5 FoBiain MG

PRPER - 1

Time Allowed: Three Hours MMaximuam hMarks: 300
INSTRUCTION

Candidates should attenpt Question 1 and 5 which are compulsory, and any three of thegdmairing
gquestions selecting at least one guestion from each Section.

Some useful data is given at the end of the guestion paper. Assume, any other data it“Gonsidered
necessary and indicate the same clearly.

All questions carry equal marks.

Parts of the same gquestion must be answered together and must not be interfiosed baween answers
to other questions.

SECTION A

1 Angwer any three of the following:

(a)

(b}

(c]

(d)

The h-parameters of a 2-port network veel in thoafrouit of Fig. la are by = 100 2 hux =
0.0025, hy =20 and hoy =1 mS. Find the a0V

(20)
el
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A hollow eylinddcd cfnductor of length L and radius R and carrying a surface current of
density J, = J; 120 fis placed 1n a B-field given by

bt

@
- = N
B= ~50 ol

Find the Wagnitude and direction of torque on the conductor.

(20)

Uoing Thevenin’s theorem, determine the currentin the 2 C resistor in the circut of Fig 1o
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(20

(1) Give the schematic of two synchro pairs, one pair being useful for remote control and

the other pair functioning as a transducer for converting angular position into an
electrical signal.




(a)

(b}

(c)

(a)

(b}

(c)

(a)

(b}

(c)

(10)

{11} ve atypical set up for measuring the stan of a cantilever heam, with temperature
Comp ensati on.

(10)

A series B-L ocircuit with B= 50 Cdand L= 0.2 H has a stnusoidal voltage w(t) = 75 sin (500t
+ 0.785) applied at t =10, t being taken in sec. Find the complete current for t > 0. What 15 the
current att =0+ 7 Why?

(20

Show that an n-mesh, passive, three-termminal network may be replaced by a deltaCohnection
ofthree impedances. Here n can he arhitranly large.

(20

A 300 kW, 0.65 lagging power factor load 12 shunted by a capacitor geshalthe Sower factor
improves to 0.90 lagging. Find the L'V.Ar that the capacitor must furfish angd the reduction in
apparent power.

(20)
An aeroplane flies owver the surface of the ocean and senodd | BHz plane wave vertically
downwards with a field intensity of 1000 Vim justtat the ¥¥can surface. If a submanne
requites a 10 pVrm field, how deep can it be_subtgergel and still be contacted by the
asroplane. The ocean water constants are o =4 Srm/ =1 and 5 =81

(20
4 2 WC charge 15 located at (0, 3, 0) myg@a a9.C charge at (4, 0, 0)m. Find the electric field
at (0, 0, 53 m due to hoth these charge

(20)

The phaze velocity v, of a fravg O tlquency £ and wavelength A 15 mven by w = chgf )
where ¢ and A are consténts (Degve an expression for the group velocity v in terms of w
and vp.

(20

Using an ETD vy 000251/°C coefficient and R (25°C0 as 1000 2, design a Wheatstone
bridge wath an OF-20P arrangement to provide a 0 to 10 V signal for a temperature span of
2590 to 1 2580,

(20

1) Dedne the terms ‘Dynamic error’ and ‘Besolution’ of an instrument. Explain how
these can be determined in the lahoratory.

(10)

(1) Give two examples each of active and passive transducers Suggest suitable signal
conditioning circuits for the same.

(10)

For the R-2R type of digital-to-analog converter shown in Fig 4c, find the output voltage
when 54 12 closed and 35, 5; and 5 are grounded.

(20)




SECTION B

Answer any three of the followang:

In the circuit of Fig Sa the diode 15 ideal, B = 1.2 k(D and [ = 5 mél Diw the v — 1
characteristics of the circuit (1) wath 2 open and —10 wolt <v < 15 wolt anif\11) with 2 closzed

(a)

(b}

(c)

(g

atd 0 =w <= 15 volt What happens when v <0 with 5 closed ?
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Fig 3a

(20)

Show that the NMOS circwt of Fig 5his A AND gate for positive logic. Wrte down the
various combinations of inputs and oufputds aWbhular form and clealy state the meanings of

aty sytnhols or parameters used thefen
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Diedtmbeditterent methods for starting of synchronous motors.

¥ Explain the following termns as referred to an operational amplifier:
{a) Input offset voltage and
ih} Input offset current

(20

(20)

(10)

11 e input v (t) 1n the circuit of Fig tew ) =15sn 2w = t wolt with tin sec,
(i)  Theinputw (0 in th f Fig, 5d () = 1.5 sin 21 » 10% t wolt with

Sletch wy (t) and label impottant points.

(10)




(a)

(b

(c)

(a)

Fig. 5

Two single-phase transformers Ty and Ty, rated at 300 kVA and 400 WA respectively, when
operated in parallel share a 500 WA, 0.8 lazmng power factor as follows:

Ty 192+ 117 kVA
Ty 210+ 134 KVA

Find the regulation of Ty for rated KVA output at 05 lagging powed tacler When the
percentage impedance of Tyis 1.5+ 6

Also find the total load that the two transformers can share withfut ang 0T these geting
overloaded a 0.9 lagging p £

(20)
Two shunt generators rated at 150 KW and 250 LW when ihsfiung at rated speeds have rated
open crout voltages of 245 WV and 243 WV respectyfely. TLW external charactenstics are
linear. The regulation of the 150 kW machine 15 5% Gad that of the 250 KW machine 15 4%,
haoth in terms of their full Load terminal woltaged TEdhes@achines are connected in parallel,
how mich load will he carried by each maghthedwhiody supplying a connected load of 360
LW What wall be the cominon termnina voliage?

(20
(1) Marme different types of sifal e haseinduction motors. *Draw a comparison of their
performance features.
(5)
{11} “The range of stallle opesdion of a three-phase induction motor can be extended hy
connecting a lardE megistance in the rotor.” Justify the staternent.
(5)

(111)  Show thatthe stactive power drawn by a three- phase induction motor 15 masimum at
statdstill and decreases as the slip increases, the motor being operated at constant

altagse.
(1)

fpole, 400 WV, 50 Hz, 3-phase induction mmotor has a rotor resistance such that the

A torgque ocours at asup of 0.2, An additional resistance of 0.5 0 has to heinserted to
dibain 75% of the masimum torque at starting. Find the rotor resistance and reactance.

i)

(20)

A 6600 WV, 3-phase star-connected alternator has a resistance of 04 0 and a synchronous
reactance of 6.0 2 per phase Ifthe regulation at fill load 0.8 power factors leading 13 7.5%,
find the k'VA rating ofthe alternator.

(20)
(1) What do wou understand by the terms “short-circut ratio and “syochronizing torgque’
as applied to a synchronous generator 7

(10)




(a)

(b

(c)

(1) A 1500 kVA, 4-pole, 3-phase, 50 Hz non-salient pole synchronous motor of
negligihl e armature resistance having a synchronous reactance of 45 (13 operating on
an infinite hus wiath its voltage at 6.6 IV 50 Hz. Find the synchronising torgque per
techanical degree of rotor displacemnent () a no load and (b) when the motor is
operating at full load wath 0.85 leading power factor.

Find the relation between v, and v, for the arcuit of Fig 8a and show that, with proper
adjustments, the woltage wy can be made proportional to the loganthm of the input voltage ..

(20)

Fig. $x

Find the mid-frequency gain of the amplifier shown in Figl 8hfHeolect the loading effect of
E; and B The transistor parameters with usval notatogmearcom s 0.015 5, 1y = 1 Ok, nigyr =
90 C1 Cye = 20 pF and Cys = 3 pF while BEg=1 k(2
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Fig. 55

Design a combinatignal 10a1c circuit to generate the 27°s complement of a 2-bit number. ¥ou
tay use two flafd adders aid other gates as required but keeping the number of other gates to
a minimum.

(20
Some neeinl data:
Elestronde sharge e=16x10"C
Yefaahility of free space e =4mxz 107 Him

Pomittivity of free space 5 =8.85% 107 Fim
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Time Allowed: 3 Hours MhMaximum marks: 300

CQuestion no. I is compilsory.

1. Select any three of the following statements, read them carefully and identily thelkorrect and
incorrect ones. Justify your answer using not more than 200 words1n each cagl

()
(b
(c)

()

(b}

(c)

SECTION A

(20% 1=60)

State equations are first order differential equations that danglie Soplied to portray only the
linear titne-invariant systems.

Bv adding apole to the closed loop transfer function Ghe misimum overshoot tncreases and
the effect 15 opposite to that of adding apole to fie glen [op transfer function.

For a closed-loop system to be asymptotically stallle dnere 15 no restriction on the location of
the poles and zeros of the loop transfer funclien Fiz), but the poles of the closed loop transfer
function must all be located in the left HaltQf 5Plane.

A wacuum tube oscillator has small pofger outputs high at frequencies and iz less efficient
compared to SCE.

Describe a simple posttion donfgfol Mestem.

A cettain position conttd]l sydein iz driven 1:37 100 : 1 gear by a motor whose torque
characteriztics 15 of the Top NP0 WV, — 0.3 M) 107 N, where MNis the speed in E P.M. and 15
the voltage supplled By the amplifier. If the synchros produce 1 VY degree error and 1f the
steady state erropgiloull be 5° for a speed input of 20 RPM, calculate the required amplifier
gain. Viscous frictiss@ the motor shaft is 60 x 107° Nm-sec.

Distingmish Getwien open-loop and closed-loop system. Conwert the system of Fig 1 into a
utit ferd b8l system.

1+)m
Iﬂ_

L L5
Crigie—~

(20)

Ohtain the state equations in (1) the controller form, and (1) and ohserver form for the transfer
function Gi=) given hy

5 5547
G[5)= ; 7
s+ 557+ 185° + 298+ 35




(a)

(b}

(c)

(a)

(b}

(c)

(iid)

(20)
What do you tmean by Root-locus of a system ? Give properties of the root-locus.
A unity feedhack system has a forward path transfer function
£
) = ——
[ ) 5[5+4)|[5+5:l

Sketch the locus of the poles of the transfer function of the dosed-loop system as “K° vanes
from zero to infimty, explaiming all the steps involved.

SNy

What 15 a servomotor ? Give the characteristics of a 2-phase servomotor &0 obilin its
transfer function.

A 50 Hz, Z2-phase, ac. servomotor has the following parameters:

Starting torgque =0.186 M-t
Fotorinettia =1xz10" kg m®
Supply woltage =120V

Mo-load angular velocity = 304 radfsec

Assuming straight line torque-angular speed charactirstics of the motor and zero viscous
friction derive the transfer function.

(20)
A gystem 1s descrihed by
X =AE+BU
¥ =CX
whete
0 1 —a P
A= 1 a -3, = 1
0 2 & a
and C=[1 2%
Dretermin e wheth€r the system 15 stable.
(20)
Diesgrihe wath aneat sketch a step up chopper and discuss its ments and demerits.
(20

Explain the principle of electric welding Describe with the help of a neat diagram the
principle of operation of atimer circwt used for electnie welding.

(20
Fig 2 shows a arcuit used for self-commutabon by resonance.

1) With the thyristor in blocking state, what 15 steady state capactor voltage and load
current 7

(1) Denve an expression for the load current, thynstor current and W, (t) after a thynstor
iz triggered att =10

Calculate the time when the thyristor would stop conducting.
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SECTIOM B
Cugstion po. 5 is compuisory.
5. Comment with justification on the correctness or otherwise of any ghiresaf thes following statements,
restricting your answer to within 200 worth for each.
(20x3=60)
{a) Single phase induction motors with aumliary wig@ile ntléer develop starting torque nor the
running torgue.
{h} For EHV transmission lines, it 15 dangerofl to usddfondle conductors from the wewpoint of
sub-synchronous resonance.
() Sudden logs ofload may canse seveledisturhidnee in the operation of a power system.
() Self-excitation of an inductiongenefator requires the machine to he run at super synchronous
speed.
. (&) Derive an expression foi the Chasze (complex) walue per meter length of conductor *47 of

untransposed 3-phaseflimg® shown in Fig 3. The applied voltage 15 balanced 3-phase, 50 Hz
Take the voltage pfphase ' 47 as reference phasor. A1l conductors have the same radit. Alzo
find the charging cufent of phase &’ Neglect the effect of ground.
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Fig 3
‘h Dnscuss briefly different methods used for Load-Flow studies. Give their merits and demernits.

(20)

{c) 4 sngle-phase, 50 Hz generator supplies aninductive load of 5 MW atap £ of 0.707 lagging
by means of an overhead line 20 km long. The line B and L oare 0.0195 Ofm and 063
tHflkm. The woltage ot the receiwing end 1 required to be kept constant at 10 kV. Find

(1) the sending end woltage regulation of the line,

(11)  the walue of the capacitors to be placed in parallel wath the load such that the
regulation is reduced to 50% of that obtaned 1n part (1),

(111}  transmission efficiencies in hoth the cases.




(a)

(b

(c)

(b}

(c)

(20)

Cuscuss the behawour of a 3-phase induction motor on single-phasing. Compare its
characteristics, rating and effi dency with thatunder balanced 3-phase supply.

(20

Cive the constructional features, principle of operation and applications of a wariable
reluctance stepper motor.

(20
A zalient-pole synchronous motor has 3 = 0085 pu and == 055 pu. It 15 connectef t00us-
hars of 1-0 pu. woltage, while-its excitation 13 adjusted to 1.2 pu. Calculate the® i mun

power output that the motor can supply without loss of synchronism. Compute e miinum

pu. excitation that 15 necessary for the machine to stay in synchronism whilyeuphlying the
full-load torque.

(20
Explain the principle and applications of (1) induction heabting, andfildielectric heating
Duscuss the range of frequencies used in these systems of heating.

(20)

[Cuscuss the electrical, mechanical and economic chatficteristit®™ o be considered in selecting
a motor for a given drive What are the special fedtures Vequired for selecting electrical
equipment for mines with fire hazard ¢

(20
An 11 kV, 1-MVA V-connected genetgipt bl a reactance of 4.2 chmsfphase The generator
neutral 15 grounded through a resistande ot 92 ohims. Determmine what percent of the generator
winding remains unprotected by ghe pfgentage differential relaying. Assume for simplicity

that the percentage differential rel@y operates when out-of-halance current exceeds 25% of
the full-load current.

(20

SECTION &

Crzstion ao. 9 is comizarny

9.

10.

Select anytiibge Wf the following statements and indicate with justification whether they are correct
of incgereci) Your answer must not exceed 200 words for each statement.

f;a)

+

by

(c)

()

(a)

(20%3=60)
Modem communication systetn 1s concerned with development of transtri ssion and not with
the sorting, processing and storing of information.
AW 15 more likely to be affected by noise than 1z FILL

In comparison with wave-guides and co-ammal lines stnp line has reduced bully, lower
handwadth, higher power-handling capahility and components made of it are readily
adjustahle.

The comcal scanning method of tracking an acguired target 15 an improvement over lobe
switching.

(1) What are the three man systems of 55B generation ¥ Give the salient characteristics
ofeach system.




11

12

(b}

(c)

(a)

(b}

(c)

(b}

{11} Frove that the balanced modulator produces an output consisting of side bands only,
with the carriers removed.

(20

What 15 an BF amplifier ? Give its advantages. What do you understand by image frequency
atd 1ts rejection ratio?

In abroadcast super-heterodyne recetver hawing no RF amplifier, the loaded Q) of the antenna
coupling circuit {(at the input to the mizer) 15 100, If the intermediate frequency 15 555 KHe,
cal culate

(1) the image frequency and its rejection ratio at 1000 KHz, and
(1) the image frequency and its rejection ratio at 25 MHz.
(20)

Give the properties of paraboloid reflectors. Explan why an antepssy Gling 4 paraboloid
reflector 15 likely to be ahighly directive receiving antenna

Describe the Cassegrain method of feeding a paraboloid reflector. Gives@ome shortcomings
and difficulties associated wath the method.

(20)
What 15 the importance of impedance matching in 0F trafsmisson lines 7 Explan single
stub-matching and douhle stub-matching.

A loss-less line has a charactenstic impedance WEZ5 olns and 15 terminated in a load of 300
ohrns. The line 15 energised by a generator@ehichihad an open circuit woltage of 20 W (rm.s)
and output impedance of 75 ohms Fhe e 13 assumed to be 2% wawvelengths long.
Determmine

(1) the input impedance

(1)  themagnitude of insgditaigoufload voltage, and

(1) theinstantaneous@owsl delivered to the load. 20

(1) Whatismeant 09 Smaing that colour TV musthe compatible ?

(1) Explain grhators, meant by the ¥V, [ and O signals in colour TV, and why they are
generatechdiith the help of circuit diagram of a simplex matnis explain how the [ O
andh Y signal®are generated in a colour TV transmitter.

(20)

Cyre e Wdvantages and disadvantages of submarine cables and commumn cation satellites for
intedcontiiental telephone and television Show how the two media may be complementary.

HBerpiin what 13 done to ensure that intercontinental telephone calls are not misrouted.
(20)

What do yvou understand by S-parameters of a 2-port network 7 Why are these parameters
preferred to H, ¥V and Z parameters for operation in mictowave range of frequencies 7 Show
that the S-matrixz of a directional coupler may be reduced to the form

o » 0 Jjg
0 g D
s_|# . Ja
o g 0 p
g 0 p 0

(20)
With the help of a schematic diagram, explain a four-cavity klystron amplifier.




(c)

A four-cavity klystron ampli fier has the following parameters:
Beam woltage VR =20k
Beam current cIp=2 A
Operating frequency = 10 GHz
d.c. charge density - pg = 107 Cim®
RF charge density p= 107 Cfm®
Velocity perturbation : v= 107 mfs

Determmine

(1) The d.c. electron velocity

(1) The d.c. phase constant

(111)  The plasma frequency

(iv)  Thereduced plastna frequency for E =005

i(w)  Thed.c beamn current density

i(wi)  Theinstantaneous beam current density

Explain what you understand by:
i) MMIC

(i)  MOSFET

(111)  NMOS Growth

(v) CMOS Development

() FAaM Dewice

(wi)  SRAM Cell

(wit) DRAM Cell

(20)

(20)




