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Problem 1 
 
 
(a)  

 
Routh Hurwitz => 
     i. all coefficients are to be positive => K>0 
    ii. none of the coefficients are 0 => K = 0 
   iii. R-H array: 
  s3  1             1 
  s2  1             K 
  s1  1-K         0 
  s0  K  
The number of roots in RHP is equal to number of sign changes in first 
column => Stability => in LHP => 1-K>0 => K<1 AND K>0 =>       0<K<1 
Range of K is 0<K<1 
 
(b)  

   
 
  s3  a3                          a1 
  s2  a2                          a0 
  s1  (a1a2-a3a0)/a2         0 
  s0  a0 
To be stable: 
i. a0, a1, a2, a3 are all positive or all negative 
ii. a0, a1, a2, a3 are all different than zero 
iii. According to the R-H array:  
     No change of sign must occur in the first column => 
     If all coefficients are positive then a1a2-a3a0 >0 => a1a2>a3a0  

     If all coefficients are negative then a1a2-a3a0 >0 => a1a2>a3a0 since a2 is 
negative. 
 
(C)  
For part (a) a0 = 1 , a1=1, a2=1, a3=K   

a0, a1, a2, a3 are all positive and different than zero 
a1a2>a3a0  since 1>K 

 Stable 
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Problem 2 
 
a)   d²y   - 4y = 10 i         s ² Y(s) – s y(s) - y´(s)- 4 Y(s) = -10 I(s) 
       dt² 
     v(t) = 2 dy(t)        V(s) = 2sY(s) – 2y(s)  
         dt 
 
 
Then the system, in the s-domain looks like: 
 
P(s) =  - 10  = Y(s)    
 s² - 4       I(s)    X(s)     +                 Y(s) 
 
         - 
 
 
 
 
Stability: 

 zeros ( 1+ 2s.K. P(s)) are in L.H.P 
     zeros (s² - 4 - 2sK × 10) = roots (s² - 20sK - 4) are in LHP. 
  s² - 4 
 
 
By R-H, a necessary condition for stability is that all coefficients of the equation are the same 
sign, but this is not satisfied in s² - 20sK – 4 (at least in power of s² + s˚) 

 System is not stable for all K. 
 
b)  

 
V1 = V2 
 
V1 = V2 =     R1      Vc =    1    Vc(s)                (R1 = 1; R2 = 2)  
      R1 + R2         3 
 
V - V1 =     R1 . (Cs)ֿ¹        × I =           R1              × I =       1      × I.    (R1 = 1; C = 1)  

       R1 + (Cs)ֿ¹                 R1 Cs +1              s +1 
 
 
 
I =      V -Vc           =  s (s+1) (V- Vc) ; 
       (s+1)  ֿ ¹ + s  ֿ ¹          2s +1 

2s 

K 
P(s
) 
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I =      V -Vc        =  -2s Vc ; 
              s  ֿ ¹                   3 
 
 s (s+1) V =    s (s+1)   -  2s     Vc 
   2s +1  2s +1         3 
                                                    
 

 Vc(s)  =  - 3(s+1) 
       V(s)         s -1 
 
 
c) 
        
 H(s) = Y(s)  =         K P(s)            + 
  X(s) 1+2.s.K. C(s)P(s)  
 
 

 
             -10K 
   H(s) =           s²- 4    

 1+ 2.s.k .3(s+1)  × 10    
  s-1     s²- 4    
 
 

   
 
  H(s) =   -10K (s-1)           C(s) = - 3(s+1) 
                   s³ +(60K-1)s² +(60K-4)s +4              s -1 
            

       P(s) =    -   10   
         s² -4 
 

d) roots (s³ +(60K-1)s² +(60K-4)s +4 = 0) are in LHP. 
For system to be stable, use R-H criterion: 
 

s³ 1 60K-4 

s² 60K-1 4 

s¹ (60K-1)(60K-4) – 4 
60K-1 0 

s˚ 4  

 
 
 
 
 
 
60K-1 > 0     and   3600K² - 300K   > 0 
                  60K – 1 

K 
P(s
) 

 2s C(s
)
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 K > 1/60     and   300K ( 12K-1) > 0 
      K > 1/12. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Problem 3 
 
 

   K > 1/12 
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Problem 4 
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So Homer might die!! 
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Problem 5 
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Problem 6 
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Problem7 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


