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10.

Part A

Answer all the questions.
Each question carries 2 marks.

Write the MATLAB commands to enter a transfer function, given the location of poles, zeros and
the gain.

Write the describing function of a ON-OFF non linearity.
How the state controllability differs from the outp'ut controllability ?
Explain the physical concept behind Lyapunov stability Analysis.
Write the reduced Riccatii Equation and explain the tips for the solution of such equations.
(5 x 2 = 10 marks)
Part B

Answer any four questions.
Each question carries 5 marks.

Explain how the state model can be derived from the transfer function model of a system.

Explain how the magnitude and frequency of oscillation of the limit cycle exhibited by a linear
system can be determined using Describing function analysis.

Explain how the quadratic from can be obtained from the given scalar function. What is the
condition for the quadratic form to be positive definite, negative definite and indefinite.

Describe the procedure for obtaining a Lyapunov function for a system which describes the stability
of the system.

What is a minimum time problem. State it and write the mathematical representation explaining
the parameters involved in performance index.
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11. A system is described by X(t) =( g ‘J X(¢) +( GJ u(t), y(t) =(1-1)X (), check whether

the system is observable.

(4 x 5 = 20 marks)
Part C

Answer four full questions.
Each question carries 10 marks.

12. (a) Obtain the state model of the circuit shown in Fig. 1 and represent it using a block diagram.
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Fig. 1
(10 marks)
Or

(b) Write the Transfer function and state space representation in phase variable form for the

oy d? d
system described by Ig +9 :it—zx + 23 2{_

get the canonical form of state model.

+15 y =3u (¢). Find the transformation matrix and

(10 marks)
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13. (a) Investigate the stability of the system shown in Fig. 2 for a input of zero value using phase

14.

(b)

(c)

‘(a)

(b)

(c)

(d)

plane diagram.
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Fig. 2
(10 marks)
Or

Determine the nature of the singular points x = 0 with =0 and x=- 2 with =0 of the
system 56'+-;——2x+x2 =0.

A non-linear system with unity feedback has a variable gain having describing function

(5 + 5 = 10 marks)
Using Lyapunov method or any other method, investigate the stability of the system

®; = Xg, &y = — (21) — F xp.

With sketches, explain (i) Stability in the sense of Lyapunov ; (ii) Asymptotic stability ;

. (iii) Asymptotic stability in the large ; and (iv) Instability of a system.

(6 + 4 = 10 marks)
Or

' 0 0
Investigate the sign definiteness of the matrix, (0 _ 1]'

A linear autonomous system is described by the state equation, #=Ax where

-4K 4K '
A= ( oK - GK} . Find the value of K which ensures stability of the system.

(3 + 7 = 10 marks)
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15. (a) A linear time-invariant system is represented by the state equation

(0 —1)(x (2) 1
= 1 0\ x; (1) L 0 u(f). The performance index to be minimized is

2 0
J= % E"[x'r (£) Qu (t)+ ® (t) Ru(t)] dt where Q= (0 2} and R = 1. Determine the

optimal control law u*(t) = — kx (2).

(10 marks)
Or

(b) Afirst order system is represented by % (£) = x (¢) + u(t). A feedback controller is to be designed

such that u(t)=—kx(¢). The desired equilibrium condition is x(t)=0 at t >w. The

performance index to be minimized is J = Io x* (f) dt. The initial value of the state variable

is x (0) = V2. Obtain k.

(10 marks)
[4 x 10 = 40 marks]



