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[Three Hours]
[Answer all questions, each question carries 12.5 marks]

Ql a) Statesthe Thevenin’s theorem with regard to circuit analysis.
[1.0 Mark]

b) i) By selecting the appropriate nodes, formulate only the necessary
simultaneous equations to determine all node voltages of the DC circuit
shown in Figure Q1(b)-1 using Nodal Analysis.

Assume that Vi (1 <k <10; k € Z) represents the electric potential at the point
k as indicated in Figure Q1(b)-1.

ii) Formulate only the necessary simultaneous equations to find all the mesh
currents of DC circuit given in Figure Q1(b)-2 using Mesh Analysis.

Assume that Ix (1 <k <4 ; k € Z ) denotes the mesh current of the mesh k as
indicated in Figure Q1(b)-2.
[6.5 Marks]

c) Use the superposition theorem to find the current (Ip) through the resistor of 2 Q
in the DC circuit given in Figure Q1(c). Only mesh analysis must be used for all
the circuit analysis in this part.

[5.0 Marks]

Q2 a) i) What are the main protective mechanisms used in domestic electrical
installation? Write one protective device for each protective mechanism.

ii) What is the difference between neutral earthing and equipment earthing?

iii) What are the three basic earthing systems available? Using suitable sketches,
briefly explain how they differ from each other.

iv) What are the main types of electric circuits employed in a domestic electrical
installation?

v)  Final electric circuits of a domestic installation are protected with Miniature
Circuit Breakers (MCBs). Briefly explain the operation of an MCB during
short circuit and overloading faults.

vi) Briefly explain the operation of a Residual Current Circuit Breaker (RCCB) in
the event of leakage fault in the domestic installation.

[6.0 Marks]
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b) The switch of the Resistor, Inductor and Capacitor (RLC) circuit shown in Figure

Q3 a)

b)

Q2(b) is closed for a significant time and it opens at t=0.

i)  Derive the deferential equation which governs the behavior of the voltage
across the capacitor for t > 0.

ii)  Obtain the characteristic equation of the given DC circuit in Figure Q2(b).

iii) If the DC circuit is critically damped, show that,

RY> 1
&) =5
iv) HRL=5Q R=6Q,L=1H,C=1/9F and Vs=25V, find the total response
of the capacitor voltage v(t) for t > 0.
v)  Find the inductor current i(t) fort > 0.

[6.5 Marks]

A single-phase f Hz AC source feeds a load. The phasors of load voltage, load

current and source voltage are V; 20°, I, 2 — 8° and E, 28", respectively.

i)  Write an expression for the apparent load power (complex power) in terms of
voltage and current phasors of the load.

ii) Hence, obtain expressions for apparent power, active power, and reactive
power of the load.

iify Draw the power triangle of the load clearly indicating apparent power, active
power, and reactive power.

iv) Show that a capacitive load conventionally injects reactive power.

v) A capacitor bank is connected across the source to improve the input power

factor. The improved power factor angle is a. Show that the required parallel
capacitance (C,) can be expressed in (Q3.1).

_ VI cos@(tan 6 — tana)

2 I —(Q3.1)

[4.5 Marks]

A single-phase 50 Hz AC source supplies a 10 kVA load at 0.8 power factor lagging
under the rated condition as illustrated in Figure Q3(b). The load voltage is 480 V.

i)  Calculate the load current (Ir).
ii) Calculate the source voltage, source current and input power factor.
iii) Find the apparent, real and reactive power supplied by the source.

iv) Calculate the required parallel capacitance to improve the input power factor

to 0.9 lagging.
[4.0 Marks]

Consider the same circuit given in Figure Q3(b). At another operating point, the
variable load mentioned in Section b) draws only 75% of the rated active power,
while the magnitudes of both the load and source voltages remain unchanged.
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Q4 a)

b)

i)  If the phasors of load voltage, load current and source voltage are V20,
I,z — 8% and Vs2a®, respectively, draw the phasor diagram of the electrical
system including only Vg, Vi and I}, phasors.

Hint : Use the expression of Vg in terms of Vi and I.

if) Considering the phasor diagram drawn in Part c) (i), show that the active
power drawn by the load (P,) can be expressed in (Q3.2).

_ VL VS sina

P=—

5

—(Q3.2)

iii) Calculate the new phase angle of the source.

iv) Calculate the new load current and load power factor.
[4.0 Marks]

Consider a three-phase positive (abc) sequence balanced delta-connected (A) load.
If the instantaneous phase current across the terminal a and b is given by,

iy (t) = V2Ip sin wt.

i)  Write expressions for all three instantaneous phase currents.

ii)  Show that the phasor of line a currentis I, = V3 Ip2—30°.

iii) Derive the expressions for three-phase active power, reactive power, and
apparent power using both phase parameters and line parameters separately.
Use suffix ¢ and I to denote phase and line quantities, respectively.

[4.0 Marks]
A three-phase balanced load is supplied by a positive (ABC) sequence balanced
three-phase supply as illustrated in Figure Q4(b). The per-phase load impedance
consists of a resistor and an inductor connected in parallel. The resistance of
resistor and the reactance of inductor are 9 €2 and 8 Q, respectively. The voltage
across terminals A and B is 420 V.
i)  Calculate the per-phase equivalent load impedance.
if)y  Calculate the line current of line A (Ia).

iif) Sketch the three-phase phasor diagram showing all the line-to-line voltages,
line currents and phase currents.

iv)  What is the power factor of the load.

v) Calculate the total active power, reactive power and apparent power drawn
by the three-phase load.

[5.5 Marks]
A three-phase 480 V, 50 Hz, positive (abc) sequence, star connected balanced

voltage source supplies a 8 kVA three-phase delta connected balanced load at 0.7
power factor lagging under the rated conditions.

iy  Calculate the phase current and line current of the load.

ii) Calculate the required per phase parallel capacitance connected at the source
side to improve the power factor to 0.9 lagging.

[3.0 Marks]
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