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Answer the following questions: 
Question one: (6 marks) 

A) Define: System,  

 
Inputs,  

 
and Response. 

 
B) Give one example (declare input, output, and disturbances) for each system: 
i) Electrical System        
 
 
 
 
ii) Fluid System        

 
iii) Thermo-mechanical systems 

 
 
Question Two: (6 marks) 

A) Prove that the solution of the first order differential equation using free 
response input will be in this form  (use neat sketches). /)( t
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B) Determine the time constant, response variable, external input and Gain for 

this differential equation oLL eiDi 100006.0 . 
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C) Determine response variable, external input, natural frequency, damping 
ratio and Gain for this differential equation 
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Question Three: (8 marks) 
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Develop, using neat sketches, an equation describing the motion of each of the 
following:- 

c 

k a) A mass of 5 kg is attached to a spring 
and a damper shown in figure. The 
spring stiffens is 2000 N/m and 
damping coefficient is 12.5 N.s/m. 
Determine: The natural frequency, The 
damping factor.  

 
 
 
 
 
 
 
 
 
 
 
 
 



b) A shaft is fixed at one end and has the larger gear 
of a pair of gears at the other end. The pitch radii 
of the steel gears are r1 = 8 inches (64 teeth) and   
r2 = 4 inches (32 teeth); the tooth face widths are 
0.5 inch. Find the equation of motion of this 
system if the smaller gear has a torque Tsinωt 
applied to it, where ω is the frequency, in rad/s, of 
the excitation torque. 

 

 



 
 

Good Luck    5/5 
Dr. Rola Afify 


