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Q1(a)

Section A : Power Electronics & Drives + Engineering Mathematics

A1:1Pulse transformer (PT) is used to trigger the SCR in the figure. The SCR is rated at
1.5 kV, 250 A with I; = 250 mA, I; = 150 mA, and [, . = 150 mA with [; = 250 mA,
I in = 100 mA. The SCR is connected to an inductive load, where L =150 mI in series
with a small resistance and the supply voltage is 200 V DC. The forward drops of all
transistors /diodes and gate-cathode junction during ON state are 1.0 V.
(i) Find the resistance R.

108

+10V

L
- R;ZSCR
PRt b
ﬂm_t—%;

(ii) Find the minimum approximate volt-second rating of the pulse transformer suitable
for triggering the SCR (Volt-second rating is the maximum of product of the voltage

and the width of the pulse that may be applied).
[12 marks]
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Q.1(b)| Find the area of that part of the surface of the paraboloid of the paraboloid y* + 22 = 2ax,
which lies between the cylinder, 4 = ax and the plane x = a.

yiaan 12 marks]
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Q1 (c)

A buck converter is shown below. For the switching frequency of 10 kHz and duty ratio
of 0.4, find the output voltage.
sw L =200 uH

VDC=24VI c=100ul=T §§R=2OQ |
X ' - [12 marks]
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Q.1(d)

Find the Fourier series of the function defined as flx) = {

fx +2m) = fix).
Seluh ol

T =2 2K /

—X—T

x+m forO<x<m
-n<x<0

! [12 marks]




Do not

MADE ERSY Question Cum Answer Booklet | Page9of 76 |Hein

this margin

o5 o
g’l-; = -/-r—‘_-—' fp(-+u) Sn'HﬂK'Lh = f(/(‘—fn) fl'ﬁth—lj
-

o




MARDE ERSY Question Cum Answer Booklet | Page 10 of 76

Do not
writein
this margin

Q.1 (e)

A single-phase full-controlled thyristor converter bridge is used for regenerative braking
of a separately excited DC motor with the following specifications:

Rated armature voltage 210V

Rated armature current 10 A

Rated speed 1200 rpm X
Armature resistance 1Q

Input to the converter bridge 240V at 50 Hz

The armature of the DC motor is fed from the
full-controlled bridge and the field current is kept z }
constant. L " *

Assume that the motor is running at 600 rpm and the armature terminals of the motor
are suitably reversed for regenerative braking. If the armature current of the motor is

to be maintained at the rated value, .find the triggering angle of the converter bridge
in degrees.

5-{\&1« |—4 ful) Comverte
$0

[12 marks]
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Q2 (a)

100V 100V

100 V

(i) The figure shows below, one period of the output voltage of an inverter. o should
be chosen such that 60° < ¢ < 90°. If rms value of the fundamental component is

50 V, find the value of o in degree.

- ¥

0 o 180° - o

100V

180° 180°+0

360°-o0  360°

-100V

100V

(degree)

[10 marks]
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Q.2 (a)

(ii) The single-phase full-bridge voltage source inverter (VSI), shown in the figure below,
has an output frequency of 50 Hz. It uses unipolar pulse width modulation with
switching frequency of 50 kHz and modulation index of 0.7. For V, =100 V DC,
L =955 mH, C = 63.66 mF and R = 5 Q. Find the amplitude of the fundamental
component in the output voltage V|, (in Volt) under steady-state. Also calculate the
power absorbed by load ‘R’. Considering only fundamental frequency.

L

v Full-bridge
- VSI

T
VR

[10 marks]
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Q:2(b)

(i) Solve:
dx . dy
E+y =sin {; E‘f'x = cost , where y(0) = 0, x(0) = 2.

{10 marks]
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Q.2(b)

(ii} Prove that orthogonal matrices of order two are of the form,

cos8 -—sinB cosO sinB
or
sin® cosB sin8 —cos0

[10 marks]
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Q2 ()

4y

(i) Using Runge-Kutta method of fourth order, solve F
x

x=02,04.

y2 - x?

’
y2+x2

with y(0) = 1 at

[10 marks]




MADE ERSY Question Cum Answer Booklet l Page 20 of 76

Do not
write in
this margin

Q.2 (d)

(ii} Assuming that the following values of y belong to a polynomial of degree 4, compute
the next three values:

x: 001 2 3 456 7
y: 1 -1 1 11 - - -
[10 marks]
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Q3 ()

(i) Apply factorization method to solve the equations:
Ix+2y+7z=4; 2+ 3+ z=5 Ix+4y+z=7

[10 marks]




MABDE ERSY Question Cum Answer Booklet

Page 23 of 76

Do not
write in
this margin

Q.3 (a)

(ii) Apply Gauss-Jordan method to solve the equations:
x+y+z=9; 2x-3y+4z=13; 3Bx+4y+5z=40

[10 marks]
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Q.3(b)

(i) Find the positive root of x* - x - 10 correct to the three decimal places, using Newton-

Raphson method.

[10 marks]
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Q.3(b)| (ii) The steady state capacitor current of a conventional DC-DC buck converter, working
in CCM,, is shown in one switching cycle. If the input voltage is 30 V, find the value
of the inductor used in mH.

Capacitor current (A) 4

» time (us)

[10 marks]
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Q.3 (c)

A 4-pole, 3-phase, 400 V, 50 Hz, Y-connected induction motor is fed from an inverter

such that the phase voltage of inverter is a six-step waveform. The motor speed is

controlled by maintaining V/fconstant a value corresponding to rated voltage and rated
frequency.

(i) Determine the expression for fundamental voltage and harmonics of the inverter
output voltage.

(ii) Calculate the DC input voltage required to feed the inverter for operating the motor
at 60 Hz, 50 Hz and 40 Hz.

(iii) Calculate the firing angles if the DC input voltage to the inverter is obtained from a
3-phase semi-converter from a 500 V (line to line), 50 Hz source while the inverter
output corresponding to 60 Hz.

[20 marks]
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Q4 (a)

(i) A single phase full bridge bipolar PWM inverter employs selective harmonics
elimination technique. The output voltage waveform of the inverter is shown in the
figure below. For o, = 23.62° and o, = 33.3°, 3" and 5'" harmonics have been
eliminated.

1. Find the magnitude of 7, 9" and 11* harmonics.
2. By how much percentage inverter has been derated? What are the disadvantages

of this method?
Vi
Vs — —
0 ; % @
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Q4 (a)

(ii) The steady state current flowing through the inductor of a DC-DC boost converter
is given in the figure below. The value of the output capacitor is 150 pF. If the peak-
to-peak ripple in the output voltage of the converter is 0.2 V. Find the switching
frequency of the converter, in kHz.

Inductors
current {A)

10

1
' i

1
&

t—=10— Time (psec)

[8 marks]
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Q.4 (b)

(i) A single-phase full bridge inverter fed by a 300 V DC produces a symmetric quasi-
square waveform across ‘ab’ as shown in figure below. The switch control signals of
the converter are generated using sinusoidal pulse width modulation index, M = 0.8.
Find the input voltage current I, , in amps.

Idc SI \ 53 K
b

i 109
300V= a AW
54 5
| |
Vab(v)
141 S
pe—2d i
0 e—2d— T 2r w
Ty |
,_ggfu})' [8 marks]
e e
@jts ma = 0(@
Se . M\/.\4~2é€/<3°°
l \/G Z 4 \/o
& N

So '
%(; Vae [ 22 2180 | B¢
AN ,89

: ' : )
VW = rg'ﬂ‘“é‘\* Vel k W Cajc""éafﬁa
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Q.4 (b)| (ii)} For the three-phase full controlled bridge rectifier circuit shown with purely resistive
load :

\

o =40°
= jRL =240 Q «
240 \" 240 240 \' t

1. Sketch the output voltage and current waveforms.

2. Derive the expression for average output voltage and current.

< v [12 marks]
Sefuhion Vin 7

Ve Ve -
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Q4 (9

(i) Using Newton-Raphson method evaluate to two decimal figures, the root of the

equation e* = 3x lying between 0 and 1.

Sbl“hbh :F(K)': QK‘_BK
Lok g = OS | 6<lofd

g Fu]
N 4on) = &l

573
$Uney = €73

o
M _q,t’(\)t Q

Vg Nl

[10 marks]
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e MADE ERSY4Y Question Cum Answer Booklet

Q.4 (c)| (ii) A tennis match of best of 5 sets is played by two players A and B. The probability

that first setis won by A is % and if he loses the first, then probability of his winning

the next set is %, otherwise it remains same. Find the probability that A wins the

match.

[10 marks]
Seluhsh
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Q.5 (a)

Section B : Basic Electronics Engineering-1 + Analog Electronics-1

+ Electrical Materials-1 + Electrical Machines-2

A Ge diode has resistivity of 2 Q-cm and 1 Q-cm on p-side and n-side respectively.
Assume typical Ge parameters and find the built- in potential of the diode. What will be
the built- in potential if the material is Si instead of Ge?

: [12 marks]
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Q.5 (b)

A 28 slots, 2 pole, lap wound dc machine has 16 turns per coil. The effective axial length
of machine 20 cm and radius of armature is half of the axial length. The pole cover 75%
of armature periphery. Determine the value of induced emf in the armature for armature
moving with the speed of 1750 rpm. Assuming average flux density per pole tobe 1.08 T,
and winding to be double layered.

[12 marks]
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Q.5 (¢)| Inafactory, the following are the loads:
Induction motors : 1000 hp
0.7 lagging power factor
0.85 average efficiency
Lighting and heating load : 100 kW
A 3-¢ synchronous motor is installed to provide 300 hp to a new process. The synchronous
motor operates at 92% efficiency. Determine the kVA rating of the synchronous motor
if the overall factory power factor is to be raised to 0.95 lag. Determine the power factor
of the synchronous motor. :
(Take 1 hp = 746 W)

Soluhion ' [12 marks]
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Q.5(d)

A 440 V, 50 Hz, A-connected, 4-pole alternator has a direct axis reactance of
0.1 Q and quadrature axis reactance of 0.075 Q. Its armature resistance may be neglected.
At full load, this generator supplies 1000 A at 0.85 lagging power factor. Calculate the
active and reactive power developed in this generator.

[12 marks]
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Q.5 (e)

(i) Derive relation for atomic radius of unit cell for BCC crystal system and FCC crystal
system.

(ii) Enumerate different type of physical properties which get affected by structural

imperfection in a crystal. Explain briefly about different types o'f'point defects and

line defects.

S‘oluh‘on

[12 marks]
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Q.6 (a)

(i) Determine I;; and V for JFET with voltage divider bias as shown in figure. The
internal parameter values of this JFET are such that V=7 V.

Voo =+12V
L f
R,Z 33kQ
Vs
22kQ
N\
Colub [12 marks]
& °‘7
By VD”":“j-Q Divisian Pula
\f‘} - R i sy Vil
168
vg’: Lpk = 272
Fd TR g

‘—"z""-[DXB* +VDS -\prﬂj = —Q
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Q.6 (a)

(ii) Certain metal works as superconductor below the critical temperature T = 7.2°K.
The critical magnetic field for the metal at 0°K is 7.8 x 10° Amp/m. What is the
critical magnetic field for the metal to be usable as superconductor at 5°K?

) [8 marks]
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Q.6 (b)

Consider common emitter amplifier shown below with following specification:

V=10V, R, =27k, R, =15kQ, R =12 kQ and R-=22KkQ, |3 =100 and early voltage

V,=100V.

(i) Determine the dc bias current I, if the amplifier operates between a source for which
R, =10kQ and a load of 2.5 kQ. _

(iiy Obtain hybrid-r model of transistor and find values of R; and voltage gain V,/ V..
[(Assume, V. = 0.7 V, V.. (Thermal voltage) = 25 mV].

VCC VCC
R, Re oo
5 I

Ry ] i o +
— Ri2v,
VS @) R_’- RZ R 10-
i E o
T

[20 marks]
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Q.6 (c)

(i) A field test on two similar series machine gave the following data:
Motor : 7
Armature current = 50 A
Voltage across armature = 400 V
Voltage across field = 25V
Generator :
Terminal voltage = 350 V
Output current = 40 A
Voltage across field = 25V

Armature resistance (including brushes) of each machine is 0.5 Q. Calculate the
efficiency of both machines.

gS&(LLHb h [10 marks]
Cave 4 Aaker

Eq = 463 Vol E¢ = 28Ve}H

3o Lnpub vlfege ) o~ Eqt B = 4O A+ 2540A0S

“+ Lg7q

V.} =
Pin = o oEARRIER 22.5 lkw.
Poub =  Egxleq = G000 = 20 F
So Q,g:&‘c)‘wa-f

Npe= 8V o bee 28V Lg /g2 4oxe L
€= Wit €4t Lior> BSutag +400S
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Q.6 (c)

Pine Ey.fq2 39TxAc = |S. Qs

7"‘1) 2 x]w': ii—_.x]fo
. I

(ii) A 220V, 20 kW dc shunt motor running at its rated speed of 1200 rpm is to be
braked by reverse current braking. The armature resistance is 0.1 Q and the rated
efficiency of the motor is 88 per cent. ’

Calculate:
1. the resistance to be connected in series with the armature to limit the initial
braking current to twice the rated current,
2. the inifial braking torque, and
3. the torque when the speed of the motor falls to 400 rpm.
[10 marks]
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Q7 (a)

(i) A salient pole synchronous motor (with negligible armature resistance and X ;=254 Q
and X, =154 Q/phase) can be loaded to maximum load of 540 kW without field
excitation running at 1000 rpm. If the motor is now excited with nominal field current
and motor is loaded with a load torque of 3.5 kN-m and the motor draws armature
current at 0.8 p.f. (leading) then determine excitation emf and corresponding power
angle ().

(ii) Obtain power angle characteristic and derive expression for electrical power output
of salient pole synchronous machine with help of phasor diagram.

[20 marks]
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Q.7 (b)

For the JFET amplifier shown in the figure below has g, =2 mS, r,=5kQ and r,, = 30 k.
If C. and C; are large and the amplifier is biased in the pmch off region, find Z,_

A, = 0/VandA i,/ 1. _
+Vpp
soom‘é_ 2142%

L Il * Uy
r,=5kQ Ce ;
—WW— Iy

: &
IS g

”f() sk L | R =2kQ
- 00kQZ  3KQZF 6

+

: [20 marks]
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Q.7 (¢

Define dielectric strength. Discuss different types of dielectric breakdowns in solids.
- [20 marks]
<SoluhHon |
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Q8 (@)

A100-MVA,14.4kV, 0.8 pf lagging, Y-connected synchronous generator has a negligible
armature resistance and a synchronous reactance of 1.0 per unit. The generator is
connected in parallel with a 60 Hz, 14.4 kV infinite bus that is capable of supplying or
consuming any amount of real or reactive power with no change in frequency or terminal
voltage.
(i) What is the synchronous reactance of the generator in ohms?
(ii) What is the internal generated voltage E, of this generator under rated conditions?
(iii) What is the armature current I, in this machine at rated conditions?
(iv) Suppose that the generator is initially operating at rated conditions. If the internal
generated voltage E , is decreased by 5 percent, what will the new armature current
I, be?
(v) Repeat part (iv) for 10, 15, 20 and 25 percent reductions in E .
[20 marks]
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Q.8 (b)

(i) Explain about dependence of the loss tangent on temperature and frequency.

(i) The magnetic moment of gadolinium of 7.1 p,. Calculate the magnetic moment per
gram if its atomic weight is 157.3.

(iii) A certain paramagnetic substance has 1.2 x 10% atoms/m®. Assuming that each
atom has moment of one Bohr Magneton, calculate the susceptibility at 27° C and
also the intensity of magnetization when a field of 10°> A/m is applied.

[10 + 6 + 4 marks]
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Q.8 (¢)| For the circuit shown in figure below, determine the operating point. Find the stability
factor. Given: Vp, =0.6 V,f =50, V. =15V

V=15V
9kQ3Z 247K
+—o
o { I B=50
47 kQ%'; 1kQ
O _

[20 marks]
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