_ CSM-24/20 _
Electrical Engineering |
. Paper-—1

Time : 3 hours |
Full Marks ; :300
The ﬂgurés in the right-hand margin indicate marks.
| Candidates shomdattempt Q. No. 1from
Section - A and Q. No. 5 from Section ~ B
which are compulsory and any three of
the remaining quesﬁbns, s_élacﬁng
| : é_t least _oné from each Section.
| s'Ecn,oN_ -A
1. Answer any three of the following :

(@) () Find Thevenin's equivalentof the network
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~ showninthefigure atthe left of terminals
Xy o 8

(i) The electric field intensity of an electro-
" magnetic wave in free space is given by :

Ey =0,E,=0

E =E, co'sm(t' —-\z;]

~ Determine an expression for the
 comiponents of magnetic intensity H,
and find the skin depth (@ = 2m x 10"
rad/sec, ¢ = 5.88 x 107 and
p=4nx 107 Hm). 6

(i) A DC chopper is used to contiol the
~ speed of a séparately-excited DC motor,
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The DC supply voltage is 220 V,
armature resistance r, = 0.2 Q and

* motor constantk_ ¢ = 003 Virpm. This

motor drhtes a constant torque load

grequmngan average armature current of
25A. Determlne the range of speed
" control ‘ard duty cycle. Assumed the

motor ggt_'!?e'nt to be continuaus. 6

A transistor is fed with a signal having
an oben circuit voltage Veig = 10mV and

anintemal resistance R = 100 k2. The _

voltage v, at the ampllf er input and the
output yoltag_e v, are measured both’
without and with a load resistence
R =10 kQ connected to the amplifier |
output. The measured results are as

v, (mv) vo(mv)

WlthoutR 9 90

R Fmdaihtheamphf er parameters 12

RO-3710
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(ii) Find the charge in the capabitor 01 of

beiow figure : 8
=4S pF |
. e l
i i
90 uF- SOWF 9O F
| ]
45‘;113
i1
. U
45V

(¢) () Explain with diagrdm the principle of
~ operation of anA/D converter based on
“successive approximation method”.

How is it better than .an A/D converter
'_based o.n “Countertype”? 10

* (i) When a 20 kVA, 3300/220 V, 50 Hz
transformeris operated on rated voltage

at no load, its power input is 160 watts

" at a pf of 0.15. under rated load
conditions, the v'olﬁg_e’ drops in the total
resistance and total Iéakage reactance

are, respectively, 1 and 3 percent of
rated voltage.' Determine input power
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and pf when tiié"fransformer delivers
14.896 kW at 220V at 0.8 pflagging to a

load on the LV slde o 10
Using resldue-method find the inverse
~ ztransformof: -6
. e .,.w...ﬂ,\- 1 + 32—1 :
X(2)= '
(z) 'I+3z"1 +2z72 2l >

(i

J'i

A SSB 3|gnal is demodulated by usmg

- the synchronous demodulator Howevery

the Iocally arranged carieshas a phase.
errorofzero Dehenmnemeeffectcferror
on demodulatlon What will be effect of
this error if the input is DSB-SCin plaoe
of SSB. | e - 6

' (m) A shunt wound motor funs at 500 RPM

on a 200V suppIy R = 0.5 ohm, the

" currentdrawn is 30Ain addition to field
"+ curmrent. What resistance must be placed

in series with the armature in order that

~ thespeed may be reduced to 300 RPM,
* - the current in the armature remaining the

RO ~3710
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‘same ? If the load Is changed so thatwith
the inserted resistance, the armature
current reduces to 15A, what will be the

" speed? 8

2. (a) Describe with the aid of a diagram what
happens when a battery is connected across .
~_a simple capacitor ‘éomprising two metal
plates separated by dielectric, A capacitor
consists of two metal plates, each 400 x 400
mm, spaced 6rmm apart, the space between
the metal plates is filled with glass plates
5 mrh thick and a layer of paper 1mm thick.
“The relative permittivity of the glass and -
. paper are 8 and 2 respectively, calculate the
~ capacitance, neglecting any firing flux and the
electric field strength in each dielectric in
kolovohs per millimeter due to a potential
~ difference of 10KV between the metal. 20
(b) Find the difference between the values of
,IM?, o(x, y) = X’y + 2y from (1, 1,0) to

c . . .
(2,4,0)along the curvey = 2, z= 0 and along
the straight line Joining (1, 1,0) and (2,4,0).
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Hence eva!uate I(V 7}1 where

’ ? ix i+ j+ xyk along the curve which
' lsa;.war:abolay=x2 z=0from (1, 1,0) to

(2,40. ~ . - 20
() A Causal system is represented by the

following difference equation

y(n) + %y(n 1)=x(n) + 3xn-1)

Find the system function - H(z), the

corresponding reglon of convergence, the

unit sample response of the system, and the

frequency response He") also determine its

magnitude and phase. : 20

3. (a) Find the output produoed by miller integrator
in response to an input pulse of 1V

| ~he|ght and 1-ms mdth Let R 10kQ and”
' C=10nF. Ifﬁ1elntegratorcapacttor|sshunted
- by a 1 MQ resistor, Describe with the aid of
a diagram, how will the response be
modified ? The op amp is specmed to
saturated at :1:13 V. , 20
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(b) A 3-phase delta-connected squirrel-cage

induction motor has certain equivalent circuit

parameters, With the same stator core: the -

motor is rewound with star-connected
windings of same poles for operation at the

same supply voltage and frequency to give’

~ same rated power output at the same slip.

(9

By what factors each of the equivalent circuit

parameters would be changed ? 20

Explain the working of binary ladder digital a

to analog converter using R-2R ladder

network with four input voltages. If in the

-above DAC a feference"voltage of 12Vis

used, what will be its resolution and full scale
output ?An equality detector gives the output
Y = 1, if both the inputs A and B are either

1 or 0. Construct the truth table, write the

Boolean: expression for Y, Implement the

circuitusing NAND gatesonly. . 20

RO-37710  (8) - . . - Contd.
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ERNCNOR

A thyristor dontrolling.the powerin aload
resistance RL' the supply voltage is

240 V dc and the specified limits for

di/dt and dv/dt forthe SCR are 50 a/usec
~ and 300 V/psec respectively. Determine

i)

the values of the di/dt indugtance and the
Snubber circuitparameters R_and C_. 12

.:l.:. —’:\ -
Vs. R

Give the general layout of a firing circuit
scheme and explain the function of
various_compénents used in it. Describe
RC half-wave trigger circuit forone SCR

~and discuss the function of the various

components used. Describe, with the
help of waveforms, how the output
voltage is controlled by' varying the
resistance ? Draw the voltage waveform

“across SCR also. 8

- RO-37110
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(b) () Find the response of the circuit to the

input : 4

} S x®=rt)—2rt-1)+r(t-2) -

. (ii) Thecommbn emitter amplifier shown in
the Figure has voltage gain 400 when
RE = 0. Stability is brought through

+10V

negative feedback by adding resistor
R Find the value of resistor R using

RO-37M0 . (10) Contd.



- feedback concepts so that final \ioltage
gain is equalto 200. . 10

- (iii) The electricfield of a uniform plane wave
' E=E cos(mt ﬂz)l +E sun(mt Bz)a
E is constant Flnd correspondlng-
magnetic field H Finding Poynting -
vectorand evaluateyalue of E,= 10vim.

N 6

(c) Asalient-pole synchronous geﬁerator has the
following peéf:iinit-parameters : X, = 1.2,
X =0.8, o =0.025. Compute the excltatuon
.vottage E on a per unit basis, when the
generator is delivering rated kVA at rated

~ voltage and at a power factor of (i) 0.8
lagging and (ii) 0.8 leading. 20

SECTION - B

5. Answer any three of the following

(a) (|) A smgle-phase transformer has its core
dlmensu:ns incm as shown in figure. The

core is square in cross-section. For a

- maximum flux density of 1.2T in the core,

the magnetic field intensity is 600 A/m

.and the core loss is 2 Wikg at 50Hz. Core

density is 7.8 g/cm®. For an applied

RO-37/10 (1) (Tum over)



voltage of 1200v, 50Hz at primary
terminals, calculate the number of
primary tums, and current, pf and power
on the primary side under no-load
conditions. : 10

310

L o

—4(} P

10

(i) In the R-L-C circuit shown in Figure,
ls =10A,R=1Q,L=1H, C = 1uF,

07 = 0. Determine vt WV (o*
i) =0 Determme v(0%), 3t (0 )

"d?v

3 (0" after the switch is closed att=0.

10
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(b) @)

(i)

Describe the working of an IGBT. How- .
does latch-up occurinan IGBT ? lee a
cbmpanson between an IGBT and a
PMOSFET. , 6
Explain the cpnstruction and working of
hélicai .arit‘e_nna in axial mode of
radiation. Which mode of helical antenna
is of practical use ?And why ? ~ 4

(i) The transistor shown in figure has

V,= 1.5V, K (WIL)=0.26 mA/V?, and
V,= 50 V. The input signal v, is coupled

- tothegateviaa Iérge.capacitor. andthe

RO-37/10

outbut signal at the drain is coupled to
the load resnstance R, via another
large capacuor Determme its small
signal voltage gain, its input resistance
and largest allowable input signal.
Assume the coupling qépacitors to be

sufficiently large so as to act as short

(13)  (Tumover)



circults at signal frequencles of

o interest. 10

(c) (i)

Show that for a nght-handed signal
satisfying x(t) = 0 for t < t X(s)
converges for some value of s, the ROC
X(s)isRe(s)>o._ whereo.  equals
tl'lema)amumrealpartofanyoftl'lepoles

- of, X(8). i 6

@

Defme,Amplltd_de- modulation and

- modulation -ihﬂd"ex. Write down the

~ equations for the Amplitude. The -

'RO=37H0

instantaneous voltage of the amplitude
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modulated wave, and sketch the graph
of an amplitude modulated wave. 8

, (m) Why. is the §tart|ng cument highinaDC

() O

motor_ ? Ej(_plain the working of a fou'r-

point starter for a DC machine. 6

Wntc_ Maxwell's equation in.a good

‘conductor fpr time hamonic figkls. Show

 thatthe conduction current density.l ina

(i)

good ccnductcr must satisfy. 6
V(V J) -Vi=- jmpoJ
What informatlon do the ‘power-load

angle curves of synchronous machines

oonvoy. and how dothey Iocklike forthe - -

Lib&y {inal

two types of synchronous machines ?A .

synchronous generator is running

overexclted wnth E = 1.40 pu. This |
machine Mthasynchronous reactance'

: :Iof 1.20 pu as dellvenng a synchronous

RO - 37110
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- powerof 0.50 puto the'b'us. If the prime-
.. mover torque is increased by 1% by how

(iii)

much will the synchronous power P and
reactive power Q change ? 8
Find the z parametérs of the network
shown in the figure. Is the network

_reciprocal ? If so, why ? Assume the

Op-ampisideal. 6.

6. () ()

RO -37/10

.+

.
9
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For the Wein-Bridge oscillator find the

poles of the.closed loop system. Give

the éxméssi_on for thé pole, 'aﬁd useitto

~ show that to locate the poles in the right

haif of the s-plane, R2/R1 must be

selected to be greater than 2. 8

(18) . Contd.



(ii)

A 12 bitdual-slope ADC utilizes a 1 MHz

- clockandhasV = 10V. Its analog input
- voltage is in the range of 0 to - 10 V.

(b) ()

Find out the time required to convert ani--
input signal equal to the full scale value.
Also find the integrator time constant if
the peak voltage reached at the output
of the integratoris 10 V., 12

Find the potential at a point P which is

1m radial distance from the midpoint of

a 2m stfaight' line charge of uniform

(i)

density 10 nC/m in air. If his line charge
is bent to form an afc of a circle of radius
1m, find-the percentage change in
potential at the same point P. Give
reason for this change. | 10

Make statements about tangential

-components of E and H, and nomal

| components of B and D at any surface

~ RO-37/10
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of discontinuity. Derive Maxwell's

_equation for harmonically varying fields

- inintegral and differential forms. For co-

© @)

axial capacitor (having outer radius b,

“inner radius a and length £), find the

displacement current flowing across a
surface at a radius rbetweenaand b

assume V = V smwt 10

The followmg data refers to a 12-pole,
420 V, 50 Hz 3-phase mesh oonnected
induction motor : r,=2.95Q,x, =6.820,
r’2 =2.08Q, x’2 =4.11Q per phase. Onno
load, the line value of magnetizing current
is 6.7Aand the total core loss is 269 W.

" Determine of pf, input current equivalent

. RO-37/10

rotor current and torque.developed by

the motor at a slip of 3% using exarct |

equivalent circuit. Determine the -

“maximum torque developed and the

corresponding speed. 8
(18) Contd.



(u) Givethegeneral IayoutofWard-Leonard _
method of speed control and explain its.

_ tqrqueaspeed and power-speed |
cha_rac':teristice. Discuss advantages.
end disedvantages of Ward-Leonand
method Of speed control. 4

(m) An 1110 4 &:V 25 Hz single-phase
transformer has ohmic, hysteresns and
eddy current losses of 1.8, 0.8 and 0.3%
respectively. What do these losses
becdme if the transformer is eperated
from 22 kV, 50 Hz supply system ? The
ourrent is assufned to remain the same
in both the cases. Aleo calculate

efficiency ineachcase. - 8
7 (e) 'Designacircuitithatta_kes as input two 2-bit
numbers, N, and N, for comparison and

generates three outputs : N, = ‘Nz, N, <N,

RO-37/10 (19) (Tumover)



andN, >N,. These three binary outputs are

represented by F;q} F # an_d F o respectively.
Realize the outputs in Sum of Products (SoP)
form. 20

(b) (l)

(ii)

Explaln the prmclple of frequency

 modulation and :ts advantages over
o amplrtude modq,Lailpn, BetweenAM and

'FM, which one g:ves better noise

immunity ? B

Show that the efficiency of Single tone

AM is 33.3% forthe modulahon indexto
be equal to unity. 4

(iii) Explam bneﬂy the working of a PCM

RO-37110

oommun_@qaﬁpn'jjsystem._ ATectangular

pulse wfthidu;a_ticj;r‘u T=2is sampled and

reconStrugtéq using an ideal low pass '_

. ’ f . ‘
filter with 8 = 3. Determine the output

2

signalwhenT =08. 10

(20) Contd,’



'8.

)

A3-phase full converter, fed from delta-star
transformet.is connected to load RL requiring
ripple free load ¢urr'e_nt. For a firing angle

delay of around 45°, sketch waveforms for

~ inputvoltageV_,V, .V, load voltage, load

current, thyristor T1 and T4 currents, and
phase a, b, c currents. In case ac supply is
3-phase, 400V, 50Hz, level load current = 15A

~ and a=45°, calculate rectification efficiency,

@

t

TUF éndinput powér factor. 20

(|) Dlstlngwsh between singly-excited and
doubly-excited magnetlc systems. An

. inductor is made from magnetlc core |
with two air gaps of equal length ‘g’ as
shown in fugure The exciting coil has
1000turns A= Scm xScmandg= 1cm.
Core is assumed to have infinite
permeability and fringing is neglected. |

~ Find the coil inductance. In case coil

RO-3710  (21) ~ (Tumover)



currentis 5A, find the magnetic energy

stored in the inductor. Find also the force

“inits aﬁhéture; With coil current held

Wkl

(ii)

" RO-37/10

“fixed at 5A, find the electrical energy

supplied by source if the Qap length
decreases from 1cmto 0.5cm. find also

the mechanicalworkdone. 10

In-a dc;ubly-excited rotary machine, the

" lnducta'ﬁﬂé‘éo—eff' cientsarel,, =(11+
0.4 cos 29) = (0.03 + 0.005

cos 29) ; L = (0.2 cos 8). The exciting
currents are |1 =8A and i, = 50 A. Obtain

- the torque/angular displacement relation.

Derive the expression used, ifany. 10
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~(b) (i) Solve the following difference equation
for y(n) using z-transform and the
specified initial conditions. 12

Y -y(n—1) +y(n-2)=x(n) n 20

n- : :
Where x(n) = (1) N y(;1) = 2 and

¥=2)= -4 T
(i) Bring out { thé felation between s-plane
and z-plane. - N 8

(¢) () Discussthe salient features of Uniform
Linear Array and discuss the BWFN and -

~ HPBW oftheantenna. - 8
(i) Theantefna current of anAM transmitter
" is 7.5A : when only the carrier is sent,
but it increases to 8.65A, when the

. carrier is Sinusgidal modulation. Findthe
- percentage modulation. Determine the

: antenna current viihen the depth of

" rnodulation lso 75 12

S

Bt 8
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