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Question 1.
(a) A second order system has the following transfer function:

900
s2 4+ 40s + 900

(i) Find the natural frequency w,,, the damping ratio { and the damped

frequency wy. (6 marks)
(i) Calculate the peak time and the rise time for the system (6 marks)
(i)  Calculate the percentage overshoot for the. system. (3 marks)
(b) A second order system has the following transfer function:
800

s2 +60s + 800

State, with reasons, whether the system is underdamped or overdamped.
(2 marks)
Find the response’of the,system to a unit step input.

(8 marks)

Total 25 marks
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Question 2

(@)  Consider the system block diagram shown in Figure 2a.
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G1 }é Bl G2 Bt G3 B>
- +
H <
Figure 2a
By applying the rules for block reduction;find the\transfer function to
represent this system as a single block.
[15 marks]
(b)  Consider the system block diagram_shown in Figure 2b.
+ 4 &
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Figure 2b
Calculate and simplify the closed loop transfer function for the system.
[10 marks]

Total 25 marks
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Question 3

Consider the control system shown in figure 3

K —5&{ G(s) B

Figure 3
The controller K is a proportional controller, the plant is

3

G(s) =
)= 105w 12

and the system uses unity negative feedback. We wish to design the controller so
that the overshoot does not exceed 10%, and the 'steady state error for a unit step

input does not exceed 0.2.

(i) Write down the opendoop transfer function of the system. [2 marks]
(i) Find an expression.for the steady state error for unit step input in terms of K.
[4 marks]

(i)  Find the range ofwalues for K for which the steady state error does not
exceed.0.2. [4 marks]

(iv)  Find the closed loop transfer function of the system. [3 marks]

(V) Find expressions for the natural frequency and the damping ratio in terms of
K. [5 marks]

(vi) * Find the value of the damping ratio that gives an overshoot of 10%. [3 marks]
(vii)  Find the range of values for K for which the overshoot does not

exceed 10%. [4 marks]

Total 25 marks
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Question 4

(a) For the medical signal processing circuit shown in Figure 4, derive an
equation for Vo, if the applied signal is; Vs = 10mV sin(1000t).

[8 Marks]

(b) Sketch the input and output waveforms; indicating the period/amplitude with
appropriate values. [6 Marks]

(c) If the calculated value for the output signal is; Vo = —2ml/ calculate.the
positive value time ( t) to achieve this. [4 Marks]
(d) Describe a medical application for the circuit shown in Figure 4. [7 Marks]

) d
Useful formulae y = sinax, ﬁ = acosax

R1

WYy
100kQ

c1 U1

I|
1
10nF

Vo

Vs

Figure 4

Total 25 marks
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Question 5

A signal conditioning circuit is shown for a monitor in Figure 5.

(a) Derive the Laplace transfer equation for Figure 5. [8 marks]
(b) Sketch the pole-zero map. [5 marks]
(c) Draw the Bode plots. [10'marks]
(d) State the application for the circuit shown in Figure 5. [2 marks]
R2
R1 MV

Vo

C1

mm

All the resistors are 1kQ and the capacitor is 1nF

Figure 5

Total 25 marks
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Question 6

(a) Name five measurands used in Biomedical Instrumentation. [5 marks]
(b) Describe the following terms:

(i) Reference value.
(i) Resolution.

(i)  Precision.

(iv)  Accuracy.

(v) Repeatability.

[10 marks]

(c) An instrument amplifier is shown in Figure 6, calculate-the output voltage and
what is the purpose of the second amplifier,.U2 shown. [10 marks]

If V1= 100mV and V2 = 200mV

R3
AVAVAY
100kQ
R1 u1
vl VW > u2
10kQ
+
+
R2 ~ Vo
v2 AANN—
10kQ

Figure 6

Total 25 marks
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FORMULA SHEET

Parameters of second order systems

Relation between w,,, w; and ¢:

2
=TT o= <= =)

Relation between damping ratio and percentage overshoot:

_ _ Gm _ (In A4)2
overshoot = 100exp< W) (= 2t A7
Rise time, peak time, and 5% and 2% settling times:
T—¢ _ T
lrise = w_d where ¢ = cos 1(() tpeak = w_d
3 4

tsettle,s% = ¢

t o X T—
wn settle,2% ¢

Wn

Table of Laplace Transforms

f@ F(s) = f F(t)e-stdt
0
1 1
s
t 1
s2
o0t 1
s+a
sin wt w
s? + w?
cos wt S
s2 4+ w?
e f(t) F(s+a)
f'(@®) sF(s) — f(0)
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Block diagrams

beyond a block
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Blocks with.feedback

G (s) isforward path, H(s) is feedback path.

Negative feedback:

Positive feedback:

G(s)
1+G(s)H(s)

G(s)
1-G(s)H(s)
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