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1. (@}
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2. (a)

()

Derive, from first principles, the nature of the BODE plot {both gain and phase) of the second
order transfer function:

2
G(s) = On

st 2§mns+mi

and derive a formula for the exact gain (@ o= @, [8 marks)

Using the log-linear graph paper supplied, use straight-line sections te approximate the BODE
plot of the transfer function:

160

(52 +25+16)(s +20)

Use separate sheets for the gain and phase characteristics. Refine the gain characteristic by
appropriate rounding at the corner frequencies. Similarly refine the initial phase characteristic
to an approximate smooth curve. [10 marks]

Gis}=

Use your BODE plot to predict (approximately) the steady-state output responses to the
following inputs:

(i) sin(f), {F) sin{4f), and (i} sin{ 104} [2 marks]

Explain the basic organizational structure of an electricity power supply system for getting
power from power stations to consumers. Why is it uneconomic to provide power to local
consumers directly from the HV grid? What is the function of an electricity substation? and
why are severa! different voltage levels used in a power supply system? How is power flow
affected if a transmission line is brought down in a storm? (1) marks)

An MYV transmission line of impedance Z = (4 + j10)C) feeds into a regional (MV/LV)
substation which draws 40MV A at a power factor of 0.9 lagging {see Fig.2}. The voltage at the
remote end of the line is measured to be 76kV. Determine the MV A, voltage, and power factor
at the sending-end of the line. What is the efficiency of the power transfer? {10 marks]
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Draw a block diagram showing the structure of a single-input single-output feedback control
system, labelling and explaining the signals involved. Describe the dynamic action of feedback
control, using the iflustrative case where an aircraft is required to maintain an altitude of
30,000 feet, [10 marks)

c(s) 0.25

Show that the system of Fig.3 has the transfer function: RG) =
5

2
s  +025(1+T)s+0.25

Skeich the unit step response of the system for the cases (i) 7= 0 and (@i} 7= 3 seconds.
Camment on the effectiveness of using tachometric feedback. [10 marks)
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Fig.3

By a process of systematic block diagram reduction, show that the system in Fig.4 has the
Cis) G+K

transfer function G(s)= =— >
R(s) 57 +1.25s* +(K+0.25)5+2K

. [8 marks]

Use the Routh-Hurwitz Criterion, or otherwise, to determine the value of K (> () at which the

system just becomes unstable. What will be the frequency of the unstable oscillations?
[4 marks]

If K= (.18, G(s) has one pole at 5 =-1.15 and a pair of conjugate poles at s = - 0.05 +/- j3.56.
Specify G(s) in this case and draw its pole-zero map. For this case, specify the undamped
natural frequency ), of the dominant poles of the system and the corresponding damping ratio
. Sketch the unit step response of the system in this case. {8 marks]
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