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A

Answer all the questions.

Instructions to Candidates: Answer ALL questions Missing data may be suitably assumed

Identify and classify all equilibrium points of the given nonlinear system

 , 
[CO1, PO1, PO2, PO12, BL4]

(3)

Linearize the following system and check whether the origin is exponentially stable. Justify.

 
[CO1, PO1, PO2, PO12, BL3]

(2)

Derive an expression for the coefficient 

 

of 

 

using least squares estimation. Compute 

 

for the following data

points.

Point -> A B C D E

0 1 2 3 4

0.1 1.9 4.2 6.2 7.7

[CO4, PO1, PO2, PO12 BL4]

(5)

Linearize the given pendulum equation at input 

 

taking states as 

 

and 

 

. Find conditions for the linearized

system to be controllable.

[CO3, PO1, PO2, PO3, PO4, PO5, PO12, BL4]

(3)

Show that the feedback connection shown in the figure is passive if H1 and H2 are passive. (2)
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C)
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C)

4)
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B)

[CO2, PO1, PO2, PO3, PO4, PO5, PO12, BL5]

Design control input 

 

using input state feedback linearization technique to stabilize the equilibrium point of the given system.

Show all the steps in detail.

 ,

[CO4, PO1, PO2, PO12, BL4]

(5)

Compute coefficients of the bounding functions for the system

 ,  for showing it as finite gain  stable.
[CO1, PO1, PO2, PO12, BL5]

(3)

Explain graphically tangent and secant method of linearization. Write equations for the coefficient. [CO4, PO1, PO2, PO12, BL3] (2)

Explain the concept of internal dynamics using given two linear systems:

a)  ,  , 

b)  ,  , 

Compute transfer functions, and plot output response for a step function. Comment on the response.
[CO4, PO1, PO2, PO12, BL4]

(5)

Given are the output equations

 with  for plant, and  for model. Derive an equation for the dynamics of output

error  of Model Reference Adaptive Control (MRAC) in terms of the adaptive variables  and  as

 along with 

and  . Deduce the simplified versions and zero output case.

[CO4, PO1, PO2, PO12, BL5]

(5)

Perform input output linearization on the following system (3)
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C)

5)

A)

B)

C)

[CO4, PO1, PO2, PO12, BL4]

Write the linear approximation and first neglected term of

a)  , b) 

[CO4, PO1, PO2, PO12, BL3]

(2)

Taking the sliding surface as 

 

, compute the region of validity for the following system. Plot this region.

Explain in brief.

 , 
[CO5, PO1, PO2, PO4, PO5, PO12, BL4]

(4)

What are high gain observers? How are they different from the conventional observers? Explain the concept with a numerical
example.
[CO5, PO1, PO2, PO4, PO5, PO12, BL3]

(3)

Consider the nonlinear system

 , 

Using backstepping state as  with  , choose suitable
Lyapunov control candidate and show that the backstepping algorithm is stable.

[CO5, PO1, PO2, PO4, PO5, PO12, BL5]

(3)

-----End-----
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