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Question 1  

a) Find the expressions for VAB and VO in terms of VS in the circuit in Figure Q1.a. (The op amps 
are ideal). [4 points] 

 

 
                                                                         Figure Q1.a 
 
 
For ideal op amps: v+=v- and i+=i-=0 
 
KCL at node x: 

  
 
 
    
 

 
     

 
 

 
                

Voltage division of      and   : 
 

      
 

   
 
   
 
      

From (1) and (2), 
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VAB =   
 
   

 

 
VO =   

 
   

 

 

x 

 



ECE 212H1F – Circuit Analysis  October 30, 2014 
                                                                                                                                                                     18:10-19:50 

University of Toronto  3 of 10 

 
b) For the circuit in Figure Q1.b, (The op amps are ideal): 
 
 

 
 

Figure Q1.b. 
 

1) Find vA(t) in terms of vs1(t) and vs2(t). [2 points] 
 
Using the inverting circuit equation: 
 

       
  
  

                
 
 

 
 
 
 
 
 

 
2) Find vB(t) in terms of vs1(t) and vs2(t).  [1 point] 

 
Using the non-inverting circuit equation: 

 

         
  
  

        
 
 
       

 
 
 
 
 
 
 

 
 
3) Find the expression for io(t). [1 point] 
 
Current flow through a capacitor: 
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vB(t) =  
 
       

 

 

io(t) =   
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Question 2  
The switch in the circuit in Figure Q2 opens at t = 0. (It has been closed for a long time). 

 
 

Figure Q2 
 

1) Calculate the voltage vo(t) for t ≥ 0. [2 points] 
 

In the given network:          
      
       

     ,                         and           
 
Circuit time constant,                        

    
    

 
Using 1st order circuit equation:  
 

For                                                                  
 
 
 
 
 
 
 
 
 
 

2) Sketch vo(t) waveform for t ≥ 0. [1 point] 
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Question 3  
The switch in Figure Q3 has been in position 1 for a long time and is moved to position 2 at t = 0.  
For L = 4 mH, C =10 µF and Is = 2 A. 

 
 

Figure Q3 
 

a) Determine the values of R that make the circuit response (i)-overdamped, (ii)-critically damped 
and (iii)-underdamped. [3 points] 

 
 
Using the 2nd order equation [a series RLC circuit] page 9: 
 

       
   

 
 
 
      
  

 
 
  

        
 
Laplace Transform of this equation:  

   
 
 
  

 
  

   
 
Compare it with the 2nd order standard form: 
 

           
    

 
Then,    
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For the overdamped response                 
 
For the critically damped response                 
 
For the underdamped response                 
 
 
 
 
 
 
 
 
 
 

Overdamped response 

R      

 

 

 

Critically damped response 

R=     

 

 

 

Underdamped response 

R      

 

 

 

iL(t)= iC(t) 
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b) If R = 100 Ω, find vo(t) for t ≥ 0 . [2 points] 

 
R = 100 Ω   40 Ω   Overdamped response 

                  
 

                                 
 

                                  V           for     
 

From the given circuit:          V,                  ,                V   &                 V  
 
Using the initial conditions, we can calculate    &    as follows: 

 
                       

 
                   

  
                                             A   for     

 
                                         

Solving (1) & (2) 
  
               &                      
 

                                           A   for     
 
 

                                              V   for     
 
 
 
 
 
 
 
 
 
 
 
 
 

c) Plot vo(t) (from part b above) for t ≥ - 0.5 msec. [1 point] 
 

 
 

 
 

 
 

vo(t)=                                V   for     
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Question 4  
For the network given in Figure Q4: 

 
 

Figure Q4 
 

1) Write the mesh-current equations using the three loop currents identified on the figure. [3 
points] 
 

KVL at loop “A”: 
                          

    
                             

 
Using the dependent current source equation (loop “B”), we have: 
 

          
 

and          from (loop “A”) 
 

         
 

                 
From loop “C”: 

                  
 
 
 
 
 
 
 
 
 

2) Use the mesh-current analysis to find the phasor voltage Vo. [2 points] 
 

KVL at Loop “C”: 
 

                   
 
Solving equations (1) & (2) for   , 

   
     

 
           

     
     

 
                        

     
 

          

 
 
 
 

                     

            

          

The mesh-current equations 

 

VO =                 
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Question 5 
In the circuit shown in Figure Q4, determine the value of the inductance such that the current is in phase 
with the source voltage, i.e., they have the same phase angle. [3 points] 
 

 
 

Figure Q4 
 

 
 
The voltage source in time domain: 
 
                                                             
 
The voltage source in phasor domain:           
 
It is required to have the current in phase with the voltage source; this means both, the voltage 
source and the current, have the same phase angle (   ). 

 
Or in other words,                                        

  
   

 
In the given circuit:    
 

               
 

         
 
Solving for L 

                
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

L=      
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