
BLBCTIUCAL BNGINBBIUNG ,( 
- ,q;,;;&,:-<rn::_, _,, ,,;,'t 

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 1WO .from Section -D. Al:<umo snihhk tk1tn, if necessary and imlicak! the snme ckarly. 

( •) 

SECnONA 

•• 

·• 
A !me charge o f1 ength of 2 m has a hnear charge denSity of PL (Cm-1) Show that the Electn c 
field at a d!stance r perpemhcular to the hne charge from 1ts m1ddle pomt as shownm the 
above figure 1S 

Wnte the Lorentz Force equahon and explam 1ts S!gmficance Calculate the max1mum torque 
of a rotor shown m the above figure when I = 60 A, r = 8cm, B = 0 1 webim' and length L = 
12cm 

" (c) Draw a sketch of Electnc and Magnehc field hoes for a two conductor transm!SS!on hoes and 
mark the field cell 

Show that the cel11mpedance (mtnnS!c 1mpedance of med!um) for aJr or vacuum medmm Z = 

z .. u = Jl'o I o0 = 3770 

(a) What 1 s meant by mathemahcal modelhng of a phySJ cal system? 
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''" 

Obtam the state d1agram for the network shown m the above figure Wnte the state van able 
equal! on 

"" • 
• 

.;!., ... ~ 

""" "'" 
• -

In a feedback control system shown m the above figure Gp(s) denotes the controlled process 
and GJs) and H(s) are the controller Transfer funchons There are two 1nputs namely R(s) 
and N(s) 

Denve the followmg transfer funchons 

(•) .':t2l 
R(•)C,,~ 

'"' .':t2l N(s)]'<,)-'J 

And also find the output response y(t) when n(t) 
CCC 

0 and r(t) umt step Assume 

a,(s)~G,(s)~-1 -) ,., 
cc 

(c) Obtam the polar plot for a system whose charactenshc equal!on 1S s3 + 3s' + 2s + 4 = 0 and 
also obtam the Gam Margm 

(a) What are the methods for detenmrung the stab1hty of Lmear Control System? 

A tlurd order control system has the charactenshc equahon s3 + 3408 3s' + 1204000s + 1 5 x 
107 K = 0 Fmd the value of K for wh1ch the system 1S marg~nally stable For such a value of 
K detenrune the frequency of the undamped S1nus01d m rad!sec of the zero mput response 

" (b) What 1S state vanable feedback deSign? Explam how the poles of an ongmal system can be 
slufted to another locahon say -A1 and -A, for a second order system 

(c) Draw a neat sketch of ahydrauhc proporhonal controller and explam 1ts workmg 
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( •) 

SECnON B 
Descnbe Hall effect and find out the value of Hall coeffic1ent, based on clasS!cal approach 
With speafic charge earner 

" (b) Draw the energy band d1agram of ann type setlllconductor State the factors on wh1ch the 
poS!hon of Ferm1level depends A sample ofn-type setlllconductor has a reS!Shmty of 0 1 
ohm em and a Hall co-effic1ent of 100 cm3/coulomb Assummg only electrons as earner~ 
determme the electron denSity and mob1hty 

(c) Explam Wl th grapln cal representahon the vanahon of mo b1l1ty With temperature 

( •) Descnb e the phenomena of sup erconduchv1ty 

" (b) Explam the dependence of tranS!hon temperature of superconductor on external magnehc 
field With graplncal represental!on 

(c) Descnb e the sahent features of type I and type II superconductors 

6 (a) 

SECnON C 

• 
' 

lr, .. JOfl 
.-----'. ~wi!oh 

I~V ~{ L~IUH i ~-~o~ c.' J . 
- i l f R,~.wn 
-· 

In the c!rcUlt shown above the SWitch 1S 1mhally m poS!hon I F1nd the voltage across the c01l 
at the mstant at wh1ch the SWitch 1S changed to p oS!h on 2 

(b) An mduchve load ofres!Stance 20 0 and mductance 0 1 H 1S SWitched on to an ac voltage v 
1 00 sm( on + a) Fmd the sWJtchmg angle a such that there 1S no tranSient OJ = 3 14 rad/s 

(c) 

• • 

-
F1nd out the resonant frequency of the arcmt shown above m terms of arcmt parameters 
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( •) 

'" 
Calculate the current I flowmg through the 10 0 reSiStor m the c1rcu!l shown above Apply 
Theverun's theorem 

" (b) An unbalanced star connected load 1S fed from a three -phase three Wire balanced 400 V 
supply The load 1mpedances m the three phases are 

ZR = (4 + J8)0, Zy= (3 + J4) 0, ZB= (15 + j20)0 

Assummg the phase sequence to be R YB, calculate the total power absorbed by load 

" (c) 

'" '" ' "' ' " • I '· '· I ., ., 

.I "n 

•• 
F1nd the ABCD parameters for the c1rcU1 t shown above 

SECnON D 
(a) A capaator bushmg forms the arm AB of a h1gh voltage Schenng bndge, a standard 

capaator of 500 ~~F and neghg1ble loss forms the arm AD Ann BC conSists of a non­
mducl!ve reSiStance of 300 0 The bndge 1s balanced With the arm CD havmg a reSiStance of 
72 6 0 and capac1tance of 0 148 ~F m parallel 50 Hz supply 1S connected between A and C 
Calculate from first pnna ples the cap ac1tance and d1electn c loss angle of bushmg 

" (b) For measurement by ammeter and voltmeter method, what should be the accuracy of the 
mstruments so that the overall measurement error 1S m1rumum? 

" (c) In an md!cahng PMMC type ammeter, the current through the c01l for full-scale deflechon 1S 
5mA C01l reSiStance 1S 50 and swamp1ng reSiStance 1S 40 The meter 1S to be used for 
measunng current up to 1 ampere, Calculate the value of shunt reSiStance reqmred 

What arrangement 1 s reqmred to be made to compensate for temperature changes wlu ch may 
occur? Den ve necessary express10n 
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(a) A movmg 1ron voltmeter deSigned to read up to 100 volts has reSiStance of 20000 and 
mductance of 0 6 henry How 11 can be mo d!fi ed to read up to 3 00 volts? 

How the mod1fied vol !meter can be made to read Without error on both de and 50 Hz ac? 

" (b) For power measurement m a 3 -phase 1 oad, two wattmeter methods were used W 1th 3-phase, 
440 volt system of supply and the current co1ls of two wattcmeters are connected m B and B 
phases, detemune the !me currents, read!ng of each wattmeter and total mput power The load 
1S reS!SI!ve W!th 1 00, 1 50, 2 0 0 (m star) resp echvely m R, Y and B phases 

(c) What are the advantages of digital voltmeters and hm1tahons compared to analog md!cahng 
type voltmeters? 

( ,, 
Explam Wl th the he! p of a block d! agram, the configurat10n of counter ramp type DVM 

Explam the p1ezoelectnc phenomenon Name two p1ezoelecthc matenals 

Draw the eqmvalent c1rcmt Wlth appropnate cable connechon model and charge amphfier 
Obtam transfer funchon between amphfier output and mput d!Splacement to the p1ezoelectnc 
dev1ce 

" (b) A four arm reS!Shve bndge 1S used W!lh a temperature sensor (RTD) havmg reS! stance 
temperature coeffiaent a= a 0 042 Oi°C m one of the arms, Irul!ally the bndge" balanced 
W!th all arms havmg a reSiStance of 4000 DC supply to the bndge 1S hm1ted by a maX!mum 
perm!SS!ble current of 30 mA through the temperahlre sensor Bndge output 1S connected to a 
current resp ond!ng meter havmg mput reSiStance of 1 00 0 and deflechon senS1hv1ty of 2 °/~A 
Determme the deflechon m the output meter 1f the temperature sensor undergoes a 
temperature nse of30° C 

" (c) Explam the pnnc1ple of op erahon of a dual slope mtegrator type of analog to d!gi tal converter 
W!th the help of block and hm1ng d1agram 

An analog vol !age S1 gnal W1 th h1ghest S!gtl!ficant frequency of 1 KHz 1S to be d1g1tally coded, 
W!th a resoluhon of 0 1% covenng the range of 0 10 volts To av01d loss ofmformahon 
determme 

The m1rumum samphng rate, m1mmum number ofb1ts m the digital code, analog value of 
least S1gruf1cant b1t and the dynam1c range of AiD convener m dB 
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BLBCTIIUCAL BNGINBBIIUNG 

Time Allowed: 3 Hours Maximum Marks: 200 

Cantlitlntes should attmpt FIVE questions in all QU£slionNo. 1 is compulsory. The remaining Four question are 
to be aJJemptetl by sekcting aJ kast ONE question from each of the Sections A, B, C ami D. AsS!l11r snitohk tk1h, 

if necessary and imlicate the sanr ckarly 

1 (A) Choose and wnte the correct answer !C) x 2 = 21) 

(a) A 220 V DC maclnne has an armature reSiStance 10 If the full-load current 1S 20 A, the 
d1fference m mduced voltage when the maclune 1S runrung as a motor, and as a generator 1 s 

(1) 20V 

(111)40V 

(11) OV 

(1v)60V 

(b) A 4-pole, 50 Hz, 3 phase mducl!on motor has blocked rotor reactance per phase w!uch 1S four 
hmes the rotor reSiStance per phase The speed at wh1ch max1mum torque develops 1S 

(1) 1125rpm 

(11) 1500rpm 

(111) 1050rpm 

(1v) 1210rpm 

(c) In load flow studies of a power system, a voltage control bus 1S speafied by 

(1) Real power and react1ve power 

(11) Reachve power and voltage maiB1tude 

(111) Voltage and voltage phase angle 

(1v) Real power and voltage maiB1tude 

(d) Wluch of the followmg arcmt breakers 1S generally used m ra1lway electnfi cal! on? 

(1) Alr blast c1rc111t breaker 

(11) Muumum 01l arcmt breaker 

(111) Bulk 01l arcmt breaker 

(1v) SF6 c1rc111tbreaker 

(e) The output frequency of a decade counter that 1S clo eked from a 50 kl- Iz S!!Bal!S 

(1) 12 5 kiG (11) 50 kHz 

(111) 5 kHz (1v) 500kHz 

(f) When two amplifiers each of bandW!dlll fH = 10kHz are cascaded, the overall bandWidth 
becomes 

(1) 10kHz 

(111) 5 kHz 

(11) 6 4 kiG 

(1v) 20kHz 

(g) The mshuchon allows control to transfer to a subrouhne, wh1ch when complete, !Ssue 
ilie __ mshucl!on to return control to the mam programe 

(1) CALL, JMP 

(111) CALL, RSTI 

(u) CALL, RET 

(1v) El, Dl 
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(B) 

(h) One of the advantages of base modulahon over collector modulahon of a tranSiStor Class C 
amphfier 1S 

(1) the lower mo dulatmg power reqmred 

(11) h1gher power output per tranSiStor 

(1v) better effic1ency 

(v) betterhneanty 

(1) Wluch of the followmg configurahons 1S used for both motonng and regenerah ve breakmg? 

(1) Fmt quadrant chopper 

(11) Second quadrant chopper 

(111) Two quadrant chopper 

(1v) Four quadrant chopper 

6) In ac apphcahons, a d1fferent measure of harmomcs 1S needed The total harmomc rat1o 
(THR) 1S g!Ven by 

(•) i! Jl;,., 
f~ 

i! h~ (u) 

!'"" 
(111) ~ ~ 

(!v) ~ ~ 

( ,, What are the methods of startmg of synchronous motors? 

(b) Explam the hm1ts of AC transm!SS!on hnes 

' (c) A symmetncal 5kHz square wave whose output vanes between+ 10 V and -10 V 1S 
1m pressed upon the chppmg mcmt shown Assume Rt = 0, R, = 2 MO and v, = 0 Sketch the 
steady state waveform md!cahng numen cal values of the max:1mum, m1rumum and constant 
porhon 

• • • • i<l 

··i 
• 

v, v, 

:1.5"-L 

(d) Explam RIM and S IM mstruchons of 8 08 5 m1cropro cess or, W!th accumulator data format 

' (e) A 100/1 A bar pnmary current transformer supphes an over current relay sethng at 50% p1ck 
up and 11 has a burden of 2 VA Determme the knee pomt voltage and cross sechon of the 
core 1fthe CThas 50 turns on 1ts secondary and the fault current!S 15 hmes the relay sethng 
Assume the flux denSity as 1 4 WhiM' and frequency= 50 Hz 
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SEI:nONA 
(A) A 1500 kVA, 6 6/11 kV, 3 phase delta-star connected transformer has the followmg test 

result 

S C test (Instruments placed on h v S!de) 

300V,13121A,30kw 

Calculate 1ts percentage reS!Stance, percentage reactance drops, percentage effic1ency and 
percentage regulahon on full load at 0 8 power factor laggmg The 1ron loss dunng 0 C test 
With rated voltage supphed 1S 25 kW 

" (b) A star -connected 3 -phase al temator dehvers a 3 -phase star- connected load at a power factor 

(c) 

( ,, 

of 0 8lagg~ng A Wire connects the load and the alternator The termmal voltage at no-load 1S 
2500 V, and at full-load of 1460 kW 11 1S 2200 V Determme the termmal voltage when 11 
del1vers a 3 phase star-connected load havmg a reSiStance of 6 Q and reactance 8 (2 per phase 
respechvely Assume constant current and field exatal!on 

(c) " Interpret the followmg mstruchons and menhon their addressmg mode and flag 
affected, if any 

XRAA, DAA, DCR M, ADD B 

(u) What is the difference between Acrumulator (ACC) and Inshuchon RegiSter (IR)? 

(c) ' With connechon diagrams for both shunt and separately exated DC generators, draw 
the important charactenshcs of these generators 

0 

(u) Calculate the rms value of the mduced emf per phase of a 10 pole, three phase, 50 Hz 
alternator W!th 2 slots per pole per phase and 4 conductors per slot m two layers The 
codspan!S 150° Thefluxperpole!SO 12wb 

c 
(b) Two alternators workmg m parallel supply a hghhng load of 3000 kW and a motor load 

aggregahng to 5000 kW at a p 1 of 0 72 One machme 1S loaded up to 5000 kW at 0 8 p f 
laggmg What 1S the load and power factor of the other machme? 

" (c) ConSider a two stage synchronous counter (both stages rece1ve the pulses at the Cx mput) In 

each counter K = 1 If Q, and J, Q0, draw the circUli From a huth table of Q0 and Q1 after 

each pulse, demonstrate that th!S 1S a 3 1 counter 

SECTION B 
(a) A two-machme power system delivers a load of 25 MW at 0 8 p f lag and has a double 

cirC11il The system reactance 1S 150 percent on 100 MVA base A sudden symmetncallme­
to -ground faJJ!t o crurs m one of the circU! ts wlnch reduced the power supphed to 40% wlnch 
1S subsequently cleared by Simultaneous achon of the arruil breakers on both Sides of the 
faulted !me Calculate m the electncal degrees the "cnhcal cleanng angle" Assume that 
dunng fault condihons the system reactance attams such a value that the maX!mum power 
becomes 30% of the normal maximum value, when the faulty !me 1S iSolated the max:tmum 
power of the system becomes 60% of the normal maximum power 
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" (b) For a certam mdustnal orgaruzahon the max1mum and tlllrumum power demands are 50 MW 
and 10 MWrespecl!vely Its load durahon curve can be approXimated as shown1n F1g 4 (b), 
below The hydro power avatlable at the hme of m1mmum regulated flow 1S JUSt suffiaent to 
take a peak load of 60 MWh per day Further, 11 1S observed that 11 Will be econom1cal to 
pump water form tat! race to the reserv01r tank by uhhzmg the steam power plant dunng off 
peak p eno ds and thus ruruung the sial! on at 1 00 per cent load factor If the effia ency of the 
steam electnc convers10n 1S 60% calculate the maX!mum cap ac1ty of each type of plant 

c 
T ~0 MW ~-----------

~ ~~==:-:::-:;-,...~-----------1' 
' -------- "' ·----- ---"! -------.... 
.j, ------------------ ---~ B 
~tiMWIK 

~ 

~ o'1 --------c-cc-c--------~A 
l4li0URS 

f~ 4 (h): Load du .. tl!>m OI.I'YO 

(c) A BCD number between 0 and 99 1S stored 1n an RI'W memoty locahon called the mput 
Buffer Wnte a mam program & a convers10n subrouhne (BCDBTN) to convert the BCD 
number mto 1ts eqmvalent bmary number m 8085 Store the result m a memoty locahon 
defined as Output Buffer 

" (a) What do you understand by Ferranh effect? 

Deternune the sendmg end voltage and effic1ency by" method of a !me, g!Ven reSiStance of 
!me (R= 0 2 x 120 = 240), mduchve reactance (X1 = 48 98 0) and capac1tance reachve (Xe 
= 1 2) 

" (b) Two generatmg stahons hamng short-mcmt capac1hes of 1200 MVA and 800 MVA 

(c) 

respechvely and operahng at 11 kV are hnked by an mterconnected cable havmg reactance of 
0 5 ohm per phase Determme the short-arcmt capac1ty of each stahon 

(c) E1Cplam Foster-Seeley d1scnmmator W!lh neat arcmt d! agram and waveforms 

0 

(11) When the modulahng frequency m FM system 1S 400Hz and the modulahng voltage 
1S 2 4 V, the modulahon 1ndex 1S 60 Calculate the ma:nmum mdex, when the 
modulahng frequency 1S reduced to 250 Hz & the modulahng voltage 1S 
Simultaneously ra1sed to 3 2 V? 

SECTION C 
(a) ConSider the c1rcmt shown below Let Vee= 5 V, Re = 1 kO, V(BE>;ONJ = 0 7 V and ~ = 120 

Choose R and determme R1 and fu such that the c1rcmt 1S b1as stab! e and that V CEQ = 3V 
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{,, 

(b) Thewaveforms 

"'' -----,u~-
?SKrl ~, r-----------,

1 1 
L Li 

are apphed to the mputs of the latch 

, .. 7"i>~J--r--· 
~~~ 

c;-~~ 
Cltar J Q 

Draw the waveform at Q and explam 

(c) 

( ,, 

(•) " L! st the maJor factors mfluencmg the ch01 ce of the 1ntermed!ale frequency (IF) m any 
part1cular system 

' (11) Wluch are frequenc1es band for AM, SW and FM broadcast system? Menhon the IF 

(•) 

values for these systems 

' How S!gma-delta modulahon system 1S developed from delta modulahon? Explam 
With block schemahc 

' (11) A PCM system 1S to have SNR of 42 93 dB The Signals ate speech, and an rms to 

(•) 

peakraho of-10 dB1s allowed for Fmd the number ofb1ts per code word reqU1red 

' Jushfy that frequency modulahon 1S much more 1mmune to n01se than amphtude 
modulahon 

(11) Sketch the typ1cal IF, characters response for colour TV rece1ver Ind1cate frequency 
and SJgnallevels on curve 

(c) ConSider the 1deahzed push-pull Class B power amplifier as shown below 
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G1ve that fu = 0, Vee= 20 V, N, = 2 N1, fu. = 20 0 and the tranS!Stors have hFE = 20 The 
mput 1S a smus01d For the max:tmum output Signal at Vm =Vee, deternune 

(1) the output Signal power 

(11) the collector d!sS!pat!On m each tranS!Stor 

SECTION D 
(a) The buck regulator m F1g 8 (a) shown has an mput voltage of V, = 12 V The reqmred 

average output voltage 1S V, = 5 V at R = 5 00 0 and the peak -to-peak output npple voltage 1S 
20 mV The sW!tclung frequency 1S 25kHz If the peak-to-peak npple current ofmductor 1S 
hm1ted to 0 8 A, determme 

(1) the duty cycle K, 

(11) the filter mductance L, 

(111) the filter capac1tor C and 

(1v) the cnhcal value ofL and C 

(•) 

• -·,-Q, ' 

v, 

l 
Fig. 8 (a) : Circuit diagram 

Explam the transfer characten st1cs of n -channel and p -channel MOSFETS along W1 th 
the1r output charactenshcs of an n-channel enhancement MOS FEE 

(11) The b1 polar tranS!Stor 1n F1g 8 (b) 1S spea lied to have ~F m the range of 8 to 40 The 
load reSiStance 1S Rc = 11 ohm The d c supply voltage 1S = 200 V and the mput 
voltage to the base c1rcU1 t 1S VB = 1 0 V If V CL(<.t) = 1 0 V and V BE(<.t) = 1 5V, find 

(1) the value of RB that results 1n saturahon W!th an OD F of 5 

(2) the ~fom<L and 

(3) the power loss Pr 1n the tranS!Stor 
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l 

r 
___ I 

Fig. 8 (b): Transistor Switch 

(c) An 8085 8155 based m1crocomputef!s reqU1red to dnve an LED connected to b1t 0 of portA 
based on two SWitches mputs connected to b1ts 6 and 7 of port A If both SWitches are e1ther 
H1gh or Low, tum the LED ON, othetw~setum1t OFF Assume that HIGH Will tum the LED 
ON and that a ow Will tum 11 OFF Use port address of CSR and Port A as 20 Hand 21 H, 
resp ech vely Program starts from 2 00 0 H W nte an 8 08 5 assembly language program 

" (a) Pomt out the d1fferences between latchmg current and hold current for the thynstor What do 
you understand by stnng effiaent related to thynstors? For a thynstor, maX!mum JUnchon 
temperature" l25°C The thermal reSistances for thynstor-s1tlk comb1nahon are E),= 016 
and~'= 0 08°C!W For a heat-smk temperature of70°C, compute the total average power 
loss m the thynstor smk combmahon In case the heat smk" brought down to 60°C by forted 
coohng, find the percentage mcrease m the demce rahng 

" (b) A voltage source Inverter 1S to be used for a backup power apphcahon Tlus urut, shownm 
F1g 9 (b), draws power from a set oflead-ac1d battenes W!th nommal output of 144 V and 
supphes upto 2 kW mto a load A resonant filter 1S to be used to prov1de an output smus01dal 
at 12 0 V=, 60 Hz W!th THD < 3% at h11llo ad If the actual b attety voltage W!ll vary between 
132 V and 156 V, what range of 5 values W!ll be used for th!S apphcahon? Select a ser1es L-C 
pa1r to meet the requuements (5- 1S the tnggmg angle) Uhhty supply vanahon ±5% Assume 
only tlurd harmomc 1S present 

(c) Denve the folloWing for the 3 phase mduchon motor due to mterachon of rotor and stator 
fields -

(1) Torque developed 

(11) Startmg torque 

(111) Cond1hon for max:1mum torque 

(1v) Effect of change m supply voltage on starhng torque 

(v) Effect of change m supply voltage on torque and sh p 

(v1) Full load torque and ma:nmum torque 
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