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BLBCTIUCAL BNGINBBIUNG 

Time Allowed: Three Hours Maximum Marks: 200 

Canilidates shouldaJte .. tSIX questions, selecting TWOquestionsfromParlA, ONE from ParlE, ONE 
from Parl C and TWO from Parl D. 

PART A 

(a) By the 1terated use ofThevemn's theorem reduce the arcmt shownm F1g 1 to asmgle emf 
actmg m senes W!th a smgle reSiStor Hence calculate the current 1n the 1 0 ohm reSiStor XY 

'"" 
F1 g 1 

(b) F1g 2 shows a statrcase voltage wave-form Assunung that the statrcase 1S not repeated, 
eBiress 1ts equahon 1n terms of step funchons If tlus voltage 1S apphed to a senes R- L 
c1rcu1t W!th R = 2 ohms and L = 1 H, find an express10n for the resul hng current 1(1) (0) = 0 

" ~ ' ~-------·-······ 

• ---· --------·r, • ' ~ ------- . 
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i Ti<lll" { in ~~concls 

(c) What do you understand by (1) Y-parameters and (11) h-parameters of a 2-port network? Fmd 
theY-parameters for the network shown1n F1g 3 

·r· 
.. '" ' ' - 6~ 
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( ,, Define the followmg network funchons With reference to a 2 -pan network 

(1) Dnvmg pomt 1mpedance 

(11) Transfer admittance 

Obtam v., ( s) for the network shown m F1g 4 
v(s) 

" IO cY ''" :::0 
Fit!- 4 '" • •• 

L_ • 
0.2Fl o.-:! r T 

(b) A voltage of 1 0 0 V at a frequency of ( ~ o; J Hz" applied to the pnmaJY of the coupled a rem! 

shown m F1g 5 Calculate the total reSiStance and reactance referred to the pnmaJY 

Determme also the pnmaJY and secondaJY currents . ··~n .. 7$,H A ' ,r'< "z.·Oil 

:;l ·~l' '"~"•' 
~~ --

(c) What do you understand by 

( ,, 

(1) Zeros of a fun chon (11) Zeros oftranstlllsS!on? 

What mformal!on do poles and zeros promde m respect of a network to wh1ch they relate? 

s 2 +3s+2 
Draw poles and zeros for V(s)~ and evaluate v(t) e1ther analyhcally or by 

s +7s+12 
makmg use of pole-zero diagram 

Show that the 1 ocus of the poles of the dnvmg p omt 1mp edance of a senes RLC c1rcU1 t m the 
complex s-plane 1S a arcle ofradms Oln the natural angular frequency and that the locus 1S 
formed by vatymg dampmg raho (from 0 to 1 

Draw the frequency response plots of the voltage raho transfer funchon of the 2-port RC 
network shownm F1g 6 

.] 00 

'•0 "• 
Fig. 6 

(b) An 1mpedance funchon 1S g!Ven by 

(1) Show that Z(s) sahsfies the cond!h ons of nummum fun chon 
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(u) Obtam the Brune's network reahzahon for the funchon 

(c) State mason's Gam Formula Hence or othetw1se, find I and Ec m terms ofthemputvanables 
E1, 1(0) and eo (0) of the network whose Signal flow-graph 1S shown m F1g 7 

( o) 

'• 

(<) 

"" '·"" 
' ' ,.._ ,-< "" ,-• 

• ' ~. " -"'- ..----
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PART II 
State Maxwell's equat10n m d1fferenhal form correspond!ng to G311ss's Law for 
electnc fields Starhng from the Maxwell's equahon m d1fferenhal fonn, obtam the 
P01sson' s equahon for the general S!luahon m wlnch the p erm1th mty of the medmm 1S 
not constant and 1S a fun chon of poS!hon 

(u) Starhng from the equat10n of conhmuty, show for a conduchng med!um obeymg 
Ohm's law, J = y E, and usmg Gauss's law, that 

iJp+_r_p=O 

& '• 

where p 1S the charge denSity 

(b) An mfiru te cyhnder of radms p has a charge d!stn buhon of the form pv = Pl e -f"pl 

Denve express10ns for electnc field and electrostahc potenhal produced by tlns charge 
d1stnbuhon The potenhal1s zero at the radms p1 

(c) State B1ot-Savart Law m 1ts mtegral form Fmd the magnehc mduchon at any pomt on the 
!me through the center, and perp end!cular to the plane c1rcul ar current 1 oop 

(a) Obtam Maxwell's equahons m mtegral and d!fferenhal forms as denved from Faraday's 
Laws 

(b) What do you understand by 

(1) uruform plane wave 

(u) hnearly polanzed wave, and 

(111) elhphcally polanzed wave ? 

The electnc field mtenS!Iy assoc1ated W!th a plane wave travelhng 1n a perfect d1electr1c 
medmm havmg ~ = ~0 1S g!Ven by 

E= 10 cos (6" 107 t- 04 1CZ)1x Vim 
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Fmd the phase velo c1ty, the p enmth mty of the medmm and asso c1ated magnehc field vector 
H V elo a ty m free space = 3 x 1 08 m/sec 

(c) Define, 1n relahon to travelling waves, the followmg 

(1) Reflecl!on co-effiaent 

(u) Transm1ss10n co-effic1ent, and 

(111) Stand!ng wave raho 

An electnc field wave travellmg m a1r 1S mc1dent normally on a boundary between a1r and 
d1electnc havmg permeab1hty \'and relahve perm1thv1ty o, = 4 Prove that one-mnth of the 
madent power 1S reflected and e1ght mnth of 11 transffi!tted mto the second medmm 

PARTC 
(a) What do you understand by D1polar relaxahon? Show that d1polar relaxahon leads to a 

complex d!electnc constant of the matenal and deduce an express10n for the same 

(b) What arc p1ezo-electnc matenals? G1ve the1r apphcahons A p1ck up made from a p!ezo­
electnc matenal has the d!mens10ns of 5 mm x 5mm x 1 25 mm The force achng on 11 1S 3N 
The charge senS1hv1ty of the matenal!S 150 pC/N, 1ts voltage senS!I!mty" 12 x 10-3 Vm/N 
and 1 ts p ellll! thv1ty 1S 1 2 5 x 1 0-9 F /m, Calculate the charge and the capac1tance 

(c) What are Femtes and Ferromagnel!c mater1al s ? G1ve the1r prop erh es and apphcahons 

(a) What 1S meant by relaxahon hme, colhs10n hme and mean free path as apphed to conduchon 
phenomenon? 

The folloWing data1s known for copper 

ReS!Shmty = 1 73 x 10-B ohm-m Average hme of colhs10n of electrons= 2 42 x 1 o-14 sec 

F1nd (1) the valence electrons per urut volume, and (u) Mo b1h ty of electrons, 

e=l6x 10-19 C,m=9 1 x 10-31 kg 

(b) What are Ferro-electnc matenals? Explain the phenomenon of spontaneous polanzat10n m 
ferro-electr1c mater1al s 

(c) What are n-type and p-type se1mconductors? Explam Zener and Avalanche breakdown m 
sem1conductors 

PARTD 
(a) List the factors that may lead to 1nacrurac1es m measurements by AC bndges 

The four arms of a bndge are 

an 1mperfect capac1tor C1 W!lh an eq111valent senes reSiStance of r1 
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mbc 

mcd 

a non-mduchve reSiStance R3 

a non-mduchve reSiStance R, 

an imperfect capacitor c, Wlth an eqmvalent reSiStance r, m series W!th a 
reSiStance R, 

A supply of 450Hz 1S given between temunals a and c and detector 1S cotmected between b 
and d At balance= 5Q R3 = 20000, R, = 2950 ohms, c, = 0 5 ~F andr, = 0 40 Calculate 
the values of C1 and r1 and also of the d!SS!pahng factor for tlus capacitor Denve the 
relat10ns used, if any 

(b) Give the baS!c pnnaple ofwork:tng of an electrostahc volhneter Explam how you would 
mcrease (i) the operatmg force~ and (11) voltage range of the vol hneter 

(c) Give the conshuch on a! features and pnncipl e of work:tng of a synchro scope 

(a) Explam the pnnciple of electrostahc focusmg of an electron beam m a C R 0 

Calculate the maX!mum velocity of the beam of electrons m a CRT havmg a cathode anode 
voltageof1000V 

Assume the electrons to leave the cathode W!th zero velo a ty Charge of electron = 1 6 x 1 o-" 
C and mass of electron= 9 1 x 1 o-31 kg 

(b) What are capacihve transducers? What are their advantages and disadvantages? Explam the 
use of cap aa hve transducers for the measurement of hqm d level 

(c) Explam the baS!c conshuct10nal features and pnnaple ofworkmg of a stnp chart recorder 

( ,, Explam W!th the help of block diagram the pnnciple of operahon of a ramp type Digital 
Volhneter 

(b) What 1S mulhplexmg m Telemetenng system? Explam the pnnciple of Time DiViSion 
MulhpleX!ng 

(c) Explam Segmental DiSplays and Dot matnces fornumenc and alphanumenc diSplays Draw 
circuits for a seven segment display and a 5 x 7 dot matrm US!ng LEDs 
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ILICTRICAL INGINIIRING 
'""' ' ' 

Time Allowed: Three Hours Maximum Marks 200 
Candidates should attempt FIVE questions in all, choosing at least ONE front m.ch section. 

SECnONA 

(a) State the rules related to the FUNCTION SUBPROGIIAlVI 

(b) DiScuss, m bne£ the general arch! lecture of a modem d!g~tal computer system and md1cate 
the advances wlnch have taken place m recent years m mput/output dev1ces 

(c) A set of 150 datarepresentmg the three Sides of the In angle are avaJ!able m real mode Some 
of them are mvahd smce the sum of any two Sides 1S not greater than the thud S!de Wnte a 
FORTRRII program that can do the followmg for the g1ven data 

(1) Read the three Sides 

(11) Check whether 11 1S a vahd set, g1ve properpnnt out 

(111) For each vahd set compute and pnnt the area usmg the formula 

Area= [s(s-a)(s-b)(s-c)J"' 

where s=(a+b+c)/2 

(a) Draw a flow chart and wn te a FORTRAN program to read an mteger N > 2 and detenrune 1f 
N 1S a pnme number N W!ll be a pnme number 1f 11 1S not d1V1S1bl e by any number except 1 
~dN 

(b) Explam the funcl!on ofaALU 

(c) Wnte a SUBROUTINE subprogram to mull!ply a matnx R of order (L, M) W!lh a matnx S of 
order (M, N) and store the product as T matnx 

Wnte a mam program that W!ll use the above subrouhne to compute the matnx polynonual 

C=5X-9Y2-7Z2 

The mput to the program W!ll be the elements ofmatnces X, Y and Z of order less than or 
equal to 15 

SEC:nON 8 
(a) Descnbe a senes (uruversal) motor G1ve 1ts cross-sechonal mew when cotmected to ac 

supply Descnbe 1ts performance charactenshcs 
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(b) A sqU1rrel-cage mducl!on motor has a shp of4% at full load Its starl!ng current 1S five hmes 
the full-load current The stator 1mpedance and magnehsmg current may be neglected, the 
rotor reS! stance 1S assumed constant 

(1) Calculate the maX!mum torque and the shp at wluch 11 would occur 

(11) Calculate the starl!ng torque 

Express torques 1n pu of the full-load torque 

(c) What do you understand by a synchronous condenser? Explam W!th the help of phasor 
d1agrams 1ts opera!! on and apphcat10n 

(a) Explam W!th a neat sketch the workmg of a thermal electnc power stahon and explam the 
funchons of m8Jor components 1n 11 

(b) A 100 MV A synchronous generator operates on full load at a frequency of 50 Hz The load 1S 
suddenly reduced to 50 MW Due to hme lag m governor system, the steam valve begms to 
close after 0 4 seconds Determme the change m frequency that occurs m th!S hme 

G1ven H = 5 kW -sikV A of generator capac1ty 

(c) D!Shngmsh between the "tranSient" and "dynanuc" stab1hty of a power system DiScuss any 
three recent means of 1mpromng tranS! en! stab1h ty of a power system 

(a) ConSider the folloWing three 1ncremental cost (!C) curves 

PG1 = -100 +50 IC,- 2 (IC,)' 

PG, = -150 + 60 IC,- 2 5 (IC,)' 

PG3= -80 + 40 IC,- 1 8 (IC,)' 

where !Cs are m Rs/MWh and PG s are m MW The total load at a certam hour of the day " 
400 MW Neglect transnusS!on loss and find opl!mum values of generahons 1 e PG!, Pm and 

'"' 
(b) Draw the block d!agram representahon of smgle area W!th proporhonal plus mtegral 

controller Show that the system 1S stable and !SO chronous 

(c) The emf per tum of a !-phase 2200/220 V, 50 Hz transformer 1S approX!mately 12 V 
Calculate 

(1) the number ofpnmaty and secondaty turns, and 

(11) the net cross-sect10nal area of core for amax:tmum flux denSity of 1 5 T 

(d) F1nd the reS! stance of the load wh1ch takes a power of 5 k W from a de shunt generator whose 
external charactensl!c 1S g~ven by the equal! on V= 250-0 5 11 
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SECnON C 

(a) Explam what 1S meant by the relahve stab1hty of a system How do we spec1fy relahve 
stab1hty m terms of (1) closed-loop pole locahons, (11) gam marg~n and phase marg~n? 

(b) Obtam the root locus d1agram for a uruty feedback system With open-! oop transfer fun chon 

(c) Explam how stabd1ty analySiS 1S earned out uSJng 

(1) transfer funchon model (11) state vanable model Wluch of the two models g1ves complete 
mformal!on on system stabd1ty? 

(a) DiScuss m bnef three d1fferent canorucal state models to study the controllab1hty and 
o bservabd1ty properties of a system 

(b) ConSider the closed-loop feedback system shown m F1g 1 Determme the range of k for 
wln ch the system 1S stab! e 

F'ffl. 1 

(c) Examme the o bservab1hty of the system grven below 

SEC:nON D 
(a) Explam the workmg of a zener d!ode and 1ts use as a reference voltage demce 

(b) Show that the gam-bandWidth product of an amphfier With negahve feedback -!S the same as 
that of an amphfier Without feedback 

(c) For the comb1nahonallog1c c1rcU1t shown m F1g 2 obtam S!mphfied Boolean express10ns for 
the output vanables V, W X, Y and Z m terms of the mput vanables A, B and C 
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(d) How does a UJT d1ffer from aJunchon F1eld Effect TranSistor? 

(a) Draw the arcmt d1agram of aRC phase-sh1ft osallator and obtam an express10n for 1ts 
frequency of o sallahon 

(b) D!Shngmsh between JEFF and MOSFET 

(c) Explam how a JEET can be used as a square-law modulator 

( ,, Explam the pnnc1ple and advantages of PC M 

(b) Draw the c1rcU1 t diagram of an FM detector and descnb e 1ts operat10n 

(c) Compare the average transnutter power and channel bandWidth reqmrements of USE, 558, 
and AM schemes for transnuthng an audio Signal W!th a bandWidth of 10kHz W!th a 
deshnahon S1gnal-to-n01 se raho of 50 dB Assume that channel mtro duces a 50 dB power loss 
and that the n01se power spectral denSity at the rece1ver mput 1S 10-" W/Hz Assume the rat1o 
of total S!deb and power to the cam er power (1 e m' S,J for A1VI as 0 5 
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