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Section A

.1 (a)| For the network shown below, determine the current i(f) when the switch is closed at

t = 0 with zero initial conditions.
5Q

5r(t - 1) i(®)
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Q.1(b)

s EtDsls - i) +ie"3%“)J w(t-1)
o S :
B S
ot i a
iU?B = 0.833 —-—\gﬁ‘]']el ¥ 33,97 e)%} \L({; l)
2

;ﬁv\a
-ty — L
2 S¥o

’ e
\ r7/ PN 5 et

Consider the amplifier circuit given below. The n-channel MOSFET in the circuit has
Vy=1Vand K=09mA/V2

Vo =8\

(i) Assume that MOSFET is operating in the saturation region, determine the drain
current.
(ii) Determine the transconductance, g, .

(iii) If V,=10mV, determine the drain current and voltages. Assume sinusoidal input.

[12 marks]
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()

For the network shown below, determine the current in the 16 Q resistor using Thevenin’s
theorem.

10Q
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L
W0V 08I, 216Q
[12 marks]
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1(d)

The magnetization within a bar of some metal alloy is 3.2 x 10° A/m at an H field of
50 A/m. Compute the following:

(i) the magnetic susceptibility,
(ii) the permeability, and
(iii) the magnetic flux density within this material.

(iv) What type(s) of magnetism would you suggest as being displayed by this material?
Why?

[12 marks]
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Q.1 (e)| A4 MVA, 10 kV, 3-phase, 50 Hz, 10 pole low speed hydrogenerator has 144 slots
containing a two-layer diamond winding with 5 conductors per coil side in each slot.
The coil span is 12 slot pitches. The flux per pole is 0.2 Wb. Calculate the phase emf.

[12 marks]
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Q.2 (a)

(i) Three resistors having resistances of 250 Q, 500 © and 375 Q are connected in paralle].
The 250 Q resistor has a +0.025 fractional error, the 500 Q resistor has a
-0.036 fractional error, and the 375 Q resistor has a +0.014 fractional error.
Determine the fractional error of the total resistance based upon rated values.

(ii) Distinguish between Zener and Avalanche breakdown phenomenon.

[12 + 8 marks]
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Q-2(b)
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(i) Determine the Miller indices for the planes A and B shown in the following unit
cell:

+z

Plane B

+x

(ii) Explain briefly about Carbon Nanotubes.
[14 + 6 marks]
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12 (c)

di(0%) d*v(0%)

For the given series RLC circuit, find the values of v, (0%), iR o and determine
whether the circuit is underdamped, overdamped or critically damped.
1H
ke
i v ()
. 1
u(f) (:) i (0 o) = F
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Q.3 (a)

The feedback amplifier circuit shown below has the following parameters:
Ry =3k, R, =500Q, R, =50Q, R"=R;=12kQ, h; =50,h;,=1.1kQ, and b, =k, =0.
Calculate the voltage gain, current gain, input and output resistances with feedback:

Ays Ay R o R

v Aip Ringr Rop

[20 marks]
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13 (b)| A transformer is rated at 100 kVA. At full load, its copper loss is 1200 W and its iron loss
is 960 W. Calculate:

(i) the efficiency at full load, unity power factor,

(ii) the efficiency at half load, 0.8 power factor,

(iii) the efficiency at 75% of full load, 0.7 power factor,

(iv) theload kVA at which maximum efficiency will occur, and

(v) the maximum efficiency at 0.85 power factor.

[20 marks]
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Q.3 ()

Design a 3-bit binary counter that goes through the states 0, 2,4, 6, 0, 2 ... using D-flip flops.
Assume the unused states as don’t cares. Check whether the designed counter is self

starting or not and thereby give the complete sequence diagram for the designed counter.

[20 marks]
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4 (a)

A 3-phase, Y-connected synchronous generator rated at 10 kVA and 230 V has a
synchronous reactance of 1.2 ohms per phase and an armature resistance of 0.5 ohms
per phase. Calculate the following:

(i) The % voltage regulation at full load with 0.8 lagging power factor.

(ii) The power factor of the load such that the voltage regulation is zero on full load.
[20 marks]
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4(b)| What are the differences between Carbon Dots and Quantum Dots?
[10 marks]
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4 (c})| (i) The circuit shown in figure below takes a current of 1220°A at a lagging power
factor and dissipates 1800 W. The reading of the voltmeter is 200 V. Find

R, X, and X,
R, Xy
1T
200 10Q
() 200v
X').
(i) For the circuit shown in figure below,
i
)
(Y
2 L £ Ts
A""‘"“' “""""
£
=
=0 Ts
+
174 =i L,
Draw the oriented graph and write:
1. incidence matrix, 2. tieset matrix, and

3. f-cutset matrix

[15 + 15 marks]
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L5 (a)

Derive the conditions for Reciprocity for short-circuit admittance parameters
(Y-parameters) of a two-port network.
[12 marks]
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5 (b)

A voltage has a true value of 1.50 V. An analog indicating instrument with a scale range
of 0-2.50 V shows a voltage of 1.46 V. What are the values of absolute error and correction?
Express the error as a fraction of the true value and the full scale deflection (f.s.d). 2

[12 marks]
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Q.5 (9

Differentiate between Direct and Indirect band gap semiconductors using E-K diagram.
[12 marks]
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An asynchronous sequential circuit is described by the following excitation and output

functions:
Y=20 X (X + X)X
and Z=Y

where Z is the output of the circuit.
(i) Draw the logic diagram of the circuit.
(i) Derive the transition table of the circuit.

[12 marks]
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5 (e}

Calculate the dielectric relaxation time constant for a particular ‘Si’ semiconductor with
€, =117.

(Assume an n-type semiconductor with a donor impurity concentration of N, = 106 cm3
and p,, =1200 cm?/V-s.)

L [12 marks]
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Q.6 (a)| Consider the circuit shown in the figure below:

The op-amp in the circuit has a finite open loop gain (A ), finite output resistance (R, > 0)
and it is ideal in all other aspects. Z,, Z, and Z, are purely reactive elements with
magnitudes |X1|, |X2| and |X3|.

Prove that X, and X, must be of the same type (i.e., both must be either capacitive or

inductive) to produce sustained oscillations.
' [20 marks]
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5 (b)

A current of (0.5 + 0.3 sin ot - 0.2 sin 2wt)A is passed through the circuit shown in figure
below. Determine the reading of each instrument if © = 10° rad/s.

: 1mH 1000 Q :
MWy E 4=®'—®—°
Moving Hot

coil wire

5

Electrostatic
[20 marks]
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(c)] (i) A 40kW dc motor has a full load speed of 1150 rpm. The armature current at full

(ii)

load is 80 A and the friction, windage and core-losses are 8500 W. If the flux in each
pole of the motor is reduced to 70% of its rated value and armature current is 80 A,
what is the electromagnetic torque developed by the motor?

The metal rubidium has a BCC crystal structure. If the angle of diffraction for the
(3 2 1) set of planes occurs at 27° (first-order reflection) when monochromatic
X-radiation having a wavelength of 0.0711 nm is used, compute:

1. the interplanar spacing for this set of planes, and

2. the atomic radius for the rubidium atom.
[10 + 10 marks]
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' (a)

An abrupt Si p-n junction has N, = 10'® cm~ on one side and N, = 5 x 10' cm™ on the
other. The junction described has a circular cross-section with a diameter of 10 um.
Calculate:

(i) Depletion width on the n-side x, .

(if) Depletion width on the p-side x .

(iii) Accumulated space charge on either side of the junction.

[Assume n,=1.5 x 101 cm™®, V. =259 mV and g, = 11.8¢]

59\\{\ 3 2.

/ Asea — ;:Lgl_ ;73’.§39_,um
\-’

O-> Tola|l width (w} :\!

[20 marks]
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'(b)| Consider the circuit shown in the figure below:

=
]
AMAA
YYVY

Assume both the transistors are in active region with V, = o. Calculate the value of
small signal voltage gain A, = V;,/V, .
)h [20 marks]
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(c)

In the circuit shown below, at ¢ = 0, switch S, is closed, and switch S, is closed 4 seconds
later. Find i(#) for t > 0. Calculate i(f) at f =2 sec and ¢ = 5 sec. :

[20 marks]
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(a)

(i)

(ii)

“l

o) ‘_,,S_ol._l:_, = 15 — 11

In a particular semiconductor material, p_ = 1000 cm?/V-s, p e 600 cm?/V-s and
N. = N = 10® ecm™. These parameters are independent of temperature. The
measured conductivity of the intrinsic material is 6 = 10-° (Q-cm)™! at T = 300 K.
Find the conductivity of the semiconductor at T = 500 K.

Calculate the velocity of an electron beam in an oscilloscope if the voltage applied
to its vertical deflection plates is 2000 V. Also, calculate the cutoff frequency if the

1
maximum transit time is — of a cycle. The length of horizontal plate is 50 mm.

4
[15 + 5 marks]
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Q.8 (b)

(i) A combinational circuit has three inputs A, B and C, and three outputs X, Y and Z.
When the binary input is 0, 1, 2 or 3, the binary output is one greater than the
input. When the binary input is 4, 5, 6 or 7, the binary output is two less than the
input. Design this circuit using basic logic gates.

(ii)) Analyze the operation of the logic circuit shown in the figure below by creating a

table showing the logic state at each node of the circuit. Comment on the operation
of the circuit.

[15 + 5 marks]
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A R-L-C series circuit with a resistance of 10 Q, inductance of 0.2 H and a capacitance of
40 pF is supplied with a 100-V supply at variable frequency. Find the following with
respect to series resonant circuit:

(i) the frequency at which resonance takes place.
(ii) the current at resonance.

(iii) power.

(iv) power factor.

(v) magnitude of voltage across R, L, C at resonance.
(vi) quality factor.

(vii) half-power frequencies.

(viii)phasor diagram and plot of current variation with frequency.

4 &

[20 marks]
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