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Time Allowed: 3 Hours Maximum Marks: 200 

Cl1llllitlJlles should altempt SIX qU£stions, sekcling TWO qU£slionfromSection- A, ONE .from Sec/ion- B, ONE 
.from Section- C and 1WO .from Section -D. Al:<umo snihhk tk1tn, if necessary and imlicak! the snme ckarly . 

.A.ssumo suitnhk tk1tn, ifnecessnry and imlicate them ckarly. 

SECnONA 
(a) Determme anon-negahve value ofR such that the power consumed by the 2·0 reSJstorm the 

figure shown 1S max:tmum, 

' 0 R 

1 
30 30 

ov 
30 '" "' 

(b) Deternune the value of I and R m the arcmt shown m the figure 

"l,l.~n;-1-~~--"'' • 'n 
3fl >r:fr ' n ' 

L.:J_ __ ...__ __ , 
'--L..o, 

(c) In the c1rcU1t shown m the figure, S 1S closed at hme t = 0 Detenmne 1, (t) and the hme 
constant 

( •) 

' n 

' 0 " 

In the c1rcu1t shown m the figure. S 1S closed at t = 0 Fmd the current 1(t) through the 
capaatoratt=O 
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' 0 ' '" 
~ 50'1 

'Xo ., 
' ' ~ F 

(b) A2-portnetworkN1has 

zu = z12 = z21 = z, = 1 0 A S1m1lar 2-port network N, 1S connected m cascade to N1 
Determme the z-p arameters of the comp oS!te network 

c 
(c) Bnefly descnbe the workmg of a two-phase servomotor Denve 1ts transfer funcl!on and 

sketch 1ts torque-speed charactenshcs 

(a) What are the different frequency response plots? Sketch the polar plot for the transfer 
funchon giVen below 

G(s)= !OO(s-5) 
s(s+lO) 

(b) Define gam margm Calculate the gam margm for the system for wlnch 

' 
(c) Asystem!Srepresentedby 

X=AX+ Bu 

Y=CX 

All the states 'X' are avaJ!able for measurement Explam the procedure to deSign a state 
vanable feedback to place the poles of the closed loop system at the e1genvalues of amatnx 
T 

SECnON B 
(a) Three parallel transm!SS!on Wires are charged With lmear denS! hes (+) 2 D, (-) D and (-) D 

m coulomb per meter length respechvely Obtam the cond!hon for pomts on eqmpotenhal 
surfaces tnS!de the parallel Wires Hence or othem se show that, 1f three Wire sechons occupy 
the comers of an eqmlateral In angle then along the centr01d ax!S over the whole length 
potenhal V = 0 Explam bnefly the formula used 

" (b) Explam d1pole moment A d!electnc slab of flat surface With relat1ve pernuttnnty of 5 1S 
d1sposed With 1ts normal to a umform field With flux denSity 2 0 coulombs per m2 The 
volume of the slab 1S 0 1m3 lt!S umformly polanzed Calculate 1ts d!polemoment 

" (c) Calculate the value of capac1tance of a sphencal capac1tor conS!shng of two concentnc 
spheres of radu 6 0 mm and 8 0 mm With a1r as d! electnc medmm between the two Den ve the 
formula used 

" (a) A long flmd conductor of arcular cross-sechon ofradms 50 mm and relahve permeab1hty 
1005 cames an electnc current of 100 A Calculate the pressure at the centre of the 
conductor Denve the formula used 
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" (b) Two long tlun parallel conductors perpendm!lar to the plane of the paper and parallel to the 
surface of an mfirute 1ron plate of lngh permeab1hty, each canymg a steady current of 100 A 
m opp o S1 te d1rech ons are shown1n figure 

' ' (j) 

T 
100 mm 

+ 10a mm 

l ;II> I I II I> //)J~o;rklllllli 
200 mrn IRON PLATE 

Calculate the magnehc field strength at apomt C, 200 mm away from the bottom pomt on 
1ron plate below the conductors Also calculate the mechamcal force per umt length on the 
conductor A 

" (c) The electnc field mtenS!Iy assoaated With a plane wave travehng 1n a perfect d1electnc 
medmm (~ = 1) 1s g1ven by 

E,(s,t)= 14 14cos(2Jrx10
7
!- ;;) 

m volts per metre Calculate the values of veloc1ty of prop agahon and mtnnS!c 1mp edance 

SECnON C 
(a) Wnte the notable shortcommg of the free electron model How 1S 11 overcome by band-theoty 

of sohds? Sketch the energy bands of d!amond W1th the help of energy band d1agram, 
explam an msulator 

(b) Explam the Silver contacts The Ferm1 energy for Silver 1S determmed from the relahon 

h' ('")'" Wr--
Cm m 

Calculate the value of Fenm veloc1ty of the electrons m Silver G1ven Planck's constant= 
6 624 x 10-3 Js, free electrons per meter cube= 5 86 x 1028, mass of each electron= 9 108 x 

1 o-3' kg 

" (c) "Hall effect has played a dec1S1ve role m revealmg the mecharusm of conduct10n m 
sem1conductors" Explam the statement 

The Single earner holes m a doped S!hcon sample" 2 05 x 10" m-3 calculate 1ts Hall 
coeffic1ent Electron charge= 1602 x 10-19 coulombs 

" (a) DiScuss the B - H charactenshcs of a ferromagnet1c matenal below the en heal temperature 
G1ve 1 ts S!gruficance Match the values of Cune temperatures for ferromagnehc elements Cc, 
Fe, Gd and N1 W!th the values of Cune temperatures 289 K, 631 K, 1043 K and 1393 K 
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(b) G1ve the general electncal and magnehc charactenshcs of femtes List 1ts apphcal!ons 

(c) D1scuss the trends of msulatmg matenals used m modem electncal and el ectromc dem ces 

( ,, 
SECTION D 

If ~ Jrr' (P:t- p,) 
I' 8Ql , 

determme the d1mens10ns of~ (rand I are radms and length, p1,2 are 

pressures, Q 1S flow) 

If r=(05±001)mm 

p1=(200±3)kPa 

p2=(150±2)kPa 

Q=4x 10"1 m3/sec 

Calculate the absolute error m ~ 

" (b) In a Hay bndge, the four arms are R1 - L~, R2, R3, C3, R, connected m clockwiSe order 
Show that, under the phase-null' cond1hon, Q of the c01l1S g1ven by 

Q~ Voltage across C3 
Voltage across R3 

" (c) What are the reqmrements of an 1deal S/H c1rcU1t? How are they real1zed m prachcal S/H 
C!rCU!!? 

c 
(a) Menhon the vanous types of analog to d!g1tal converters m the mcreasmg order of speed of 

operat10n 

Why 1S a dual slope ADC preferred m a d!g1tal voltmeter? 

An 8-b1t succesSive approX!mahon type of ADC uses a clock frequency of 1 MHz Calculate 
the hme of convers10n 

(b) What!Sastramgage? 

A stram gage1s cemented to an 1ron post of length 1m, wlnch 1S subjected to a compresSible 
force The nommal reSiStance of the gage 1S 200 0 The change m reSiStance of the stram 
gage 1S measured to be 0 7 0 The final length of the 1ron post 1S 999 mm Calculate the gage 
factor of the stram gage 

(c) Explam grvmg a neat sketch how an LVDT can be used to measure pressure 

( ,, Sketch the c1rcU1! d1agram for power measurement m a 3-phase c1rcU1! usmg two wattmeters 
and show that total power 1S grven by the algebra1c sum of the wattmeters readmgs usmg 
vector d1agrams 

(b) The folloWing 10 observahons were recorded when measunng a voltage 

1 2 ' 4 5 6 7 a 9 10 

41.7 " 
.,. 

" '" 41.e "' " '" '" 
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F1nd (1) Mean 

(11) Standard demahon 

(111) Probable error of one read!ng 

(c) Explam how thenru stor can be used for temperature measurement 

The reSiStance at temperature T Kelvm 1S g1ven by 

fir~ f<oe~j i.) 
where Ro = 1050 0 at 27° C, 

the correspondmg ~ = 3 14 0 

What 1 s the temperature when the thenmstor reS! stance 1S 23 30 0? 
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BLBCTIIUCAL BNGINBBIIUNG 

Time Allowed: 3 Hours Maximum Marks: 200 

CllllllitlJlles should attmpt FIVE questions in all, inchuling Question No. 1 which is compulsory. The remaining 
FOUR questions are to be aJJemptetl by sekcting aJ kast ONE question from each of the Sections A, B, C ami D . 

.A.l:!:umo suitnhk tk1tn, ifnecessnry and imlicate them ckarly. 

SECTION A 
0. No. lis cmnoulsory. Tick out the correct answ<r. 

(A) (a) A fault current of 2000 A 1S passmg on the pnmaty S!de of a 400/5 C, T On the secondaty 
S!de of the CT, an Inverse-hme over current relay 1S connected whose plug sethng 1S set at 
50% The plug settmg mulhpher Will be 

(1) 25 (11) 50 (111) 10 (1v) 30 

(b) An alternator (star connected) 1S connected to Delta- Star transformer With star neutral 
earthed On the star S!de of the transformer a smgle !me-to-ground fault occurs Tins 1S 
eqmvalentto 

(1) A !me-to -ground fault on the generator S!de of the transformer 

(11) A !me-to -!me fault on the generator S1 de of the transformer 

(111) A 3-phase fault on the generator S!de of the transformer 

(1v) A smgle-hne-to -ground fault on the generator S!de of the transformer 

(c) Y Bus as used m load flow study, and Z5 as used for short c1rcU1 t study are 

(1) the same 

(11) mverse of each other 

(111) are not related to each other 

(d) The low voltage wmdmg of a 400/230 V smgle phase 50 Hz transformer 1S to be cotmected to 
a 25 Hz supply In order to keep the magnel!zal!on current at the same level1n both the cases 
the voltage at 25 IG should be 

(1) 230 V (11) 460 V (111) 115 V(1v) 65 V 

(e) A 3 -phase mducl!on motor draws 10 00 k VA at a p f of 0 8 lag A synchronous condenser 1S 
connected 1n parallel to draw an add11!onal 750 W A at a p f of 0 6 lead The p f of the total 
load supphed by the mams 1S 

(1) Uruty (11) 0 707lead (111) 0 6lag (1v) zero 

'" A 3-phase synchronous motor has ,,, H1gh starl!ng torque 

(u) No starl!ngtorque 

(H1) Low starl!ng current 

(1v) Low starl!ng torque 

(e) 
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A voltage source V AB = 4 sm wt, 1S apphed across the termmals A and B of the c1rcU1t above 
The d1odes are assumed to be 1deal The 1mpedance offered by the c1rcU1t across the termmals 
A and, B m kilo oluns 1S 

(1) 5 (11) 20 (111) 10 (1v) 100 

' ' 

" The magrutude of the gam m the mvertmg operal!onal amphfier c1rcU1t shown above 1S Y, 
W!th the SW! tch open When the sW!tch 1 s closed the magrutude of the gam 1S 

(1) -y 

(11) Y/2 

(111) 2Y 

(1v) -2Y 

(1) The bmary representah on of 1 0 0 11 0 1 s numencally eqmvalent to 

(1) The de a mal representahon of 46 

(11) The octal representahon of 46 

(111) The octal representahon of 26 

(1v) The dec1mal representahon of 2 6 

6) In H V D C Converter stahon eqUipment usmg thynstors 1t 1S necessa!)' to use a large 
number of thyn stors m senes because 

(1) Current rahng ofthynstors are low 

(11) Voltage rahng of thynstors are low 

(111) Thynstors always fa!! to an mtemal open arcmt 

(1v) None of the above 

(B) Explam the foll oW!ng W!th necessary d1agrams 

(a) Synchronous 1mp edance of an al temator 

(b) A 3-phase stahc var compensator 

(c) A tnac-d1ac dev1ce used for a step less fan regulator 

(d) A d!rechonal over current relay used for parallel feeder protechon 
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(a) F1nd the synchronous 1mpedance and reactance of a smgle-phase alternator m wh1ch a g1ven 
field current produces an armature current of 250 A, on short c1rcu1t and a generated emf of 
1500 Von open c1rcU1! The armature reSiStance 1S 2 0 ohms Calculate the termmal potenhal 
d1fference when a load of 250 A at 6 6 kV at alaggmg p f of 0 8 1S SWitched off 

" (b) A senes motor of reSiStance 1 0 olun between the termmals runs at 1 00 0 r p m at 22 0 V W!th 
a current of 15 A Fmd the speed at wh1ch 11 W!ll run when connected 1n senes W!th a 4 5 
oluns reS! stance and takmg a current of 10 A at the same supply voltage Assume hnear 
magnehzahon charactenshc 

(c) DiScuss bnefly the different methods used for electncal brakmg of d c motors 

" (a) A 100 kV A transformer has 1ts max:1mum effic1ency of 98% at full load and umty p f Dunng 
the day 11 1S loaded as follows 

12hrs-20kWatap f ofO 5lag 

6hrs-20kWatapf of09lag 

6hrs-20kWatapf of08lag 

Calculate the "all day effia ency of the transfOrmer 

" (b) A 1200 V, 50 Hz star connected mduchon motor has a star connected shpnng rotor Wlth a 
transformahon raho of 375 The rotor reSiStance per phase 1S 0016 ohm and leakage 
mductance of 0 8 mH/Phase Neglect stator 1mpedance Fmd 

(1) rotor starhng current per phase W!th shp nng short c1rcmted, 

(11) the rotor p f at startmg, 

(111) the external reS! stance per phase reqmred to obtam a starhng current of 125 An the 
stator, 

(1v) the rotor current of 4% shp and 

(v) therotorp f at4%shp 

(c) DiScuss the relahve ments and dements of smgle cage and double cage mduchon motors 

( ,, ,,, SECTION B 
DiScuss the general pnnc1ple of operat10n of a generator differenhal protechon 
scheme G1ve the 3 -phase connech on of the b1 ased scheme 

(11) The scheme shown below 1S used for protechon of the generator Winding by an 
ordinary d1fferenhal relay, havmg a m1rumum p1ck up current of 100 rnA The C T S 
on the grounded neutral and the hve ends have actual rahos of79 and 91 respechvely 
though the1r nommal rahos are same Show that the differenhal relay W!ll trop even 
when the generator 1S dehvenng, full load current of (400 + JO 0) A, to the bus and 
there 1S no faJJlt m the differenhal zone 

fT 
40015 

'~ 

~00/S 

~, 

100 mA Olrorcrfal rei~~ 
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(111) To overcome the defect 1n the queshon 4 (a) (11) a percentage d1fferenhal relay havmg 
the same m1rumum p1ck-up current of 100 mA and 20% slope was used Drawmg the 
slope charactenshc of the relay show that the undeS!fed tnppmg has been av01ded 

7+ 5 + 6 

(b) A 20 MVA, 33 kV, 3-phase alternator iS subjected to d1fferenttypes of short c!rcu1ts and the 
followmg are the value of fault current 

3 phase short c1rcU1! -3 19 A 

smgle !me-to -ground fault -65 9 A 

hne- to-hne faJJ!t ---4 3 5 A 

Deternune the poS!hve, negahve and zero sequence reactance's of the generator m per un1t 
and1nohms NeglectreS!Shvepart 

(c) D1scuss the ments and dements of a vacuum c1rcmt breaker for low voltage apphcahons 

" (a) G1ve a neat sketch of a 12-pulse B1polar HVDC stahon 1nd1cahng the poS!hon of vanous 
eqmpment G1ve the uses and hnutal!ons of each eqmpment 

" (b) Two 200 MVA alternators operate mparallel The frequency drops m the firstmarchmg from 
50 Hz at no load to 48 Hz at full load, whereas m case of the other machme, the frequency 
drops from 50 Hz to 47 Hz under the same cond!h ons 

(1) How the two maclunes W!ll share a total load of 300 MW? 

(11) Deternune the max1mum load at uruty power factor wh1ch can be dehvered by the two 
machmes Without overload!ng any of them 

(c) The fuelmputs of plants 1 and 2 are g1ven as 

fii~02d+40fl+120 Rs!hr 

Jii~02p;+30P2 +150 Rs!hr 

Deternune the econom1c operatmg schedule and the correspondmg cost of generahon 
1fthe max1mum and m1rumum loadmg of each machme 1S 100 MW and 25 MW, the demand 
1S 180 MW and transnuss10n losses are neglected If the load 1S equally shared by both uruts, 
determme the savmg o blamed by load!ng the un1ts as per mcremental cost 

SEC:nON C: 
(a) Draw the pro gramnung model of an Intel 80 85 microprocessor and expl am 1ts d1fferent parts 

Explam why address bus 1S hme mulhplexed? Explam allow why 'ALE' Signals 1S used? 
How the microprocessor commurucates W!th slow speed penpherals W!lh the help of the 
'Ready' Signal? 

(b) Wnte down the Addressmg modes of the folloWing mshuct10ns ,,, ACI 20 H 

(u) CMA 

(111) STA2500 H 

(!v) LXI H, 2005 H ,,, XCHG 
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(v1) MOVE, L 

0 ' 
(c) How would you 1mplement the folloWing Fortran program m 8085 assembly level language 

60 IF(X- Y)45,50,52 

45 GOT090 

50 Y=Y-1 

GO TO 60 

52 X=X-2 

GO TO 60 

90 END 

Assume the statement to be an Anthmehc 'IF' statement X and V are e1ght b1t b1nary 
numbers stored m memoty locahons 20 00 H, 2 00 1 H resp echvel y 

" (d) Deternune m each case the final values m Accumulator and Carty flags after the followmg 
mshuchons are executed 

lmhal stage 
C<ry 

,,, RAC, 

(u) RRC, 

(111) XRI A5 H, 

(!v) CPIA 9H, ,,, OR! C9 H, 

(v!) ANI 33 H 

In each case 11 may be assumed to start W!th the same 1m hal values of Accumulator and Carty flags 

0 ' 
(a) Develop a voltage follower c1rcU1! usmg JFET Bnng out the d!Shnchons between the 

conshuchonal and operahonal feature of aJFET and MOSFET 

" (b) Make a d!stmchon between the "voltage" feedback and "currenf' feedback m amphfier 
c!rcu1ts DiScuss the ments m each case and denve the expresSion for the net output 
1mpedance m each case 

(c) Draw the lo g1 c symbols and explam the op erah ons of a D-type and a T -type fl1p- flop 

c 
(d) The operahonal amphfier arcu1hy 1S g1ven below Detenrune 1ts gam and md1cate 1ts 

apphcab1hty 

,, "· 
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(a) Explam the operahon of a Schm!lt tngger c!rcUlt US!ng an operahonal amphfier DiScuss the 
effect of hystereSiS m such a arcmt 

c 
(b) Explam bnefly the funchons of "De-mulhplexer" and 'Mulhplexer" Explam W!lh necessary 

d1agram the operahon of a 4 to 1 !me Mulhplexer 

" (c) Explam W!th d1agram the pnnc1ple of operal!on of an ND converter based on "succesSive 
approX!mahon method" How 1S 11 better than an AD converter based on "Counter type"? 

" (d) DiScuss how counters are used for measurement of frequency 2 G1ve a typ1cal block d1agram 
used for pre a se measurement of frequency 

SECTION D 
(a) What are the frequency range of the folloWing bands -

(1) MF (11) H F (111) VHF (1v) UHF (v) M1crowave, (v1) Ophcal range 

Menhon a typ1cal apphcat10n for each 

" (b) What 1S a GTO? DiScuss 1ts advantages over a normal thynstor Discuss the advantages of a 
GTO over a b1polar tranSiStor m low power apphcat10ns 

c 
(c) What 1S ad c chopper? DiScuss W!th necessary arcu1t d!agrams the pnnc1ple of operahon of 

' 
(1) step down chopper, 

(11) step-up chopper 

G1ve comments on choppmg frequency 

" (d) What 1S an UruJunchon tranS!Stor? Draw a bas1c UJT pulse tngger arcmt W!th typ1cal 

( ,, 
waveforms and explam 1ts operahon 

Define Amphtude modulahon" and "Modulahon Index" Wnte down the equahons for the 

(1) amphtude and 

(11) the mstantaneous voltage of the am ph tude modulated wave 

Sketch the graph of an am ph tude modulated wave 

" (b) The antenna current of an AM transm!lter 1S 7 5 A, when only the earner 1S sent, but 11 
mcreases to 8 65 A, when the earner 1S smus01dally modulated Fmd the percentage 
modulahon Determme the antenna current when the depth of modulahon 1S 0 75 

" (c) A 20 MHz earner 1S modulated by a450 Hz aud1o sme wave If the earner voltage 1S 4 5 V 
and the maX!mum dem at10n 1S 1 0 kHz, wnte down the equahon of th!S modulated wave for 
(1) F M, and (11) PM If the modulated frequency 1S only changed to 1 8 kHz, all else 
remammg constant, wnte down the new equahons for (111) F M and (1v) PM 
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