Fall 2007   EE128 Exam #2
· You must show your work.  Correct answer without work shown will receive no credit. 

· No question answered.  If you think the problem is not clear, you may solve the problem based on your assumption.  In such a case, you must write down your assumption.
· All transfer functions in this test, unless given specifically, are proper transfer functions (i.e., the order of the numerator is not higher than the order of the denominator).
(1) Consider the following unit feedback system where 
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(1.a) Using Root Locus method, estimate the value of K that renders the dominate pole pair (the lower frequency poles pair) with a damping ratio of 0.5. (15%) 

(1.b) If you are allowed to add one zero and one pole along with the gain block K, where would you place them in order to improve the closed loop bandwidth without scarifying damping ratio.    Justify your answer using Root Locus method.   No quantitative analysis is necessary.  (10%)
(2) Consider the following transfer function G(s) in a unit feedback system. 
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(2.a) Sketch the Nyquist plot of G(s) (15%)
(2.b) Based on the Nyquist plot, explain the stability of the closed loop system as K varies from negative infinity to positive infinite.  You only need to give a qualitative description.  (5%) 
(3) Consider the following state equation.   Find a full state feedback so that the closed loop system has eigenvalues at -2 and -3.  (15%)
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(4)  Which mode(s)  (i.e., the dynamics associated with an eigenvalue) of the system is (are) both controllable and observable.  Hint: There are other ways (faster ways) to answer this question than diagonalizing the system.   (15%)
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(5)  The following statement is the linear time invariant (LTI) version of the well known theorem “Small Gain Theorem”.   

Small Gain Theorem:  

If G(s) in the following feedback system is stable and 
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,  the closed loop system is stable.

Prove this theorem.  (10%)
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 (6) The transfer function C(s) in the following feedback system is a lead compensator of the form
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      K is a constant and G(s) is as given below:
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Using the concept of Nyquist criterion, give the condition (if any) on p1 and p2  such that

(6.a) the system can be stabilized by using only K (of some value) but not the lead compensator (i.e.,  C(s) =1). 

(6.b) the system can be stabilized by using only the lead compensator (i.e., with K=1). 

(6.c) the system can be stabilized by using both K (of some value) and a lead compensator.

Hint:  Consider the effect of the magnitude and the relative magnitude of p1 and p2 (i.e., |p1|>|p2| or |p1|<|p2|)  on the shape of the Nyquist plot of G(s).  (15% ) 
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