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BLBCTIUCAL BNGINBBIUNG 

Time Allowed: Three Hours Maximum Marks: 200 

Canchdates should attempt SIX questions, selectmg TWO questions from Part-A One from Part-E, One 
from Pars-C and TWO from Part-D 

The number of marks earned l:y each question Js mcbcated at the end of the question 
Answers must be wntten m Enghsh 

PART A 
(a) State and explam Rec1proc!ly and Compensal!on theorems 

(b) G1ven the arcmt of F1g 1, determme the Theverun eqmvalent c!rcUlt With respect to 
tenrunals A, B and hence find the current floWing through 100 reSiStor 

A l~.fl. • 

• 

'" '" '" 

(c) Wnte down the equahons correspondmg to the flow graph shown m F1g 2 Evaluate the gam 
V6N 1 by usmg Mason's rule 

' 
' • ;\ ' (, ' •·->-

" ,, ,, ,, ,, '• .. , 
" (a) In the arcmt shown m F1g 3, find the 1mhal and final values of the currents 11 and'' (usmg 

1m hal and final value theorems) when the SWitch 1S closed 
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Pill· 3 

(b) ForthenetworkshownmF1g 4-

(1) determme the Adm1ttance parameters yu, y 12, y, 

(11) find eqmvalent T -network 

(111) determme 1m age 1mp edances 

~ 

' = m ,, 
•i - • 

L 
I u. 

i lisA 

(a) DiScuss the prop erl! es of R -C dnvmg p om! 1mpedance funcl!ons 

(b) SyntheSize the followmg funchon (1) as an Impedance funchon m the Fosters form (11) as an 
Ad!mttance funchon m Cauer's form 

z(s)~ (s+2)(s+4) 
(s+l)(s+3) 

PART II 
(a) Starhng from Maxwell's equahons, obtam the equahon for a uruform plane wave m an 

unbounded, 1Sotrop1c, homogeneous med111m 

(b) Show that m a uruform plane w<Ne mol!on propagahng m z-d1recl!on, stored energy denSity 
at each pomt and each mstant 1S equally dnnded between electnc and magnehc field energy 
denS!hes 

(c) Evaluate, usmg Poynhng theorem, the power that 1S conveyed along a coax! al cable carrymg 
a current I (d c) m the mner conductor and sheath formmg the return path for the current 
Vol !age between !!l!ler conductor and the sheath 1S V Neglect reSiStance of the conductors 
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(a) Wnte the Laplace's equahon m rectangular, cylmdncal and sphene a! co ordmate cystems 

Fcg.5 

" 
' 

(b) Fmd the potenhal funchon and electnc field mtenS!ty for the reg10n between two concentnc 
circular cyhnders whose cross-sechon 1S shownm Fig 5 

(c) Define Magnehc Vector Potenhal Fmd Magnehc Vector Potenhal A due to an mfirute plane 
current sheet of uru form denSity K 

PARTC 
(a) Explam what 1S meant by Polanzahon in a Dielectnc DiScuss the types of polanzahon 

mechaniSms which may anse m a d!electnc 

(b) Explam the phenomenon of P!ezo electn aty exlubi ted by some crystals 

(c) Menhon the properties of Ferroelectnc matenal and explam the phenomenon of 
electrostnchon 

(a) What 1S meant by HystereSiS loss m a ferromagnehc matenal? 

DiScuss the factors that govern the magnitude ofth!S loss 

(b) Electncal conduchvity of a metal conductor can be expressed as 

m', 
a,~--

m, 

where n- denSity of free electrons 

r-relaxat10n hme 

e- charge on an electron 

m,- mass of an electron 

Find, usmg the above rel at10n, an express10n for conduchvity of an mtnnS! c senuconductor m 
terms of electron and hole mobihhes and the inlnnS!c earner denSity 
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(c) The reS1Shv1ty of mtnnS!c germaruum at room temperahlre 1S equal to 0 47 olun m Assummg 
electron and hole mob1hhes of 0 38 and 018 m' vol-1 sec-1 respechvely, calculate the 
mtnnS!c earner denSity 

(d) How does the superconduchve state differ from normal conduchng state? What 1S the effect 
of(1) frequency and (11) magnehc field on superconduchv1ty? 

PARTD 
(a) Explam as to what you understand by 'Pnmary' and 'Secondary' Transducers Illustrate your 

answerW!th sU!table examples 

(b) Draw a neat sketch of a Linear Van able D1fferenhal Transformer (LVDD and explam bnefly 
1ts pnnc1ple ofworkmg 

(c) The output of an LVDT 1S cotmected to a 10-V voltmeter through an amphfier whose 
amphficahon factor 1S 250 An output of 1 m V appears across the termmals of the LVDT 
when the core moves through a diStance of 0 5 mm The volhneter has 100 d1mS1ons and 
scale can be read to two tenth of a div1S1on Calculate the senS!hmty and resoluhon of the 
mshument 

The above arrangement 1S used m a force transducer for measunng deflechon of a canhlever 
The canhlever 1S deflected through 0 25 mm by a force of one newton Calculate the 
m1rumum and ma:nmum values of force that can be measured 

(a) What are the var1ous sources of errors m ac bndge c!rcu1ts? Outlme the precauhons and 
techmques used for reducmg such errors 

(b) Explam the method of measurement of capaatance and d!SS!pahon factor usmg Schenng 
bndge What spec1al features and needed when the bndge 1S supphed from a h1gh voltage 
source? 

(c) Explam how the relahve perm1thv!ty of a di electnc mat en al can be detenruned Wl th the help 
ofSchenng bndge 

( ,, What are the advantage of dig~talmshuments over analogue ones? 

(b) Explam W!th the help of funchonal block diagrams the pnnaple of operahon of a D1g1tal 
frequency meter 

(c) What 1S meant by MulhpleX!ng m Telemetenng system? Descnbe bnefly the method of 
Frequency D!V!S!on mulh plexmg (FD M) m a telemetenng system 
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BLBCTRICAL BNGINBBRING 

Time Allowed: Three Hours 
Canchdates should attempt FIVE questwns mall 

choosmgat least ai/E from each &Jetton 
All questions carry equal marks 

Answers must be wntten m Enghsh 

SEC:nONA 

Maximum Marks: 200 

(a) What do you understand by stnng effic1ency? Why 1S 11 vety low for an ordmaJY msulator 
stnng? Descnb e bnefl y the methods used for 1mprovmg 11 

(b) What 1S meant by bundle conductors? G1ve some IGI!cal arrangements of such conductors 
What advantages do they offer over ordmaty conductors? EB!lam bnefly 

(c) A 3-phase, 125-km long !me operatmg at 50 Hz 1S supplymg a load of 40 MV A at arecetvmg 
end vol !age of 11 0 kV (hne-to -hoe) and a laggmg power factor of 0 8 The reSiStance of the 
!me 1S 11 ohms/phase, mduchve reactance 38 ohms (!me-to-neutral) and capac1hve 
susceptance 3 x 10-< mhos (!me-to-neutral) Usmg nommal-p1 representahon for the !me, 
calculate--

(!)!me-to !me voltage at the sendmg end, (u) the sendmg-end power factor, and 

(a) State the meanmgs of steady-state and tranSient stab1hty hm1ts and eGilam why the latter 1S 
lower than the former 

(b) Explam the pnnc1ple of operahon of a b1ased d!fferenhal relay What are the reasons for 
prov1d!ng large b1as sethngs m transformer d1fferenhal relays? 

(c) Starhng W!th the GaJJss theorem, denve an express10n for the !me-to-neutral capac1tance m 
m1crofarads per km of a transmiSSion !me havmg conductors at the comers of an eqmlateral 
In angle Each S!de of the In angle 1n D metres and the rad!us of each conductor iS r metres 

PARTB 
(a) Ad c shunt motor, whose armature resiStance 1S 0 5 ohm, 1S to be starred by a controller 

wlnch keeps the armature current between the lmnts of 60 A and 80 A, the supply voltage 
b emg 40 0 V Calculate the number and values of the reSiStance steps Prove the theoty of the 
method of calculahon you employ 

(b) Explam, W!th the help of neat sketches, how mterpoles 1mprove commutahon m a d c 
maclnne How are the mterpoleW!nd!ngs connected m (1) d c motor~ (u) d c generator? 
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(c) Explam why asynchronous motor does not start by 1tself 

(a) Usmg synchronous-1mpedance method, detemune the voltage regulahon of a 2000-volt 
Single-phase alternator supplymg a load current of 100 A at rated voltage and a power factor 
of(1) uruty, (11) 0 8leadmg, and (111) 0 707laggmg The test results ava1lable are as follows 
The full-load current of 100 A 1S produced on short-mcmt by a field exatahon of 2 5 A, an 
emf of 500 V 1S produced on open arcmt by the same exatat10n, and the armahlre 
reS! stance 1S 0 8 ohm 

(b) Descnbe bnefly the conshuchon of (1) woundrotor, (11) deep-bar and (111) double-cage type 
mduchon motors and explam how1n each case a lngh starhng torque 1S obta1ned 

(c) Usmg double-revolvmg-field theoty, develop an eqmvalent c1rcU1! for smgle-phase 1nduchon 
motor 

PARTC 
(a) Sketch the polar (NyqU!st) plot on apla1n paper for the followmg transfer funchon 

" G ( s) - -,-c;i,;-,= 
- s(1+s)(1+0 5s) 

(b) Sketch the Bode plots m magrutude and phase versus frequency on a plam paper for the 
followmg transfer funchon 

(c) Usmg Routh's cntenon of stab1hty, determme the range of K for wlnch the system shown m 
figure 1 W!ll rema1n stable 

Ci s.l 

.... 1 
I . 

(a) Expla1n the meanmg and S!gruficance of phase and gam margms of a control system How 
W!ll you obta1n the values of these margms from (1) polar plot, and (11) Bode plots? Illustrate 
by g1vmg plots for stable and unstable systems separately 

(b) Obta1n the state tranS!hon matnx of the system represented by the folloWing state equahons 
and, usmg the same, determme the hme response for t?.O 
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The 1ruhal cond!hons are X1(0) = 1 and x2(0) =-1 and the mput r(t) 1S a umt step funchon at 
FC 

PARTD 
(a) Descnbe, W!th the help of a block schemahc, the pnnaple and workmg of a modulo-5 

counter usmg £11 p- flops along W!th appropnate feedback 

(b) Prove that the c1rcU1 t shownm figure 2 has an outpute2 g!Ven by 

e, = R2C J e,di 

1f the operahonal amplifiers an 1 deal one 

' ' 
• L 

-.... el 

e---LY-; 
' ,, 

l' 
F:<&·l 

(c) DiScuss, W!th the help of a arcmt example, the purpose ofprov1d!ng (1) negat1ve feedback, 
(11) poS!hve feedback m amplifiers 

(d) An average-respond!ng electromc volhneter has 1ts scale cal1brated to md1cate correctly the 
r m s value of smus01dal voltages Calculate the error m 1ts readmg 1fthe mshument 1S used 
for measunng value of asynunetncal In angular -wave voltage 

(a) Prove mathemahcally that a S!ne-wave earner amplitude-modulated by a smus01dal Signal 
has three frequency components Idenhfy the frequenc1es and amplitudes of these 
components 1n terms of those of the earner and modulahng Signal 

(b) G1vmg arcmt d!agram of an FM detector, de sen be 1 ts operahon 

(c) What 1S meant by smgle-S!de-band transm!SS!on? Comment on 1ts ments and dements 
relat1ve to double-Side-band transm!SS!on 

(d) Wnte a note of about 250 words on the use of open W!res, coaXial cable, nucrowave~ 
wavegu1des and opl!cal M1re as conunurucahon med1a 
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PARTE 
(a) Bnng out the d!fference between FUNCTION sub-programme and SUBROUTINE sub­

programme With the help of an example 

(b) Idenhfy the errors 1n the followmg FORTRAN statements and suggest correchon 

(1) REAL ITEM, KIT, MASS, INTEGER, BETA SIGMA 

(u) 

(111) 

(!v) 

DO 

" GO 

200 VALUE= 01, 15,0 2 

(P--Q)/(R+S) 10,20,30 

T0(0,20,50), NODE 

(c) Draw a flow chart and wnte an effiaent FORT-RAN programme to find the mverse of a 
g1ven matnx 

( ,, Draw a funchonal block d1agram of d!g1tal computer and explam bnefly the role of each umt 
!herem 

(b) Wnte a programme m FORTRAN language usmg only log~cal IF statements and 
uncond!t10nal Go To where necessaJY to sum the senes 

' ( 

sum=±;(5k+l) 

Use format-free INPUT/OUTPUT statements to mput 'n' and output 'sum' 

(c) Translate the folloWing mathemahcal express10ns mto FORTRAN statements Use common 
pre-defined funchons for parts (111) and (1v) 

,,, x~a(p;qr 

(11) Sri -1 
y~ s -I 

(111) z~smlal+l 8log10 b+.J;;i; 

(1v) w~ae-"+Jp'+q' 
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