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your QCAB. ‘
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4. Do not leave behind your QCAB on your table unattended, it should be handed over
to the invigilator after conclusion of the exam.
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1. Read the Instructions on the cover page and strictly follow them.
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Q.1 (a)

Section A : Basic Electronics Engineering + Analog Electronics + Electrical Materials

For the circuit shown in figure below, the two identical Si PN junction diodes are
connected in parallel and a 0.5 V of forward bias is applied. Diode D, is heated to 400°K
temperature and diode D, was kept at 300°K temperature. Calculate the ratio between
the current flowing through diode D, and diode D,. (Ideality factor of Si = 2).

I

05V

T=400°K |}I0  To2} | T=300°K
D, D,
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Q.1 (b}

The average magnetic moment along the field direction per spin in Bohr magnetron
when a paramagnetic spin system is subjected to a uniform magnetic field is
3.2 x 10~ Bohr magnetron. Calculate the uniform magnetic field applied if the
temperature is 27°C. (1 Bohr magnetron = 9.27 x 10~ A/m?).

[12 marks]
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Q.1 (c}| Consider the circuit shown in figure below :
6V
M V_V) =
1 (L i 60
-0 Vﬂ
e

If both transistor have parameters u C,_ =40 pA/VZand Vp, = 0.9 V then calculate the
output voltage V.

* [12 marks]




Do not
MADE ERSY Question Cum Answer Booklet | Page60f73 [Nmen

is margin

Lo o —gx 4> x 60 CC-—\/O __ogj

iy

Cp, = vliyq, Ao K s (\/0_ O,ﬁ)Q_

k3 T/Di:_ To

L C\/o 03)/
i 5{{;;/

Sl we e

D
G Ko XG0 4"*‘”0-@*‘3)21{@%@5 Cvo-o@




e MADE EBSY Question Cum Answer Booklet |

Page 7 of 73

258

Q.1(d)

Write a short note on Top-down technique and bottom-up technique used in
nano-material synthesis.

[12 marks]
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Q1 (e)

The Hall coefficient of a certain silicon specimen was found to be -8.25 x 105 m?/C

at 300° K. If the conductivity is 2.50 U/cm, then find :
(i) type of semiconductor
(ii) density of charge carrier

(iii) mobility of charge carrier

C

[12 marks]
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Q.2 (a)| Consider the circuit shown in figure

c/2  C/2

Find the relation between input V, and output V . (Assume the op-amp is ideal).
[20 marks]
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Q.2 (b)| Zirconium has an HCP crystal structure and a density of 6.51 g/cm?.

(i) Calculate the volume of its unit cell in cubic meters if the atomic weight of Zirconium
is 91.2 g/ mol.

(1i) If ¢/a ratio is 1.593, then compute the values of ¢ and a.
[20 marks]
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Q.2 (9

Determine the small signal voltage gain of the circuit shown in below figure having

C W
parameters V. =08V, k= u"—z‘g— =1.2mA/V? A =0. Also calculation gate-to-source

voltage (V50)-

o/

R, =68k

[20 marks]
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Q3 (a)

The electron mobility of Indium (In) is measured to be 7.5 cm?/V-s and the resistivity of
In is 9.43 x 10-% Q-m at room temperature (27°C).

(i) Calculate the number of free electrons donated by each In atom in crystal.

(ii) If the mean free path of electrons in In is 8.2 nm then calculate the mean speed of
electrons in In.

(iii) Calculate the thermal conductivity of In at room temperature.

(Assume atomic mass of In = 115 g/mol and density = 7.3 g/cm?]
[20 marks]
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Q.3(b)| A silicon transistor with B = 50 is used in a self bias circuit as shown in figure below.

TVCC=20V

o]
i
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The operating point is Q(11.5 V, 1.5 mA). For stability factor S <2, determine the values
of R, R,and R;.

“WW AT
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[20 marks]
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Q.3 ()| (i) Anamplifier has a mid-frequency gain of 800. Its upper and lower cut-off frequency
f,;and f; are 16 kHz and 40 Hz respectively. Determine the bandwidth of the amplifier.
What will be the bandwidth if 2% of the output signal is given as a negative feedback?

(ii) Define superconductivity. What are the condition required for superconductor? Also
briefly discuss the properties of superconductor.

[10 + 10 marks]
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Q4 (a)| (i) A crystal oscillator has the following parameters :

L,=033H, C,=0.065pF, C,=1pF, R, =55kQ

(a) Calculate the series-resonant frequency.

(b) By what percentage does the parallel-resonant frequency exceed the series

resonant frequency?

(c) Calculate the quality factor Q of the crystal at series and parallel resonant
frequencies.

(i) A solid specimen of dielectric has ¢ = 4.1 and tan & = 0.001 at a frequency of 60 Hz.
If it is subjected to an alternating field of 45 kV/cm then calculate the heat generated
in the specimen due to the dielectric loss.

[15 + 5 marks]
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Q.4(b)| Consider the circuit shown below :

L

P Vop =40V |

2MQ E 3kQ
D
i
S
18 MQ §§ 820 Q
L
If Vc;sm—n: 5V, ID(ON) =3 mA at VGS(ON) =10V, then determine IDQ, VGSQ and V..

[20 marks]
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For the circuit shown below, the op-amp is considered to be ideal.

12 k&

ARAA
yrvy

4kQ
AWy

6 k&

V“g ‘l_—MM*

=10V

I

(i) For an input voltage V =4V, find the output voltage V and current [ .

(ii) Determine the range of input voltage V_ for linear operation if the saturation voltage

of op-amp is 12 V. r opg
A

4__[42 _ \ [20 marks]
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Section B : Electrical Machine-1 + Power Systems-2

Q.5 {(a)| The single line diagram of a 4-bus power system is shown in figure. Reactances are
given in per unit on a common MV A base. The transformer T, and T, have tap settings
of 0.8 : 1 and 1.25 : 1 respectively. Obtain the bus admittance matrix of the system.

D x-joors @ jo2 P x-jo16 @

g |98

08:1 j0.2

[12 marks]

@ @
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Q.5(b)| An electromagnet, shown in figure, is required to exert a 500 N force on the iron at an
airgap of 1 mm, while the exciting coil is carrying 25 A dc. The cross-section at the air
gap is 600 mm? in area. Calculate the required number of turns in the exciting coil.

x =71 mm
— =

Core, (L =eo —|

[a)

=25
Exciting coil —N

Iron, p

Area of cross-section,
600 rmum?*

[12 marks]
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Q.5 (o)

A 3-9, squirrel cage induction motor is designed to restrict the maximum starting line
current drawn from 400 V, 3-¢ supply to 120 A. If starting current of motor is six times
the full load current. What is the maximum permissible full KVA rating of motor when

(i) itis directly connected to the supply mains?
(if) it is connected through an auto-transformer with a tapping of 60%?

(iii) it is designed for the use with star-delta starter?
[12 marks]
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Q.5(d)| A 230V, 20 hp, 60 Hz, 6 pole, 3-¢ induction motor driving a constant torque load of
rated frequency, rated voltage and rated hp, has a speed of 1175 rpm and an efficiency
of 92.10%. Determine the new operating speed if a system disturbance causes 10% drop
in voltage and 6% drop in frequency. Assuming the friction, windage and stray power
loss remain constant.

[12 marks]
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Q.5 (e)| ConsidertheY, . of a 4-bus power system,

6 2 25 0
2 -10 25 4
Yous = 125 25 -9 4

0 4 4 -8

where first, second, third and fourth row refers to bus 1, 2, 3 and 4 respectively and all
the given entries in matrix are in per unit. Draw the reactance diagram of given power
system.

\F&wn YM ‘,J
\ - ol. odinience,
D Yfps gennkes fro pegatve
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ad) o Hena)
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o s @

_ Qe d
e B o e

[12 marks]
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Q.6 (a)

The figure shows the single line diagram of a simple three-bus power system with
generation at bus-(1) and bus-(2). The voltage at bus-(1) is V = 1.0£0° pu. The voltage
magnitude at bus-(2) is fixed at 1.05 pu with real power generation of 400 MW. A load
consisting of 500 MW and 400 MV AR is taken from bus-(3). Line admittances are marked
in per unit on a 100 MVA base. The line resistances and line charging susceptances are
neglected.

@ Yz = 40 @ P, = 400 MW
O ¥y = -j20 Y =20 O
Slack bus |V, =1.05
V, = 1.0£0° ®

P

500 MW 400 MVAR

Using Newton-Raphson method, start with the initial guess of V{% = 1.05 + jO and
V{9 =1.0+j0 and keeping |V,| = 1.05 pu, determine the phasor values of V, and V, after
one iteration.

[20 marks]
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Q.6(b)

(i) The fuel inputs for two plants are given as :
F, = 0.005P? + 2P, + 10 Rs/hr
F, = 0.005P7 + 0.75P, + 15 Rs/hr

The loss coefficients are B,; = 0.0015, B,, = 0.0025 and B,, = -0.0005. The cost of
power received by each plant is 2.6 Rs/ MWhr, then calculate the generating schedule
and the load received by the system.

(i) A generating station having a capacity of 200 MW and it is supplying 600 x 10° units
in a year, the load factor of the unit is 0.60. Find plant utilization factor, plant capacity

factor and reserve capacity of the plant.
[14 + 6 marks]
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Q.6 (c)

The following test data were takenas a 7.5 hp, 4-pole, 208 V, 60 Hz, Y-connected induction
motor having a rated current of 28 A.

DC test: Vi =907V, [, =280A
No-load test : V,=208V; f=60Hz, P_=420W
I, =812A; I,=820A andI =818 A
Blocked rotor test :
1%
I

a

25V, f=15Hz, P, =920 W
281A,1,=280A,1=276A

(i) Draw the equivalent circuit of motor and find its parameters. Assume the stator and

t

Il

rotor are equal reactances.
{ii) Find the slip at the pull-out torque and find the value of the pull-out torque.

(Consider AC resistance to be 1.5 times of DC resistance)
[20 marks]
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Q.7 (a)

A single machine is connected to a load centre through a transmission line as shown in

figure. The load centre is represented by a reactance connected to an infinite bus. The

generator is initially operating with P, = 1.0 pu and the magnitudes of voltages V, and

V, are 1.0 pu. Assume Xg =03 pu, X,=01pu, X=04puand X, =0.1 pu.

(i) Find the maximum step increase in mechanical power that will not cause transient
instability.

(ii) Find the critical clearing angle and time for a three phase fault at the generator
terminal. Generator is initially supplying power of 1.0 pu. Assume that post-fault
system is identical to the prefault system. (H = 4.0 sec, f; = 50 Hz).

By oS V.

X, .
S |

[10 + 10 marks]
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Q.7 (b)

(i) An11500/2300 V transformer is rated at 100 kVA as a 2-winding transformer. If the
windings are connected in series to form an auto-transformer, what will be the
possible voltage ratios and output? Also calculate the power transferred through
conduction and induction and percentage saving in conductor material.

(ii) Write any four applications of auto-transformers.

TR LT

S SL o

[16 + 4 marks]

D
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Q.7 (¢)| (i) Fora3-¢, induction motor, maximum torque is twice the full load torque and starting
torque is 1.6 times the full load torque. In order to get a full load slip of 5%, determine
the percentage reduction in rotor resistance. Neglect the stator impedance.

(ii) Two generating units rated 300 MW and 400 MW have governor speed regulation
of 6% and 4% respectively from no-load to full load. Both the generating units are
operating in parallel to share a load of 600 MW. Assuming free governor action,
determine the load shared by both units and frequency of operation. (Assume

no-load frequency to be 50 Hz}.

[10 + 10 marks]
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Q8 (a)

A 600 kVA, 1-¢ transformer with 0.012 pu resistance and 0.06 pu reactance
is connected in parallel with a 300 kVA transformer with 0.014 pu resistance and
0.045 pu reactance to share a load of 800 kVA at 0.8 pf lagging. Find the load shared by
each transformer when :

(i) both the secondary voltages are 440 V.

{ii) the open circuit voltages are respectively 445 V and 455 V. (Also comment on the
results).

[20 marks]
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Q8 (b

S

(i) Explain the advantages of HVDC power transmission in detail.

(ii) A d.c. link has a loop resistance of 10 €2 and is connected to transformer givirig
secondary voltage of 120 kV at each end.

The bridge connected converters operates as follows :
Rectifier: ¢ =15°, X=15Q
Inverter : §, = 10°,y = 15°, X = 15 Q. Allow 5° margin on §, for d.

Calculate the direct current delivered if inverter operates on constant § control.
[14 + 6 marks}]
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2.8 (c)

(i) A 250 MVA, 60 Hz, two-pole synchronous generator with inertia constant H of
5.4 MJ/MVA. Assume the machine is running steadily at synchronous speed with a
shaft input of 331, 100 hp. The electrical power developed suddenly changes from
its normal value to a value of 200 MW. Determine the acceleration or deceleration of
rotor. If acceleration computed for the generator is constant for a period of 9 cycles,
determine the change in the power angle in that period, frequency of system and
speed of generator at the end of 9 cycles.

(ii} In a transmission line each conductor is at 20 kV and supported by a string of
3 suspension insulators. The air capacitance between each cap-pin junction and tower
is one fifth of the capacitance C of each insulation unit. A guard ring, effective only
over the line-end insulator unit is fitted so that the voltages on two units nearest to
line-end are equal.

T C/5 v
A
c, T ¢s

|1
11
]

Calculate the voltage on line-end unit and the value of capacitance C,,.
[10 + 10 marks]
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o Seton:A

21 (a)

What do you understand by linear and planar densities?

Zinc has an atornic radius of 0.135 nm with an HCP crystal structure, and atomic weight |

of 65.39 g/mol. Considering % ratio to be 1.856 for zinc, calculate the density for the
same in g/cc.

. i [12 marks]
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Q.1 (b)

f, = 6% 539
Lotago % LR 18TE K2h

fo=  beS 39

SISEENM NS Y] 3 C XA
P

g 8k gl

N

WV

During an electric discharge drilling of a 12 mm square hole in a low carbon steel plate
of 6 mm thickness, brass tool and kerosene are used. The resistance and the capacitance
in the relaxation circuit are 60Q and 12 UF respectively. The supply voltage is 220 Volts
and the gap is maintained at such a value that the discharge (sparking) takes place at
150 Volts. In case of machining steels, the removal rate can be approximately expressed
as Q ~ 27.4 W' where (Q is the removal rate of steel in mm?/min and W is the power
input in kW. Estimate the time required to accomplish the drilling operation.

?4\,{(,\ V= Jse R~ Lo [12 marks]
Ug =160 J = l:-?:(l’sjo
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Q1 (©

A hole 150 mm diameter is to be punched in a steel plate of 8 mm thickness. The material
is cold rolled C40 steel for which the maximum shear strength can be taken as 560 MPa.
With normal clearance on the tools, cutting is complete at 40% penetration of the punch.
Estimate suitable diameters for the punch and die, and shear angle on the punch
(assuming balanced shear) in order to bring the work within the capacity of a 250 kN

press available.
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