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ANSWER ALL QUESTIONS (5 x 20 = 100 Marks) 

 
Q. 

No. 

Sub 

Div. 

Questions Course  

Outcome 

Marks 

1. a. 
Prove that the observed linear system    xtAtx 



,      txtHty   is observable 

on  T,0  if and only if the observability Grammian matrix 

         dttXtHtHtXTW

T

0,0,,0
0



 is positive definite, where * denotes the 

matrix transpose.         

CO1 1

0 

b. 
Show that the second order differential equation 02 



xxtxt  with the 

observation 


 xy  is observable on  2,1 . 

CO1 1

0 

 

2. a. State and prove a theorem for observability of non-linear system 

        txtftxtAtx ,


,      txtHty  . 

CO1 2

0 

3. a. 
Prove that the system        utBtxtAtx 



 is controllable on  T,0  if and only 

if for each vector nRx 1 there is a control  TLu m ,02  which steers from 0  to 

1x  during  T,0 .                             

CO2 8 

b. Derive the desired control variable )(tu for the control harmonic oscillator 

ux
dt

xd


2

2

which steers from 








0

0
to 

















2
1

2
1

during the time interval  T,0 .                           

CO2 1

2 

 

4. a. 
Suppose the system          tutBtxtAtx 



 is completely controllable and the 

continuous function f is bounded locally in u and satisfies the following 

condition 

            (i)
 

0
,,

lim
0


 u

uxtf

u
 uniformly in   nRIxt ,  

(ii) for each 0r , there exists a constant L such that for every It  , 
nRx , ru  , we have   xLuxtf ,, . Then prove that the system 

              tutxtftutBtxtAtx ,,


 is completely controllable.        

CO2 2

0 
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5. a. 
Let  tX  be a fundamental matrix of      txtAtx 



 where  tA  is a continuous 

nn  matrix on   ,0J . Then 

            (i) Prove that the system      txtAtx 


 is stable if and only if there exists 

a constant 0K  with   JtKtX  , . 

(ii) Prove that the system      txtAtx 


 is asymptotically stable if and 

only if   0tX  as t . 

CO1 1

2 

b. State and prove Gronwall’s inequality.  8 

 

6. a. State and prove the necessary condition for a nonlinear system 

        txtftxtAtx ,


 to be asymptotically stable.               

CO1 1

0 

 b. Determine whether the solutions of the differential equations 

      )( 2

2

2

112
1 xxxx

dt

dx
   

     )( 2

2

2

121
2 xxxx

dt

dx
  

are asymptotically stable. 

CO1 1

0 

7. a. 
Stabilize the system uxx 



using the Bass method. (10) 
CO1 1

0 

 b. Suppose that there are nm  matrices 21 , KK such that 1BKA  and 

)( 2BKA  are stability matrices. Then prove that the system 

         tutBtxtAtx 


is controllable.                                                                                                       

    

CO1 1

0 

 

8. a. Prove that the control problem     10 ,0 xTxxx   for the system 

         tutBtxtAtx 


 is solvable if and only if  BACxex AT ,01  .                                                                                   

CO1 1

0 

b. Verify the stabilizability of two identical mass spring system 
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CO1 1

0 

    



9. a. 
Find the optimal control from the controllable system    txtx 21 



,    tutx 


2  

with the cost functional           dttutaxtxtbxtxJ 



0

22

221

2

1 2
2

1
 where we 

assume that 02  ba . 

CO3 8 

b. 
For the continuous nonlinear system             txtftutBtxtAtx ,



 with 

quadratic performance criteria 

                dttutRtutxtQtxTFxTxJ

T


 

0
2

1

2

1
, the optimal control 

exists     yxaytfxtf  ,, , where a  is a positive constant and is given by 

                xthtBtRtxtKtBtRttxu ,, 11    where  tK  satisfies the 

Riccati equation                   0 


tQtKtStKtKtAtAtKtK  and

                   txtftKxthtBtRtBtKtAxth ,,, 1  


,   0, xTh .                                                                                               

 

CO3 1

2 

 

ALL THE BEST 

 

 

CO1 : Students will be able to understand the advanced concept in Control Theory 

                  CO2 : Students are able to apply Controllability concept in their subjects 

                  CO3 : Students are able to understand the applications of Controllability. 


