
BLBCTIUCAL BNGINBBIUNG 

T1me Allowed Three Hours MaX!mum Marks 200 

Cand!dates should attempt SIX queshon, selectmg TWO from Part A, ONE from Part B, ONE from Part C 
and BWO from Part D 

The number of marks earned by each queshon 1S md1cated at the end of the queshon 

Answer must be wntten m Enghsh 

PART A 
(a) State and prove M1llman' s theorem 

(b) In the network shown m F1g 1, usmg M1llman's theorem, or othetw1se find the voltage 
betweenAandB 

' ~ }on "' Iron = 
'"" f ~100¥ 

1'11. I 

(c) State and explam Thevemn's and Norton's eqmvalence 

(d) F1g 2 shows the small Signal eqmvalent c1rcu!l of an electromc amphfier C1rcmtparameters 
are as follows 

( •) 

1'~100, R,_~150k0 

r1 ~685kQ R,~lOOkO 

• " L,,_J____l __ ,L 

F1nd current source eqmvalent of voltage source of ~Eg and hence find the value of output 
voltage Eo G!venEg=500mV 

The c!rcUlt shown m F1g 3 has been m the cond!t10n shown (sWitch S open) for a long hme 
The SWitch 1S then suddenly closed 
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Fig. 3 

(1) What 1S the value ofv, before and 1mmed!ately after the sW!tch 1S closed? Explam 

(11) F1nd the express10n for v, as funchon of hme when sW!tch S 1S closed at t = 0 

(111) What 1 s the value of hme constant of tranS! en! term? 

(b) A senes arcmt conS!shng of a reSiStance R of 0 5 ohm, an mductance L of 0 25 H and a 
cap aatance C of 2 F 1 s connected aero ss a vanabl e frequency constant voltage source 

(1) F1nd dnvmg pomt adm1ttance funchon and plot 1ts poles and zeros 

(11) Usmg above pole-zero plot, find express10ns for Amphtude response M(OJ) and Phase 
response ¢(OJ) 

(111) F1nd Am ph tude and Phase of above ad!mttance funct10n at OJ=! 

(a) SyntheSize the funchon 

F(s)= 3(s+2)(s+4) 
s(s+3) 

(1) as an RC 1mpedancem Foster form, 

(11) as an RL adm1 ttance 1n Cauer form 

(b) F1g 4 shows the eqmvalent c1rcU1! of the smgle-stage common-effi!tter tranS!Stor amphfier 
Draw the Signal flow d1agram for the above c1rcmt md1catmg clearly the node vanables and 
branch transm!tlances Calculate the gam usmg Mason's rule 

il ~·~ 

I ~'--.2: " I 

' • ~···o lo,.v, ~ ••• 

I ' 
"'' 
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(a) Explam the followmg ,,, 
(u) 

(111) 

Electro stah c p olen hal 

Electnc flux denSity 

Gauss' Law 

PART II 

(b) A sphencal volume of radms R has a volume charge denSity p C/m3 g1ven by 

p = Kr 

) 

) 

) 

where r 1S the rad1al diStance K 1S a constant Develop express10ns for electnc field 1ntenS1ly 
and electnc potenhal and sketch the1r vanahon With respect tor 

(c) Develop an express10n for magnehc field mtenS!Iy both mS!de and outSide a sohd cyhndncal 
conductor of rad! us a carrymg a current I With uru form current denSity 

(a) Startmg from the Maxwell's equahons den ve wave equahons m free space 

(b) A plane wave propagahng through glass havmg relahve penmthmty 5 has the magmtude of 
electnc field vector as 100 Vim and the frequency 1 MHz Calculate ,,, 
(u) 

velo c1ty and phase sill ft constant of the w<Ne, 

magmtude of magnehc field mtenS!Iy 

(c) The approXimate rachahon fields of certam antenna expressed m sphencal coordmate system 

" 

E ~ K sm ecos( '"!- fJr) ,e 
c 

Determme the mstantaneous and average power flow out of the volume surrounded by the 
sphencal surface ofradms r With centre at ongm 

PARTC 
(a) Explam the phenomenon of 'Electroru c p olanzahon' m d1electn c medmm 

(b) Define el ectroruc polanzab1hty and show that 

" c "''-'1-;:~---"') 
' N 

where a. = electroru c p olanzab1h ty 

g, = relahve p enmth mty 
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N =number of atoms/m3 

(c) DiScuss the class!licahon of magnehc matenals on the baS!S of occurrence of permanent 
atom1c magnehc dipoles 

(d) Explam the magnehzat10n curve of a ferro-magnehc matenal W!th spec1al reference to 1ts 
domam shucture and onentahons of magnehc moments 

(a) Explam the folloWing terms W!th reference to atom1c mterpretat10n of Olun's law 

,,, 
(u) 

(111) 

Dnftveloc1ty 

Mob1hty of electron 

Relaxahon hme 

(b) A umform Silver W!re has reS1Shv1ty of 1 54 x 10-B olun-m at room temperature An electnc 
field of 1 2 Vim 1S apphed along the W!re Fmd the avenge dnft veloaty and the mob1hty of 
electrons Assume-

conduchon electrons per m3 = 6 0 x 1028 

charge on one electron= 1 6 x 10-19 C 

(c) Descnb e the Hall effect phenomena m sem1-conductors 

(d) Explam W!th the help of neat sketches as to how the folloWing quanhhes Va!)' m p- and n­
reg!Ons of an 1deahsed p - nJunchon d10de under eqmhbnum cond1hons 

Charge denSity, concentrahon of electrons and holes, electrostahc potenhal 

PARTD 
(a) DiScuss the sal1ent conshuct10nal features of an electncal type fluxmeter m contrast to the 

other permanent magnet movmg-c01l type mstruments and explam how flux hnkages can be 
measured 

" (b) A fluxmeter 1S connected to a search c01l havmg 200 turns and a mean area of 500 mm' 
ReSiStance of the search cod 1S 1 ohm and fluxmeter has 120 scale d!v1S1ons The search c01l 
1S placed at the centre of a solen01d 1 meter long, wound W!th 700 turns When a current of 4 
A 1S reversed, there 1S a deflect10n of 25 scale dnns10ns Calculate the reSiStance of shunt 
reqmred for use W!th the search c01l1f th!S F1uxmeter 1S used to measure 0 6 5 x 1 o-< wb 

(c) Draw a neat sketch of a cathode ray tube markmg thereon 1ts vanous parts Descnbe bnefly 
the funchons and workmg of folloWing parts 

(1) Electron gun assembly 

(11) Deflechon system assembly 
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(a) Explam the pnnaple and workmg of a photo-electnc tachometer What axe 1ts advantages 
and diSadvantages over other types of speed transducers? 

(b) Idenhfy the most deS!fable charactenshcs of d!Spl acement and force transducers Suggest one 
electn cal transducer for each of them and md1cate the ments of electncal transducers 

(c) Explam how the W1en- Bn dge arcmt can be used to measure unknown frequenaes State 1!' s 
another 1mportant apphcahon 

( ,, What 1S meant by 'Mulhplexmg' m a telemetenng system? Descnbe bnefly the method of 
'T1me D1mS1on Mulhplexmg' (TDM) 

(b) Explam the pnnc1ple of Frequency Modulated (FM) recordmg What are the advantages of an 
FM recorder over the convenhonal type? 

(c) Explam how you use a seven segment LED display dev1ce as a dec1mal d1g1t display 
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BLBCTIIUCAL BNGINBBIIUNG 

Timeallowed: Three Hours Maximum Marks: 200 

Candidates should attempt FIVE questions in all, choosing at least ONE from each Section. 

The number of marks carried by m.ch question is indicated at the md of the question. 

Answ.rs must bewrittm in English. 

PART A 
(a) Explam what 1S meant by 'Synchronous Impedance' of an alternator 

(b) Fmd the synchronous 1mpedance and reactance of a smgle- phase alternator m wln ch a giVen 
field current produces an armature current of 250 amperes on short-arcmt and a generated 
emf of 1500 volts on open c1rcu!l The armature reSiStance 1S 2 ohms Hence calculate the 
tenrunal p d when a load of 2 50 amperes at 6 6 kV and laggmg power factor 0 8 1S SWitched 
off 

(c) A 3 -phase al temator havmg a reactance of 1 0 ohms has art armature current of 22 0 amperes 
at umty power factor when ruruung on 11 kV constant frequency bus-bars If the steam 
adm!SS!on be unchanged and the emf ratsed by 25% determme graph1cally or othetw1se the 
new value of maclune current and power factor 

(a) DiScuss the relal!ve ments and disadvantages of smgle cage and double cage 1nduchon 
motors If the standst11l1mpedance of the outer cage of a double cage maclune 1S 0 3 + J 0 4 
olun and of the mner cage 1S 0 1 + J 1 5 ohms, compare the relahve currents and torques of 
the two cages 

(1) at standsl!ll, 

(11) at a shp of 5% 

(b) An mduchon motorW!th a star-delta starter 1S supphed through a feeder from Vvolts, 50 Hz 
mams Commg to hne drop, the starhng current 1S found to be the same Wlth star as well as 
delta connechons From a short-arcu1t test on the motor, when delta connected, the folloWing 
data were obtamed, V = 200 V, I= 125 A, power factor= 0 4 (hne values) Detenrune the 
reS! stance of the feeder If a second feeder of the same cross-sechon be nm m parallel W!th 
the ongmal feeder, find the percentage mcrease m the starhng torque obtamed Wlth each 
connechon 

(c) What 1S 'on load tap chang1ng fac1hty' m a power transformer? What 1S 1ts apphcat10n m 
power system control? 
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SECnON B 
(a) A 3-phase, 50-Hz overhead transtlllsSJon hne 100 km long With 132 kV between lmes at the 

rece1vmg end has the folloWing constants 

ReS!Stanceperkmperphase=O 15 ohm 

Inductance per km per phase= 1 20 mH 

Capac1tance per km per phase = 0 0 084 ~F 

Determme, usmg nommal T method, the voltage, current and power factor of the sendmg end 
when the 1 oad at the rece1vmg end 1S 70 MW at 0 8 power factor lagg~ng 

(b) Define sumg effic1ency Explam how tills effic1ency can be raJsed by the mtroduchon of 
arcmg horns 

If the voltage across the umts m a 2-urut suspenSion 1nsulator 1S 60% and 40% respecl!vely, 
of the !me voltage, determme the raho of the capaatance of the 1nsulator to that of 1ts 
capaatance to earth 

(c) What 1S Ferran I! effect 1n a hghtly loaded long EHV transtlllsS!on !me? What steps ale taken 
to correct the adverse effects due to Ferranh effect m a power system With many long EHV 
hnes? 

(a) What are the sequence of events that follow a sudden mcrease 1n load (say 0 1% of system 
cap aaty) m a power system wlnch was under balanced steady -state op eratmg cond1hons pnor 
to tills d!sturbance? 

(b) Two 1denhcal synchronous maclunes ofrahng 100 MW, 50 Hz operahng m parallel have the 
folloWing charactenshcs 

Mac/nne 1 Speed droop R = 4% 

Speed changer set to gw 50% rated load at rated speed 

Mac/nne 2 Speed drop R = 4% 

Speed changer set to g1ve 75% rated load at rated speed 

(1) Determme the load taken by each machme for a total load of 150 MW and the 
frequency of operahon 

(11) What adJushnent should be made by the speed changers of the maclnnes to share the 
load as m (1) but Wl th a frequency of 50 Hz? 

(c) D!Shngmsh between steady-state stab1hty and tranSient stabd1ty of a power system Explam 
the d!fference between the two by takmg an example of a 'smgle machme connected to an 
mfirute bus system' 

SECnON C 
(a) The open-loop transfer funct10n of a uruty feed-back control system 1S g1ven by 
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k 
G(s)~ , 

(s+2)(s+4)(s +6s+25) 

By applymg Routh-Hu!Witz cntenon determme 

(1) the range ofk forwh1ch the closed-loop system Will be stable, 

(11) the values of k wh1ch Will cause sustamed osc11l ah ons m the closed-loop system 

What are the correspondmg osc1llahon frequenc1es? 

(b) Asymptohc approX!mahon of Bode magmtude plot of open-loop transfer fun chon, G(s), of a 
system 1S g1ven m F1g 5(b) Detenrune G(s) 

!G!)">)I 

'" ----'-·,~-------''"~--''"'--­
loq ~· 

-11db 1--

(c) Sketch the Nyqmstplot for the control system whose loop transfer fun chon 1S g1ven by 

G(s)H(s)~ 1 
s(1+02s)(1+005s) 

Determme the gam margm and comment on the stab1hty of the system 

(a) The open-loop transfer fun chon of a uruty feed-back control system 1S g1ven by 

G(s)~ k(s+4) 
s(s+l) 

Sketch the Root locus plot of the system and determme the value of the gam k so that the 
system 1S cnhcally damped 

(b) Sketch the Root Locus plots and bnefly explam qual1tahvely the 1mprovements m system 
performance (stab1hty and steady state error) that are obtamable by 1ntroduang a 
compensahng zero (s + 3) to the umty feedback system whose open -loop transfer funchon 1S 

k 
G ( s) - -,.,;;=;c 

- s(s+2)(s+6) 

(c) Wnte the d1fferenhal equahons charactenzmg the network g1ven m F1g 6(c) and hence 
obtam the state equahon x~ Ax+ Bu and the output equahonY~ C,E+ Di Take the voltages 

across the capaators, V! (t) and v, (t) as the two state vanables and the current through the 2x 
106 ohm reSiStor as the output vanable 
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( ,, SECnON D 
,,, Explam the baS!c structure of a P-channel, enhancement type MOSFFf 

(11) State the ments and dements of d1g1tal MOSFET arcUlts compared to the 
correspondmg b1 polar c1rcU1 ts 

(b) DiScuss the effect of vol !age senes feedback on the mput and output resiStances of a feedback 
voltage amphfi er by denvmg the necessaJY expresS! ons 

(c) State the explam the Barkhausen cond!t10ns for sustamed S1nus01dal osc1llahons 

(d) Explam the operahon of a Sch!mdt tngger arcmt usmg operahonal amphfier G1ve the 
express10n for hystereSiS m such a a rem! 

(a) S1mphfy the followmg Boolean express10n usmg Kamaugh Map 
- - -

F~AC+AB+ABC+BC 

(b) Draw the lo g1c symbols and explam the opera!! on of a D-type and T -type Fhp- flop 

(c) Explam the op erahon of a synchronous decade counter With relevant d1agrams 

(d) What are mulhplexers and demull!plexers? Explam With relevant d!agrams the operahon of a 
4-to-llme mulhplexer 

SECTION E 
(a) The 1mpulse response of a hnear network!s g!Ven by 

h(s)=e-<, t?.O 

=0, t<O 

F1nd the output of the network for an 1mput Signal g1ven by 

u(t)=l, 

0 c 
O:O:t::s:T 

otherw:1se 
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(b) Jush fy the folloWing statements 

(1) In FM pre-emphasiS 1mproves the So /N0 ral!o of the Signal 

(11) In PCM compandmg 1m proves the dynanuc range of the system 

(c) A 50 MHz earner dehvers 1 DOW power to a load The earner 1S now frequency modulated by 
a 1 kHz Signal causmg a max:1mum frequency demahon of 6 kHz Th!S frequency modulated 
S!gnal!S coupled to the load through an 1deal band pass filter Wlth 50 MHz centre frequency 
and 12 5kHz bandWidth Fmd the power del1vered to the load Comment on the result 

(d) What are the frequency range for the folloWing bands? Menhon a typ1cal apphcahon for 
e<h 

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

Wnte FORTRAN anthmehc statements to compute y from each of the folloWing equal! on~ 
keepmg the compuhng l!me a nummum 

,,, 2a+b 

bl c yl 

(u) Y ~ ¢~l M[ (;:f -1] 
(111) y~272log,z+..Jsm'x bi'+S!nx 

(b) Wnte the values stored 1n registers named X and SUM after the execuhon of the folloWing 
progranune 

X= 1 
SUM= 0 

lOOSUM =SUM+ X* 
X=X+20 
If(X--ll 0) 100, 100,200 
200 STOP 
CND 

(c) Wnte a FORTRAN progranune to compute and pnnt factonal N 

(1) usmg a DO statement 

(11) Without usmg a DO statement 

(d) Draw a flowchart and wnte a FORTRAN progranune to solve the 'force free' state equahon 
X (t) ~ AX(t) and pnnt the soluhon X(t ),t?. 0 usmg mod1fied Euler numencal mtegrahon 

method giVen X(t~O) and the l!me-mvanant matnxA The programme should 

acconunodate a max1mum of 10 state vanables 
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