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Candidai: s should attempe STX questions, selecting TWO gucston from Section - A, ONE from Secion - B, ONE
fromSection - C and TWO from Seciion - D.

Assumw suitobhle dota, if necessory and indicate the same clearly.

SECTION A

1 The network s1l own in the Fig. (1.1) has reached steady state when the switch 5 moves from ato b

b 8 1H
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Figure (1.1}

{a) Determine initial values for ro(t) and w.(t) and their first denvatives with switch in postbion b,
(b} Determine v (t) fort > 0. Sketch w.(t) as a function oftime.

20
(c) Determine damping ratio, undraped and damped natural frequencies.
il
2. The drwing point admittance of a network 15 given by the following equation
P42 4 3n+1
y[5)= e S |
(4] Perform a continued fraction of admittance function ¥(2) miven in the abhove equation.
1a
{h} Fealise anetwork from the continued fraction of ¥is).
1a

() With the help of Routh-Hurwitz criteria, show that neither the numberator, nor the
denominator of Vi) given in the above equation has any zeros on the right half of s-plane.

12
3. (4] The hlock diagram of a control system 1 shown in Fig 3.1
1a
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Figure (3.1)
1) Draw the S1gnal Flow Graph of the control system shown Fig (3.1)

{11) Obtain the transfer functions @L and M{ by use of Mazons Gain formula
Rislly  R(5)ay

14
(b} The open loop transter function of a unity feedback control system 15 given by the expression
£

R CHIeD)

Draw the Nyquist plot of the cdosed loop system and comment upon the stability of the

system
1a
(c) Describe a zero-order sample and hold circuit Ohtain the Laplace transform of the output of
SPH circuit when discrete inputs are sampled at regular intervals of T seconds.
a8

SECTION B

4. (&) State and explain Gauss’s law. A spherical volume charge distribution pis given hy

2
F
1l-— For=l0 mm
- Fn[ 100] 2

a Jorr =10 mm

Show that the mamimum value of electric field intensity E ocours atr = 745 mm. Obtain the
valueof E ab =745 mm.

12

(k) Define Poynting’s vector and flynting’ s theorem. Show that ratio of Poyntings vector to
energy density is <3z 10° mfs.

12

{c) Explain traveling waves on a transmission line and define Standing Wave Eatio (SWER). A

high frequency lossless transmission line has a charactenstic impedance of 600 0. Calcul ate
the walue of current SWE when the load 15 (500 + 1300302

12

5. (4] A tong straight cylindrical wire of radius 2 mm 13 placed parallel to a honzontal plane
conducting sheet. The axzis of the wireis at a height of 100 trn abowve the sheet. Calculate the
stress in the medium at the upper surface of the sheet just vertically below the wire. The
potential difference between the wire and sheet1s 3.3 1411 Denve any formulaused and state
assumptions made.

12
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(b} “& handy “cutl meter” in the form of a pin wheel 15 used to indicate cutl of a vector field”
Justi v the statement.

12
() Two infinite and conducting cones both on z-axis, one 15 8= 6) =45° (constant) cone and the

other 15 1n & = & = 150% {constant) cone.. The region between them 15 charactenzed hy
G=0V=0a& and V=10V at & Find the expression for V between 45° <8 < 150

12
SECTION &

. {a) 4 conducting wire has a resistivity of 1.5 x 10° (2t at 300 K. Its Fermi energy is 5 eV, Itz
volume of 1 m® containg 6 x 10%° conducting electrons. Calculate the relaxation time of
conducting electrons. Hence or otherwize obtain the walue of drift vel ocaty of electrons, when
the conductoris subjected to an electric field of 100 Vi Write the significance of relasxation
time and dn ft welocity,

12
Civen
Mass of electron=9.107 = 107! kg
Electron charge = 1.601 = 10°* coulomb

{h} What 1z critical field 1n a superconductor? How 15 1t affected by temperature? Wnte the
application of a superconductor as an electrical switching element. The cntical temperature
(Ta) fMh-A0%. Ti1g &8 7K. The walue of T for Mh3AT in K will he (pickup correct walue)
1) 1.8 (1) 4.8 (111) 8. 7 or (1v) 18, 12
{c) Write the properties and applications of any two noble metals used in electrica contacts.
12
7. (a) Exzplain Hall effect in P-type setmiconductor. Hence ot otherwise define Hall coefficient.

Fesistivity of a sample semiconductor 15 9 milliohm meter. Its holes have mobility of 0.03
m*fv.5. Caleulate the walue of Hall coefficient of the sample. State assumptions made.

12
(k) Define spontaneous magnetization. How does it hehave in ferromagnetic matenals helow
Cunie point? Match List [ of Materials with List IT of their Curie point in K.
List I (Material) List II (Curie point K)
& Cobalt 1. 340
B. Iron 2. 400
. Mickel 3. 630
D. 30% Permalloy 41040
12
{c) What are ceramic matenals? Differentiate hetween two types of ceramics hawing their

permithivity less than 12 and greater than 12, Name two ceramic materials in each of abhove
two types and mention one application of each type.

12
SECTION I

8. {a) {1) What 15 the dunension of a quantity ? Denve dimensions of capacitance resistance and
inductance in electrostatic and electromagnetic systems. Find a relation between two
systems of units.

{11} Describe briefly the prmaty and SE:CEIﬂdElI:_‘E.? standarEJ,s of mass and length.
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4

i) Derive the general torque equation for a mowing iron instimment. The inductance of a moving
iron arnmeter 15 given by the following expression

L={20+ 106- 26" uH

where 81z deflection in radians. The spring constantis 24 = 10 Nm/rad. Caleulate the value
ofdeflection for acurrent of 5 A

a
(c) Descrihe the construction and wotlang prnciple of a single-phase Electrodynamics Phwer
Factor Meter. Compare its worling with a Moving Iron type Power Factor Meter.
12
a. {a) How can frequency be determined using a bridge? Draw this bridge and derive condition for
halance. Why and how two resistances and capacitances are made equal?
&

(b} What are the advantages of a “digital” voltmeter over “analog type™? What are its types? With
block diagram, explan working of an integrating type Compare its performance wath other

types.
12
() What are Electronic Counters? How can these be used to measure frequency? Explain the
working of a Decade Counter
12

0. (4] What are Digital to Andog converters 7 Describe, with necessary diagrams, worlang of a
“hinary weighted resistance DVA converter.”

12

{h} What are thermostats? Explain the working, construction and applications of thermistors.
Compare resistance-temperature charactenistics of atypical thermistor and platinum.

i

{c) How does a “Biezo-Electnic Transducer” work? What are the common matenals used for it?
Derve an expression for its (1) voltage and (1) charge sensitivities. Draw an equivalent
circuit for this transducer. Write uses of Pizen-el ectric materials and transducers.

12
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EE N amry.y . JIEMY

a1

Cundidutes should attermpt FIVE quesfions in all, incliuding Question No. 1 whick is compilsory. The
rerctining FOUR questions are lo be alempted by selecling af least ONE gqueestion from eack of the
Sections A, B, Cand D,

SECTION A

{Cuestion No. 115 compulsory)
l. A Choosze and write the correct answer

(&) The hysteresis and edd-current logs of 1-phase transformer working on 200 WV 50Hz are By
and P, respectively. The percentage decrease in these losses when operated on a 160 V 40 Hz
supply would respectively be
(i) 32, 16 (1) 20, 36
{11) 25, 50 {iv) 40, 80

(b} In a transformer core, third and fifth harmonic components of fluxes are respectively 10%

and 4% of the fundamental flux. The third and fifth harmomnc induced em f5. in the winding,
in terms of the fundamental induced e.m £ are respectively

(1) 30%, 20%a (11) 10%s, 12%
) 50%, 20% {iw)  50% 12%

() Consider the following statements regarding the speed control of d.c. motors
1) Ward-Leonard method 15 suitable for constant-torque drives

{11) Ward - Leonard method 15 suitable for constant - power drives
fi1)  Field-control method facilitates speed control bel ow hase speed
fiv)  Armature - resistance control method 13 more efficient than Ward - Leonard method
() Field - control method 15 suitable for constant-torque drives
(wi)  Armature - resistance control method 15 suitable for constant - torgue drives
From these the correct answer 13
(G () ()
(0l i), ()
(11D (1) (w1)
(V) (1), (ut), (v)
{d) In transformer protection, harmonic restraint feature 15 incorporated to guard against
{1) magnetizing inrush current
{11} Lightning
1)  Ower woltage surges
fiv)  Unbalanced operation
=) The voltage of a particular bus 1s regulated by controlling the
{1) Active power of the bus
{11) Feactive power of the hus
{111)  Phase angle

f1v)  Phase angle and reactive power
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(f) A 3-phase circuit brealcer 15 rated at 2000 MWVA. 33 KV, 1tz malang current will be
{1) 40 ki
i) S0ka
i)  TFOka
fiv)  90ka
(2)

+ 5V

&

;

T _IT]
3

Vio——

e
racor for T2 =100 kQ
tamrm for T2 = 107 MO
racor for T1 =102
tamrm for T1 = 10% MO
The vaue of W0 for V1 inlogic for the above figure 15
(1) SV (1) 4.8%
() 005V (i) 0
{h) The Fermi function for hole iz expressed as
1

(1)
g-F

1+ exp( T F]
. l
(11)
1+exp|:—[E_EFI|

kT

(i) exp [— [E ;F H

1) In a 3-phase semi converter, for firing angle equal to 120° and extinction angle equal to 1109,
each SCER and freewheeling diode conduct, respectively for
(i) 60°, 500 (i) 300, 50°
{u1) 60° 10° {1v) 30% 50°

i) A step-down chopper operates from a d.c. voltage source V. and feeds a d.c motor armature
with counter e.m. f Ey,. From oscilloscopic traces, it iz found that the current increaszes for on-
time §(=Tu), fals to zero over time t and remains zero for time t,(off-period = & + t, = Tyg)
in every choppmng cycle. Then the average voltage across the motor would be
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Vidy

® o+t +ty)

. Vot + Byly

) (+tp+h)

(iif) Vb, + B0,
h+t+ty)

) Vit + Byt +by)

[ty +1p+8)

2= 10=20
B. Exzplan the followang with proper reasoning
{a) Why doesthe external charactenistic of ad.c shunt generator turn back as it 1s overloaded?

{h} What are the terms ar-gap powers, internal mechamcal power developed and shaft power?
How are these terms related with, each other?

{c) Why 15 one of the buses taken as slack bus in load flow studies?

{d) Why the feedback diodes are connected in antiparallel with thyristors in inwverter circuits?
How do these diodes come into play?
{e) & JFET has channel length, /= 10 pm, channel width, W = 100 tm, channel height without
any depletion 2.5 = pm.
The channel is n-type with donor level of MO = 10%/m” and py, = 0.1500 m*/V. sec
The depletion width from each side of the gate junction 1z 025 pm. How does this
semiconductor bar behave without forward biasing of the gate junction between two ends of
the channel Length?
4= 5=20
2. (a) (1) What are the no-load rotational losses in electrical machines? How can these be
determined?

{11) Which of the lozses in rotating el ectrical machines are influenced by the magnitude of
the flux the load and the square of the load?
Write a general expression for all the losses ocourring in rotating electrical
tnachines and prove there frotn that masmmum efficiency occurs when losses
proportional to square of current = constant losses,

14
(k) Explain the effect of armature reaction on the main field flux by using the developed wiew of

artnature-current sheet and poles of a d ¢, machine Hence, outline the bad effects of armature
reacton.

Discuss how the resultant flux density waweform ohtained ashove gets modified with
the use of interpoles.
13
{c) & 22000220 1-phase transformer has maximum possihle voltage regulation of 6% and 1t
occurs at ap £ of 0.3, Find the toad woltage at full-load at p f at 0.8 lead.
a8

3. {a) A star-connected alternator 15 synchronized with an infinite bus of 11KV, its steam input s
then increased tll its output power 15 15 MW, Now, when 1ts excitation e £ 15 increased to
130%, the synchronous machine starts operating at a p.f of 0.8 lagging Compute the
synchronous reactance of the machine. Megl ect armature resistance.
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Determine the power factor, load angle and armature current of the machine before
the excitation e.m f 15 increased.

14

i) Explain how the desirable features of high-starting torque and low-operating slip are obtaned
in a double-cage polyphase induction motor

& double-cage motor has standstll impedance of 1 +9 10 and 0.3 + 1 502 for 1tz two
cages. Compare the relative torques of the two cages (1) at standstall and (11) st a ship o£0.05

12

() Why 1z it advantageous to use double revolwing field theory for determining the running
performance of a single-phase induction motor?

Draw torque - speed characteristics of a angle - phase induction motor based on
double - revolving field theory and discuss about the magnitude of torque at zero speed and
synchronous speed.

Sketch waveform of rotor current under normal running conditions of the single-phase
induction motor.

12
SECTION B

4. {a) List the advantages of using per-unit values in power system calculations,

()

100 MVA
33 kv, 15%

A100-MWVA 33KV, 3-phase generator has a substransient reactance of 15%. The
generator 15 connected to the motors through transmission line and transformers as shown in
figure given above The motors have rated inputs of 30 MVA 20 MVA and 50 MVA a 30
LV with 18% sub transient reactance The three phase transformers are rated at 100 MVA, 33
LW (o) F 110 KV(A) with lealage reactance of 9% The line has a reactance of 50 chms
Selecting the generator ratings as base quantties. Obtan the PV, reactance diagram of the
system.

10

() A 50- MWVA, 11 -IN, 3-phase alternator was subjected to different types of fanlts. The fault
CUrtents were!

F-phase fanlt - 1870 A

Line to line fault- 2590 &

Singleline to ground fanlt - 4130 A

The alternator 15 solidly grounded. Find the p.u. values of three sequence reactance’s of the

alternator
10
(d) Draw the reactance diagram of the systern whose bus admittance matrix 15 given helow
First, second, third and fourth rows refer to the buses 1, 2, 3, 4 respectively:
12
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(h)

(c)

()

(b}

=378 125 2.0 a
| 125 =342 111 100
=50 111 -489 125
0 1.aa .25 =231
Derive an expression for total complex power in a 3- phase system in terms of symmetnical

components of voltages and currents.
1a

Draw the zeto sequence equivalent circuits of 2-phase transformers with the following
connections of the windings

i ala (i} MY (iitl MY]__
w Y7IY i) J?T/ Y1

test A IY"‘}%
Using equal area cniterion, derive the expression for cntical cleanng angle for a system
hawing a generator feeding alarge system through a double circut transmission line.

10

A large generator 15 delivering 1.0 pu power to an infinite bus through atransmission networl
The mammum powers which can be transferred for pre-fault, fault and post-fault conditions
are 1.8 pu, 0.4 pu and 1.3 pu respectively. Find crntical deanng angle.

10

SECTION €

&

For the Datlington amplifier shown in figure ahowve, ohtain its Z-matrixz for identical Ty and
Tz having by, = 100, Eg=hp =1 k
1a
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2 R,
I L O

Obtan gy, and wpg 10 figure above,

20
(c)

The BIT in amplifier of fioure ahove has by, = 100, Veg = 0.7V, Izg = 0. Calcul ate the walues
of By and Ep such that its [p =1 ma and Vep=2.5 V.

10
7. {a) A microprocessor uses RAM chips of 1024*1 capacity:

{1) How many chips are required to vield the capacty of 1 k byte? How wall the address
and datalines of these chips be connected?

2+ 73

{11} How matiy chips will be required to prowvide the capacity of 16 k bytes? How are they
connected?

S5+ 5

(k) Show diagrammatically the flow of signal of FETCH and execute cycle for ADI A 05
indicated by arrow.

1a
{c) What do the following instructions do? What happens 1f RET 15 removed from location 21067
15
2000 sTART MVI A CO
2002 =10
2003 CALL 2100
2006 MWVI A 40
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2008 =30

2009 CALL 2107
200C JMP START
2100 MME, za
2102 MOON: DCRE
2103 JHZ MOOHN
2106 EET
2107 MVIC, 9F
2109 DCRC
2104 JHZ SUNY
2100 EEF

g, (a) Implement the following expression:
F=X¥+xr+¥yx
using

1) MNAND gates only;
f11) MOR gates only,

f)  AND and NOT gates;
(iv)  OR and NOT gates,

20
(b)
]
]
| E’l l
Weglect bye and hee in BJT model.
The simplified circuit of radio frequency oscillator 15 shown in figure shove, Ohtan the
condition of oscillaton. Select the suitahle components in place of 2, Z3 and Zz to vield a
Colpitts oscillator.
20
SECTION D
a, {a) Describe the turn-off process i a GTO with relevant voltage and current waveforms.
Enumerate the advantages and disadvantages of a GTO as compared to a conventional
thynistor,
12
(k) A& single-phase sermi-converter feeds ELE load such that load current 12 constant for a finng
angle of 30°

Sketch wavefortnz for source woltage v, Load woltage vg, load current 1, source
current 1., one thynstor current and freewheeling diode current for inng angle o= 307

Frove that input power factor for the ahove semi-converter for a=90%1s 0 63662,
12
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{c) What 15 FWM? Explain sinusoidal - pulse modulation as used in W M inverters. Discuss the

conditions leading to the number of pulses generated per half-cvele as or j—}c:'r [;—}_— 1]
Here # and fare the frequencies of carrier and reference signal respectively.
Bring out the important features of sinusoidal —pulse modulation.

14

10. {a) Show that the efficiency of single tone AWM 12 33.3% for the modulation index to be equal to
Uity

1a

i) A modulating signal Eg sin o t passes through a square law device before entering the FIM
modulator. The FM modulator is charactenzed by 1tz desnation in frequency as

f = f; + ';‘?m [‘tj
where
k = constant ew(t) = stgnal entening FM modulator.
Determine the FM signal.
15
(c)

What would be the value of gain k in figure above to wield the suppressed cammed DEB
sighal?
1a
{d) What do you understand by vestgial sideband? Where 15 1t used?
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