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	Solution of Problem 3:

1. The transfer function representation of the second order ODE 
[image: image14.wmf]u

k

y

y

y

n

n

n

2

2

2

w

w

zw

=

+

+

&

&

&

 is derived as  
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If the poles are in the left-half plane, the k represents the DC gain of the system or 
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2. the roots of 
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 reveal that the poles are located at 
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For the over damped case, where 
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>1, the poles are real, negative, and distinct. As
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We can write 
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The Laplace transform of the zero-state unit-step response is 
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To find 
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3. when 
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Hence the poles are real, negative and identical.

In this case 
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Expand 
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4. When 
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 the poles are complex conjugates with a negative real part. For this case express 
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So that we can expand 
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From the elementary transform pairs we obtain
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5. Once again consider the under damped case where 
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. (Note that  the complex conjugated 

poles are located 
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Consider the pole 
[image: image41.wmf]d

n

j

s

w

zw

+

-

=

1

 in the second quadrant:
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6. 
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 is always greater than or equal to zero. And so if 
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, the pole(s) will be located in the right-half plane. As a result, the system is unstable and the DC gain is undefined. 
Solution of Problem 4:

1. This problem considers the effect of a finite zero on the unit-step response of a second-order system:
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With 
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2. The poles are located at 
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Zero location
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Using the up m-file, and the function find-resp-char.m (from problem2) the percent overshoot, the time-to-peak, rise-time, and settling time are determined for the cases where the zero is located in left-half plane.

Zero locations
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 As the zero moves towards the 
[image: image66.wmf]w

j

 axis, the overshoot increases significantly, while the rise-time decreases. Also note that the settling tme also increases significantly when the zero approaches 
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3. As seen in the previous plot, when the zero is located in the right-half plane, the unit-step response initially moves away from the steady-state value of the response, rather than towards it. 
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