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Q.1(a) Outline the concept of modeling. Consider the mass-spring damper system consisting of two platforms 
coupled to each other and to a fixed support via springs and dashpot dampers. (a) Select a set of state 
variables, (b) Write the matrix differential equation and specify the elements of the matrices. Obtain 
the state-space representations. 

                                               

[5] 

Q.1(b) 
State and test  Cayley- Hamilton method for A= 
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Q.2(a) Outline the concept of eigenvalues and eigenvectors. Find the eigenvalues and eigenvectors of the 

matrix A given by 










56

31
A . 

[5] 

Q.2(b) Outline the concept of decompositions of transfer functions.  

The transfer function of a system is given as .Design state model and state diagram 

in the CCF canonical form.  

[5] 

   
   

Q.3(a) Illustrate linearization of nonlinear model. Defend its importance in control theory. Linearize the 
equation  in the region defined by  and  and analyze 

the percentage error when evaluated at the range boundary. 

[5] 

Q.3(b) Estimate the solution of an nth order homogeneous and non-homogeneous state equation. A linear 
time-invariant system is characterized by the non-homogeneous state equation 
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. Assess the non-homogeneous solution if the initial state is 
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and u is a unit step function.              

[5] 

   
   

Q.4(a) Discuss input-output controllability and observability. “Controllability of pair  implies the 
observability of pair  – Justify.  

[5] 

Q.4(b) Represent the electrical network in state space using nodal analysis, e0, e1 and e2 are the voltages. 

Check the controllability of the network.   

[5] 
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Q.5(a) What is state observer? Plan the steps to summarize the state-space design method based on pole-
placement combined with observer approach. 

[5] 

Q.5(b) 
Consider the system represented in state variable form BUAXX 



and CXY  , where 
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B ,  41 C . Verify that the system is observable. Then design a full-

state observer by placing the observer poles at s1,2=-1.  

[5] 
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