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ES DS R

Time : 3 hours | [ Maximum Marks : 200

T 3% | [ 3Aferham 37 : 200
Instructions ( f@m) .

(i) This paper is divided into two Sections, Section—A and Section—B.
3y 3 @t frf &, Be—A 3 Ge—B |

(i) Each Section contains eight questions.
el @e U 3118 T B

(iii) A candidate has to attempt twelve questions.

e Tierefi =1 ang yel 1 I for B

fiv) Question Nos. 1 and 9 are compulsory and out of the remaining, any
ten are to be attempted choosing five from each Section.

9 TE&AT 1 3R 9 a3 9w ywl § @ fedi 2| 1 S o B, 99w @
Y gfg—uie J¥1 Bl & T 2|

(v) Question Nos. 1 and 9 consist of five parts each. Each part will be of
6 marks. Word limit will be 150 (in relevant subjects only).

o U TG 1 3 9 % Uig-uia 9N 21 IAs 9 % forw 6 3k Fuifia B| wee @
150 9% dHifta 2 (v grag fawa #@))

(vi) Remaining questions will be of 14 marks each.

99 T 14 37ehi o 4 9= B
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SECTION—A
TWE—A

1. Answer the following questions :
frefefiga gl % 3w Gfvm -

(a) In the circuit of Fig. 1, the switch has been closed for a long time. Find
the expression for v_as the switch is thrown open. What is the rate of
energy consumption in the 400 Q resistance at t = 0+? 6

IeHfd-1 & a4, fea= &« 797 o for g forn w0 o) S & fes= =6t = fen
| R, v, % fore sfyeafd saEwl ¢ = 0+ W 400 Q WieW d Fw @U@ H

o RY
t=0
S 100 Q
% A
e G :
J +
+ 400 Q § SPRE= 1 v,
v — =
Fig. 1 / amgia-1
(b) Draw the waveform of the following signals :
() x(t)=r(t)-r{t-1)-u(t-1)
i) xp(t)=—ult+1)+r{t+1)—rit-1)—-ut-1)
where u(t) and r(t) are step and ramp signals respectively. 6

fr fiaet & @ y=R (waveform) TR Sifsm -
() x(t)=r(t)-r{t-1)-ut-1)
i) xp(t)=-u(t+1)+r(t+1)—r(t-1)-ut-1)

W&, u(t) W r(t) HAY: VU @ 1 e g

Electrical Engineering/33A 2
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(c) A 18-65KkW, 4-pole, 50 Hz, 3-phase induction motor has friction and windage
losses of 2:6% of the output and full load slip is 4-2%. Find out (i) rotor
copper loss, (ii) the rotor input and (iii) the output torque. 6
1865 kW, 4911, 50 Hz, 3-% 3SHH HIeX § 3T32Ye HI T80T T fa=af &1id 2:6%
AT BT e F&TT 4-2% BI (i) T R &4, (ii) Uk FYE 3R (i) MMIYE e A

Hif)
(d) (i) Draw the schematic diagram of astable multivibrator employing timer
555. 2
T Wi Aedarsse fEd 555 erem ffsa 2, %1 =wewn o3 (schematic
diagram) @R Hifu)
(i) Calculate the frequency and the duty cycle for astable multivibrator
output for C= 0-01 uF , R, =10 kQ and Ry = 50 kQ. 4

C=0-01 yF, R, =10kQ and Ry =50 kQ % ToTU Ush Teeael Aol amgsiet 3132qe
% fore smafa v gt =6 i o hifs)

(e) An amplifier has a voltage gain of 3000. Its input impedance is 2:5 kQ and
output impedance is 60 kQ. Calculate the voltage gain, input and output
impedance of the circuit when 5% of the feedback is fed in the form of
series negative voltage feedback. 6

T WIAIGIER § 3000 1 died 14 2| $Heh! Y Ufeamem 2:5 kQ 2 Ud 3113eYe Hiaamd
60 kQ 2| Afthe I e T, FYS TF 3M3Ye Ffaaren hit M1 Hife & T H
5% YU HEe RN Siees JAHAIT 6 €9 | &

2. (a) Calculate the average power flow density (in watt) of the H field
(in A/m) of a plane wave propagating in free space given by

e s

cos (ot - Bz) +ﬁisin(wt —Bz+gj
n
0 0

where P is the phase constant and n is the intrinsic impedance of the

free space. 4
e FTehTe H EEO1 Bl Uh Wi AT % & (A/m H) @1 3iga Gl el g
(afe #) i momn Hifse 53 = gro fear w2y

-

1 3cos(mt—Bz)+ﬁism(mt—Bz+g)
n
0 0

&l B e R Td M, o i i A Afoaren 21

Electrical Engineering/33A 3 [B.T0:;
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(b) Find the Norton’s equivalent circuit for the transistor amplifier circuit

shown in Fig. 2 10
sTpfi-2 H foEr e gt TreHrE Hfhe % foru 7767 1 7 IRUY (equivalent
circuit) @ T
240 Q
I a

=18 ".25 Vab 6i 24 Q
4V g

Fig. 2 | smgpfa-—2

3. (a) A discrete source emits one of the five symbols every microsecond. The
1401 0k

ot 1 ; .
symbol probabilities are >°2°8°16 and 32 respectively. Find the source

entropy and information rate. 4

@%@z@ﬁmw@mmﬁaﬁﬁ@mmmm%lmm
ENE L 98 o TP 515 £ O T Td gE X T it

(b) The efficiency of a 10 kVA, 2000/400 V single-phase transformer at unity
power factor is 97% at rated load and also at half rated load. Determine
the transformer’s (i) core losses, (i) ohmic losses and (iii) the maximum
efficiency at unity power factor. 10

10 kVA, 2000/400 v%ﬂmwmﬁtzﬁqﬁaq‘mmmaﬂmﬁgﬁh@m@
216 g oite Wt 97% 2| ZEBR FH| (i) BT &, (i) Firefies & U (i) A T

et | HETH egal fFuto Hifu)
4. (a) Find the value of V_ for the OPAMP circuit shown in Fig. 3. 4
FApia-3 T 13 OPAMP @iz % e v, %1 e T il
4 kQ
2 kQ
ov— Yo
2 kQ
2 kQ
Fig. 3/ amgia-3
Electrical Engineering/ 33A 4
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(b) A causal and stable LTI system G has the frequency response

4+ j
H(m):_2_fm____
6-0°+5jo

(i) Determine a differential equation relating the input x(f) and y(f) of G.

(i) Determine the impulse response h(t) of G.
(iii) What is the output of G when the input is x(t) = e *u(t) - te *u(t)? 10

TS FHRUTHS (causal) T TR (stable) LTI fren 67 smafa 3@fea (frequency
response) @?‘ﬁ %

4+ j
H(m)=jimr‘_
6-0°+5jo

(i) G % T x(t) T y(t) T HEfUd aehel THEHOT F1d shifog|
(i) G 3T 313@?11 (irﬂpulse response) h(t) 4 i)
(iii) G 1 TG T 8, T8 T x(t) = e *u(t)- te Hu(t) 27

5. (a) State and verify the convolution property of Fourier transform. 2+4=6

FHER ZFABH % HaeH (convolution) TUTHH 19U Td Heanud fhefig|

(b) A step-down d.c. chopper has a resistive load of R = 18 Q and input
voltage V 4 220 V. When the chopper remains ON, its voltage drop is 2:2 V.
The chopper frequency is 1 kHz. If the duty cycle is 60%, determine —

(i average output voltage;
(ii) r.m.s. output voltage;

(iii) chopper efficiency;

(iv) effective input resistance of chopper. 8

T RI-8A d.c. SR R =18 @ 1 Jfigs WR T $GE deed V, = 220 V 2
¥ =R ] Bl 8, 39! dlced g9 2-2 V 8| SR 3mg 1 kHz 21 3fe g
TEHA 60% &, F1d HIfTT —

(i) 3T SIS Free;
(i) r.m.s. 3G Aee;
(iti) <TG &I,
(iv) ST T Tt Y feRrerhan|

Electrical Engineering/33A 5 [ B.T.0;



(a) Reduce the Boolean expression given below :

(A+ BC)(AB+ ABC)

£ & 7 gferm ifeafE H FH HIC |

(A+ BC)(AB+ ABC)
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(b) The gate-cathode characteristics of an SCR has a straight-line slope of
120. For trigger source voltage of 15V and allowable gate power dissipation

of 0-6 watt, compute the gate-source resistance.

% SCR % fe-erg ored o 120 $i T T EF £1 15V % R A dees

o-6wattmmgﬁwﬁzwm%%qﬁz@ﬁuﬁﬁuﬁmﬁﬁm

(c) The finite sheet 0 < x < 1,0<y <1 on the z= 0 plane has a charge density

p, = xy(x2 + y2 +25)3/' 3 nC/mg. Find the total charge on the sheet. 6

z=0 (plane) T TifE e 0<x<1,0<y<1 T FHEW g
o, :xy(x2+y2+25]3/2 nC/m? %lwﬂzmﬁeﬂ%‘amﬁﬁm

(a) A tone modulated FM signal is given by

@y = () = 10 cos| 2(10°)t + Bsin(2 (103 )t)}

Determine —

(i) the carrier frequency (/AH

(ii) the modulation index (B);

(iti) the peak frequency deviation (Af);
(iv) the bandwidth of @ppy(t)-

@éﬁﬁ@éﬁzFMmﬁmmﬁmw%

opy = (f) = 10cos [2 (10%)t + 8sin(2 (L 031t)]

@ T —

(i) R 3 (£);

(ii) FrgerH GIFS (B);
(iij) ¥ It o= (Af);
W) Qpy(t)H FE S|

Electrical Engineering/ 33A 6
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(b) For the circuit shown in Fig. 4, determine — 10
(i) I Clsat) (i) I, (i) Ve, (iv) Vpand  (v) V,
Fpia-4 7 Te@m mu wfdke % fore, wm Hifg —

{:} Clsat) (ii) I fiii) V. (iv) Vi and (v)V

Fig. 4/ emgfa—4

8. (a) State Parseval’s theorem. Verify Parseval’s theorem for the signal
[ = e u(y, (a>0). 6

e T i) = £l = e @ w(), (a>0) F fore uEaw w wifem Hifsw

(b) What is the required received power in an FM system with modulation
index (B), band\mdth (W) and noise power spectral density (N ) being 5,
15 kHz and 107! W/ Hz, respectively? The power of the normalized message
signal is assumed to be 0:1 W and the required signal-to-noise ratio (SNR)
after demodulation is 60 dB. 4

FM féren ¥ Higeiv g=&i (B), o TS (W) T W (noise) I Tt B (V)
FOI: S, 15 kHz and 10714 W/Hz % @12 FM foren 8 sresaes H afer fohaam 27
AR qe (faweer) 1 9t 0-1W HHT T B T S e ¥ @ (noise) AT
(SNR) feHIgeM % =1 60 dB 2|

(c) A voltage wave at 1 GHz is travelling on a transmission line in + x
direction. The primary constants of the line are R = 0-5/m, L = 0-2 uH/m,
G=0.10/m and C= 100 pF/m. The wave has 30° phase at { =0 and x= 0.
Find the phase of the wave at x = 50 cm and ¢t =1 p sec. 4

T Gl a1 1 GHz T gAY o5 W + x  feun & nife ot @&t 31 &igw & wafirss
f@Ri® R= 0-5Q/m, L= 02 ul/m, G=0.10/m, T C = 100 pF/m #&| a01 ¥
30° &, t=0 TF x =0 & T 1 %, x =50 cm TH t =1 p sec T Fd HifC]

Electrical Engineering/33A 7 [P.T.O.
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SECTION—B
©Ys—B
9. Answer the following questions :

freferRad et & I ST -

(@) The block diagram of a control system is shown in Fig.1 below. Determine
the overall transfer function (C/R) : 6

wF Sl fen W st SEmm e 3Hia- 1 F gt TN B WA ARG Hed
(overall transfer function) (C/R) 1 I

Jr Gy

Fig. 1 / 3 1

(b) Calculate the time of operation of a 5 A, IDMT type overcurrent relay
having a current setting of 125% and Time Multiplier Setting (TMS) of
0.6 connected to supply circuit through a 400/5 A current transformer
when the circuit carries a fault current of 3000 A. Make use of the
following characteristics : 6

Plug Setting Multiplier (PSM) 2 4 6 8 10 12 14
Operating time (in sec) for ™S = 1|115|55 |42 | 35 | 30 | 28 2:5
5 A, IDMT YR %I 3iiet Hi=< e forgd 1 125% F1 FT2 Tie & IR 06 I TEH
TSR AT (TMS) 400/5 A % HiZ TFAHIHT % Fiatid Fes Gfhe ¥ 31 2 5
Hfdhe 3000 A 5 Fiee Fiie 5 w3 e fdast w w4 i

T " A= (PSM) 2 4 6 8 | 10 | 12 | 14
S orew (@s ) TMS = 1 % fore |115| 55 | 42 | 35 | 30 | 28 | 25

(c) A single core lead sheathed cable of diameter 8 cm has a conductor
diameter of 3 cm. The cable is graded using two dielectrics of relative
permittivity 6 and 5 respectively, with corresponding safe working stresses
of 40 kV/cm and 30 kV/cm.

Calculate —
(i) the radial thickness of each insulation;

(ii) the safe working voltage of the cable. 6

Electrical Engineering/33A 8
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8 cm oI I U fETel R o8 AT=D1ed $ael § 3 cm A H1 Hedd gl Neda
i SR 6 3R 5 o QI SR-3TEIH, H IFN Fb 40 kV/cm TH 30 kV/cm
&+ T T AT LT & 91y Ugs T 2|

T Hife —

(i) T 3G i e =T,

(ii) a1 I TG T |

(d) A delta modulator system is designed to operate at 3 times the Nyquist
rate for a signal having bandwidth of 3 kHz. The quantizing step size is

250 mV.
Determine — 6

(i) the maximum amplitude of a 1 kHz input sinusoid for which the delta
modulator does not show the slope overload;

(ii) the post-filtered output signal-to-noise ratio (SNR) for the signal of
part (i).

3 kHz #i 5 9igriE gt fmer & fofe v Soar Aigeret faven 3 1 mefdae U w

FH & foru fesmga foran man 21 Faefom =9 s 250 mv 2|

T <hifaT —

(i) 1kHz 39 foaqaiss =i mead smam fras o 3t wigeiet @i sieers Y
&l e 2l

(ii) AT (i) % To=er % foru dre-feeed Imsege e & @ (noise) 31U (SNR)|

(e) For the power system shown in Fig. 2, draw the zero sequence network.
The generators and transformer are rated as follows : 6

FTHid-2 T g T e e & fore SR RN Aeaeh IS8T SRR Ud ZFEhE i
e vrRa s g :

Generator, G1 : 25 MVA, 11 kV, X’ = 0.22 p.u.,
G‘Iﬁi?{, G1 :

X,=015p.u, X,= 003 p.u,,
Generator, 62 : 15 MVA, 11 kV, X" = 0.2 p.u,,
GF\RZ'(, G2 :

X2= 2 15 pa., X0= 0-05 p.u.

Electrical Engineering/33A 9 [ BT
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Transformer, T, : 25 MVA, 11 kV/120 kV, X = 0-1 p.u.

amﬁ‘ﬁ{T

Transformer, T2 1 12:5 MVA, 11 kV/120 kV, X = 0-1 p.u.

Sequence reactance.

A G, " § 50 MVA, 11 kv %1 IR I grafim w1 R
ﬁ@ﬁ@@%ﬁﬁﬂa%ﬁmﬁmm 2-sg=nwﬁrqt

O e 220

=Y &

function 6

" S(s+10)

Determine —
(i) the gain K so that the system will have a damping ratio of 0- 5;
(ii) settling time;

(iit) the peak overshoot and time at peak overshoot for a unit step input
considering value of K found in part ().

@W%WW@@W@WWWWMW%

i Hifsg —
i) ™ k o 6 foem 5 0-5 1 e W g,
(i) Heferm zrzm.

(iii) 9 () H UMy K%maﬁwmﬁﬁaﬂ{hzéqsqu%%qtﬁaﬁ TR R i
IR U 2T

Electrical Engineering/33A 10



(b) A 50 Hz, 11 kV, 3-phase alternator with earthed neutral has a reactance
of 4 Q / phase and is connected to a bus-bar through a circuit breaker.
The distributed capacitance up to circuit breaker between phase and

neutral in 0-02 pF.

Determine —
(i) peak re-striking voltage across the contacts of the breaker;

(ii) natural frequency of oscillations;
(i) the average rate of rise of re-striking voltage up to the first peak

319} ) T =gl % T1Y T 50 Hz, 11 KV, 361 SMeetid # 4 Q / %l & Ffwd @
37K U TR B Ahe F ST Sl AT 81 %l Ud JJget & = Hlehe oL T
fefgsgee SR 0-02 pF 2l
T i —
(i) N F BIoaCE % IR dieh R-wgreie dieds;
(i) FrEeTR 6 9 AE;
(iii) TregTefehT diees &1 3ftHa & | yuH s 7% Fe
11. (a) Define Surge Impedance Loading (SIL). What is the impact on receiving

end voltage w.r.t. sending end voltage when the load is less than, equal
to and greater than SIL?

oot Sfiem Sife (SIL) o afeiyd i Iqu-fRT Sieedt (sending end voltage) &
Hed # rfinmd E Ll (receiving end voltage) T &1 9 Bid1 & 99 @8 SIL
¥ %9 8, % 9UF B 3 SIL § Ffus 27

(b) A PMMC instrument with FSD = 100 pA and R =1kQis to be employed
as an a.c. voltmeter with FSD = 100 V (r.m.s). Silicon diodes are used in

the bridge rectifier circuit as shown in Fig. 3. Calculate —
(i) the value of multiplier resistance required;
(ii) sensitivity of the voltmeter.

FSD = 100 pATH R = 1 kQ % &% T PMMC FZHe H1 FSD = 100 V (r.m.s)
$ WY a.c. AR H 9R R Bl R s #1 omHa 3§ gwid IR S
WAEER withe 1 facfieh T@ie &1 TN BT 21 UM Hifg —

(i) LI AR FoEeH H 7ed;

(ii) reeHiet Hi Fegstierd|

D t N I
A R,
Ry PMMC
instrument
“DZ Dy
Fig. 3 / amfa 3
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12. (a) Explain the following terms with respect to the simple differential
protection scheme : 6

‘through fault’, ‘ through fault stability limit’ and ‘ stability ratio’
forrer fewifrrer sieaem fpm & wey # ey vl 1 T
9w’ , Y wree SRR e’ T SRR W

(b) A synchronous generator is feeding 250 MW to a large 50 Hz network
over a double circuit transmission line. The maximum steady state
power that can be transmitted over the line with both circuits in operation
is 500 MW and is 350 MW with anyone of the circuits. A solid
three-phase fault occurring at the network-end of one of the lines causes
it to trip. 8
(i) Draw the power-angle diagram.

(ii) Estimate the critical clearing angle in which the circuit breakers
must trip so that synchronism is not lost.

(iti) What further information is needed to estimate the critical clearing
time?

U Fh St Su afthe TrafteH T8 % 3T Uk faeimet Jeaeh $i 250 MW 30T
(feed) T 8| e S5 SH1 Tfche HRRA 8, T TUSUT a1 511 | aren Jfeman
et fRufy arer 500 Mw 2 3 afdhel § @ fordt s & WY 350 MW B STEAT A F
T % Jeas I W ufed 81 a1t Tifers o %S wiee 38 219 ol 2

(i) TR WSl STEUTH ST
(i) Trdtrel Fefrafin wre 1 3gEH hifse, fed afde s i a9 =mfee few &
ferspifsn T2 & Bt 21

(iii) Tordienet FoET 21EH & AN & foru form et it sifafam smavaswar 27

13. (a) Explain the working of a digital frequency meter with a neat block diagram
and necessary waveforms. 10
e ST ST 3R SATEwH ai1-891 (waveforms) & 919 U fefsreet et diex
6 FHIEITUITEA T T B

(b) A digital frequency meter has time base derived from 1 MHz clock
generator frequency-divided by decade counter. Determine the measured
frequency when a 1-512 kHz sine wave is applied and the time base uses
a four-decade counter. 4

s fefee fraae diet § oy 99 1 MHz it St fraad-feamsee 18 feohe
FI3L 2| AT 71 ThaaE 3 HIfST i e 1-512 kHz @184 96 T30 6l TS B 997 T80
Y IR THe HIILU HI I9AN Hl 2l

Electrical Engineering/33A 12
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14. (a) What are the advantages of digital communication? 4

fefitest 1M & BRIC 1 8 7

(b) The program starts at location 0100 H
LXI D, OOFF H
LXI H, 0701 H
MVIC, 20 H
SUB M

What will be content of the register C when the program counter reaches
0108 H? B

ST 0100 H T Y™ e Bl 8
LXI D, OOFF H

LXI H, 0701 H
MVIC, 20 H

SUB M

AT C 1 Hewe T A T T HE 0108 H T TE=dl 87

(c) A television signal having a bandwidth of 4-4 MHz is transmitted using
binary PCM system. Given that the number of quantization levels is 512. 6
Determine —

(i) transmission bandwidth;
(i) final bit-rate;
(iti) output signal to quantization noise ratio;
(where o = 4-8)
4.4 MHz 91 7071 9121 (bandwidth) a1t Selfeem Ryt 1 w8iwor g PCM fireen
1 v S Fea S 21 fean e 2 fo aEideRn TR < HEn 512 2
F1a shifTT —
(i) grafaee Sefagy;
(ii) HEA foe-te;
(i) 33eYe e 8§ FEEHO W I,
(&l a =4-8)
Electrical Engineering/33A 13 [ BT.O:
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15. (a) Calculate the limiting error in the measurement of resistance, when

the limiting errors in the measurement of power and current are *1%
and *1-5% respectively. 2

gferie (resistance) % A9 ¥ Hmia gﬁ!ﬁ (limiting errors) =t ur Hife F1" g
T g (current ) %Wﬁ?ﬁqﬂﬁm +1% 3 +1-5% 2

(b) Explain the following 8085 assembly language instructions :

= 8085 TaTEElt Sas 3RgEEH I GUF HIfT -
(i) RET, (i) RAR and (iii) POP PSW 6

(c) Find the range of gain, K for the system shown in Fig. 4 that will cause
the system to be stable, unstable and marginally stable. Assume K > 0. 6

-4 ¥ gu T fawed % U T K WA (range) T Hife S fawem
fer, #RR 3t dmm ®v 3 fRr s3@m o k> o.

+ K
s(s+T)s +11)

R(s » C(s)

Fig. 4 / suid 4

16. (a) Calculate the execution time for the following program considering the
microprocessor is running at a frequency of 2 MHz : 6

IESHIYIEEE 2 MHz ! fhaed! @ =1 W1 8 98 9 § W fefataa gom & fag
e o= (execution time) &t MR i

LXI D 2030 H
LOOP : DCX D

MOV A, E

ORA D

JNZ LOOP

RET

(b) The state and output equations of a system are 8

] [2 ofx®m]. 1 Tl
[xz m] i [—1 - JLQ (t}Hl]‘”“” R B ”chm]

Determine :

(i) the eigenvalues from the state equation,

Electrical Engineering/33A 14



(ii) the transfer function Y(s)/U(s) and
(iii) the controllability and observability.

U e & 39T (state) a1 ot (output) iR 3

[2‘;})] i B ﬂkz‘m . m[u(m and/alk )= [01][2 ((?)]
EIGECCE

i) ST T I

(i) S EHA Y (s)/ Uls) 3

* kK

Electrical Engineering/33A 15

(iii) FRIEORRIGT (controllability) T 3T@elsh-1dl (observability).
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