
16.513 Control Systems  --  Final Exam (Spring 2006) 
 

There are 5 problems (including 1 bonus problem, total 100+20 points) 
 

1. (30pts) Given two matrices:  

1) (16) Compute 
tAtA ee 21 , . 

 
2)  (6) For the differential  equation 
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)0(x , u(t)=0,  what is y(t) for t > 0?  

3) (8) For the same equation as in 2),  with x(0)=0, u(t)=1, what is y(t) for t>0? 
 

2. (20pts) Consider the following system 
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1) Under what condition on λ1, λ2, a and b is the system controllable? 
2) Under what condition on λ1, λ2, a and b is the system observable? 
 

3.  (25pts) Perform controllable decomposition on the following system 
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         Design a controller u=Kx to stabilize the system.        
 
4. (25pts) Given a transfer function 
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1) Realize G(s) with a controllable canonical form. 
2) Design a state feedback law to assign the poles at -1+j2, -1-j2, and -3. 
3) Use integrators and amplifiers to build a model to realize the system 
      along with the state feedback. (draw a block diagram as in Simulink). 
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Bonus problem (20pts):  
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, with 0 representing a full block having 0 elements.  Assume that  Z is 

square and nonsingular. Show that rank(M)=rank(X)+rank(Z).  

2).  Given  A∈Rn×n , b∈Rn×1, c∈R1×n.  Suppose that  (A,b) is controllable and 0
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A LL   Use result from 1) to show that  (AL, bL)  is controllable. 
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2. (1) Since this is a Jordan form equation, with the eigenvalues ,  ,
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          In summary, the condition for the system to be controllable is,
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    The pair ( ,  ) is controllable, and the equivalent system is,
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    the controllable subsystem is unstable, but fortunately, the uncontrollable subsystem is stable, 1 ,
    so we can design a feedback to make the system to be stable.
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