
Time Allowed: Three Hours Maximum Marks: 200 

Candidates should attempt SIX questions: selecting TWO questions from Part A. ONE from Part B. 
ONE from Part C aid TWO from Part D. The numb<r of marks carried by tack question is indicated 
at the end of the question. Answers must be written in English. Assmne suitable data. if necessary and 
indicate the same clm.rly. 

PART A 
(a) State and explam Rec1proc1ty and Compensat10n theorems F1nd the current flowmg 10 the 

reSistor fu of the network shown10 F1g 1 If a reSiStance of 0 5 ohms 1S 10serted 10 senes Wlth 
R.,. find. us10g compensahon theorem. the current that W!ll flow through R., ., 

W"t' 
•o !:~ 

(b) F1g 2 shows a phase slufung network. V1 betng 10put supply voltage Rand C are always 
adJusted so that the magmtude of thm total1mp edance 1 s 2 50 0 oluns The supply frequency 
" 5.000 Hz Determ10e the values of R and C wh1ch W!ll produce a phase sh1ft of 30° 
between V 1 and V0 Does V0 lag or 1 ead W!th resp eel to V 1? 

(c) A voltage Wlth a truncated-ramp waveform as shown 10 F1g 3 1S apphed to c1rcU1t. 
compns10g R=l 0 and C = 0 2 F 10 senes 

The nse hme to= 2 sec The 1111hal charge on the capaator 1S zero F10d the current (t) 10 the 
C!rCU!t 

L -----· 
• 

'!" • • > • • 
!1\ ... ~~- F1g 3 
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( ,, ,,, What do you understand by 'Complex Frequency' G1ve 1ts phySical SJgmficance 

(11) Define Transform 1mpedance and Transform adtlllttance for a 2-tenrunal element 
Obtam thetr expresSions for(!) an mductor, and (2) a capac1tor 

(b) F1nd the Dnvmg pomt 1mpedance Z(S) for the network shown m F1g 4 

(c) Denve express10ns for theY-Parameters m terms of A, B, C, D parameters of a 2-termmal 
p atr ( 4 -termmal) network Two network have general A, B, C, D parameters as follows 

( ,, 

- Network I NctwoJk2 
A ,..., 5/3 • llll "' c 0.25 tln1Wno lllfJllelll 
D " 3.0 

If two networks are connected With the1r mputs and outputs 1n parallels, obtam the adtlllttance 
matnx of the resulhng network ,,, State prop ert:t es of Hutw1tz pol ynom1al 

(11) What do you mean by a Zero ofTransm!SS!on? 

G1ve an example to explam the concept 

(b) F1nd the first and second Cauer forms of LC networks reahzmg the 1mpedance funchon 

(c) For a two wmgdmg transformer (mutually coupled arcmt), equahons relahng the termmal 
voltages and branch currents are g1ven by 

v1 ~ (R1 + L1p)l1- Mp, 

where p m the d!fferenhal operator Re-arrange the above equahons m appropnate cause­
effect form to obtam the Single-flow graph as shown m F1g 5 
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·~. '• '· '""' -·· ' "'-• ' -... 

~-· ' 
s.,..,._~ 

'· ' ' ' ' 
3 (-1.1~) 

r;; M "' ... '"' 5. 

U smg Mason's Gam- Formula, prove that 111S g1ven by 

( R, + L,p )v1 - ll{Dv, 

PARTB 
(a) A small, iSolated conduchng sphere ofrad!us 'a' 1S charged With +Q coulombs Surroundmg 

tlus sphere and concentnc With 11 1S a conduchng shell wlnch possesses no net charge The 
mner radms of the shell!S 'b' and outer radius 1S 'c' All non-conduchng space 1S aJr Usmg 

Gauss' Law, find and plot E and potenhal 'V' everywhere for 0:0: r:Oro, where r1s the rad!al 
d1stance from the centre of sphere 

(1 2) 

(b) Den ve the equal! on of conhnmty for current 

(c) 

cp v ,. __ , 
m 

where p 1 s the charge denSity 

(•) Determme 1 f the vector 

F~y"J;-Xl-;, 

can represent amagnehc field B 
(11) F1nd the skm depth of penetrahon m copper at 10,000 MHz reS!ShV!ty of copper 1S 

1 7 x 10-6 ohm-em 

(a) Startmg from Faraday's law ofmducl!on, show, With usual notahons, that for hme vatymg 
fields 

- - E!B 
VxE~­

& 

Obtam the three d1mens10nal wave equahons for an absorbmg medmm assumed to be both 
magnehcally and electncally homogeneous and 1sotrop1c The charge denSity m the field may 
be assumed to be zero 

Hence determme the wave-equah on 1f the fie! d 1S vatymg harmomcally W!th hme 

(c) The electr1c field of a uruform plane w<Ne propagahng m the poS!hve Z-d1rechon 1S g1ven by 
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E ~ E0 cos( OJ!- ,Bz )l. + E0 sm (OJ!- ,Bz ),, 

where E 1 s a constant Fmd 

(1) the correspondmg magnehc field H, and 

(u) the Poynhng Vector 

Evaluate the Poynhng Vector 1f Eo = 1 0 Vim 

PARTC 
(a) What do you understand by Electroruc Polanzahon, !om Polanzahon, and Onentahonal 

Polanzahon of d!electr1cs ? What 1S electnc suscephb1hty of a d1electnc? How 1S 11 related to 
relahve penmthmty? 

(b) D1fferenhate between Ferromagnehsm and Femmagnehsm G!Ve charactenshcs and 
appl!cat10ns of Ferromagnel!c and Fern -magnehc matenals 

(c) Explam the phenomenon of P!ezo-eleclnc!ty Name three p1ezo-electnc matenals and g1ve 
the1r prop erhes 

A p1ezo-electnc crystal hamng a tlnckness of 2 mm and voltage senS!hmty of 0 055 V-m/N 1S 
subJected to a pressure of 1 25 MN/m' Calculate the voltage output If the p enmtl!mly of the 
matenal!S 40 6 x 1012 F/m, calculate 1ts charge senS1hv1ty 

(a) Explam, W!th reference to Energy band theoty, the d!fference between conductors, msulators 
and sem1 conductors 

The folloWing data 1S known for a conductor 

Ferm1 energy= 55 eV 

Mobd1ty of electrons 7 04 x 10-3 m' volt-' set-1 

Number of conduchon electrons per m3 = 5 8 x 1 028 

Calculate 

(1) Relaxahon hme 

(u) ReS1Shv1ty of conductor 

(111) Veloc1ty of electron W!lh the Ferm1 energy 

e=16x10-19 C,andm=91x10-31 kg 

(b) What 1S super conduct1mty? How 1S 11 affected by (1) Frequency, (u) Magnehc field? G1ve 
some appl! cahons of super conduchv1ty 

(c) What are n-type and p-type sem1 conductors? Explam the behamour of a p-nJunchon under 
forward and reverse b1as cond! hons 
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PARTD 
(a) Explam the d1fferent types of errors that may occur m measurements The reSiStance of an 

unknown reSiStor 1S detenruned by a Wheat-stone bndge The soluhon for the unknown 
reSiStance 1S stated as 

The htllltmg values of vanous reSiStances are 

R,=50000±1% R,=6150±1%,R,=100±05% 

Calculate (1) the nommal value of the unknown reSistance, (11) 1ts hm1hng error m percent, 
and (111) 1ts hm1hng error m ohms 

(b) The ants of an Anderson's bndge are as follows 

AnnAB an unknown 1mpedance (R~, L1) m senes With a non-1nduchve reSiStor r1 

Ann BC A non-mduchve reSiStor R3 = 100 0 

Ann CD A non-mduchve reSiStor R, = 150 0 

Ann DA Anon-mduchve reSistor fu 200 0 

Ann DE A van able non-mduchve reSiStor r 

AnnEC Alosslesscapac!lorC=l~F 

AC supply 1S connected across A and C, and the detector 1S connected between Band E 

Deduce cond1hons o fb alance and calculate R1 and L1 under balance cond!t10ns when r 

r1=400andr=2200 

(c) Descnbe the W1en-bndge method for measunng unknown frequenc1es m the aud!o range 
What are the other apphcahons ofth!S bndge? 

( ,, ,,, G1ve the pnnaple of electrostahc focussmg maCRO 

(11) Explam how from the L1SS8JOUS patterns appeanng on the screen of a C RO, the 
phase and frequency of an unknown Signal can be determmed 

(b) Explam the pnnaple of achon of a capac1hve diSplacement transducer hamng hnear 
charactenshc What are the diSadvantages and uses of cap aal!ve transducers? 

(c) A stram gauge havmg a reSiStance of 120 0 and a gauge factor of 2 1S connected m senes 
W!th a ballast reSiStance of 12 0 0 aero ss a 1 2 V supply Calculate the d!fference between the 
output voltage (voltage across the stram gauge) W!th no stress apphed and W!th a stress of 140 
MN/m' The modulus of el ashc1ty of the member undergomg stram 1S 20 0 G Nlm' 

( ,, What 1 s telemehy? Explam the pnnaple of Po S!hon Telemetenng systems 
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(b) Explam the pnnc1ple of work:mg of a Magnehc Tape Recorder What are 1ts baS!c 
components and theu funchons 

(c) Explam W!th the help of a funchonal block d!agram, the pnnc1ple of operahon of a D1g1tal 
frequency meter 
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ELECTRICAL ENGINEERING 

Time Allowed: Three Hours Maximum Marks: 200 
Candidates should att<mpt FRIE queRions in all, choosing at least ONE from m.ch seRion. The 
number of marks carried by each question is indicated at the end of the questions. Answers must be 
written in English. Assume suitable data, if necessary and indicate the same clearly. 

SECnONA 
(a) D!Shngmsh between the rules related to funchon sub-programs and subrouhne sub pro grams 

" 0) Wnte a statement fun chon defimng 

H; 
DIVIDE(x,y)~--,_' 

and use tills fun chon to compute 

.JP+ 5 
"~ .{Po 

b~[P•,.,J 
p+q r 

' -'('-') c~ tan --,., 
d~p+q r-s 

p-qr+s 

cos 9+ Sloe 
·~ cos e sm e 

" (c) Wnte a FORTRAN program to read a four d!g1t poS!hve mtegernumber and to find the sum 
of the four d!gJis For example, for the number 7035, the sum 1S 7 + 0 + 3 + 5 = 15 

(a) Wnte a complete FORTRAN program to solve the followmg equahons usmg Gauss Se1del 
1terahve procedure 

5x1 -3x,+6x3 ~2 

3x1 +8x,+2x3 ~28 

6x1 +2x2 +4x3 ~4 

(b) The percentage effia ency of a transformer1s giVen by 
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1
_ xscose xlOO 
- xscos9+1fj+x'w; 

for a 5 KVA transformer, W, = 60 watts and W, =50 watts Wnte a FORTRAN program by 
will ch transformer effia ency can be o blamed for x = 0 to 1 2 m step of 0 1 when cos 8 vanes 
from 0 7 to 0 9 m step of 0 05 The results are to be pnnted neatly usmg proper formats 

SECnON B 
(a) A 220 V DC shunt motor takes 22 A at rated voltage and runs at 1000 rpm Its field 

resiStance 1S 1000 and armature circUit reSiStance 1S 0 10 Compute the value of addihonal 
reS! stance reqmred m the armature a rem! to reduce the speed to 8 00 rpm when 

(i) the load torque!S proporhonal to speed 

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

(b) Two idenhcal DC machmes when tested by Hopkmson method gave followmg test results 

Field currents are 2 5 A and 2 A Lme voltage iS 220 V Lme currentmcludmg both the field 
currents 1S 1 0 A Motor armature current 1S 73 A The armature reS! stance of each machme 1S 
0 050 

Calculate the effiaency of both the maclnnes 

(c) Explam the workmg of a transformer at no load and loaded cond!hons 

(a) A 10 KV A, 440 V, 50 Hz, 3 phase alternator has the followmg 0 C C 

,. .5..0 &0 u.o 15.0 

,., 
With full load zero p 1 load applied, an exatahon of 14 A produced a termmal voltage of 500 
V On short arcmt, 4A excilahon was reqUired to circulate full load current Usmg MMF 
method determme the full load percentage regulahon for 0 8 p f laggmg and 0 8 p f leadmg 

" (b) When a three phase supply 1S g!Ven to a three phase wmdmg a rotahng magnehc field of 
constant amphtude W!ll be produced Jushfy the above statement 

(c) Explam how the parameters of3 phase mduchon motor can be obtamed from the test results 

" (a) A hydro electnc stahon has to operate W!th a mean head of 50 m It makes use of water 
col! ected over a catchment area of 2 00 km' over which the average annual ramfall!S 4 20 em 
W!th a 30% loss due to evaporahon Assummg the turbme efficiency as 85% and the 
alternator efficiency as 80% calculate the average power that can be generated 

(b) With a neat diagram explam the workmg of mduchon type direchonal over -current relay 
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(c) For a power system conS!shng of N thermal power plants, mclud!ng transmiSSion lass, denve 
economic diSpatch p oh cy 

SECnON C 
(a) Use block diagram reduchon methods to o btam the eqm valent transfer fun chon from R to C 

(b) Sketch the under-damped hme response of second order control system to a step input 
Define delay hme, nse tune, peak hme, peak overshoot, setthng hme and steady state error 

(c) An open loop transfer funchon of unity feedback system 1S g!Ven by 

" G(s)~ ( )s 
s s + 2 

Deternune damping factor, undamped natural frequency, damped natural frequency and hme 
response for a urut step input 

(a) By means of Routh cntenon, detemune the stability of the systems represented by the 
followmg charactenshc equahons Wherever necessary find the number of roots m the nght 
half of splane and on the imagmary ax:1s 

(i) s5 +s4+3s3 +9s2+16s+10=0 

(11) s6+3s'+5s4+9s4+8s2+6s+4=0 

(b) Sate Nyqmst stabihty cntena and mveshgate the stability of the closed-loop system W!th the 
folloWing open -loop transfer fun chon 

by draWing Nyqmst plot Wherever the Nyqmst plot crosses the real or imagmary =~ 
determme the frequency and the mtercept value 

SECnON D 
(a) Draw the V-I charactensh c of Tunnel d!o de Bnefly descnbe the mechaniSm of Junchon 

break down 
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(b) In the S chmltt tngger c1rcu1t shown assume that at t = 0, V, = 0 volt and V0 = 5 volts 

• 
~f~),.--~- •. I+A--... .., 

2R v,.,.=+5wiis 

v.,.. = (} v::ll ·-
For th!S c1rcU1t to operate as a square wave generator Fmd the d c voltage VR W!th proper 
S!gn 

(c) In the self b1as c1rcU1 t shown, a S!h con tranS! stor 1S used W1 th ~ = 50, V BE = 0 6 V, V" = 1 8 V 
and Rc = 4 3 kO It 1S deS!fed to establiSh a qmescent pomt at Ic = 1 5 m.A, VeE= 10 V and a 
stab1hty factor of S :0: 4 Fmd !\,, R1 and R, 

r•~ 

(a) The parameters of the tranSiStor m the arcu1t shown h,, = 50, h~ = 1 1 KO, 1\, = ho, = 0 

"'' " .,. " + 

+ 1 

I_ ... tc. V0 ,.. ,. c, ,. 
~· 

F1nd (1) m1d-band gam (11) the value ofCt necessaty to g!Ve a lower 3 dB frequency of20 Hz 
(111) the value of Ct necessaty to ensure less than 10% hlt for a 100 Hz square wave mput 

(b) A two stage FET osc11lator uses the phase sh1fung network as shown below 

' ' "'f -·r I 

r v 'T ' l 
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v, ~ --r--'-----,--, 
V, 3+;(WRC-W~C) 

Bnefly descnbe R S, J-K, D-type and T-type flip-flops 

( ,, Defirung selechvity, senS!hVily and fidelity of the receiver descnbe bnefly the operahon of 
an AM super-heterodyne rece1ver W!th relevant block diagram In what essenhal details 
would an F M rece1ver differ from the above? 

(b) Explain how S SB Signals are detected 

(c) Explain the pnnciple of mulhpleX!ng Compare hme diViSion mulhplexmg and frequency 
dnns10n mul hplexmg 
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