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Question 1

(a) For a diode, the equation relating current /,, and the potential difference ¥, may be

V
written as logl, =logl, +0.43 —; where I and | are constants,
nr
Vy, is the input and I}, is the output.
Find out whether this equation represent the input-output relation of a linear system.

(5 marks)
(b) A thermistor has its response to temperature represented by R = Re ™"
where R = resistance, R, =10k Q, and 7= temperature in degrees Celsius,
Find the linear model for the thermistor suitable for a small range of variation of
temperature when operating at 7=20°C (6 marks)

(c) Obtain a differential equation relating the output current i,(?) to the input voltage v,) in
the circuit shown in Figure 1(c). No other variable should appear in your expression.

(6 marks)
(d) The output of a linear system for a spacecraft
platform is governed by the following equations: io
d? d R At —
dt dt
v,=r—-p vi L c L
d6 T |
—=0.6v,
dt
v, =Ty, Figure 1(c)

The variables involved are as follows: r(t)= desired platform position;
p(t)=actual platform position;  v,(t)= amplifier input voltage;
v,(t)=amplifier output voltage; and 6(t)= motor shaft position

The initial conditions are all zero.

(1) Sketch a signal-flow diagram of the system, identifying the components parts and their
transmittances.

(6 marks)

(ii) Determine the system transfer function %% (5 marks)
(e) A system is described by the two differential equations

d aw

—Z+y—2u+aw=0 and —-=05y+4u=0

dt dt
where w and y are functions of time, and « is an input.
(1) Select a set of state variables (2 marks)

(ii) write the matrix differential equation specifying the elements of the matrices. (5 marks)
(iii) solve for the parameter a if the characteristic roots of the system are

s§s=05%73 (5 marks)
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Question 2

Two cars with negligible friction are connected as shown in Figure'2. An input force is u(?).

The output © = is the position of the cart 2, that is y(?) = q(¢). Determine a state space
representation of the system.

( 20 marks)
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For a linear system represented by the block diagram in Figure 3 the input is step of
amplitude 2.4, find the following

(a) the output steady state value and the steady state error, (9 marks)
(b) the frequency of the damped oscillations, ' (4 marks)
(c) the percentage peak overshoot, and (4 marks)
(d) the settling time within 2% of the steady state value. (3 marks)
R 22.92 '
(s) + » > )4 (g)
@ (s+3)(s+5)
0.43633 ]‘
Figure 3
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Question 4 .

Determine a state-space representation for the system shown in Figure 4. The motor
inductance is negligible, the motor constant is X, = 10, the back electromagnetic force
constant is K, = 0.0706. The motor and valve inertia is J = 0.006, and the capacitance of the
tank is C = 50m* Note that the motor is controlled by the armature current i,.

Letx;, = h, x, =6 and x, =Ci,—f Assume that g, = 806 and Cdh=(q,—q,)dt

where 8 is the shaft angle. The output flowis ¢, = 50A(t) (20 marks)
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Figure 4
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Question S

A two-transistor series voltage feedback amplifieris shown in Figure SA. The AC equivalent
circuit neglects the bias resistors and the shunt capacitors. A block diagram representing the

AC equivalent circuit is shown in Figure 5B. With the circuit shown in Figure 5B do the
following: ’

(a2) Using Mason signal-flow gain formula determine the voltage gain, Yo (12 marks)
(b) Determine the input impedance, &‘— (8 marks)
by
[ ]
kb
=3}
Vin
=
Figure SA
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Digital Controt Systems
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Final value theorem

4 K KT
io‘ zZ+a a (oS -
z-Transform Theorems
Theorem Name

1. Haf ()} = aF () 'Linearii‘y‘ th—eorem |
2, H{fi() + (0] = Fi(2) + Fa(2) Linearity theorem

3. 2™ f()} = F(e™z) Complex differentiation

4, {f (= nT)} = TR Real translation

. : L dF(z - oo e

5. {tf(y = -T: () Complex differentiation

6. fQ) = lim F(2) [nitial value thecorem




