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Problem 1 (20 points):
a)   O.L.T.F = 
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Poles at: 0, -5, -1±3i
All poles are in LHP but one pole is at the origin => marginally stable

b)   C.L.T.F 
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Poles at: -5.032, -0.0198, -0.9743± 3.018i
All poles in LHP => stable

c) Advantages: 

- In this problem’s case: move the system from being marginally stable to stable

-tune input to get desired output

-system response becomes insensitive to external disturbances and internal 
variations of system parameters
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d) zeros: -1; poles: 0, -1±3i, -5
d.1) two intervals (-∞,-5) and (-1,0)
d.2) 4

d.3) -1 and ∞

Problem 2 (30 points):
a.1)     O.L.T.F = 
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11

(5)(1)65

ssss

=

++++





[image: image5.wmf]5

n

w

=

; 
[image: image6.wmf]26

n

zw

=

=> 
[image: image7.wmf]3

5

z

=
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Using the 2% criterion: 
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Mp does not exist

a.2)
C.L.T.F = 
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Using the 2% criterion: 
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Mp does not exist

b.1) 
O.L.T.F = 
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T = 1 => ts = 4T = 4sec; Mp does not exist

b.2) 
C.L.T.F = 
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T=1/2; ts = 2 


Mp does not exist

c)        O.L.T.F = 
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c.1) over damped =>  
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 > 1 => k < 4 (no unique value)
c.2) critically damped =>  
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c.3) under damped =>  
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 < 1 => k > 4 (no unique value)

c.4) undamped =>  
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 = 0 => not possible

Problem 3 (50 points):
1) tf = C(SI-A)-1B = 
[image: image24.wmf]
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2) roots = ± 4.5387 => not stable

3) det|λI-A|=0 => det
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=> λ = ± 4.54

4) System not stable => step response overshoot and settle time do not exist

5) det|λI-(A-BK)|=0
A-BK = 
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Thus 
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k2 + k1 – 20.6 = 0
Case 1: for 
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 = -1.8 + 2.4j, k1 =29.6 & k2 =3.6
Case 2: for 
[image: image34.wmf]l

 = -1.8 - 2.4j, k1 =29.6 & k2 =3.6 (same result)
6)The achieved poles are the eigen values of the function, e.g. -1.8±2.4j
denomenator = (s-
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2) = s2 + 3.6s + 9; 
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ts = 
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