
6-4   Chapter 6:   Stability 

 
 

 
 3. 

 

s5 1 4 3 

s4 -1 -4 -2 

s3 ε  1 0 

s2 
1 − 4ε

ε
 -2 0 

s1 
2ε 2 +1 − 4ε

1− 4ε
 0 0 

s0 -2 0 0 

3 rhp, 2 lhp 
4. 

s5         1 3 2 
      s4 -1 -3 -2 
      s3  -2 -3 ROZ 
      s2

 -3 -4  
      s1

 -1/3   
      s0

 -4   
 

 

Even (4): 4 jω; Rest(1): 1 rhp; Total (5): 1 rhp; 4 jω 

 5. 

s4 1 8 15  

s3 4 20 0  

s2 3 15 0  

s1 6 0 0 ROZ 

s0 15 0 0  

Even (2): 2 jω; Rest (2): 2 lhp; Total: 2 jω; 2 lhp 
 
 
 
 
 



Solutions to Problems   6-7 

s2 
 
  
                         [  -1 + 4 e                ] 
                         [- --------    -2    0    0] 
                         [     e                    ] 
 
ans = 
 
s1 
 
  
                       [     2                         ] 
                       [  2 e  + 1 - 4 e               ] 
                       [- --------------    0    0    0] 
                       [     -1 + 4 e                  ] 
 
ans = 
 
s0 
 
  
                              [-2    0    0    0] 

 9.  

T(s) = 
240

s4 + 10s3 + 35s2 + 50s + 264
  

  

 

2 rhp, 2 lhp 
10. 

Program: 
numg=240; 
deng=poly([-1 -2 -3 -4]); 
'G(s)' 
G=tf(numg,deng) 
'Poles of G(s)' 
pole(G) 
'T(s)' 
T=feedback(G,1) 
'Poles of T(s)' 
pole(T) 
 
 
Computer response: 
ans = 
 
G(s) 
 
Transfer function: 
               240 
--------------------------------- 
s^4 + 10 s^3 + 35 s^2 + 50 s + 24 
  
ans = 
 
Poles of G(s) 
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ans = 
 
   -4.0000 
   -3.0000 
   -2.0000 
   -1.0000 
 
ans = 
 
T(s) 
 
Transfer function: 
               240 
---------------------------------- 
s^4 + 10 s^3 + 35 s^2 + 50 s + 264 
  
ans = 
 
Poles of T(s) 
 
ans = 
 
  -5.3948 + 2.6702i 
  -5.3948 - 2.6702i 
   0.3948 + 2.6702i 
   0.3948 - 2.6702i 
 
System is unstable, since two closed-loop poles are in the right half-plane. 

 
11.  

T(s) = 
1

4s4 + 4s2 + 1
  

  

 

Even (4): 4 jω 

 

12.  

The characteristic equation is: 

0
)3)(1(

)2(1 =
+−

+
+

sss
sK  or 

0)2()3)(1( =+++− sKsss  or 

02)3(2 23 =+−++ KsKss  
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s1 -34.57 0 0  

s0 -18 0 0  

Even (4): 1 rhp, 1 lhp, 2 jω; Rest (1): 1 lhp; Total: 1 rhp, 2 lhp, 2 jω 
19. 
 

G s 507
s 4 3 s 3 10 s 2 30 s 169+ + + +

=  ; H s 1
s

= . Therefore,  

 
T s G

1 G H+
=   = 507 s

s 5 3 s 4 10 s 3 30 s 2 169 s 507+ + + + +
 

 

s5 1 10 169  

s4 3 30 507  

s3 12 60 0 ROZ      

s2 15 507 0  

s1 -345.6 0 0  

s0 507 0 0  

           Even (4): 2 rhp, 2 lhp, 0 jω; Rest (1): 0 rhp, 1 lhp, 0 jω; Total (5): 2 rhp, 3 lhp, 0 jω  
20.  

T(s) = 
K(s2+1)

(1+K)s2 + 3s + (2+K)
  . For a second-order system, if all coefficients are positive, the roots 

will be in the lhp. Thus, K > -1. 
21.  

T(s) = 
K(s+6)

s3 + 4s2 + (K+3)s + 6K
  

 

s3 1 3 + K 

s2 4 6K 

s1 3 - 
1
2  K 0 

s0 6K 0 

            Stable for 0 < K < 6 
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s4 1 - 3 2K - 4 

s3 3 K+ 3 0 

s2 
- (K+12)

3   2K - 4 0 

s1 
K(K+33)

K+12   0 0 

s0 2K - 4 0 0 
 

Conditions state that K < -12, K > 2, and K > -33. These conditions cannot be met simultaneously. 

System is not stable for any value of K. 

30. 

  T (s) =
K

s3 +80s2 + 2001s + (K +15390)
 

 

s3 1 2001 

s2 80 K+15390 

s1 −
1

80
K +

14469
8

 0 

s0 K+15390 0 

There will be a row of zeros at s1 row if K = 144690. The previous row, s2, yields the auxiliary 

equation,  80s 2 + (144690+ 15390) = 0 . Thus, s = ± j44.73. Hence, K = 144690 yields an 

oscillation of 44.73 rad/s. 
 31.  

T(s) = 
Ks4 - Ks2 + 2Ks + 2K

(K+1)s2 + 2(1-K)s + (2K+1)
  

Since all coefficients must be positive for stability in a second-order polynomial, -1 < K < ∞; 
- ∞< K < 1; -1 < 2K < ∞. Hence, -  

1
2   < K < 1. 

32.  

T (s) =
(s + 2)(s + 7)

s4 +11s3 + (K + 31)s2 + (8K + 21)s +12K
 

Making a Routh table, 
 
 

s4 1 K + 31 12K  

s3 11 8K + 21 0 
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