
Qualifying Exam, Fall 2021 

Control  
* This is a closed-book test (with a cheat sheet provided), and no calculator is allowed. 

* Work THREE out of the four problems, and clarify which three you want graded. 

 

   I want problems #____________, #___________, and #____________ to be graded. 

 

Problem 1. Consider the mass-spring-damper system below with the mass, 𝑚 = 1 kg, damper constant, 

, 𝑏 = 3 Ns/m, and spring constant 𝑘 = 2 N/m. Define the system input force as 𝑢(𝑡) and the 

displacement of the mass as 𝑦(𝑡).  

 

(1) Defining the system state vector as 𝐱 = [𝑦(𝑡)  𝑦̇(𝑡)]𝑇, find the state-space equations of the system. 

(4 pts) 

(2) Is the system controllable? Why or Why not? (3 pts) 

(3) Is the system observable? Why or Why not? (3 pts) 

 

 

 

 

  



Problem 2. Consider the linear system 𝑥̇ = 𝐴𝑥 + 𝐵𝑢, 𝑦 = 𝐶𝑥, where 

 

(1) Is the matrix A asymptotically stable, marginally stable, or unstable? Why or Why not? (5 pts) 

(2) Is the system bounded-input-bounded-output (BIBO) stable? Why or why not? (5 pts) 

  



Problem 3. Find 𝑌(𝑠) where 𝑢(𝑡) = 𝑒−𝑡 cos 𝑡. Refer to the Laplace Transform Pairs table.  

 

(a) 𝐺(𝑠) =
3

𝑠(𝑠+4)(𝑠+5)
       (5 pts) 

                                                            

(b) 𝐺(𝑠) =
2(𝑠+3)

𝑠(𝑠2+2𝑠+2)
        (5 pts) 

 

 

 

 

  



Problem 4. Derive the transfer functions for the following systems. For each system, find the zero-initial 

condition responses to sin 3𝑡. Refer to the Laplace Transform Pairs table. 

 

(1)       𝑥̇ = [
−0.2 0
−1 0.8

] 𝑥 + [
2
1

] 𝑢,     𝑦 = [−1 1]𝑥.   (5 pts) 

 

 

(2)       𝑥̇ = [
−5 1
−6 0

] 𝑥 + [
1
3

] 𝑢,     𝑦 = [1 1]𝑥.    (5 pts) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 


