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(2" Semester)
Nonlinear and Adaptive Contro!
Time: Three hours : Full Marks: 100
Answer any five questinns

1 (a} Hlustrate step-by-step procedure for deveioping small signal madel of g
nonlinear system using suitable example B

(b). Find the equilibrium points and study their stability by linearization of the
unforced van der pol equation 2+10
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2. (a) Figure below shows the gain characteristic of 3 ronlinear amplifier. Derve the

Describing Funetion for this device, 10
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fb) Determine the deseribing function of 3 noniinea. device in whigh the input x (1)

and the output y (1) are related through the loilowing diffarential equation

y (8) = (dx/dt) * +x? {dxseity - 2 10

3. Analyse the stability of the system shown below using Describing Funetion
technigue

r=0 e




Comment on the stability information it a deag zone of amplitude of +1 ig infroduced

in the nonfinear refay shown above. i 10+ 10
4.(a) Find the singular points of the nonlinear system below -

- .

X = X(v-1) '

. -

Y =4-x2 . y2
Sketch the phase portrait and comment on the stability of the system at each
equilibrium point, 4+2+4

(b) Censider the system represented by
}E'I =Xz )EF - 2 8in X,

Draw the phase portrait using isocline methad and comment on the stability of the
system. ' 8+2

5.(a) Nlustrate with example, stability analysis of nonlinear system using Lyapunov's
first method. 4

(b} Investigate stability of the system represented by i = - X° for X€R
considering suitable candidate Lyapunov Function ]

‘() For a series RLC cireuit with nenlinear R, determine stability of tha system
using direct method of Lyapunov. State the theorem used, 6+ 2

6 (a) A system is represented by
C -
Xi=X;
Xz = (1= 1) Xz - X1
Investigate stability of the system and also find the region of stability.
8+2

(b} Explain stable, unstable and semi-stable limit cycles with suitabie sketches and
deduce the nature of limit eycle, if any, for the system reprasented by

}E1=}(2+XT{{X1}2+[{}(2}2_1} 545
Ko = Xa (06 + ((Xe 2 = 1) x4

7 {(a) Construet 'Lyapunov Function and investigate stability of the given nenlinear
system
L]

X=[-3Xi+ X Ki= %o - (Xa)*]F
Can you use both firat and second methads of Lyapunay stability analysis?
Mention the method usead 8+242

b} Explain with suitable example, the steps to construct Lyapunov Function fora
nornlinear system using Variable Gradient method. 8



8. (a) For an LTI system represented by %= A L K A= [5 bl

2 -1
Determine the value of b for stability and find an expression for Lyapunov Function,
: g

(b) What are the advantages of adaptive control system aver conventional feedback
control system? llustrate basic adaptive control schemes with suitable block
diagrams. Wiite down the sleps to formulate adaptive control problems. 3 + & +3



