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The figures in the right hand margin indicate marks. 

 
Part- I 

Q1  Only Short Answer Type Questions (Answer All-10) (2 x 10) 
 a) Show the relationship between S-domain and Z-domain. Is the relationship one to one 

relationship? 
 

 b) What is Aliasing in connection with sampling and why it occurs?  
 c) State Shannon’s sampling theorem.  
 d) State three properties of state transition matrix.  
 e) Find the z-transform of푓(푡) =

( )
.  

 f) Explain how a state observer helps in pole placement of closed-loop poles.  
 g) What is discrete convolution?  
 h) Derive the expression used to determine the transfer function of a system from its state 

equations. 
 

 i) What do you infer about the controllability or observability of a system if the transfer 
function has pole – zero cancellation? 

 

 j) What is nodal point and saddle point?  
    
  Part- II  

Q2  Only Focused-Short Answer Type Questions-  (Answer Any Eight out of Twelve) (6 x 8) 
 a) What is Bilinear transformation? Show that it uniquely maps the interior of the z-plane 

to the left hand side of the w-plane (transformed plane). 
 

 b) Find the z-transform of : 
        (x) (푘 + 1)푎  
        (y) 푘  

 

 c) The system matrix A of a discrete time is given by퐴 = 0 1
−2 −3 . Compute the state 

transition matrix 퐴  using the Cayley-Hamilton theorem. 

 

 d) Derive the describing function of the ideal on-off relay type non-linearity  
 e) Check the stability of the sampled data control system represented by the 

characteristic equation 
푧 − 1.7푧 + 1.04푧 − 0.268푧 + 0.024 = 0 

 

 f) State Liapunov’s theorem for asymptotic stability of the system 푥̇ =Ax. Hence show the 
following linear autonomous model 푥̇= 0 1

−푘 −푎 푥 is asymptotically stable if a > 0, k >
0 

 

 g) Describe in which aspects the non-linear system behaves differently from a linear 
system. 
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 h) Construct the state model of the mechanical system shown in Fig. 1 

 
Fig. 1 

 

 i) Explain in details regarding the reconstruction of a signal from sampled signal.  
 j) State and explain about Cayley-Hamilton theorem.  
 k) Obtain the normal form of the state model for the system whose transfer function is 

given by 
푌(푠)
푈(푠)

=
(푠 + 1)

(푠 + 1) (푠 + 2)
 

 

 l) Explain about Gilbert’s method of testing controllability and observability.  
    
  Part-III  
  Only Long Answer Type Questions (Answer Any Two out of Four)  

Q3 a) Show by example, how the prediction and stability of limit cycle can be judged by using 
the Describing function method. 

(6) 

 b) Consider a system with an ideal relay as shown in Fig. 2. Determine the singular point. 
Construct phase trajectories, corresponding to initial conditions, c(0) = 2, 푐̇(0) = 1 and 
c(0) = 2, 푐̇(0) = 1.5. Take r = 2 volts and M = 1.2 volts. 

 

 
 

Fig. 2 

(10) 

    
Q4 a) Consider a linear system described by the transfer function  

푌(푠)
푈(푠)

=
10

푠(푠 + 1)(푠 + 2)
 

Design a feedback controller with a state feedback so that the closed loop poles are at 
-2, -1±j1. 

(12) 

 b) Explain how the state equation of linear continuous time system is discretized to get a 
discrete-time state equation. 

(4) 
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Q5  The state model of a system is given by 
푥̇
푥 ̇
푥 ̇

=
0 0 1
−2 −3 0
0 2 −3

푥
푥
푥

+
0
2
0

[푢]; 푦 = [1 0 0]
푥
푥
푥

 

Convert the state model to controllable phase variable form. 

(16) 

    
Q6  Write short notes on : (4 x 4) 

 a) Phase trajectories  
 b) Importance of Limit cycles and the singular points in a non-linear system  
 c) Solution of discrete-time state equations  
 d) Pulse transfer function  
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