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Question ONE

(a) Distinguish between Inherent and Intentional nonlinearities (2 marks)
(b) With the aid of the input - output characteristic, explain the significance of saturation phenomenon (2 marks)
(©) Explain what is meant by limit cycles in nonlinear systems (2 marks)

(d) For the system described by the equation given below, construct the trajectory starting at the initial point( 1,0)
using delta method.

X+x+x°=0

(8 marks)
(e) Linearize the nonlinear equation:Z =Xy in the region 2 <X=<7 10=<y=<12 Find the error if the linearized equation is
used to calculate the value of z whenx=5,y=10, (6 marks)

Question TWO

(a) The differential equation of a certain physical system is given by:y +4y+f ( y ):0. The functionf ( Yy ) is nonlinear,
but it can be approximated by the piecewise-linear graph illustrated in Figure Q 2 (b). Determine a piecewise-linear
approximation for the nonlinear system differential equation. (5 marks)
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Figure Q2 (b)
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(b) State any two advantages and one disadvantage of phase plane analysis (3 marks)
(©) A mass-spring system is given in Figure Q2 (c¢). Derive the governing equation in state space and hence sketch the
system phase trajectories for different initial conditions. (6 marks)
Figure: Q 2(c).
(d) Explain what is meant by an autonomous system (2 marks)
(e) Explain with sketches the following types of nodes (6 marks)
1) Unstable focus
ii) Stable focus.
Question THREE
a A nonlinear system is described in state space by the state equation
y P y q
X, =ax;— X X,
X,= bxl ,tex,
withd b, ande being positive constants
i) Determine all equilibrium points of the system
ii) Compute the jacobian of the system
iii) Determine the type of each equilibrium point.
(10 marks)
(b) Explain the merits of describing function technique for the analysis of nonlinear systems (3 marks)
® The characteristics of a hardening spring are given by:
3
X
X)=x+—
flx)=xe2
Given the input X~ Asin ( cot) obtain the describing function of the spring (7 marks)
Question FOUR
(a) Explain Lyapunov stability criterion (3 marks)
(b) The system is given by:
xl(t) _ —xl(t)+3x§(t)
3,(t) =x(t)x,(t)-x(t)
. | | V(x)=5(()+x(0)
Prove that the system is stable according to the function of Lyapunov: 2 (7 marks)
(©) State Optimal control strategy (2 marks)
(d) Obtain the Optimal control Lawopt which minimizes the performance index
0
_ 2
J—fo (x12+u t),t)dt
For the system
X;|_|0 1]|x +01,
X, 0 0fix,| (1
Given that
0 2
= R=2
< 0 0 l
(8 marks)
Question FIVE
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(a) Discuss the relative gain array(RGA) technique as applied to multivariable systems (2 marks)
(b) Derive the transfer function of the system shown in Figure Q 5(c)
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Figure Q 4(b) (8 marks)
(©) Briefly explain what is meant by the term adaptive control and hence distinguish between model reference
adaptive control and self-tuning adaptive control. (10 marks)
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