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1) Solution: 

  a) Derive the transfer function   

     Method 1 (Laplace Transform approach) 

 We have  
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     Taking the Laplace transforms of the above equations we get 
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     Therefore, we have 
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          Hence 
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   Method 2 (State Space approach) 

   The transfer function of the system can also be computed by using the formula given by 
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    In this problem, we have 
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Therefore, we have 
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   This coincides with the answer from method 1. 

  (b) The poles of the system are at –3 and –2. Since the poles of the system lie in the left   

        half plane, the given system is stable. 

 

2) Solution: 

     We first notice that  
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Thus the system has three poles at s1=0, s2=-3, and s3=-6, 

one zero located at s=-15/4. 
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3) Solution:     

 
(a) The transfer function is given by: 
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Since R(s) = 1 / s (unit step input), the steady state value of the output is: 
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From the figure for the step response, SS = 1, so, equation (2) becomes: 
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Comparing equation (1) with the standard expression for the transfer function of a second 

order system  gives 
 

kKbkn +== 42ω              and      bn += 42ξω                                              (4) 

From the figure for the step response, the peak time is given by: 

tp = 0.49 s 

A 
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The maximum overshoot is: 
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The times for amplitude values of 10% and 90% SS can be obtained from the figure are 

approximately 0.08s and 0.355 s, respectively, so the rise time is: 

tr = 0.282 - 0.0687 = 0.2133 s 

With the maximum overshoot we get the damping factor: 
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The damped frequency is related to the peak time, the damping factor, and the natural 

frequency by: 
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With equations (4) we obtain k and b: 
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(b)  On the figure for the step response, point (A) gives the position where the amplitude 

reachs 99% of SS, therefore the settling time for 1% criterion is: 

     ts=1.23s 
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