
that the maximum overshoot in unit-step response is 25% and the peak time
is 2 s. Assume that J=1kg-m®.

R —

R(s) X 1 as [15]

Y
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19 fau 7T $7ER dE-qu Rrew & & 3R « & A1 Pula &3 afe
ge-Ry ufafesar 7 sifidman sfiavse 25% 8 3R tie §9g 2 s 8l
o o i J=1ke-m?.

R(x)

..................., 96 ?T H 1_ s) <

b

6(b)  Figure drawn below shows an electrical circuit involving an operational
amplifier. Obtain the transfer function.

3

1 s i15]
AN
R
] R 1
O—=—AWW o
e N
t
by
€ €,
O O

4 fear mr fug e fagga fbe femar ¢ fad v ufares
TOAIBIR AT § | RIFIGR Ui Ui &y,

ia ¢
RUERUAL b b3
: 1
i
R3
151 1
O——A\W\ !
{"
+
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6(c) Suppose that the components of the circuit as drawn below have the

following values:

Ry =400 Q, R, =600 Q , Ry = 1000 €, Rs = 500 Q, Rs = 1000 @

o s c B s m"
: e
E, R .
a ]
pi
%”ﬁ A 5 & En '
. . :
) = o) " I
Hy T 2 Fy i
N D JW ik b __i
Voltmeter

The voltage across AB is measured by a voltmeter whose internal resistance
is 9500 Q. What is the measurement error caused by the resistance of the
measuring instrument?

T e 5 R Ry e afdhe & Tewt | Fafifad 7

R, =400 Q, R> =600 Q , R3 = 1000 Q, Ra = 500 €, Rs = 1000 €2.

Sk C B f . C “1‘
;r
E, | |
A, i Bw 1
A, |
$ RBS % Eﬂ‘é 1 '
=3 E R . | i
\ b, O v |
VA > =\ 74 _}
V;ItmetTar

ABWM@WWﬁW%W&WWWmOQ
%mmﬁarém%uﬁﬁﬂ%waﬁaﬁmgﬁw%?
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Write answers of the following questions

fAafafed usl & IR fofau

Digital information is to be transmitted by carrier modulation through an
additive Gaussian noise channel with a bandwidth of 100 kHz and Ny=10""°
W/Hz. Determine the maximum rate that can be transmitted through the
channel for (i) four-phase PSK, (ii) binary FSK, and (iii) four-frequency
orthogonal FSK that is detected noncoherently. (10)

f8fSied =1 &1 100 kHz B FSRAZY 3R Np=10"° W/Hz F T1Y TH
ufsfea wiyE IR 99 & H1ead | dIed AiS@wT g1 yaikd far
ST &1 fima <R Fufikd o3 N8 39a & arag | goiikd fear o
[ © () IR-B PSK, (if) T FSK, 3R (iii) IR-HGRT affifia
FSK S TR-I7d =4 ¥ Udl Ia1 2 '

Design a Huffman code for a source with » output letters and corresponding
probabilities {1/2, 1/4,..., 1/2"',1/2™'}. Show that the average codeword
length for such a source is equal to the source entropy.

n 3MICYT &R SR Fafa TUraamal (172, 174, 1/2°1, 121 a1 A

& U sw AT Pis fEwg o3| fewnt i 08 99 & Riw oNad sigad
darg Ad Tt & SRISR g

(10)

What do you understand by vectored interrupts of 8085 microprocessor?

State the priorities and explain. (10)

8085 TSI P IaCS S0 V MY T GH &2 WUdiedTy a9 I 3R gz

With reference to microprocessors, differentiate between assembler and
simulator. (10)

HIZHIVATR & e 7, oriaer iR Rygaes & < siaz gam|
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Write answers of the following questions

fAufafad usi & I fafae

In a three-conductor cable, the capacitances between pairs of conductors and  (12)
between the conductors and the sheath are shown in below diagram, where it
is assumed that the conductors are equilaterally spaced.

In test of three_conductor cable, the three conductors are first bunched
together, and the capacitance between the bunched conductor and sheath is
found to be Ca. Then two of the conductors are bunched with the sheath, and
the capacitance between these and-the third conductor is found to be Cs.
Determine the expressions of C; and C,. If capacitances Ca and Cg per
kilometers are given as 0.90 uF and 0.40 pF, respectively. Determine the
line-to-ground capacitance of a 20 km length of this cable.

diH-beacy bad H Heacl & wlg & dld 3R FHeaeR iR Y & g ot Fuilkar
&I ! Aid U e faz & fexaran war 8, Sigt 98 A oiar §
% Hae gHag g W Bl

dH-HedeR bad b URIal H, dH Hede] & Ugd Udb 1Y el ordl 7, 3R Tf=sd b
3R =y & g 3 Ferfar emar ¢, UrE S 81 R ) Seaed) B Wy F 1y Sie S g,
3R S 3R TR Heaex F o B JUIRAT &1 ¢ TS 9t 81 ¢ 3R ¢, F gl

I BT A CA3R € BT e engar ufa fbaier HH: 0.90 uF 3R 0.40 uF

& FUH QU T 37 Fa PI 20 km TS Bl ATZA-C-AEGS FTRAT &l Freffed B3
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A 100 MVA, 60 Hz generator has a moment of inertia 50x10° kg.m*>. What is  (12)
the energy stored in the rotor at the rated speed? What is the corresponding
angular momentum? Determine the inertia constant /. If the input to the

generator is suddenly increased by 25 MW. Determine the rotor acceleration.

T 100 MVA, 60 Hz SIRE &1 T8ed TGS 50x10° kg.m? &1 308 T R

e H WY SHaf 391 82 W1d HIoig 1 391 22 Seed RRIF H fufg
B AT FIRER FT 34T =MD 25 MW dgT f2ar FTl AeR @R

Fyifa 3

The details of 2000 HP, three-phase, 50 Hz Induction motor are as follows:
Rated output: 2000 HP

Power factor: 0.85

Rated voltage: 6600 V (16)
Efficiency: 90%

Continuous overload: 110%

Starting current: 6 times the rated ¢urrent

Starting time: At 100% voltage is 12 s and at 80% voltage is 16s

Safe stalling time: 22s

Safe stalling current: 1/3 of starting current of motor
CT ratio: 200/1
Negative sequence impedance: 20%
Positive sequence impedance: 80%
Setting range of thermal relay: 70-130% of 1 A in steps of 5%
Setting range of negative sequence relay: 10-40% of 1A
Setting range of stalling relay
Current range: 150-600 % of 1A in steps of 30%
Time range: 6-60 s
Pickup setting: 100% of 1A

Calculate the overload and instantaneous relay settings. In addition,
suggest the relay setting for thermal overload relay, instantaneous

overcurrent relay, negative phase sequence relay, and stalling relay with
their timer settings.



2000 HP. U101, 50 Hz SSa HIeR BT [JaR01 34 UHR &:

T 3AM3TYC: 2000 HP

UTaR haex: 0.85

IS dleedl: 6600 V

Q& 90%

AR SMUHR: 110%

wIféT FHe: IS Hc Bl 6 AT

UM THT: 100% FIees TR 12 s 3R 80% TR ACH 1658
IRIEA Fh DT IHT: 22 5

QR e He: A & YH3ATdl HIE &I 1/3

CT 3UTd: 200/1

THRIHAD HhH UldaTaT: 20%
JHRIHAD IhH Wil 80%

ot FXa 1 QTS 5% & TRONH 1 A BT 70-130%
THRIES 3HH Rl B AT AT 1A BT 10-40%
erfer fedt 1 e FefRa o

sy VAT 30% 3 =R & 1A BT 150-600%

THT T 6-60 s

U3y JfET: 1A BT 100%

MRS IR AEIE KA AT P TUA HX 3HP SfelaT UHd
aiaxee e, dIepIieid afavae e, THRITH IO 3HH Ral 3R
I eTeR AT & wry e R & fare it e 1 g <
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