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Section A : B.E.E. + Analog Electronics + Electrical Materials
Q.1 (a)| For a dielectric, establish an expression for the relationship between the polarizability
and permittivity. How does this relation lead to Clausius-Mosotti equation?
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Q.1(b)

(i) Hall measurements are made on a P-type semiconductor bar of 500 pm wide and
20 pm thick. The Hall contacts A and B are displaced 2 pm with respect to each other
in the direction of current flow of 3 mA. The voltage between A and B with a magnetic
field of 10* Wb/ cm? pointing out of the plane of the sample is 3.2 mV. When the
magnetic field direction is reversed, the voltage changes to 2.8 mV. What is the hole
concentration and mobility?
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Q.1(b)| (ii) AsampleofSi dbped with phosphorus 10Y atoms/cm?. What would be its resistivity
if the electron mobility is 700 cm?/V.s? What would be the Hall voltage in a sample
100 pm thick if I, = 1 mA and B, = 10° Wb/cm?.
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Q1 ()

In the circuit shown below,

\2v

_N_P_w Ll/blvva

6V

0.5mA

10V
200 Q

<+

CE

530 ©

Vg = 0.7 V. Find the P of the transistor and V ;.

[12 marks]
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Q1(d)

i
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Write a short note on Top-down technique and bottom-up technique used in nano-

material synthesis.
[12 marks]
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Q.1 (e)

In the circuit shown in figure below, if ¢, = sin ¢, find the voltage V.
10kQ2 10kQ
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[12 marks]
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Q.2(a)| (i) Find out the velocity of light in a material which has a dielectric constant €  of 5.5
and a magnetic susceptibility of -2.17 x 10-°.
(i) Consider a current of 10 A flowing through a coil of wire. The coil of wire 0.20 m
long has 200 turns.
1. What is the magnitude of magnetic field strength H?
2. Calculate the flux density B if the coil is in a vacuum.
3. Calculate the flux density inside a bar of titanium (susceptibility = 1.81 x 10*) that
is positioned within the coil.
4. Calculate the magnitude of magnetization M.
[20 marks]
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Q.2(b)| For the circuit shown below, find A, = ;/—0 , the damping factor and cutoff frequency.

_ov

[20 marks]
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Q.2 ()| For the circuit shown below, the op-amp is considered to be ideal.
12kQ

AAAA
4 Yey
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l Yyvy ‘
V, =

6 kQ
=10V

I

(i} For an input voltage V, =4V, find the output voltage V, and current I .
(i) Determine the range of input voltage V, for linear operation if the saturation voltage
of op-amp is +12 V.
[20 marks]
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Q.3 (@)| (i) Consider the circuit shown in figure below.
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. . Vout
Assuming the two op-amp to be ideal, calculate the value of TR
2 =¥

[12 marks]
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Q3 ()

(ii) Discuss Matthiessen’s rule and explain the influence of the factors affecting resistivity
of metals.

[8 marks]
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Q.3 (b)

(i) The two transistors in the circuit shown below are identical. If § = 25, then find the

value of current /.

(D)

+5V
Io
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Q.3(b)

(ii) Consider the circuit shown in figure below :
6V

If both transistor have parameters p C, =40 pA/V2and V., = 0.9 V then calculate

noox

the output voltage V.

gy
5 A

—js

To = A pabor w
3 L

\}qs = \/Q'—' VO

66— Vo.

[6 marks]
Ve = Vo
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Q.3(b)| (iii)Calculate the Fermi energy E at 0°K for copper and estimate the average speed of
the conduction electrons in Cu. The density of Cu is 8.96 gm/cm? and atomic weight
is 63.5. Given Avogadro’s number is 6 x 102,

[6 marks]
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Q3 (0

A parallel plate capacitor has an area of 25 cm? and the separation between the plates is
0.3 mm. The space between the plates is filled with a dielectric having the real part of

dielectric constant €, =3 when subjected to the frequency of 1.5 MHz. The loss tangent

at this frequency is 3.8 x 10 Find the parameters of the equivalent circuit.

(i) Parallel R-C circuit.
(ii) Series R-C circuit.

A;Q,ﬁ(,w‘-‘*

(]-'— |-S Mhyg

dans = £

[20 marks]
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Q4 (a)

magnitude of the average current flowing through the resistor R.
ir

i(t) R

(i) Thediode in the circuit is ideal. The current sources i () = 7 sin(3000n£)mA. Find the

[10 marks]
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Q4 (a)

(i) With the help of magnetization characteristics (M vs H curves) explain the difference
between Type-I and Type-II superconductors.
[10 marks]
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Q.4(b)

Consider the transistor configuration shown below.
T +20V

Determine:

(i) Base current of transistor, Q,.

(i) Collector current of transistor, Q,.

(iii) Emitter current of transistor, ;. :
(iv) Output voltage, V,, A

[20 marks]

Tj;, = 00159 m#- Sl - 5% 0-o1sh
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Q.4 (c)| Inthe amplifier circuit shown below, assume V. = 0.7 V and the § of the transistor and
the values of C, and C, are extremely high. If the amplifier is designed such that at the
quiescent point its V., = V../2, where V. is the power supply voltage, find its small

i |V
signal voltage gain |21t
in
10V
8802 3R
] | I Vaut
Vi, o—— G
C;
12kQZ R
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Q.5 (a)

A monopolar HVDC link energized from a 3-¢, 50 Hz, 400 kV source produces a
DC current of 1000 A with a 6-pulse rectifier and the DC output voltage rectifier is
400 kV. For a delay angle of 15°.
(i) Calculate commutation resistance.
(if) Calculate commutation angle ‘p’.
(ii) If AC voltage is reduced to 200 kV, find commutation angle assuming dc current is
constant.
[12 marks]
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Q.5(b)

An induction motor has an efficiency of 0.9 when the shaft load is 45 kW. At this load,
stator ohmic loss and rotor ohmic loss each is equal to the iron loss. The mechanical loss

is 1/3"4 of the no load losses. Neglect ohmic losses at no load, and calculate the slip.
[12 marks]
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Q.5 (¢}

For the power system shown in figure, the pu reactances are shown therein. For a solid
3-phase fault on bus 3. Calculate the following; :

(i) Faultcurrent (i) v{ and v

@ii) I, If; and I (v) 1L, and IZ,

Assume pre-fault voltage to be 1 pu. (Where f represents post fault event)
05 @ 81 @ 005 02

O3 &G

®

0.1397 0.1103 0.1250

Zy,s for the above system, ZBus=j 0.1103 0.1397 0.1250
01250 0.1250 0.1750

[12 marks]
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Q.5(d)

A 3-¢, 500 kW, 3.3 kV, 50 Hz, star-connected induction motor works at a full load power
factor of 0.7 lag. A delta connected capacitor bank is used to raise the full load power
factor to 0.9 lag. Calculate the capacitance of the bank. If each capacitor is rated at 420 V,
50 Hz, compute the capacitance of each unit. The motor efficiency is 86%. If this induction
motor is fed by distribution circuit, calculate the percentage saving in the energy lost in

this distribution circuit, as the power factor is improved from 0.7 to 0.9 lag.
[12 marks]
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Q.5 (e)

A 50 Hz, single-phase transformer draws a short circuit current of 30 A at 0.2 pf lag

when connected to 16 V, 50 Hz source. What will be the short circuit current and its p.f.
when the same transformer is energized from 16 V, 25 Hz source?

%l/ A"’ < f:,___\:t_..f [12 marks]
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Q6 (a)

A 150 kW, 400 V, 8-pole, 50 Hz, star-connected induction motor has the following
impedance parameters in ohms per phase referred to stator.

7, =0.02Q, 7,=004Q, x=x=02Q X =988
At rated shaft output, it runs with a slip of 4% and with an efficiency of 93%.
(i) Calculate the rotational and core losses at rated load from the data given above.
(ii) If this motor is driven as a generator at a slip of 4 percent, determine:

1. electric power output,

2. pf at the generator terminals and

3. efficiency.
The induction generator is connected to a distribution system of 400 V.

[20 marks]
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Q.6 (b)

The primary, secondary and tertiary winding of a three-winding transformer are rated
as 11kV, 6 MVA, star/3.3 kV, 3 MVA, star/400 V, 3 MVA, delta respectively. The short
circuit tests on this transformer gave the following results:
Secondary shorted ; primary excited : 500 V, 100 A,
Tertiary shorted ; primary excited : 600 V, 100 A and
Tertiary shorted ; secondary excited : 100 V, 200 A
(1) Find the per unit leakage reactances of the star equivalent circuit. Neglect resistance.
(ii) The primary is energized at rated voltage and the secondary is open circuited. For
a three-phase balanced short circuit at the tertiary terminals, calculate the short
circuit current and the secondary terminal voltage.

[20 marks]
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Q.6 (c)

The fuel cost characteristics of two thermal plants are as under,

C, =7700 + 52.8P, + 5.5 x 10~ P, Rs./hour

C, = 2500 + 15P, + 0.05 P, Rs./hour
The limit of generation for the two units are 200 < P < 800 MW. The load curve is shown
in figure below. Find the daily operating schedule to minimize the operating costs. The
cost of taking a unit off and then putting it on is Rs. 1000.00.

12001
E 900 1 .
e 1
o ]
3 500 ; —
é 1‘6 20 24
Hour of day

[20 marks]
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Q.7 (a)| Inthe two-bus system shown in figure below, bus-1 is a slack bus with V, =1.0£0° p.u.
A load of 100 MW and 50 MVar is taken from bus-2. The line impedance is
z,,=0.12+;0.16 p.u. on a base of 100 MVA. Using Newton-Raphson method, obtain the
voltage magnitude and phase angle of bus-2. Start with an initial estimate of

|V2|(O) =1.0 p.u. and 8, = 0°. Perform two iterations.

@ @
O | 2,=012+j016  |—=100MW
| H—=50 Mvar
V,=1.0£0°

[20 marks]
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Q.7 (b)

(i) Compare the overhead distribution system to underground distribution system in

regards to deciding factors for selection of above systems as transmission network.

[10 marks]
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Q.7(b)| (if) Draw basic structure of HVDC transmission. Clearly showing main components of
HVDC transmission. Why there is requirement of reactive power at HVDC converter

station. How this reactive power demand is fulfilled?
[10 marks]
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Q.7 {0

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 infinjte bus. The
generator is initially operating with P, = 1.0 pu and the magnitudes of voltages V, and
V,are 1.0 pu. Assume X =0.3 pu, X, =0.1pu, X=04 puand X, =01 pu.
E, v X X v, x,
g8 > o
g
(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, f5 =50 Hz).

[20 marks]
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Q38 (a)

The following test data were taken on a 7.5 hp, four-pole, 208-V, 60-Hz, design A,
Y-connected induction motor having a rated current of 28 A.
DC test:
Vpe =136V, Ine =280A
No-load test:
V; = 208V, f=60Hz
I, = 8124, P =420W
I; =820A
I.=818A
Locked-rotor test:
V; =25Y, f=15Hz
I, =281 A £ =AW,
Ip=280A
I.=276A

(i) Sketch the per-phase equivalent circuit for this motor.
(ii) Find the slip at the pullout torque and find the value of the pullout torque itself.

[20 marks]
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Q.8 (b)

(i) Consider the power system shown below. With parallel transmission impedance of
0.5Q and delivered power is 0.8 p.u. when both the terminal voltage of the machine
and the voltage of the infinite bus is 1 p.u. Determine the power angle equation of
the system during above specified conditions.

705
j0.2 0.1 o @
El 1‘/‘k _mgné\_ V = 1400
0.

(ii) A 60 Hz generator is supplying 60% of P__ to an infinite bus through a reactive
network. A fault occurs which increases the reactance of the network between the
generator internal voltage and the infinite bus by 400%. When the fault is cleared,
the maximum power that can be delivered is 80% of the original value. Determine
the critical clearing angle in degree considering above condition.

[20 marks]
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Q38 ()

A 3-phase, 400 V, 50 Hz, star-connected induction motor gave the following test.results:
No load: 400 V, 7.5 A, 0.135 power factor.

Block rotor: 150 V, 35 A, 0.44 power factor.

The ratio of standstill reactance of stator and rotor is estimated as 2. If the motor is
running at a speed of 960 rpm, determine:

(i) net mechanical power output,

(ii) the net torque and

(i) efficiency of the motor

Assume stator and rotor copper losses to be equal.

[20 marks]
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