
BLBCTI'UCAL BNGINBBI'UNG 

~»ER·····I 
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 BWO .from Section -D. Al:<umo snihhk tk1tn, if necessary and imlicak! the snme ckarly. 

SEC:nONA 
(a) In F1g 1, the SWitch was m poS!hon 2 for a long hme It 1S SWitched to poS!hon 1 at t = 0 At t 

= 5 sec 11 1S SWitched back to poS!hon 2 and left there Obtam an express10n for 1(1), the 
cap aator current for t > 0 

(b) A arcmt 1S made up of a 10 0 reS!Stance, a 1 ~F capac1tance and a I h-mductance all 
connected m senes A voltage of 100 Vat VaJYmg llequenc1es 1S applied to the arcmt Fmd 
the frequency (or llequenaes) at wlnch the arcmt would consume only 10% of the power 11 
consumed at resonance 

" (c) A 2-poe network made up of pasSive hnear reSistors 1S fed at port 1 by an 1deal voltage source 
ofVvolts 

It 1S loaded at port 2 by a reSiStance R 

(1) W1th V = 10 volts and R = 60, currents at ports 1 and 2 were 1 44 A and 0 2A 
respechvely 

(11) W1th V= 15 Vand R= 8 0, the current at port 2 was 0 25 A 

Detenrune the 1C-eqmvalent c1rcU1 t of the 2 -pod network 

" (a) Denve eBiress10ns for the hybnd parameters m terms of the Transm!SS!on parameters Hence 
mterpret the relat10n AD - BC = 1 1n terms o fhybnd parameters 

(b) F1nd the 1nput reSiStance of the mfunte ladder network of F1g 2 

"<l ll'l "' l<l 
-~-------<>'- ,-~.w. r-"--'"-

__ :"'1~-~o''(:~:-~~ wn~ 
I·"'A· 2 

(c) For the c1rC111t of F1g 3 choose a set of state vanables and denve the voltage, rurrent 
equat10ns necessaty for solvmg the c1rcU1t 1n terms of the chosen state vanables 
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" 

(d) G1ven the 1mpulse response of a system 1S e·' obtam the system response for an 1nput a sm c1t 
uSJng the convoluhon mtegral? 

(a) The open loop gam G(s) H(s) of a feedback control system!S 

K(s+10)(s+40) 

s(s+l)(s+4) 

Work out and sketch the Nyqmst plot for the system and comment on the stab1hty of the 
closed loop system for-

(!)K=Ol (b)K=!OO 

" (b) F1g 4 1S a block d1agram of a lmear feedback system Obtam a Signal flow graph for the 
system and hence calculate the overall gam C(s)/R(s) for the system 

,_ 
-•'··>--·---, -,: _);_ j' -- '" ->C:· _- "':{>'---{!-;]-··- '""'\_ ,,,_;-,..... 

' --- ,....,..... -- ' -'...!.'·_}<---- :__.'!·~~··- -~J--

(c) What 1S 'ahasmg' m respect of obtammg z-transforms and the1r 1nvers10ns? How are the 
effects of ahasmg reduced m a d!g~tal system? 

' (b) ConSider a zero-order hold arcmt, With a sequence of diScrete mputs sampled at an mterval 
ofT sec In terms of the Laplace transform ofth!S sequence, find the Laplace transform of the 
output of the hold c1rcU1t 

SECnON B 
(a) Deternune the force exerted per meter by a 2 nun ilia conductor of mfiru te length on a S!nul ar 

parallel conductor 1m away, when a potenhal of 1000 V 1S eX!shng between them Make 
SUI table assumphons about other deta1ls you need, and state them 

" (b) Denve Laplaces equahon perta1rung to electrostahc potenhal d!Stnbul!on m a charge free 
space Show how tlus 1S usefulm computmg the potenhal d!Stnbuhon 1n a two-d1gress10nal 
electro stal!c problem usmg a d1g1tal computer 

" (c) The electron gun of a TV d!splay tube em1ts electrons almost at zero veloc1ty These are 
accelerated through an electnc held of 1000 V/cm over a diStance of 5 em Then the pass 
through a veri! cal deflectmg c01l pro duang a f1 ux denS! ty of 0 0 1 1Nb/m2 over a &stance of 1 
em If the screen 1S at a diStance of 10 em from the centre of the deflectmg system calculate 
the deflechon produced (charge per un1t mass for electrons" 1 759 x 10" Cikg) 
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( ,, ,,, " Usmg Maxwell's equahons, denve equahons to demonstrate the propagahon of 
uruform plane w<Nes m a perfect d!electnc medmm 

(11) The magnehc field mtenS!Iy H of a plane wave m free space 1S 0 20 Aim and 1S m the 
'1-d!rechon If the wave 1S propagahng m the Z-d1rechon With a frequency of 3 GHz, 
find the wavelength, amphtude and d1rechon of theE-vector,~ =4~ x 10-' Him and 
eo=885x!o-"Fim 

1 2 + 1 2 

(b) DiScuss the w<Ne prop agahon m 

( ,, 

(1) a lossy d!electnc, 

(11) a conductor 

Denve relevant equal!ons 

SECTION C ,,, DiScuss the w<Ne nature of any matter m mohon as postulated by de brog~le 

(11) Calculate the wavelength A of an electron Wl th kmehc energy of 30 0 e V 

Mass of an electron= 9 108 x 1 o·'' kg 

Charge= 1602 x 10·19 C 

Planck's constant 

h= 6 626 x 10-34 J-s 

,,, What are the different ways m wlnch hqmds may be electncally polanzed? 

(11) What 1 s ferro -electnc b ehav10ur 1n crystals? What causes tlus? 

(c) Explam any three of the followmg 

D1amagnehsm, paramagnehsm, ferromagnehsm, anhferromagnehsm, femmagnehsm 

" (a) Explam the eX!stance of the vanous electron energy hands 1n solids based on these hands 
d1stmgU1sh between msulators, conductors and senu-conductors 

" (b) G1vmg relevant defimng equahons, explam the phenomenon of dnft and d!ffus10n assoc1ated 

(c) 

W!th earner movement m senuconductors 

" ConSider an abrupt p-n Junchon W!th donor denSity to atoms/em and acceptor denSity 
NA = 0 5 x 10 16 atoms/em Sketch the charge d!Stnbuhon abouttheJunct!On and eshmate the 
JUnchon Width when-

(!) no external voltage 1S apphed (assume the JUnchon bamer voltage to be 0 7V) 

(11) W!th an external voltage of -10 V applied 

Assume uruform charge d!stnbuhon on both Sides of the JUnchon m the space charge 
reg1on Assume an o, of 10 for the matenal and eo= 8 85 x 1 o·" F/m 
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SECTION D 
(a) What do you understand by the d!menS!on of aquanhty? Obtam the d1menS1ons of reS! stance 

R, mductance L and capac1tance C m terms of mass length l!me and current Hence, check 
d1menS1 on ally 1f the equal! on R'C = L 1S balanced If not, md! cate the tll1 sSJng d1mens10n 

" (b) A stram measunng Wheatstone Bndge used two !denl!cal and !denhcally stramed gauges m 
1ts oppoSite arms, Prove that the bndge Will have maX!mum senSJhmty for stram when the 
reSistances m the other two arms are equal and equal to the unstramed reSiStance of the 
gauges 

" (c) Many voltage measunng system hke potenhometers AiD or DIA converters etc reqU1re 

( ,, 
some standard reference voltages Descr1be any two of such reference voltages and giVe an 
1dea as to the1r accuracy 

,,, " What are the advantages of mtegratmg type AID converters over the non-mtegrahng 
type? What mtegrahng 1nterval would you reconunend for a world class AiD 
converter to ehnunate the power frequency related (50 Hz and 60 Hz, both) npples 
from affechng the measurement? 

(11) Descnbe any good mtegrahng AiD converter With a c1rcU1! d1agram and explam 1ts 
operahon 

Po 
(b) D!Shngmsh between achve and pasSive electncal transducers and g1ve some examples of 

each Show how operahonal amphf1ers could be used to mterface a weak voltage Signal 
output from an achve transducer to a measunng system requmng comparahvely larger 
voltage and power 

(c) W1th a block diagram, explam a typ1cal data logg1ng system 

( ,, What 1S a W1en Bndge? What are 1ts uses? 

Show how a vanable frequency osallator can be bUilt usmg an operahonal amphfier With a 
W1en Bn dge Den ve an express10n for the frequency of o sallahon of the c1rcmt 

(b) Explam the folloWing and bnng out theu relahve ments 

(1) EM (u) PCM (111) Deltamodulahon 

(c) DiScuss bnefly the different methods of measunng the folloWing 

(1) L!qmd flow 

(11) Temperahlre of the order of 1000 K 
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BLBCTIIUCAL BNGINGBIIUNG 

Time Allowed: 3 Hours Maximum Marks: 200 

Candidates should atte~q~t FIVE questions in all, choosing at least ONE fium each seciGn. 

SEC:nONA 
(a) W1th necesslltJI arcmt d1agrams explam the open-arcmt test and short - c!rcUlt test 

conducted on smgle Phase transformer Jushfy that the copper loss m the open-c!rcUlt test 
cond!t10n and the 1ron loss m the short- c!rcUlt test cond!t10n are normally neglected 

" (b) A 500 kVA smgle phase transformer With 0 012 p u reSiStance and 0 06 p u reactance, 1S 
connected m parallel With a 250 kV A smgle phase transformer With 0 014 p u reSiStance and 
0 045 p u reactance to share a load of 600 kVA at 0 8 power factor loggmg F1nd the 2VA 
and power factor shared by each transformer 

" (c) A 220 V d c shunt motor takes 20A at rated voltage and runs at 1000 rpm Its field c1rcu!l 
reSistance 1S 100 0 and armature c!rcUltreS!Stance 1s 0 10 Compute the value of add1honal 
reS! stance reqmred m the armature arcmt to reduce the speed to 8 00 rpm when 

(i) the load torque 1S proport:!onal to speed 

(11) the load torque vanes as the square of the speed 

" (a) What are the condihons to he sahsfied for ad c shunt generator to bmlt up? Explam the 

0) 

process ofbmldmg up of em fin ad c shunt generator 

A!OkVA,440V, 50Hz three phase alternator has the followmg OCC -

Field currmt (amp.) T .rminal voltage (Volts) 

" '" 
H '" " '" 
' c '" '" we 

'" m 
With full load zero power factor load apphed, an excitahon of 14 A produced a termmal 
voltage of 500 V On short circmt, 4 A exatat10n was reqmred to circulate the full load 
current Usmg MME method, determme the full load percentage regulahon for 0 6 p f 
laggmg and 0 6 p f leadmg 

" (b) Explam how to determme the direct and quadrature ax:1s reactances of a salient pole 
synchronous maclune 
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(a) Descnbe With the help of an appropnate d!agram the Star-Delta method of startmg a three­
phase mducl!on motor 

" (b) A 400 V 6 pole, 50Hz, three phase star connected mduct10n motor runrung at rated voltage 
lakes 7 5 A With a power mput of 700W With the rotor blocked and 150 V apphed to the 
stator the mput current 1S 35 A and the power mput iS 5000W The rotor and the stator copper 
losses are equal under the blocked rotor condihon The standshllleakage reactance of the 
stator and rotor as seen from the stator are estimated to be in the raho of 1 0 5 Obtam the 
eqmvalent circU!t of the mduch on motor Calculate the net mecharucal power output, torque, 
mput power and the effi aently at a sh p of 4% 

(c) Explam the op erah on of smgle phase capacitor start motor 

SEC:nON B 
(a) Develop the long !me exact equahons m hyperbolic terms for the sendmg end voltage and 

current 

" (b) For the power system With the folloWing !me data compute the bus adnuttance matnx With 
four d!git accuracy -

Bus Code Lme impedance HLCA Off nommal trans raho 

' ' "' + J 0 1 2 J 0 0 25 

n cc + J 0 40 '" CA 0075 + J 025 J 0 0 02 

' ' 0 045 ± J 045 0 0 15 

'' 0 0 1 5 + J 005 

" (c) Develop necessary equat10ns and descnbe the load flow sol uh on usmg Gauss S"' del method 

" (a) In the power system shown m Fig I the values marked are the perumtreactances tahng 20 
MV A and 11 kV as base values m the generator arcuit Both the transformers are rated for 
111110kV 

@+·~"' H-<'0 
"' IH5 __ :';"c.--~ u O-'l25 

x,,.OIS G) Xg,~OI~ 

Fig I 

A three phase to ground fault With a fault impedance of J 0 038 p u occurs at bus 2 
Deternune the actual values of fault current at and the currents supphed by the generators 

" (b) ConSider the bower system shown m Fig 2 The values marked are per urut reactances and 
per urut voltages 
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a 
., 0·035 

IE':"'H 0·3 

F1g 2 

The generator was dehvenng 1 0 p u power before a three phase fault occurs at P The fault 
was cleared by opemng the c!rcUlt breakers and !Solahng the faulty !me m 5 cycles Generator 
has an mert1a constant of 4 0 p u Usmg pomt by pomt method, Wlth hme mterval of 0 05 sec 
obtam the swmg curve for apenod of 0 2 sec Assume f= 50 Hz 

(c) Bnefly diScuss the advantages and the operahonal problems of HVDC transtlllsS!on 

SElmON C 
(a) What are Astable, Mono stable and B1 stable mulhv1brators? 

(b) Descnb e the reahzah on of tranS!stor type mono stable mulhv1brator 

" (c) For the mono stable mul hv1brator calculate the output pulse Width for the deSign values of Rc 
= 2 kO, RB = 20 kO, C = 0 1 ~F and Vee= 12 V AssumeVcEl;<•~ = 0 2V, VBEl;<.t) = 0 8V and 
~ = 50 Check up the saturahon of the tranS!stor so that the c!rcUlt acts as a monostable 
multnnbrator 

(a) Explam Wlth figure the workmg of a typical inductance type high frequency oscillator 

(b) Discuss the hmilahons m realizal!on of rad!o frequency Signals usmg tranSistor circU! ts 

(c) Explam how to realize radio frequency Signals usmg crystal oscillator 

" (d) The parameters of a crystal oscillator eqU!valent circUli are L, = 0 8 H, C, = 0 08 pf R = 5 

kO and C = 1 0 pf Determme the resonance frequencies f, and J;, 

" (a) Explam the three d!fferent formats for the control field of SDLC message frame How can 
mulh ple frames be transm!tted Without wa1 hng for an acknowledgement from the receiver? 

" (b) Wnte a program to add five 16 bit numbers stored m the memoty W!th LSB first and MSB 
next and to store the 24 bit result in three consecuhve memoty locahons 

" (c) Wnte a program to generate sawtooth waveform usmg a DAC mterface Assume that a 
bipolar voltage m the range of -5V to +5V for a count of OOH to FFH can be produced 
through DAC 
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SECTION D 
(a) What are the ments and dements of am ph tude modulahon over frequency modulahon? 

(b) Explam the square law modulal!on for the generahon of AM Signals 

" (c) ConSider a earner waveform 1 0 cos w, t and a modul ahng message Signal 3 cos Wml With ( = 

( ,, 

100kHz and lin= kHz Calculate the modulahon 1ndex and the channel bandWidth for 
amphtude and frequency modulahon Assume the senS!hmty of the frequency modulator to 
be5kHzpervolt 

What are the different methods of vol !age control of smgle phase mverters? Explam them 

" (b) A three phase 1nduchve compensator (TCR) has an mductance of L Heruy per phase and 
neghg~ ble reSiStance P controlled by a p aJr of anh parallel SCRs m each phase The tnggenng 
angle a1s vaned to get the reqmred compensahon The supply voltage 1S Vvolts per phase 
Denve the express10ns for the ms voltage and correspondmg rms current per phase of the the 
compensator 
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