
BLBCTIUCAL BNGINBBIUNG 

T1me allowed 3 hours Ma:nmum marks 200 

Cancbdates should attempt sJx questwns, selectmg 

two questions from Part A, one from Part B, one from Part C and two from Part D 

Answers must be wntten m Enghsh 

PART A 

(a) Explam the followmg 

(1) SuperpoS!hon Pnnaple 

(11) MaX!mum Power Transfer Theorem 

(111) Umt Step and Urut Impulse Funchons 

(b) In the network shown m F1g 1 (a), find the value ofRL such that max1mum posSible power 
Will be transferred to RL Fmd also the value of the max1mum power and the power supphed 
by source under these cond1hons 

(c) ConS!denng 1(1) as mput and v(t) as output m the network shown m F1g !(b) fmd umt step 
response and the urut ramp response With v(O) = 0 

f·., f'~ f" l·: 
Flp. l(b) 

( ,, Explam clearly the followmg 

(1) Poles and zeros of a network fun chon 

(11) Frequency response of a network 

(b) For the network shownm F1g 2 (a) 
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(1) find the transfer funchon H(s) and plot 1ts poles and zeros 

(u) US!ng poles and zeros plot of (1), determme H6 10) and steady state rurrent 1S (1) 1f 

f(t)=9 cos(101+ 30') 

(c) Ad!mttance parameters of the p1-network shown m F1g 2 (b) are 

Yu=009s Y12 =Y21 =--D05s, Y22=007s 

F1nd the value, of Re, Rs, Rc 

'• •• ,, 
f l I '· " l 

1';". 2(!.\ 

(a) Mentlos the cond!hons to be sahsfied for a fun chon F(s) to be phySically real1zable 

(b) A funchon F(s) has 

poles 0, -2 

zeros -1,-3 

Tahng scale factor to be 1, syntheSize F(s) as an 1mpedance funchon m Foster's form 

(c) Explam bnefly 'Mason's rule' for compuhng the GAJN from mput node to output node m a 
S1gnal Flow Graph 

PARTB 
(a) State and explam Gauss' law1n pomt and mtegral forms 

(b) A sphencal volume charge denSity d!stn buhon 1S g!Ven by 

p=p,(1-::} r~a 
= 0 r ~a 

where a 1S the rad!us of sphen cal charge d!stn buhon 

F1nd the diStance from the centre where the electnc field mtenS!Iy due to tills charge 
d1stnbuhon 1S maX!mum What 1S the value of max:1mum electnc field mtenS!ty? 
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(c) An mfirutely long, stratght filamenlaJY conductor canymg current I 1S placed along x-ax!S m 
cyhndncal co-ordmates Fmd the express10ns for magnehc f1eld and magnel!c vector 
p otenl!al at a p 01nt m the plane Z = 0 

(a) Starl!ng from Ampere's C1rcu11al Law And Faraday's Law obtam the correspondmg 
Maxwell's equahons 1n 1ntegral form U smg appropnate theorems of Vector Calculus, denve 
these equal! ons m d!fferenh al forms 

(b) State the prop erh es of a hnearly, p olanzed, umform plane wave 

(c) Fmd the velo a ty of a plane wave 1n a lossless medmm havmg a relahve p enmttnnty of 4 and 
relat1ve permeab1hty ofuruty 

(d) Assummg TEM wave travelling m the poS!I!ve z-d!rechon m non-d!SS!pahve med!um, wnte 
the expresSions for E,(z, t) and Hy(z, t) 

Makmg use of analogy, wnte voltage and current express10ns for a loss-less 
transm!SS!on !me for any (z, t) 

PART& 
(a) Explam the bas!S on wlnch sohd matenals are clasSified as conductors, msulators and semi­

conductors D1 fferenhate these types of matenals W!th reference to Energy Band D1agrams 

(b) Descnbe the 'Hall Effect' and explam 1ts relahon to the mecharucal force exerted by a 
magnehc field on a conductor 

A current or 50 A 1S passed through a metal stnp w!uch 1S subjected to a magnehc field of 
flux denSity 1 2 T The magnehc field 1S d!rected at nght angle to the current d!rechon and 
the th1ckness of the stnp m the d1rechon of magnehc field 1S 0 5 mm The Hall voltage 1S 
found to be 150 ~V Calculate the number of conduchon electrons per cub1c metre m the 
m<ill 

Denve the formula you may use 

(e) D!Shngmsh clearly between 'Zener' and 'Avlanche' breakdown m the bamer layer of a seffi!­
conductor 

(a) Explam the phenomenon of Magnetostnchon' 

(b) Defme reS! dual magneh sm and co erc1ve force How are these properhes explamed m terms of 
m1cro scop1c shucture of sohds? 

(c) Define the d!electnc constant and loss-tan gent of a d!electnc matenal DiScuss the1r 
dependence on frequency 
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(d) Explam what 1s meant by permanent d1pole moment How the presence of permanent d1poles 
contnbutes to the d1electnc constant? Discuss the temperature dependence of the d1electnc 
constant 

PARTD 
(a) Compare the relahve advantages and d!sadvantages of sleasunng a reSiStance by (1) null 

method (11) sub shtuhon method 

(b) Descnb e Kelvm' s double bndge method for measurement of 1 ow resiStances 

(c) Hay's a c bndge 1S used to measure effechve reSiStance and selfmductance of an 1ron-cored 
c01l Its four arms are arranged as follows 

AnnAB The unknown c01l (Lx, R,J 

Ann BC N on-reachve reSiStor (10 00 ohms) 

Ann CD Non reachve reSiStor (833 ohms) m senes W!th a standard capaator of 0 38 ~F 

AnnDA Non-reachvereS1Stor(16800 ohms) 

Calculate the value of effechve reSiStance and self-mductance The bndge 1S supphed W1 th 50 
Hz frequency source Denve the formula used and draw a complete phasor d1agram 

(a) DiScuss d!fferent methods of recordmg data DiScuss the1r relahve advantages and 
diSadvantages 

Explam the workmg of X-Y recorderW!th the help of sU!table d1agrams 

(b) Descnbe W!th d!agrams the workmg of-

(1) electrostahc focusmg arrangement 

(11) mtemal and external synchromzahon m CRO 

(c) Descnbe the workmg of an mshument used to measure harmomc contents m a penod1c non­
smusO!dal waveform 

( ,, Bnefly explam the pnnc1ple of any two of the folloWing transducers used for measunng 
hnear displacement 

(1) Induct!ve transducer 

(11) Capac1hve transducer 

(111) Stram gauges 

(1v) P!ezoelectnc transducers 

(b) A stram gaJJge havmg reSiStance of 120 ohms 1S mounted on steel canhlever beam When a 
certam force 1S apphed at the free end 1t produces a stress of 100 MN/m' at the sechon where 
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stram gauge 1S mounted The change m gauge reSiStance 1S round to be 0 15 ohm due to tlus 
stress Calculate the gauge factor G1ven Young's modulus for steel!S 2 00 G Nlm' 

(c) W1th the he! p of a funchonal block d1agram expl am the pnnaple of operahon of a mtegrahng 
type d!g1tal voltmeter (DVlVI) What 1S the resoluhon of a 3Y, d1g1t DVM havmg a range of 10 
vo 
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BLBCTIIUCAL BNGINGBIIUNG 

Time allowed: 3 hours Maximum marks: 200 

Cancbdates should attempt sJx questwns, selectmg 

two questions from Part A, one from Part B, one from Part C and two from Part D 

Answers must be wntten m Enghsh 

Explam bnefly any five of the followmg, supp ortmg your answer With relevant c!rcUlt~ performance 
charactenshcs, etc, wherever necesslltJI 

(a) Techmques adopted for brakmg of d c motors 

(b) Hunhng phenomenon 1n synchronous maclnnes 

(c) N aturallo ad of an a-c transm!SS!on !me and the factors lmu hng the d! stance of transtlllsS!on 

(d) Purpose and achon of a delta-connected tert:llltJI wmd!ng 1n Y-Y connected transformers 

(e) Role oftachogenerators m automahon poSJI!on control schemes 

(f) Schm!lt tngger arcmt, 1 ts operahon and appl!cahon 

(g) Memoty systems for storage of data 

SEC'nONA 
(a) A 4 00-V 3-phase, 50-Hz 6-p ole Y -connected mducl!on motor, when ruruung light at normal 

voltage and frequency takes power mput of 1 2 kW and the !me current 1S 8 25 A W1th the 
rotor locked and 180 V applied to the stator, the power mput 1S 5 25 kW and the !me current 
1S 45 A The stator reSiStance measured between two line ternunals when hot 1S 0 9 0 

Draw the appro X! mate eqU1 valent c1rcU1! of the motor and calculate the net mechan1cal 
power output and torque when workmg at a slip of 4% 

(b) D!Shngmsh the torque-speed charactenst1cs of mduchon motors meant for (1) conhnuous 
ruruung under full-load and (11) a c servomotor 

Ind1cate, m each case, the deSign cntena and the means adopted for acluevmg the deS!fed 
performance 

(a) Denve the express10n for the synchromzmg power of a synchronous generator W!th a 
cyhndncal rotor when cotmected to an mfirute bus-bars 

DiScuss the effect of an exc1tahon failure 

(b) What 1S understood by 'synchronous condenser'? Explain 1 ts op erahon and apph cal! on 
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(c) Explam how a salient pole maclune can develop torque Without field ex a tal! on 

(a) What 1S the ophmum reactance/reS!Stance raho for max1mum power transfer m transm1ss10n 
hnes ? Is 11 sahsfied m prachce, 1f not, what 1S done to mcrease the power hm1t? 

(b) Determme the max1mum theoreh cal power that may be transm!lted ma a short 3 -phase hne of 
1mpedance of (10+J30) 0 per phase and With 132 kV mamtamed at each end What phase 
d1fference ex!Sts between the tenrunahng voltages under these cond1hons? 

(c) Descnbe one type of prole chon that 1S used for detechng faults local to the transformer 

(d) What are 'phase-sequence filters' and what are they apphed for? G1ve one c1rcU1! d1agram for 
each filter, expla1tung 1ts workmg 

SECnON B 
(a) The open-loop transfer funcl!on of a uruty feedback system 1S g1ven by 

7C"CcCK.,--,-,-, G(s)--: 
- s(1+sr1)(1+sr,) 

(1) Usmg the Routh-HU!W!tz method, determme the necessaty cond!t10ns for the system 
to be stable 

(11) Detenrune the gam margm and hence the cond1hon for stabd1ty 

(b) Explam the usefulness of root-locus d1agrams m the deSign of feedback-control systems 

(c) Sketch the root-locus d1agram for the system descnbed m (a) forpoS!hve values of K, c1 and 
r, Show how the root-locus gets mollified With the add1hon of (1) a zero and (11) a pole 
DiScuss the effect of each on the performance of the system, 1f the system 1s already stable 
before the add!h on 

(a) The open-loop gam of a servomechaniSm 1S g!Ven m F1g 1 agamst frequency usmg 
loganthm1c stra1ght 

" 
0-------- . ~--

f_, 
~Q'" d6-.. 

-oo'--;:,-~-c!--+--;;----!i-o·l C·S ~ 5 lO 20 
Frf~,;tn:;y frl rod/i -:-"' 

~.I 
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!me approXImahon (1 e the Bode-plot) Assummg that all the elements are of first-order type, 
wnte down the open- loop transfer funchon of the system and plot 1ts open-loop phase 
agamst frequency on the same scale State any assumphons made 

(b) Applymg any necessary correchons for the approXImate plots, determme the gam margm and 
phase margm and thereby comment on the stab1hty of the system 

(c) What 1S meant by 'mtegral-error' compensahon and when 1S 11 deS!fed for apphcahon? 
Illustrate your answer by suggeshng a smtabl e example W!th 1ts transfer- funchon 

(a) Wnte a IORTRAN expresSion correspond!ng to each of the folloWing mathemat1cal 
express10ns 

,,, [ , T (a+b) +(3c) 

(u) cos [loglO (a+ 3b )]1./a' +b' 

(111) sm(x- 2y)+ O"y-1?- y' I 

(!v) -F1 ; -
cos(a+b) 

,,, e10 -b'llcl 

(b) Draw a flowchart and wnte the FORTRAN progranune to find all the 3 d1g1t pnme numbers 

" (c) Bnefly explam the terms 'algonthms' and 'antlunehc asS!grunent statements' and suggest the 
role of each m computahon 

(d) Ind1cate the funchon of a 'comp1ler' m a d1g1tal computer Descnbe the steps mvolved m 
obtammg the soluhon for a problem by usmg a d1g1tal computer 

SECnON C: 
(a) D!Shngmsh the construchonal and operat10nal features of a WET and a MOSFET Show how 

a vol !age follower c1rcU1 t 1 s made up by usmg a JFET 

(b) D!Shngmsh a 'd1fference' amphfier and a 'd! fferenhal' amphfier and show how a d1fferenhal 
amphfier 1S made up by usmg ah1gh-gam d c amphfierW!th relevant feedback 

(c) Define common-mode reJechon-raho and show how the accuracy of a volhneter 1S affected 
by 11 How 1S the rat1o eshmated for an amphfier? 

(d) Draw the c1rcU1 t of an mshumentahon amphfier and diScuss 1ts d!shngU!shmg features 
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(a) Obtam the express10n for the gam of the operal!onal-amphfier arcmt shown m Fig 2 and 
md!cate its apphcabdity 

' ,, " 
Fig. 2 

(b) Work out the feedback-factor for the circmt shown m Fig 3 and derive the gam of the 
amphfier A and the frequency of oscillahon at w!uch the arcmt oscillates stably In case the 
amphfier circuit of Fig 2 replaces the amphfier. A. Ind!cate the SU! table values deS! red for R1 
~dfu 

(c) D!Shngmsh between 'voltage" feedback and 'current" feedback m amphfier circU!ts Suggest 
the men! of each and for each case denve the express10n for the net output Impedance 
showmg the mfluence of feedback 

( ,, Den ve equahons representmg a frequency modulated voltage and a phase-modulated voltage 
Therefrom define the terms. 'frequency deviahon". 'modulahon mdex" and 'bandWidth" of 
the modulated vol !age 

(b) D!Shngmsh between a 'narrow-band" and 'W!deband" modulated Signal Show. by means 
block diagrams how a narrow-band FM S!gnal!S generated 

(c) Simphfythe folloW!nglog~c funcl!on 

X=(B+C)(B+ D)(C+D) 

and show that X=BC+BD 

Realize the funchon by SU! table logic gates 

(d) Draw the circU!t and symbol of a clocked RS flip flop and explam the-operahon Indicate the 
huth-table 
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