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Question (1) (20 Marks) ( Achieved ILOs; a.1, a.2, b.2, b.3, b.4) 

a) A controlled system described by the differential equation: 2( ) 3 ( ) 2 ( ) 8 ty t y t y t e        

i. Find the solution of that system if y(t) and x(t) are the output and input of the system respectively 

and the initial condition are: (0) (0) 3y y  . 

ii. Find the final value of y(t). 
 

b) For the electrical circuit shown in Fig. (1): 

i. Write the loop equations.  

ii. Draw the block control diagram using these loop 

equations in (i). 

iii. Find the transfer function Eo(s)/Ei(s) as function of the 

electrical elements in the circuit. 

 

                                                                                                     Fig. (1) 

Question (2) (20 Marks) (Achieved ILOs; a.1, a.2, b.2, b.4) 

a) For the control system shown in Fig. (2); reduce that system to a single transfer function C/R. 

b) For the signal flow graph shown in Fig. (3); find the transfer function C(s)/R(s) using Mason’s rule. 

             

          

        

       Fig. (2)                                                               Fig. (3) 
 

Question (3) (15 Marks) (Achieved ILOs; a.1, a.2, a4, b.5, b.16) 

a)  For the position-control system shown in Fig. (3), determine the following. 

 
Fig. (3)               

i. Find the position, velocity, and acceleration error constants. 

ii. Find the steady-state error for a unit-step input, a unit-ramp input, and a unit-parabolic input.      
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b) Consider a second-order unity feedback system with ζ= 0.6 and ωn = 5 rad/sec.  

i. Calculate the rise time, peak time, maximum overshoot, and settling time when a unit-step input 

is applied to the system. 

ii. Draw the response curve and show the damping type of the system 

Question (4) (15 Marks) (Achieved ILOs; a.1, a.2, a.4, b.3, b.11) 

a) Check the stability of the closed-loop system shown in Fig.(4).  
 

 
Fig.(4) 

b) Consider the closed-loop system shown in Fig.(5). Determine the range of K for stability. Assume 

that K > 0. 

 

 
Fig.(5) 

Question (5) (10 Marks) (Achieved ILOs; a.1, a.2, b.2, b.16) 

For the digital control system shown in Fig.(6), i) Find the discrete-time output Y(z) of the closed-loop 

control system. ii) Obtain the continues-time output Y(s). 

  

  
Fig.(6) 
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Model Answer 

Question (1)  

a) A controlled system described by the differential equation: 2( ) 3 ( ) 2 ( ) 8 ty t y t y t e        

i. Find the solution of that system if y(t) and x(t) are the output and input of the system respectively 

and the initial condition are: (0) (0) 3y y  . 

ii. Find the final value of y(t). 

Answer 
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Question (1)  
 

b) For the electrical circuit shown in Fig. (a): 

i. Write the loop equations.  

ii. Draw the block control diagram using these loop 

equations in (i). 

iii. Find the transfer function Eo(s)/Ei(s) as function of 

the electrical elements in the circuit. 
 

            Fig. (a) t-domain circuit 
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          Fig. (b) S-domain circuit 
 

ii. The control diagram is shown in Fig. (c) 

 

 

 

 

 

 

 

 

 

Fig. (c) 
 

iii. From Fig. (b) 
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Question (2)  

a) For the control system shown in Fig. (2); reduce that system to a single transfer function C/R. 
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Question (2)  

b) For the signal flow graph shown in Fig. (3); find the transfer function C(s)/R(s) using Mason’s rule. 
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3)- a) 
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3)- b) 
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4)- a) 

 
The closed loop T.F. using Mason’s rule is given by: 

 
The characteristic equation is: 

S3 + 16 S3 + 26 S + 25 = 0 

Using Routh criterion method: 

S3 1    26 

S2 16    25 

S1    
16x26−1x25

16
 = 24.4  0 

S0    
24.4x25−16x0

24.4
 = 26  0 

The sign in the first  column is not changed. Then, the system is stable 
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4)- b) 
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