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Time Allowed: 3 Hours Maximum Marks: 200 

Camlitlntes slwukl atte .. tSIX questions, sekcting 1WO questionsjromSection-A, ONE from Section- B, ONE 
.from Sec lion- C and 1WOfromSection- D. 

SECnONA 
(a) For the c!rcUlt shown m F1g 1, find the Thevemn and Norton eqmvalent arcmts lookmg m at 

tenrunals 'a' and 'b' 
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(b) lntheR-L-C c!rcUltshownm F1g 2, 1,= 10 A, R=l 0, L= 1 H, C= 1 ~Fand11 (0-)=0 

' d•1 I d'•1 I Determme v(O ) - o• and-,- o• after the SWitch 1S closed at t = 0 
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(c) An mdustnal consumer 1S operahng a 3-phase 10 kW mduchon motor at a taggmg power 
factor of 0 8 and at a source voltage of 400 V rm s He Wishes to ratse the power factor to 
0 95laggmg by connechng a c!rcUlt element m parallel to the load (motor) Ind!cale the type 
ofarcmt element (mduchve or capaahve) and find 1ts value 1fthe operatmg frequency 1S 50 
Hz G1ve your conunents on the new !me and motor currents 

" (a) A 41 5 V, three-phase generator supphes power to both a delta- and a star -connected load m 
the manner shown1n F1g 3 All the phase 1mpedances are 1denhcal and speafically equal to 
(5 + J 8 66)0 Compute the total generator current1n each !me 
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(b) Show that the resonant frequency wOof an R-L-C senes arcmt!S geometnc mean ofw1 and 
w,, the lower and upper half -power frequena es respecl!vely 

" (c) Prove that for BIBO stabd1ty, the roots of the charactenshc equahon or the poles of the 
system transfer funchon cannot be located m the nght half of s-plane or on the JW-ax!S, 

(a) A system 1S descnbed by the followmg state vanable equahons 

[~~:jl{Dl ~2][~~:;]+[~,Ju(t), 
where U (t) 1S Umt step mput and the output 

ly(t)=:l l]l::;:~JI 
Determme y(t), L: 0 when the 1m hal values of the states at hme t = 0 are x1(0) = x2(0) = 1 

(b) A umty feedback system has an open-loop transfer funchon 

G(s)- 10000 
- s(s+lO)' 

Determme the phase marg~n of the system m degrees 

(c) I) 
l+aTs 

The transfer funchon of a phase-lead controller 1S g1ven as G, s = ,a> 1 
1 + Ts 

andT!Sa 

constant dep endmg on the c1rcU1 t parameters 

Determme the maximum value of the phase lead wluch can be obtamed from tlus controller 

SECTION B 
(a) Explam the concept ofw<Ne impedance for plane waves tr<Nelhng m alossless medmm and 

show how th!S may be extended to cover the case of a conduchve medmm Show that the 
reflechon coefficient for plane waves tr<Nelhng m a vacuum and falhng W!th normal 
madence upon a medium havmg wave impedance 'l" given by 

('l - 'lo)/ ('l + 'lo) 

Show that when a plane w<Ne 1S mcident normally upon a medmm W!th permeability ~ 
permithmty eo and conduchvity CJ the frachon of power absorbed 1S approX!mately 
2(20JCI)!CJ) 112 
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(b) Denve an express10n for charactenshc impedance of a coax1al transm!SS!on !me W!th mner 
and outer radius are a and b respechvely 

" (c) Show that m a source free homogeneous iSotropic hnear medmm, the hme harmomc electnc 
and magnehc fields are 

Given by 

v(v F) 
H~VxA+ }OJOF 

w 
where A and Fare magnehc and electnc vector potenhal 

" (a) Wnte the Maxwell's equal!on m a good conductor for hme harmomc fields Show that the 
conduct10n current denSity J m a good conductor must sal! sfy 

V(V J)- V'J ~- }OJfWJ 

" (b) Explam relaxahon hme constant for a metal Denve an express10n for the conhnmty of 
current equahon for dyn=c current Show that the volume change denSity 1S a soluhon of 

(c) 

04 +(a!o),q.~O 
& 

Showthatformetals 1~ {;;(!+;) v-;;;c 
,-;;;;;;­

k~~2(1-;) 

where 'l" mtnnS!c wave impedance of the medmm and k 1S the wave number 

SECTION C 
(a) Explam the current conduchon mecharusm in a sermconductor Explam how dopmg changes 

the conduchvity of a semiconductor? Show that the Fenm level hes halfway between the 
valence and conduchon band of an mtnnS!c sem1 conductor 

(b) Explams electron and hole mobihl!es and dnft vel ocihes 

" (c) What 1S piezoeleclncity? What are the different apphcahons m which piezoelectnaty 1S 
used? Descnb e matenal s that show piezo eleclncity 

" (a) What do you understand by magnehc hystereSiS ? Differenhate between hard and soft 
magnehc matenal 

" (b) What 1S the domam theoty of magnehzat10n? What 1S Cune temperature? Can Cune 
temperature of a matenal be changed? 
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(c) Explam the baS!c properties of d!electncs What do you understand by the loss tangent and 
suscephb1hty? 

SECTION D 
(a) A balanced bndge has the followmg ana parameters -

AnnAB - K1 = 1500 0 m parallel W!th 

c,=003~F 

Ann BC- K, = 1876 Om senesW!th 

c,=003~F 

Ann CD - Unknown 

AnnDA-C,=05~F 

If an ac voltage of frequency 1 kHz 1S apphed across the JUnchon 80, find the parameters of 
mCD 

" (b) What 1S meant by absolute measurement of electncal quanhhes? Descnbe the method of 
absolute measurement of olun 

" (c) An electrodynanucs wattmeter 1S employed to measure power m a smgle phase arcmt The 
load voltage 1S 230 V and the load current 1s 5 Amps at a laggmg power factor ofO 1 The 
wattmeter potenhal c01l has a reSiStance of 10,0000 and an mduchve reactance neghg1ble 
compared to reSiStance Determme percentage error m the wattmeter read!ng Inductance of 
c01!1S 1 00 mH and pressure cod 1 s connected on load S1 de, to 

(a) Dunng the measurement of a capaa tor, folloWing ten read!ngs were o blamed 

1002,0998,1005,1009,0995,0997,1004,1008,1003and0994~F 

Calculate 

(1) the anthmehc mean, 

(11) the dev1ahon from the mean, 

(111) average demahon and 

(1v) standard dev1at10n 

(b) D1scuss the ments and dements of potenhometers used as transducers 

A hnear reSiStance potenhometer 1S 100 mm long and 1S un1fonnly wound W!th a W!re of total 
reS! stance 1 0, 0 00 0 Under normal cond!h on~ the shder 1S at the centre of the potenhometer 
Determme the hnear diSplacement when the reS! stance of the potenhometer as measured by 
Wheatstone bndge 1S 3700 0 If 11 1S posSible to measure a m1mmum value of 5 OreS!Stances 
W!th the above arrangement, determme the resoluhon of potenhometer m mm 

" (c) DiScuss how the d c cal1brahon of a dynamometer wattmeter 1S done by companson W!th 

( ,, 
standard wattmeter 

What 1s meant by phantom or fichhous loadmg of energy meters? 

An a c energy meter 1S tested for half hour run at a supply voltage of 23 0 V W1 th a current of 
12 Amps at 0 8 p f lag The d!al read!ng at the beg~ruung of test was 58 5 and at the end was 
59 5 The meter constant 1S 1200 revoluhons per kWH The meter revoluhons reg~stered 
dunng the test were 1150 Fmd out 
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(1) error m reg!Strahon and 

(u) errormrpm ofenergymeter 

Howerrormrpm canberechfied? 

" (b) Explam the workmg of bma!)' ladder d! g1tal to analog converter usmg R -2R 1 adder network 
W!th four mput voltages 

If m the above DAC a reference voltage of 12 V 1S used, what W!ll be 1ts resoluhon and full 
scale output? 

(c) The mductance of a movmg 1ron mshument 1S g1ven by L = (0 0 1 + h 8)2 ~H 

where 8 1S angular deflechon m rad1ans from zero po S!hon The angular deflechon m rad1ans 
correspondmg to currents of 1 5 and 4 S Amps are 1ri6 and 1ri3 respechvely Fmd the value 
ofk 
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BLBCTIIUCAL BNGINBBIIUNG 

Time Allowed: 3 Hours Maximum Marks: 200 

CamlillJites slwuld lliJe"f'l FIVE qnestions in all, inchuling Question No.1 which is CO"f'ulsoty. The renrllning 
FOUR questions are to be aJJemptetl by sekcting aJ kast ONE question from each of the Sections A, B, C ami D. 

Al:<umo snitnhk tk1tn, if necessary and imlicak! the snme ckarly. 

SECnONA 
Question 1 is compulsory 

A. Choose and wn te the correct answer 

2x!0=20 

(a) The surge 1mpedance of a400 kV, 100 km transm!SS!on !me 1S 300 ohms For a 200 
km length the !me surge 1mp edance Will be 

(1) 300 ohms (11) 150 ohms 

(11) 600 ohms (1v) 400 ohms 

(b) For prole chon of parallel feeders fed from one end, the relays requued are 

(1) N on-d1rechonal relays at the source end and d!rechonal relays at the load end 

(11) N on-d1rech on a! relays at both ends 

(111) D1rechonal rei ays at source end and non -d!rechonal rei ays at load end 

(1v) D1rechonal relays at both ends 

(c) The stab1hty of arc m vacuum depends on 

(1) The contact matenal only 

(11) The contact matenal and 1ts vapour pressure 

(111) The c1rcmt parameters only 

(1v) The combmal!on of (11) and (111) 

(d) The power systems are operated W!th power angle around 

(1)l0° (u)30° (111)70° (1v)80° 

(e) For a shp nng mduchon motor, 1fthe rotor reSiStance 1S mcreased, then 

(1) starhng torque and effi aency mcrease 

(11) starhng torque decreases but effi a ency mcreases 

(111) starhng torque 1ncreases but effic1ency decreases 

(1v) starhng torque and effia ency decrease 

(f) A 3-phase synchronous generator W!th constant steam mput supphes power to an 
mfimte bus at a laggmg power factor If the exc1tahon 1S mcreases 

(1) both power angle and power factor decrease 

(11) both power angle and power factor mcrease 

(111) the power angle decreases w!ule power factor mcreases 

(1v) the power angle mcreases wh1le power factor decreases 
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(g) A 90 MV A, 11 kV water wheel generator has an merl:ta constant H = 3 The stored 
energy m the rotor at synchronous speed 1S 

(1)40k.J (11) 270 kJ 

(111) 270 MJ (1v) 40 MJ 

" <1•"'" 

1 --1\W~r 
"· "" '" 

l -In the c1rcmt shown above, the zener d10de 1S 1deal The m1mmum value of R1 up to 
wh1ch the output voltage remams constant 1 s 

(1) 27 oluns 

(11) 45 oluns 

(111) 15oluns 

(1v) 24 oluns 

(1) The Boolean express10n X= B +A B +A B 1s eqmvalent to 

(1) A+B 

(u) A B 

(111) A+B 

(1v) A B 

' r--- '" i ...... ,, 
'• 

' ;, II •ZV • 
• I ,, 

12+<1nl00t)V 

A non 1nvertmg operal!onal amplifier summer 1S shown m the above figure The 
output voltage Vo 1S 

(1) 3/2 sm 1 OOt (11) 3 sm 100 t 

(111) sm 100 t (1v) 2 S!n 100 t 

Explam the followmg 

5x4=20 

(a) Surge 1mpedance lo admg of a transnu SS! on !me 

(b) The b as1c d1fference between the magnehzmg current of a 1 arge cap aaty transformer 
and the magnehzmg mrush current 

(c) A loss of exc1tahon relay used for alternator protechon 

(d) The purpose of d1fferent flags and thm workmg 1n an Intel 8 08 5 microprocessor 
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(a) A 220 V d c compound generator has resiStances of the armature, shunt and senes wmdmgs 
as 0 1 olun, 50 ohms and 006 ohm, respecl!vely The load current 1S 100 A at 220 V Fmd the 
mduced em f and armature current when the maclune 1S connected as a (i) long shunt, (11) 
short shunt (111) how W!ll the ampere-\tum of the senes W!nclmg W!ll change if m (i) a 
diverter reSiStance of 0 1 ohm be connected m parallel W!th senes W!nclmg? Ignore armature 
reach on 

" (b) Calculate efficiency, voltage at the secondary temunals and pnmary mput current when 
supplymg full load secondary current at power factor (i) unity (11) 0 8 lag, for a 4 kVA, 
2 30/46 0 V smgle phase transformer 

The folloWing are test results 

Open mcmtW!th 230 V apphed to LV S!de- 0 6 A, 75 W 

Short Circm!Wlth 20 V apphed to HV S!de- 10 A, 60 W 

" (c) Summanze the condihons for proper parallel operal!on of (i) Single-phase transformers, and 
(11) 3-phase transformers 

c 
(a) A synchronous generator supphes rated power at 0 8 p f laggmg Its reSiStance and 

synchronous reactance are 0 0 1 and 1 0 pu Calculate the ternunal vol !age if the open arcmt 
voltage 1S 2 1 p u What 1S the mirumum allowable excilahon voltage? 

" (b) From the short arcmt test on a 50 H P, 440 V, 50 Hz, 6 pole star connected, 3-phase 
mduct10n motor, the folloWing data were o blamed 

V = 230 V, I= 140 A, cos¢= 035 (!me values) The motor dnves a load havmg a constant 
torque of 300 N m Eshmate the maximum percentage reduchon m the supply voltage 
posSible before the motor stalls Assume that the copper losses are equally d!mded between 
the stator and the rotor Neglect magnet!Z!ng current 

" (c) Name the clue£ methods of speed control of a 3-phase mduchon motor Explam bnefly one of 
the most modem methods of speed control of an mduct10n motor namely (v/f) control 

SECnON B 
(a) Explam W!th necessa!)' d!agram the phenomena of current choppmg m an a1r blast circuit 

breaker How th!S problem can be rechfied by US!ng reSiStance sW!tclung? Why mostly a1r 
blast circmt breakers are suscepl!ble to current choppmg? 

11 kVfiJ2kV 132Wf22~V 

@}-j ~& - ~it: ~ 
z.~:'r\_n~~~o~~ 

x'=[l-15p.u. 3[)'ofVA x=o-()')2pu. ~MW• 
x-0·()9p.u x=cl-02p.u 

A symmetrical 3-phase short circmt occurs on the 22 kV bus bars of the circmt shown as a 
one-hne diagram m the above figure Calculate the fault current and the fault apparent power 

" 
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(c) Explam With necessaty diagram the pnnciple of operahon of a diStance protecl!on scheme 
How 3-zone stepped uruts help to aclueve fast d!scnmmal!on? How many uruts are reqmred 
for a complete protecl!on scheme? How the CTs and VTs assoaated With these relays are 
connected to a 3-phase transmiSSion !me? Indicate the reasons of mode of connecl!ons of CTs 
and VTs m such a way 

'' 
(a) A 50 Hz two pole turbo alternator rated 50 MVA, 13 2 kV has an inerl!a constant H =50 

MJ/MV A Determme the kmehc energy stored m the rotor at synchronous speed Determme 
the accelerahon if the input less the rotahonallosses 1S 65000 HP and the electncal power 
developed 1S 40 MW If the accelerahon computed for the generator 1S constant for a penod 
of 1 0 cycles, detenrune the change in torque angle m that pen od and the r p m at the end of 
10 cycles Assume that the generator 1S synchroruzed With a large system and has no 
accelerahng torque before the 1 0 cycles pen od b egms 

" (b) Explam With necessaty d!agrams the different kmds of HVDC lmks used m HVDC system 
Also explam the relahve advantages and diSadvantages of usmg these lmks What are the 
precauhons needed for senes and parallel connechon of thynstors to conshuct a HVDC 
system? 

" (c) Assume that the equahons between the send!ng end voltage and current With the 
correspondmg receivmg end voltage and current m terms of A, B, C, D constants of a long 
transmiSSion !me are known, denve equahons for send!ng end and rece1 vmg end power 

SElmON C 
(a) Two 8 bits Hex numbers are stored m Memoty locahons 2000 Hand 2001 H respechvely 

Develop a smtable program With proper comments m assembly level language to mulhply 
these two Hex numbers by sluft and add tecluuque Store the 16 bit results in two memoty 
locahons 2002 Hand 2003 H respechvelyW!th 'lu-byte' m 2002 Hand 'b-byte' m 2003 H, In 
wluch way "Shift and Add" techruque used for mulhphcahon 1S better sU!ted for 
mulhphcahon than "repeated addihon" method? 

" (b) A Single pole 8 way rotaty SWitch 1S connected to port A, of a 8 25 5 chip, startmg from bit 0 to 

( ,, 

bit7poS1hons When the SWitch 1S manually rotated to bit poS!hon 3, a fan connected to bit 3 
of port B 1S to be SWitched on Further when the manually rotated SW!tch 1S changed to bit 
poS!hon 5, a televiSion set 1S to be made on whose SWitch 1S connected to bit poS!I!on 5 of port 
B, assoaated With 8255 clup It 1S to be assumed that necessaty "control word" for makmg 
portA m mput mode and port B m output mode have been done via the control port Further 
latclung circmts have been promded in port B, so that once the fan and the telems10n set 1S 
on, they Will remam 'on' unless the SWitch poS!hon comes to bit 7 of port A When both of 
them Will be made automahcall y off by sendmg bit '0' s to bit p o S1 hon 3 and 5 resp echvely to 
port B Develop the necessaty program in Assembly level language With comments, and the 
hardware connect10n of the rotaty SWitch Latchmg circU!t diagrams need not be provided 

,,, 

(u) 

n 
Draw With proper labellmg the steady state sWJtclung models (arcmt diagram and 
eqmvalent circU!t) of a MOSFET How many different types of MOSFETS are 
ava1lable? Name them How do they respond to different gate (or mput) voltage? 
Explam With necessaty diagram how the mm-on hme of a MOSFET can be reduced? 

" 
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FllrOI!ol COLW<Ilo• ofMOSI'ETS 

Two MOSFETS wlnch are connected m parallel S1m1lar to the above figure, cany a 
total current, Ir= 25 A The dram to source voltage ofM 11S VDSl = 2 0 V and that of 
M, 1S VDso = 35 V Determme the dram current of each tranSIStor and d1fference m 
current shanng 1f the current shanng senes resiStances are (1) R81 = 0 35 ohm, RS2 = 
0 2 ohm, and (11) R81 = Rso = 0 5 ohm 

(b) Descnb e W!th necessary d! agrams 

(1) an Integrator, and 

(11) a d1fferenhator usmg operahonal amphfier arcu1ts How the offset voltage can be 
mmmuzed m an Integrator at the 

(a) Draw the symbols and charactenshcs of the folloWing dev1ces 

(•) D10de, 

(u) Thynstor, 

(111) GTO, 

(!v) Tnac and ,,, IGBT 

(b) A smgle-phase thynstor converter W!th a reS1st1ve load 1S shown below 

.,_v,..., . ' 

' ' 

Supply voltage V, 1S smus01dal at a fixed frequency 

(1) Draw the waveforms ofVs, V0 and Vn at the finng angle 

a= 45° Neglect leakage current 

(11) If the supplyvoltage!S 230 V (rms) at 50 Hz, calculate for 

a= 45° and R 100 ohms 

(a) Average output voltage and current 

(b)RMS valueofsupplycurrent 

(c) Ripple factor 

Denve the formulae used 

" 
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SElmON D 
(a) Draw the c1rcmt d!agram of a Single-phase sem1 converter and denve an express10n for the 

average voltage across the load m terms of supply voltage and finng angle a Explam the 
setlll convener operahon and show the waveforms for the mput voltage, output voltage and 
current through d! fferent d!o des and thyn stors 

'' 
(b) A setlll converter 1S connected to a 240 V 50 Hz supply The load current I, can be assumed 

to be contmuous and 1ts npple current 1S neghg1ble Calculate the harmoruc factor ofmput 
current for a= 1ri2 Denve all the relevant formulae used usmg Founer senes analySiS 
Obtam also express10ns for rm s value of supply current and rm s value of fundamental 
current 1n terms of!, and a 

( ,, n 
Define "amphtude modulahon" and "modulahon 1ndex" Wnte down the equahons for (1) 
amphtude, and (11) the mstantaneous voltage of the amphtude modulated wave Sketch the 
graph of an am ph tude modulated wave 

" (b) The current m an Antenna of an AM transm1tter 1S 8 0 A when on! y the earner 1S sent, but 1t 
mcreases to 9 0 A, when the earner 1S smus01dally modulated Fmd the percentage 
modulahon Deternune also the Ante!Ula current when the depth of modulahon 1S 0 77 

" (c) An 18 MHz earner 1S modulated by a 400Hz audio sme wave 1fthe earner voltage 1S 50 V 
and the max:1mum dev1ahon 1S 12 KHz Wnte down the equahons oftlus modulated w<Ne for 
(a) F M, (b) PM If the modulahng frequency 1S only changed to 1 6 KHz all other data 
remammg constant, wnte down the new equahons for (c) F M and (d) PM 
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