
BLBCTIUCAL BNGINBBIUNG 

Time Allowed: 3 Hours Maximum Marks: 200 

Cl1llllitlJlles should alte .. t 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. 

1 (a) 

SECnONA 

'" '" '" 
'" 

Determme the value ofH shown 10 the above figure such that the 6 0-reS!Stor consumes the 
maX!mum power 

''""' Q' 
In the arcmt shown above, determme the 1ruhal and final values of the current through the 1 
F-capac1tor Make use of theorems 

(c) Prove that the average power m an ac arcmt 1S g1ven by W = VI cos ¢ where symbols have 
thetr usual mearung 

2 (a) 

' - '· 
' 

For the arcmt shown above, draw the phasor d!agram Denve the cond!t10n for the two 
branch currents, 11 and Ic, to be m quadrature 
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(b) Draw a 2 -port network whose y -parameters are Yu = - Yu = Y21 = -y, =1 s 

(c) 

20 '" 
• 

.,v 20 • •o v., 

'" 
' F1nd V AB for the c1rcU1t shown above usmg source transformahon 

(a) A arcmt has the followmg transfer fun chon 

C(s) s'+3s+4 

R(s) s2+4s+4 

F1nd c(t) when r(t) 1S a umt step 

State 1f the c1rcu1t 1S undamped, under damped, cnh cally damped or over -damped 

'' 
From the asymptohc approX!mahon plot of dB versus OJ of a m1rumum phase system W!th 
real poles and zero shownm the above figure, determme the poles and zero of the system 

" (c) From the folloWing state van able representat10n determme the transfer funchon of the 
system 

c~[: C : ]H[:], 
-40 -44 -14 0 

y=[O o]x 
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SECnON B 
(a) A sheet of charge, r:; = 2 ncim' 1S present at the plane x = 3 m free space, and a hne charge, 

PL=20ndm1Slocatedatx=l,z=4 F1nd 

(1) the magmtude of the electnc field 1ntenS1ly Eat the ongm 

(11) thed!rechonofEat(4,5,6) 

(111) the force per meter length on the hne charge 

(b) If V m the free space 1S giVen by 

V= 60 sm 81?, and ap01nt P!S located atr= 3m, 8= 60°, ¢= 25°, find at P 

(1) Vp 

(11) E, 

(111) dV/dN 

(1v) aN 

(v) 1=1-

" (c) Conduchng cylmders at p1 = 1 6 em and p, = 5 em m free space are held at p otenhals of 8 0 V 
and -4 0 V resp ech vely 

F1nd 

(1) VandEatp=2cm 

(11) the surface at wh1ch V = 0 

(111) Capac1tance per meter length between the conductmg cyhnders 

" (a) A coa:nal cable cames uruformly d!stnbuted current I m the mner conductor and- I m the 
outer conductor Determme magnel!c field mtenS!Iy d!stnbuhons Wlth!n and outSide the 
coax~ al cable by usmg Amp ere's c!rcUltallaw 

(b) Inareg10nwhereep_=~R=1andCJ=0, 

- ~ ' A=10 ycos3x10 tcosZCizWbim 

V = 3x 105 ySJn3 x1 08! smZV 

F1nd E and if 
(c) A transm1ss10n !me operahng at 500 M radisec has L = 0 5 ~Him, C = 32 pFim, G = 100 

~m and R = 25 Dim Calculate y, a, ~, v, A and z0 

SECnON C 
(a) What 1S the baS!S for clasS!fymg a matenal as a conductor, sem1-conductor or a d!electnc? 

What 1 s the conduchv1ty of a perfect d!electnc? 

" A copper wue of 2 mm d1ameter W!th conduchv1ty of 5 8 x 107 sim and electron mob1hty of 
0 0 03 2 m'N s 1S subJected to an electnc field of 2 0 m Vim Fmd 

(1) the charge denSity of free electrons 

(11) the current denSity 
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(111) the current flowmg m the Wire 

(iv) the electron dnft velocity 

" (c) And the conduchmty ofn-type Ge at room temperature, assunung one donor atom m each 
108 atoms The denSity of Ge" 5 32 x 10 kg/m3 and the atomic weight" 72 6 kg/k-mol 
Comment on the result (e = 1 6 x 10-19 C, ~. = 0 38 m'Ns, ~ = 0 18 m'N s) 

(a) Calculate the polanzahon mduced m Ab03 With dielectnc constant g, = 8, when it 1S placed 
between two plates of a parallel plate capacitor separated by 1 nun potenhal difference 
between the two plates 1S 10 V 

" (b) The Hall coefficient of a speamen of doped S!hcon" found to be 3 66 x 10-4 m3C, the 
reS!Shmty of the specimen" 8 93 x 10-3 O-m Fmd the mobihty and the denSity of the charge 
earners, assunung smgle earner conducl!on 

(c) Find the magmtude of the magnel!c flux denSity m a matenal for wlnch 

(i) the magnel!zahon 1S 2 8 Nm and magnehc suscephbdity 1S 0 0025 

(11) the magnel!c field mtenS!ty 1S 1300 Nm and the relal!ve permeability 1S 1 006 

(111) there are 8 2 x 10" atoms/m3, each hamng a diapole moment of 3 x 10"30 A-m' m the 
same d!rechon and the magnehc suscephbihty" 2 x 10 

SEC110N D 
(a) DiScuss the sources of error in a dynamometer mshument Calculate the read!ng of an 

electro dynamics ammeter when a current ' (t) = 8 0 - 6 oJ2 sm (OJ! + 3 0') A is passed through 

" 
" (b) Explam the phenomena of creepmg If an energy meter d!Sc makes 10 revoluhons m 100 

seconds when a load of 360 W 1S connected to it detenrune the meter constant m 
revolul!onsikwh 

c 
(c) Descnbe a method of power measurement for a 3-phase 3-W!re unbalanced load How can 

power- factor of a balanced 1 oad be determmed by the method? 

" (a) Draw neat d!agram for4-bit R-2 Rladder and Weighted- ReS!Stortypes D to A converters and 
compare them 

In the circmt shown above when I = 0, show that OJ L1/R1 = 1 OJ C4R, 
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" (c) Pressure 1S abruptly changed from 5 bar to 30 bar at t = 0 The transducer (bemg first order) 

( ,, 
md!cates a value of 20 bar after 30 seconds Determme the hme reqmred to reach the pressure 
95% of the final value 

DiScuss the advantages and d!sadvantages of an mtegrahng type A to D converter under the 
followmg heads 

(1) speed ofoperahon 

(11) change m R-C values 

(111) presence of peno d!c n01se 

(1v) offset voltage of the op erahonal amphfi er 

" (b) A S/H c1rcu!l has a hold-capac1tor of 0 1 nF It 1S reqmred to work for a max~ mum mput of 5 
V and the hold value should not drop by more than 0 5% m a hold hme of 1 ~s Calculate the 
maX!mum perm!SS!ble leakage current through the hold-capac1tor 

" (c) ReSiStors R1 and R, have the nommal values 30 and 6 0 and tolerance of± 10% and± 5%, 

respechvely What would be the tolerance m the eqmvalentreS!Stance value when R1 and R, 
are connected m parallel? 
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Time Allowed: 3 Hours Maximum Marks: 200 

Caniliilates shouldaJtemptFIVE questions in all, including Question No. 1 which is compulsory. 

The remaining FOUR questions are to be attempted by selecting at/east 

ONE questionjromeach of the Sections A, B, C and D. 

SECnONA 
(Question No. lis compulsory) 

A. Choose and wnte the correct answer 

2x!0=20 

(a) A purely 1nduchve load 1S controlled by a smgle-phase AC voltage controller usmg back to 
back cotmected SCRs If the finng angle of the SCRs" 75°. the current through the two 
SCRs W!ll flow for 

(1) 285°and 0° 

(111) 105°and0° 

(11) 21 oo and oo 

(1v) 105° and 105° 

(b) In a Single-phase DC to AC mverter usmg Single pulse modulahon for control of output 
voltage. harmomcs of the order n can be ehmmated by makmg the pulse Width~ 

(1) 4n:/n (11) 2n:!n (111) n:!n (1v) JC/2n 

(c) Wluch b1t of the e1ght·b1t flag reg1ster 1S effected when dunng the execuhon of an anthmehc 
operat10n. there 1S a carty out o fb1t 3 to b1t 4? 

(1) Carty flag 

(11) Zero flag 

(111) S1gn flag 

(1v) Auxthaty carty flag 

(d) The speed of an mduchon motor 1S controlled by controlling 1ts supply frequency If the 
speed of the maclune 1S reduced by reduang the frequency by 50% of the rated frequency. to 
keep the flu" m the machme constant. the motor vol !age compared to rated voltage must be 

(1) mer ease by 25% 

(11) mer ease by 50% 

(111) decrease by 50% 

(1v) decrease by 25% 

(e) In an untranspo sed three-phase transm!SS! on !me 

(1) the sequence networks do not have mutual couphng 

(11) a po S1 hve sequence current may caJJse a negahve sequence vol !age drop 

(111) the sequence 1mp edance matrm 1S d1agonal 

(f) In a 8085 microprocessor based system. the mammum number of memoty and If I/0 dev1ces 
that can be addressed to 

(1) 2' (11) 216 (111) 2' + 216 (1v) mfirute 

(g) Two loads of 1 Ok W each are operahng at a power factor of 0 8 1 agg1ng (each) What 1S thm 
comb1ned power factor? 
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(1)04lag (u) 0 64lag (111) 0 8lag (1v) 1 0 

(h) The worst type o f1 oad on a supply system 1S 

(1) rolhng m1llload 

(u) pump1ngload 

(111 motorsmpaperm1ll 

(1v) arcfumaceload 

(1) For the purpose of starhng an mduchon motor, a Y/fl sW!tch 1S eqU1valent to an auto­
transformer of raho 

(1) 33 3% (u) 57 7% (u1) 73 2% (1v) 100% 

6) In an 1deal operahonal amphfier, the voltage gam for the common mode S!gnal!S 

(1) 0 (u) 05 (111) 2 0 (1v) mfirute 

B. Explam the folloWing W!th proper reasorung 

4x5=20 

(a) Why 1nput power factor of a smgle-phase half-controlled bndge-rect1fier 1S lngher than that 
for a fully-controlled bndge-rechfier supplymg an RL load for the same finng angle? 

(b) How does the use of bundle conductors reduce corona loss man EHV !me? 

(c) Why 1S the z-flag of a 8085 microprocessor not affected after execuhon of the mstruchon 
MOV D, B? 

(d) Why shunt cap aators are preferred over senes cap aa tors for 1mprovement of power factor 1n 
d1stnbuhon systems? 

(e) Why synchronous motors have no starhng torque ofthe1r own? 

(a) The effiaency at uruty PF of a 6600/384 V, 200 kVA Single-phase transformer 1S 98% both 
at full-load and athalffull-load The PF at no-bad 1S 0 2lagg1ng and the full-load regulahon 
at a laggmg PE of 0 8 1S 4% Draw the eqU1valent c1rcU1t referred to LV S!de and msert all 
values 

" (b) A 500 V, 25 HP DC shunt motor takes a current of 2 4 A wlnle runrung hght The field and 
armature resiStances are 650 ohms and 0 57 ohm, respechvely Calculate full-load effic1ency, 
assummg a brush drop of 2 V 

" (c) Why 1S the starhng current h1gh m a DC motor? Explam the workmg of a four-pomt starter 
for a DC maclune 

" (a) A cyhndncal rotor hydro-generator 1S feedmg an act1ve power of 0 25 p u mto a large 
network bus wh1ch 1S held at 1 0 p u voltage The generator 1S overexc1ted the an mduced 
voltage of 1 5 p u The synchronous 1mpedance of the generator and the connechng hnk areJ 
0 725 p u I phase and J 0 11 p u , phase resp echvel y Calculate the percent change m reachve­
p ower output measured at the network bus m each of the folloWing cases 

(1) If the turbme torque 1s mcreased by 100%, keepmg the exatahon of the generator 
constant 

(u) If the turbme torque 1S held constant at the 1m hal value, but the exc1tahon 1S mcreased 
by 20% (neglect saturat10n) 

" (b) U smg double revolvmg field theoty explams the workmg of a S!ngl e-phase mduchon motor 
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(c) A sqmrrel-cage mduchon motor has a startmg current of SIX hmes the lull-load current at a 
shp of 0 04 Calculate the !me current and starhng torque m p u of full-load values for the 
followmg methods of starhng 

(i) Direct SW!tclung 

(11) Auto-transformer starhng W!th motor current hmited to2 0 p u 

(111) Star-Delta startmg 

SEC:nON B 
(a) Explam the foll oW!ng terms referred to a circmt breaker 

(i) Symmetncal breakmg current 

(11) Asynunetncal breakmg current 

(111) RRRV 

(iv) Makmg current 

(v) Breakmg capaaty 

(b) Two long overhead transffi!sS!on hnes A and B havmg surge impedances of 400 ohms and 
420 ohms respechvely, are connected by a short underground cable C pfsurge impedance 50 
ohms A rectangular surge of magrutude 100 kV and of mfirute length travels along A 
towards the cable C Fmd out the surge voltage which 1S transm!tted into the cable at the 
JUnchon of A and C when the first reflected wave from the JUnchon of C and Breaches the 
former Junchon 

(c) Compare EHV AC and HV DC ophons for an mtegrated power network 

" (a) Two idenhcal 11 kV, 50 MVA, 3-phase alternators are connected m parallel and supply a 
substahon by a feeder hamng an impedance of (0 4 + J 0 7) ohm to poS!hve and negahve 
sequence currents and (0 7 + J 3 0) ohm to zero sequence current The poS!hve, negative and 
zero sequence reactance's of each of the generators are 0 6 ohm, 0 4 ohm and 0 2 ohm 
respechvely Both machmes have their neutrals earthed through resiStances of 0 2 ohm 
Calculate the potenhal of the alternator neutral W!th respect to earth, if an earth faJJ!t occurs 
Simultaneously on the blue and yellow phases of the substahon Neglect pre-fault power and 
generator resiStances 

" (b) The Thevenm's eqmvalent impedance of a bus bar m a three-phase 400 kV system 1S 020 p u 
at abase of 50 0 MV A Calculate the reachve power needed to (i) boost the voltage by 5 k V at 
the bus bar, (11) reduce the voltage by 4 kV at the bus bar 

What eqmpment 1S needed m each case? 

" (c) Draw a labelled schemahc diagram of a typical thermal power stahon How do you compare 
thermal plants W1 th hydroelectnc plants from the economic p 01nt of View? 

SElmON C: 
(a) Explam how you obtam h,, parameter of a tranSiStor graphically 
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(b) For a Single-stage tranSistor amplifier shownm the arcmt below, find the voltage A,, 1nput 
1mpedance Zm and VeE Take~= 200 and r = 30 MVIIE 

(c) Define pmch-offvoltage for aJFET 

' (a) An "'ght-b1 t urup ol ar D/A converter 1S connected to an output port of a 80 85 nucropro cess or 
based system The port address 1S 21 H Wnte a program to generate conhnuous waveform at 
the output of the DIA converter, as shown below For a maX!mum mput Signal to the 
converter the output voltage 1S 5 V 

Vot!dge i 
sv 

Tin.e 
(b) An 8 08 5 microprocessor polls an 8- b1t mput port havmg an address of 0 3 H If the LSB of the 

data 1S h1gh, the nucroprocessor operates a relay by send!ng a !ugh MSB-S!gnal to an output 
port W!th an address of 0 2 H, othetw1se the p olhng conhnues Wnte a pro gram to 1mpl ement 

( ,, 
" 

SECnON D 
A DC battery 1S charged through a reSiStor R as shownm the figure 

,..__,_/' ' ...... - -12 E sin O>t 

~"''· r 

Denve an express10n for the average charging current m terms of source voltage E, back 
em f and reSiStance R The SCR 1S fired conhnuously If E = 220 V (rm s ), E, = 100 (DC) 
and R = 10 ohms, calculate-

(1) battery charging current, 
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(u) power supphed to the battery 

" (b) A 250 V separately excited DC motor has armature reSiStance of 2 5 ohms When dnvmg a 
load at 600 rpm Wlth constant, torque, the, armature takes 20 A The motor!S controlled by 
a DC chopper operahng W!th a frequency of400 Hz and an mput voltage of250 V DC What 
should be the value of duty raho, if it 1S deS!fed to reduce the speed from 600 rpm to 400 
r p m ? Also find the motor speed at rated current and a duty raho of 0 5, if the motor is 
regenerahng 

" (a) What 1S mulhplexmg of Signals and when 1S il employed ? D!Sruss the pnnaples of two 
mulhplexmg schemes 

" (b) In a commercial broadcashng system the FM Signal has a centre frequency of 105 MHz, and 
the highest frequency of 105 03 MHz, when modulated by a Signal of frequency 5kHz, 
determme (i) frequency deviahon, (11) earner sW!ng, (111) modulahng index, (iv) percent 
modulahon 

" (c) Explam why an inlenupt controller 1S req111red W!th microprocessor systems How many 

( ,, 
mterrupts can be handled by one chip? 

" With the help of eq111valent circ111ts o btam the nahlre of waveform of phase vol !age of a star 
connected reS!Sh ve load fed from a three-phase DC to AC bn dge-inverter operatmg m 1 80 0 
conduchon mode 

" (b) Name the methods ofimprovmg the mput PF of a smgle phase ACto DC bndge converter 
Explam how cascade connechon of converters improves the PE 
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