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BLBCTIUCAL BNGINBBIUNG 

PART A 
A voltage source v(t) = V0 cos OJ 1S connected to almearhme vary~ng capac1tor c(t) = 

Co (1 +cos OJ!) Fmd the current 

(11) Show that a hnear hme vatymg mductor behaves to a hme vatymg source as a 
combmahon of a hme 1nvanant mductor and a hnear hme vatymg reSistor 

G1ven m figure 1 are two network configurahons Show that one can be transformed mto the 
other Obtam the values of Z1, Z, and Z3 1n terms of ZA, ZB and Zc as also the values of Z"' 
ZB and Zc m terms of z~, z, and Z3 1fboth the networks are eqmvalent to each other 

'---[iJ-f--r-&---2 '--rlz. h--' . [~ $ ~~ 
3 3 

(c) Real1ze the followmg 1mpedance funchon usmg both first and second forms of Foster and 
Cauer canomcal networks 

( ,, What 1s convoluhon mtegral? DiScuss 1ts apphcal!on to c!rcUlt theoty 

The step mput response of a network 1S g1 ven by 

1 _, 3 _, 
1--o +-o 

' ' F1nd 1mpulse response of the network usmg convolul!on mtegral 

(b) For them usually coupled c1rcu1t shown1n fig 2, show that the secondaJY current and voltage 
Eo W!ll have 1ts largest value 1fthe folloWing relal!onslup holds true 

-'-~ "(i:iL, + L,]"' '"L' .,c, 1\ 

M 

"'·' 
L, c, 

Hence prove that the max1mum value of Eo 1S obtamed when '"M ~ JR1R, 
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(c) D!Shngmsh between zero state response dnd zero 1nput response of a lmear hme mvanant 
network 

For the network of fig 3, deternune the 1nput 1, over (0, 1) 1fthe zero state response fort?. 1 
1S e,(t) = !", P1 bemg the pole nearest to ongm 

(a) Apply Routh cntenon to show that the system W!th the folloWing charactenshc equat10n 1S 
hm1tedly stable 

s6+ 2s5+ 8s 4+ 1 2s3+ 20 s'+ 1 6s+ 16=0 

(b) What 1S the steady state error 1n a feedback system? Show that tlus error depends upon the 
mput and forward transfer fun chon Hence deduce the values of p oS!hon error, velo c1ty error 
and accelerahon error constants 

(c) 

( ,, 

(c) Develop state van able model for the arrangement of fig 4 shoWing a de motor hfung 
a h01st 

R L 

I 
" 

Flg. 4 

k, -motor emf constant 

k,- motor torque constant 

J -rotatmg systemmerha 

(11) Explam Z-transformahon analySiS of a sampled date system 

PARTB 
(c) Show that the el ectromagnehc energy due to charged conductors m space 1S g1 ven by 

+f15Edv 
where fields D and E occupy whole of the space 
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(u) A square metal plate of 0 2m S!de 1S suspended from one of the aJms of a balance 
such that 11 1S parallel to another fixed honzontal plate of same d!mens10n 1 0 mm 
below1t What should be the mass placed m the other arm of the balance to maJntaJn 
the separahon on appl)'!ng 100 V across plates? 

(b) The plane X= 0 separates two 1Sotrop1c hnear homogeneous magnehc matenals Ifrelahve 
penmthv1ty 1S 5 for x > 0 and 2 for x < 0 and 

forx<O, Blf'0 =-2i;:+2J,:-i; 

find H and iii for x > 0 

What W!ll be these values 1 f there 1S a surface rurrent denSity 

J=21y Aim 

Ontheplanex=O? 

(c) The electnc field mtenS!ty of an em w<Ne at the ongm of the sphencal co-ord!nate system 1S 
g1ven by 

( o) 

E = Eo S!n e cos ( '"t - fJr ),,, fJ= '".} 1-'o"o 
c 

F1nd 

(1) assoc1ated magnehc field 

(u) Poynhng vector 

(111) power over a sphencal surface of rad!us r around the ongm 

(o) A sheet charge of umform denSity p, extends 1n the enl!re X Y plane Show that 
Gauss's l<Nem d1fferenhal form for the enhre sheet charge 1S g1ven by 

VF = ..!....p,5(z), 5(z) 1S d!rac delta fun chon ,, 

(u) Obtam Green's mtegral1denhhes and state the1r S!gmficance Apply first 1denhty to 
show that the spec1ficat10ns of both d1vergence and rurl of a vector W!th bound31)' 
cond!hons are suffic1ent to make the funchon uruque 

(o) A parallel plate capac1tor has rectangular plates of area A, but plates are not exactly 
parallel The sep arahon at one edge 1S ( d- a) wlule at the other 1S ( d + a), a « d Show 
that the cap ac1tance 1S g!Ven approXimately by 

(u) Show that the vector potenhal due to momng pomt charge qat a &stance R 1S g!Ven 
b) 

A ( r) = .&... qv , Vb e1ng veloc1ty of charge 
hR 

www.studentsuvidha.in

Stu
de

nt
Suv

idh
a.

in

studentsuvidha.in/
studentsuvidha.in/


(c) The electnc field intenSity assoaated W!th a plane em w<Ne along any direchon m free 
space1Sg1venby 

E ( r) ~ H (-2.fi- ; ) a, + ( Z;.fi) a, + ;2.fia, }s· -J-f(..r"'•'"""") 
Find 

(i) direchon of w<Ne prop agahon 

(u) frequency and wavelength 

(111) apparent w<Nel engths and phase vel ocihes along three axes 

PARTC 
(a) Explam the ongm of permanent magnehc dipoles m matenals Why 1S the proporhon of 

electron spm system more important than others? 

Hence deduce and d!Sruss Cune l<Ne of p aramagneh sm 

What 1S a complex dielectnc constant? If it 1S represented as 

and nature of c1 and"' 

explam the ongm 

Show that the conduchve adm1ttance perm' of a parallel plate capacitor havmg a lossy 
dielectnc and plate separahon of 1 m. 1S given by 

y' ~J'""o[(o,+1)+ (o,+1)] 
1 + J'"! 

Where OJ =angular frequency 

eo -penmthvity of free space 

c-relaxahon hme 

(c) What do you understand by electron scattenng in conductors? How 1S the reS!stnnty 
dependent on it? Hence explam de bye temperature and M attlnessen · s rule 

(a) How does conduchon take place m mtnnS!c semiconductors? Explam W!th examples What 
are l!mitahons of mtnnS!c sem1conductors and how are these taken care of by extnnS!c 
sem1conductors? Show that the mimmum value of conduchvity of a sem1conductor W!th 
impunty 1S a,.n ~ 2n,e!', where 

n, - concentrahon of conduchon electrons (m -3) 

e- electroruc charge (C) 

~.-mobility of electrons (m' V 1 s-1) 

(b) What 1S superconduchmty? Is it posSible to make a pure metal a superconductor? Why? 
DiScuss the electnc. magnehc and thermal properties of superconductors D!Shngu!Sh 
between Type I and Type II superconductors and give a bnef account of oX!de 
superconductors 
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(c) DiScuss the properties and apphcahons of 

(i) Femtes (11) ALNICO (111) F erro-electnc ceramics 

PARTD 
(a) What are the d!fferent types of errors ? 

Descnb e their sources bnefly 

Find the value of (R1 + R2), conS!denng the errors m their values as (i) hmihng error (11) 
standard dem ah on when 

R1 = (1 00 ± 2%) olun, R, = (200 ± 2 5%) olun 

(b) The folloWing test data p ertams to an mstrument transformer o blamed W!th the help of a co­
ord!nate potenhometer 

(i) I 1 =10A,50Hz,V1 =(--D33+J042)V 

Eo= (-3 14 + J 2 5)V, I,= 0 

(u) I1= lOA, 50 Hz, V1=(--D 03+ J 042)V, S,=O 

Assummg phase of c01ll current W!th respect to potenhometer current same m both 
cases, find reSiStance and self mductances of the two coils and mutual mductance 
between them 

(c) Explam the pnna ple of operat10n of a statrcase ramp d! g~tal volhneter W!lh the help of block 
diagram 

(a) What are the usual elements of an electroruc mulhmeter? Draw and explam the baS!c arcuil 
of the mstrument The value of the current of a tnangular wave shape indicated by the 
mulhmeter 1S 2 2 a Fmd the rms value of the current 

(b) What 1S a wave analyser? Explam the workmg of 

(i) Frequency selective (11) Heterodyne w<Ne analysers 

(c) Descnb e the arrangement of AiD converters based on the foll oW!ng 

(i) SuccesSive approX!mahon method 

(11) Slopemtegrahonmethod, and 

(111) Re-circulahng remamder system 
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( ,, What 1S a data acqU!S!hon system? G1ve the block d1agram arrangement of a d!g1tal data 
acqU1 S1 hon system and descnbe the fun chon of each component 

(b) How 1S pulse modulahon used for data transtlllsS!on? Explam different types of pulse 
modulators 

Compare PCM telemel!y With PAM telemel!y 

(c) Descnb e and compare d1fferent methods of d!g~tal tape reconhng 
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Time Allowed: Three Hours Maximum Marks: 200 

SECnONA 
(a) What 1S meant by smnlar polanty ends of the two wmdmgs of a smgle phase transformer? 

How are these ends idenhfied? 

(b) A 1S 1 5 k VA, 2 30 0/2 30 V, 50 Hz smgl e phase transformer gave the followmg test data 

Open Circuit Test 

Short Circuit Test 

V0 =2300V,I0=021A, 

Wo= 50 W 

Vs=47V,ls=60A, 

Ws=160 W 

(i) Find the eqm valent circm t referred to high voltage S!de 

(11) Calculate the full load voltage regulahon at 0 8 pflaggmg when the load voltage 1S 
heldat220volts 

(111) What is the efficiency at half the rated load at umty of ? 

(iv) Find the ma:nmum efficiency and correspondmg output power 

(c) State reasons of US!ng terh aty wmdmgs m a transformer 

(a) Explam W!th the help of smtable diagram~ how rotahng magnehc field 1S produced m a 3-
phase mduchon motor 

(b) A 25 hp, 400 V, 50 Hz four pole star connected mduchon motor has the folloWing 
impedances per phase m ohms referred to the stator S!de 

Rs=0641,R,=0332 

Xs= 1 106, X,= 0 464 and X-= 26 30 

Rotat10nal losses are assumed constant and are 1 1 kw and core losses are assumed 
neghg1ble If the shp 1S 2 2% at rated voltage and frequency, find ,,, speed 

(u) Stator current 

(111) Power factor 

(iv) Output and mput power ,,, Efficiency of the motor 

" (c) Show that the starhng torque of a smgle phase mduchon motor 1S zero 
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(a) Sketch and explam the Open CircUit and Short Circuit charactenshcs of a synchronous 
maclune 

(b) Two synchronous generators are supplymg a common load Generator 1 has a no load 
frequency of 51 5 Hz and regulahon of 1 MW/Hz The total load 1S 2 5 MW at 0 8 pflaggmg 

(i) At what frequency, are the generators supplymg th!S load and how much power 1S 
supphed by each generator? 

(11) An addihonal load of 1 MW 1S attached to th!S system What W!ll be the new 
frequency and power generahon of each alternator? 

(111) How much 1S the governor set-p01nt of generator 2 to be adjusted to bnng the system 
frequency at 50 HZ for 3 5 MW system load? 

(c) Compare the speed-current charactenshcs of vanous types of D C motors 

SECnON B 
(a) With the help of a schemahc diagram, explam the workmg of"Pumped-storage Planf' 

DiScuss advantages and disadvantages of the plant 

(b) Draw flow chart of Newton Raphson method for load-flow studies mcluding PV buses 
Explam each block of the chart 

(c) DiScuss the advantages of usmg Y Bus model of power system network for load- flow anal Y"' 

" (a) Explam the equal-area cntenon for the stabihty of an alternator supplymg mfirute bus bar ma 
an mducl!ve mter -connector M enhon the hnutat10ns of the method 

(b) The ABCD constants of anonual x network represenhng a three-phase transm!SS!on !me are 

A=D= 0 950L 1 27', B= 924 L76 87' Oand C= 0 0006 L 90'S 

Find steady state hmit if both the sending end and the receivmg end voltages are held at 138 
kV, (i) W!th the given ABCD constants and (11) Wlth senes reSistance and shunt adimttance 
neglected 

SECnON C 
(a) Explam the difference between the enhancement mode and deplehon mode MOSFETs 

(b) Draw h -parameter eqmval ent circUl t of a loaded amphfier m common emitter configurahon 
and denve the express10ns for current gam, mput impedance, output impedance, overall 
voltage gam and current gam 
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(c) DiScuss the operal!on of a general1zed resonant arcmt osc1llator W!th 1mpedances z~, z, and 
z3 Denve the cond1hons of osc1llahon and explam under what arcumstances the 
configurahon reduces to Hartley o sc1ll ator 

(d) What are the mam purposes forwh1ch a common collector amphfier may be used? 

(a) Draw the c1rcU1! d1agram of a CMOS NAND gate and explam 1ts operahon L!St mam 
advantages of CMOS gates 

(b) What 1S the mam advantage of a synchronous counter over a npple counter? Draw the block 
d1agram of a 5-b!t synchronous counter and explam 1ts operahon Show that a counter may be 
used for frequency measurement 

(c) D!Shngu!Sh between a 'half adder' and a 'full adder G1ve the huth table of a half adder and 
sketch a arcu1t wh1ch may be used to real1ze a half adder Draw the block d!agram of a 4-b!t 
parallel bmary adderusmg cascaded full adders 

(a) List advantages and diSadvantages of !Sol ated and memoty mapped I/0 

(b) Wnte a pro gram m assembly language to add four numbers ava1lable 1n the memoty lo cahons 
2500 (H), 2501 (H), locahon 2501 (H) Also wnte the algonthm for solvmgtheproblem 

(c) Wnte three m1cro pro cessonnshucl!on used for the memoty local! on called stack 

SECnON D 
(a) In an AM system, the modulahng Signal 1S smus01dal W!th frequency of lin Hz If 80% 

modulahon 1S used, detenrune the raho of the total S!de-band power to the total power m the 
modulated Signal 

(b) A PCM system uses a un1form quanhzahon followed by a 7 b1t bmary encoder The b1t rate 
of the system 1S equal to 50 M egab1ts per second 

(1) What1s the max:1mum message bandWidth for w!uch the system operates 
sahsfactonly? 

(11) Determme the output S1gnal-to-quanhzat10n n01se raho when a fulllo ad S1nus01dal 
modulahng frequency of 1 MHz 1S apphed to themput 

" (c) Expla1n what!S meant by "quadrature null effecf' 1n a coherent detector for DSB-SC Signals 

( ,, " What 1S an IGBT? Sketch the cross sechon and eqU!valent c1rcu1t of an IGBT DiScuss 1ts 
advantages and diSadvantages 
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(b) Explam the pnnaple of operahon of a !-phase mverter Name the commonly used techruques 
for controlling the gam and hence the output of the mverter Explam the Mulhple-pulse Width 
modulahon techmques 

" (c) What 1S a resonant pulse converter? L!St d1fferent types of converters DiScuss the advantages 
and diSadvantages of parallel resonant mverters 
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