
Nonlinear Problems- S2 

Exercise 1 Consider a second-order autonomous system )()( xftx =& . For each of the 

following types of equilibrium points, classify whether the equilibrium point is stable, 

unstable, or asymptotically stable. Justify your answer using phase portraits. 

(1) stable node ( 2 ) unstable node (3) stable focus( 4 ) unstable focus ( 5 ) center 

(6) saddle 

 

Exercise 2 For each of the following systems, use a quadratic Lyapunov function 

candidate to show that the origin is asymptotically stable. Then, investigate whether the 

origin is globally asymptotically stable. 

 

 

Exercise 3 Using quadratic Lyapunov function, study stability of the origin of the 

system. 

 
 

 

Exercise 4 Using the variable gradient method, find a Lyapunov function V(x) that 

shows asymptotic stability of the origin of the system 

 
 

 

Exercise 5  Consider the second-order system 
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Exercise 5 Consider the system 

 

 
 

Exercise 6  Consider Lihnard's equation 

 

 
 

Exercise 7 Consider the system 
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Exercise 8 Show that the system 

 

 
 

Exercise 9 Consider the system 

 
 

 

Exercise 10  For each of the following systems, use linearization to show that the 

origin is asymptotically stable. Then, show that the origin is globally asymptotically 

stable. 

 
 

 

Exercise 11 Consider the system 
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Exercise 12  A pendulum with time-varying friction is represented by 

 

 
 

Exercise 13 Consider the system 

 
Exercise 14 Consider the system 

 

 
 

 

Exercise 15 Consider the linear system x(k + 1) = Ax(k). Show that the following 

statements are equivalent 
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Exercise 16 

 
 

 

Exercise 17 

 
 

Exercise 18 

 
Exercise 19 
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Exercise 20 

 
 

Exercise 21 

 

 
          

 

Exercise 22 
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Exercise 23 

 
Exercise 24 

 

 
Exercise 25 

 
 

 


